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Abstract 

The multiple targets contained in the Sustainable Development Goals (SDGs) often 
crosscut and refer to more than one SDG, suggesting the need to consider the potential 
for synergies and trade-offs. Different targets are interlinked positively or negatively, 
supported by empirical evidence. The close relationship between water, electricity and 
sustainable development has been on the international political radar for some time. 
The lack of integrated planning, policies and objectives between sectors disputing 
common-pool resources has long been a major obstacle to sustainability. The literature 
on water-energy nexus highlights the need for co-management across these sectors, 
whereby joint planning and solutions under better integrated governance of resources 
could make action more efficient and cost-effective to advance the SDGs. Brazil has been 
chosen as a case study, because its electricity sector depends on water to keep 
affordable tariffs, which in turn serves as input to important electricity intensive sectors 
(water). Hydrological factors (droughts) and non-hydrological factors (e.g. chronic 
delays in delivery of new plants) have impacted on water availability, which led to 
constraints for hydro power generation. Electricity prices have risen, while water 
quantity and quality have plunged, affecting multiple users and ecological integrity. All 
of which impact negatively on livelihoods and water services and sanitation, with 
electricity representing the fastest growing costs for the latter. Most of the existing work 
has favoured integration of water and electricity sectors based on quantitative approach 
to address the interlinkages between them and tackle trade-offs. However, from a legal 
perspective, very little is known about how these sectors should be integrated in 
practice. The novel combination of qualitative research methods based on metrics, 
historical-institutional analysis, questionnaire and interviews served as instruments for 
the assessment of the water-electricity nexus issues and development of a new legal 
approach to manage conflicts arising in Brazil. This study proposes a normative-
institutional approach that offers a flexible, integrated and adequate legal treatment to 
overcome the conflicts between water and electricity in the context of asymmetrical 
governance, policies, regulation, planning and environmental injustices. Split in 
substantive, institutional and procedural dimensions this approach is necessary to 
enhance participatory and equitable resource management based on the laws of 
balancing principles through fair, rational, inclusive and transparent procedures, which 
can address different dimensions of resource nexus. It was concluded that for water-
electricity nexus thinking to be connected to the idea of integration it will be necessary 
to consider justice in order to advance the SDGs in a holistic and fair manner.  



Impact Statement 

This research establishes an important and comprehensive evidence base on the use, 
impact and management of common-pool water and energy resources in Brazil, with a 
focus on the São Francisco watershed.  It is a genuinely interdisciplinary research based 
on extensive empirical work linked to painstaking and thorough legal and regulatory 
theory, with invaluable impacts inside and outside academia. Regarding the former, we 
have undertaken both quantitative and qualitative analysis of the water-energy in Brazil 
to assess the consequences of water and energy operating under two silos and different 
scales. The research found that water and energy are critically interlinked at resource 
use level, but resource stress led to reductions of hydropower dispatch levels and 
hydropower generation with negative impacts to both sectors, including environmental 
injustices. The impacts were found to occur in the context of colliding legal principles 
and many relevant asymmetries between water and energy governance, regulation, 
planning, information and knowledge and policies, increasing the complexities to 
manage resources fairly and overcome the precedence of the services energy in relation 
to these aspects. The legal approach taken for the discussion of the results, advances 
existing knowledge by adding an original normative-institutional dimension to the 
water-energy nexus, which offers a flexible, integrated and adequate legal treatment to 
manage water-energy nexus conflicts. Split in substantive, institutional and procedural 
dimensions this approach is necessary to enhance participatory and equitable resource 
management based on the laws of balancing principles through fair, rational, inclusive 
and transparent procedures, which can address different dimensions of resource nexus. 
It was concluded that for water-energy nexus thinking to be connected to the idea of 
integration it will be necessary to consider procedural and distributive justice in order 
to advance the Sustainable Development Goals in a holistic manner. The 
interdisciplinary expertise and knowledge developed under this research is key to help 
advance different ways of dealing with the grand challenges of humanity related to 
sustainability in the context of climate change, resource scarcity and rising conflicts. 
Considering that resource disputes are aggravating both in terms of intensity and 
frequency, there are several beneficial impacts of this research outside academia. By 
developing a dynamic, rational and inclusive method for better integrated decision-
making between sectors, this research supports participative, legitimate and fair 
solutions to cross-resource disputes. The latter represent an immediate and central 
interest to users of common-pool resources, institutions managing resources, policy-
making bodies and NGOs. The result has been a substantial contribution to the debate 
on resource governance and its intractable challenges in the context of Brazil, with great 
potential to inform the recommendations made by public authorities and renowned 
stakeholders. By disseminating the outputs not only in scholarly journals, but also 
through public engagement with policy makers, resource users, NGOs and planners, this 
research can potentially influence changes made in policy and legislation, while 
supporting the enhancement of legal research in connection to other fields of 
knowledge.
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Chapter 1 Introduction 

The operational-resource interdependencies between water and energy are the 

subject of several nexus studies that analyse the critical and complex interactions 

between them at resource use level and beyond (water-energy nexus). Water-energy 

nexus concept refers to the use of water for energy production and use of energy 

resources to extract, deliver and treat water, within a particular area so that trade-

offs can be identified and acted upon. Energy describes the work and heat available 

from all energy carriers, but for the purposes of the case the study, the water-

electricity nexus is the most relevant dimension of analysis as explained in Chapter 5. 

When examining energy and water flows, it has been proven that the intersections 

of agriculture, water and electricity generation are priority areas that need further 

research. On one hand, all forms of electricity generation withdraw and consumes 

water directly or indirectly along the supply chain from generation to supply. On the 

other hand, all forms of water supply require electricity for water extraction, 

treatment and distribution to end-users. Both sectors are going through complex and 

rapidly changing cycles due to climate emergency and human actions that affect its 

resource quantity, quality, accessibility, affordability and sustainability. Most of the 

existing work has favoured integration of water and electricity sectors to manage 

trade-offs in light of resource scarcity and stress by quantitatively assessing the 

interlinkages between them. However, little detail is provided on how these sectors 

could be better integrated in practice (Henríquez, 2017), especially from a legal 

perspective.  

This thesis goes further by taking a mixed method approach to assess the water-

electricity nexus and the legal architecture in which it operates, introducing legal 

principles as tools to manage potential nexus conflicts and potential governance 

shortcomings. Legal principles are norms based on agreed values of society which 

coexist within different jurisdictional scales - international and national laws, regional 

statutes and case law (Scotford, 2017). Environmental legal principles that are 

relevant to this research include: integration (environmental protection should be 

integral part of policy areas); precaution (lack of scientific evidence should not 

preclude or postpone prevention action where there is serious risk of ham); polluter-
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pays (those who cause environmental harm should take the burden of proof and the 

costs); inter-generational equity (equity issues and access to resources between 

current and future generations, with the former owing duties to the latter to 

conserve resources); and intra-generational equity (equity issues and access to 

resources between people of present generations and between states). These are all 

key legal principles for sustainable resource management. They reflect courses of 

action that are required to support sustainable resource management and avoid 

irreversible environmental harms. For example, by advancing resource nexus conflict 

resolutions by applying intra-generational equity principle, it provides the means for 

addressing the distributive justice concerns in resource allocation.  

Existing research recognises the water-electricity nexus as a central concept to 

advance the Sustainable Development Goals (SDGs) in holistic ways. Hence, the 

environmental legal principles are at the background of every nexus discussion – 

inter- and intra-generational equity, integration, precaution and polluter-pay 

principles. In general, environmental legal principles have an open-ended nature and 

different legal roles under distinct jurisdictions, which provides them with the 

necessary flexibility to address the complex nature of water-electricity nexus 

problems (Scotford, 2017). This thesis proposes the use of legal principles as 

optimisation commands (Alexy, 2014) that should direct the decisions and 

management of the water-electricity nexus and the allocation of disputed common-

pool resources. It follows the rationale that principles have a dimension of weight 

(Dworkin, 1967) and that each nexus dispute requires the balancing of different legal 

principles applicable in each case. Equally valid principles may lean the balance 

towards opposing solutions for a same nexus conflict. The non-exhaustive list of legal 

principles and objectives that serve as normative references and should guide nexus 

decision-making are further explained in Chapter 5, sections 5.2.1 and 5.2.2. These 

legal principles inform part of the desk-based research and the fieldwork. The former 

investigates how the environmental legal principles, and the legal principle of 

proportionality are enshrined under the legal framework of the case study. While the 

latter provides evidence of their applicability on the ground by the public authorities 

at the forefront of water-electricity issues.  
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Different legal principles apply to different dimensions of the water-electricity 

nexus. Consequently, it is important to consider how these principles are enshrined 

and currently operated under the legal system of the jurisdiction serving as a case 

study, which in this research project is Brazil. If the legal principles are well developed 

and there is an obligation of decision-makers to follow them and abide by them, 

including a system through which they can be held accountable, then there is a good 

indication that law will be able to play its role in advancing solutions to the problems 

emerging from the water-electricity nexus. Contrarily, if the principles are not directly 

in the constitution or other high ranking laws, or are defined in ways that are so vague 

that they do not lead to any of consequence and are not understood or respected, 

there will be primarily legal problems to address water and electricity resource nexus 

conflicts in benefit of sustainability. 

To this date, there is a gap in relation to the normative dimension of the water-

electricity nexus in the literature, so this thesis reveals the much-needed legal 

perspective to overcome the insufficiencies of existing nexus discourses. The critical 

interlinkages between water and electricity operating under two silos and multiple 

scales is assessed in terms of trade-offs, tensions and governance, planning, policies 

and regulatory asymmetries. The analysis of norms and institutional developments 

under the case study is just as important for the understanding of nexus conflicts and 

proposal of new ways to manage the water-electricity nexus in integrated ways. Both 

evidence and norms need consideration within integrative approaches to manage 

the water-electricity nexus. This thesis proposes a normative-institutional approach 

that can offer a flexible, integrated and adequate legal treatment to the water-

electricity nexus on the ground, while also highlighting the relevance of non-

integration in the case of Brazil.  

To overcome the resource tensions between water and electricity in the context 

of their asymmetrical: governance, information and knowledge, regulation, planning 

and policies, a normative-institutional approach is necessary for several reasons. 

First, it fills the existing gap in the literature related to the normative dimension of 

the nexus. Second, it develops a legal approach that is flexible enough to tackle the 

nature of “wicked problems” emerging from the critical interlinkages between water 

and electricity. The latter is defined as complex issues that are hard to grasp and 
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tackle because of the entangled nature of problems, incomplete knowledge and no 

possibility of arriving at definitive formulation of solutions (Mercure et al., 2019). 

Considering there is no definite legal solution to nexus disputes, or the possibility of 

pre-defining the hierarchy between what resource use should take precedence in 

every case, the normative response proposed in Chapter 8 is a novel method to tackle 

the everchanging nature of the conflicts emerging from nexus complex problems.  It 

supports a new interpretation of the law that recognises the water-electricity nexus 

and addresses the critical resource interlinkages and conflicts. This approach 

recommends developing decision-making environments and procedures that 

consider the compatibility, consideration and realisation, in a higher or lower degree, 

of the principles that guide the use of water and electricity resources and services. 

As a method based on the laws of balancing principles through fair, rational and 

transparent procedures, it can be expanded to include other natural resources such 

as land and be replicated to other cases of resource nexus conflicts in Brazil.  

First, this PhD starts by analysing in Chapter 2 how the sustainability analytical 

policy framework, construed as a set of sustainable development goals and targets, 

has the flexibility to be combined with water-electricity nexus research and legal 

principles to advance the 2030 Agenda in more holistic and value-based ways.  

The above is followed by the literature review of regulatory theories in Chapter 

3, which inform part of the empirical work carried out in Brazil and serve as lenses 

for the analysis and interpretation of the results in Chapter 6, and also as basis for 

some of the recommendations of this thesis in Chapter 8. The quantitative and 

qualitative methodological approach to assess the water-electricity nexus based on 

metrics, historical-institutional analysis, and empirical fieldwork are described in 

Chapter 3. These methods are combined into one analytical framework that entails 

the SDGs, resource nexus, regulatory theory and legal perspectives, further applied 

to the case study of Brazil in Chapter 5, Chapter 6 and Chapter 7. 

Chapter 5 explains how the SDGs and its correlated principles are enshrined in 

Brazil’s legal system and what other legal principles are relevant to the water-

electricity nexus. This is followed by a description of how this thesis undertakes an 

assessment of the critical inter-linkages between water and electricity in Brazil 

through metrics focused on the case of the São Francisco basin. It combines the latter 
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with a historical-institutional assessment and field work, focusing on governance, 

institutions, policies, planning and decision-making powers, many of which 

determine multiple asymmetries. The results are analysed in Chapter 6 and 

interpreted through the lenses of our water-electricity nexus framework addressing 

regulatory theory, governance, environmental justice and policy integration. The 

latter revealed that in the current context of reduced integration between these 

sectors in Brazil, there is a risk that a new interpretation of the law that is needed to 

address the water-electricity nexus will end up subordinate to the mandates and 

objectives of the most developed and technically robust of the sectors. This risk 

requires that conflicts between different principles guiding the use of electricity and 

water resources be dealt with under an institutional environment that follows 

procedures that can favour the recognition of the nexus.  

There is not only a gap in the literature in relation to the institutional-normative 

aspects of the water-electricity nexus, but in some cases its explicit rejection or 

subordination to the orientation of experts and techno-scientific approach (Allouche 

and Middleton, 2015). Paradoxically, it is this neglected normative-institutional 

aspect that can potentially offer a flexible and adequate legal treatment to the water-

electricity nexus in Brazil. It has the potential to support advances to the SDGs and 

enhance equitable resilience through legitimate decision-making processes about 

the fair and rational allocation of resources in light of conflicted interests. This 

introductory chapter provides background information to place the study in a context 

and in relation to previous studies. This is followed by an indication of challenges, 

gaps, research questions and the significance and novel approach to the water-

electricity nexus in Brazil using the normative and analytical frameworks which it 

draws on.   

1.1 Setting the scene 

There are complex and increasing global shifts and challenges connected to 

climate change, population growth, increased consumption of natural resources, 

pollution, resource stress and scarcity and decreasing levels of resource quality (e.g. 

water pollution) that currently threaten all forms of life, long-term sustainability and 

ecological integrity. Climate change is contributing to greater frequency of weather-



 21 

related natural disasters, such as droughts, population growth and development 

needs, creating additional pressures on resource use. Over the past twenty years, 

climate-related disasters accounted for 91% of all 7,225 events that were registered 

between 1998 and 2017, with floods and droughts affecting more people than any 

other type of disaster (Pascaline and House, 2018). Since 2015, some 60 million 

people in over 100 countries have been displaced because of different disasters, but 

floods, storms and droughts figure as the top three causes (ibid.). Research suggests 

that even in case of population displacement events that were not primarily caused 

by an environmental disaster, environmental degradation was still a factor in 

peoples’ decision to move (Reuveny, 2007; Warner et al., 2010). Droughts were 

found to inflict significantly greater losses on national economies than any other type 

of disaster (Pascaline and House, 2018). A study has analysed more than 2,000 

disasters to find out that 40% of the droughts they studied led to losses greater than 

0.5% of the GDP, which is the threshold for major economic disasters determined by 

the International Monetary Fund (Guha-sapir et al., 2013) . Moreover, its slow-onset 

and long duration characteristics have huge impacts on human welfare and multiple 

sectors that are water-dependent such agriculture, electricity and water.  

In this context, sustainable resource management and governance are amongst 

the most pressing challenges recognised under multiple global agendas, including the 

Sustainable Development Goals (SDGs) and climate change (Bleischwitz et al., 2017). 

These challenges impacts are aggravated by environmental degradation, high levels 

of inequality, weak governance and poverty, which raise vulnerabilities even further 

in the context of a changing climate with consequences that are not distributed 

evenly or fairly. People experience the effect of environmental harms caused by 

climate change and human-made disasters in very different ways, which usually 

reflects and amplifies existing asymmetries in knowledge and power (Allen, 2007; 

Leach, 2008; Ensor et al., 2019). It also intensifies the conflicts between interests, 

powers, and stakeholders across scales and sectors, which challenge the fair, rational 

and legitimate process by which decisions are made and resources are allocated. 

Interdependencies between sectors that were usually considered distinct (electricity 

and water) pose additional tests for designing and implementing effective cross-

regime governance and better integrated policies, requiring trade-offs to be 
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analysed. Thus, a growing community of international scholars have acknowledged 

the need of considering the interdependencies of resource use through a nexus 

approach. Bleischwitz et al. (2017, p. 3) conceptualize resource nexus as a ‘heuristic 

for understanding critical interlinkages between uses of different natural resources 

for systems of provision such as water, energy and food.’ This kind of approach 

‘generates improved knowledge of cross-resource needs and impacts for decision-

making and management’ (ibid., p. 6).  

The nexus emerged as an assessment of cross-resource needs between water-

energy-food (Hoff, 2011), but it has evolved to include other resource nexuses.  For 

instance, Spataru (2017) has identified relevant synergies and possible trade-offs 

between five nexus components: water, energy, land, food and materials. At the core 

of nexus thinking is the understanding of critical synergies, trade-offs, competing 

demand and identification governance gaps for efficient resource allocation and 

security of supply (Bazilian et al., 2011). The literature is almost unanimous: tensions 

and negative trade-offs should be avoided, and synergies amplified through 

integration of water and energy policies, institutions, objectives and governance 

(Bazilian et al., 2011; Biggs et al., 2015; Pittock et al., 2015; Weitz and Nilsson, 2015; 

Carmona-Moreno et al., 2018). This understanding holds many similarities to the 

basic approach of sustainable development, which considers the need of balancing 

environmental, social and economic competing needs.  

Both theoretical and practical publications on the water-electricity nexus 

emphasize that considerations of critical interlinkages are necessary to improve 

cross-sectoral governance in benefit of livelihoods (Hayley et al., 2015) and to 

advance the SDGs (Weitz and Nilsson, 2015). In one of the most detailed discussions 

about integration in Brazil, it was proposed to conduct an ‘integration and 

consistency of action across sectors according to scientific knowledge’ through a 

‘board of Nexus experts to check for Nexus feedback in proposed policies’ (Mercure 

et al., 2019, p. 240). However, it is noticeable that (ibid.) – among the majority – this 

paper also adopted a techno-scientific approach to derive this conclusion. The 

problems of this approach are connected to its simplistic, apolitical and lack of 

normative considerations in the treatment of the relationships between resource 

availability and access. No expert can provide definite answers to nexus problems, so 
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the discussion and considerations of trade-offs and balancing of principles cannot be 

restricted to specialists, lawyers, public authorities, economic agents and scientists. 

The systemic alignment and co-management of resources and policies 

proposed under the literature can only be advanced through assessment of the 

institutional aspects of these relevant sectors (Oliver and Hussey, 2015). The water 

and electricity operational-resource interdependencies and conflicts therein raise 

normative enquiries, meta-governance issues, policy integration challenges and 

regulatory fragmentation difficulties. Traditional decision-making and policy 

implementation strategies are mainly within sectoral boundaries and in general lack 

integrative mechanisms (Teschner et al., 2012).  Bleischwitz et al. (2017) emphasize 

that integrated resource governance is not the common reality. Weitz et al. (2017a) 

moved the nexus discussions into the realm of integrative governance. However, it 

continues to be the least examined aspect of the nexus.  

Despite the numerous advances to nexus research, several authors agree that 

the nexus remains under-explored globally (Scott and Pasqualetti, 2010; King et al., 

2013). Brazil is an excellent example, with only a few nexus studies developed thus 

far (Nogueira Vilanova and Perrella Balestieri, 2015; Senger and Spataru, 2015; Giatti 

et al., 2016; Vieira and Ghisi, 2016; Semertzidis, Spataru and Bleischwitz, 2017; Vieira 

and Dalgaard, 2017; Berchin and Magtoto, 2018; Kraftl et al., 2019; Mercure et al., 

2019). None of these studies consider the institutional-normative aspects of the 

water-electricity nexus. This research overcomes the insufficiencies of current 

discourses by assessing the consequences of water and electricity operating under 

two silos and proposing a legal-based recommendation that offers flexible, 

integrated and adequate legal treatment to water-electricity nexus. It reveals 

important asymmetries, complexities and tensions in resource allocation and 

integrative approaches. Through an interdisciplinary approach and combination of 

qualitative methods it goes further to recommend that integration efforts should also 

be legally framed (normative-institutional approach). Advancing the nexus literature 

beyond the most commonly used quantitative and qualitative methods to include a 

deontological perspective.  
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1.2 Understanding the challenges and gaps  

Today, the state is challenged to move towards the development of new cross-

sectoral governance regimes (Hiteva and Watson, 2016). Fragmented resource 

governance through the grouping of planning, regulation, governance and policies by 

national and subnational scales and sectors are no longer a fitting method to advance 

the SDGs. Studies suggest that interactions between targets and understanding the 

implications of such connections are crucial to guiding actions regarding the 

implementation of the SDGs (Weitz and Nilsson, 2015; Persson, Weitz and Nilsson, 

2016; Griggs et al., 2017). The nature, strengths and potential impacts of SDG 

interactions are largely context specific (Griggs et al., 2017). Assessing the dynamics 

of interactions in different contexts has the potential to support more efficient and 

sustainable solutions in light of the need to make tough political decisions between 

competing demands (Weitz, Nilsson and Davis, 2014).  

An important starting point is the acknowledgement of multiple targets that 

explicitly crosscut and usually refer to more than one goal because they draw on 

common-pool resources like electricity (SDG 7) and water (SDG 6). The conflicts 

emerging from their critical interlinkages and trade-offs need to be recognised, 

assessed and addressed beyond the dominant techno-scientific approach if 

improvement is to be made and a better integrated approach is to be taken to the 

2030 Agenda. The same is true for other goals and targets intrinsically connected to 

resource use, such as sustainable use of terrestrial ecosystems (SDG 15), sustainable 

consumption and production (SDG 12) (Amos and Lydgate, 2019) and food security 

(SDG 2).  There are risks in certain contexts that in advancing certain goal areas such 

as electricity in disconnection from water there may be spill-over and knock-on 

effects due to accelerated resource demand and degradation (Bleischwitz et al., 

2018).  

Given that both sectors heavily rely on each other any failure of one will most 

likely result in a flow of failures to the other. The more the electricity sector relies on 

water, the greater its vulnerability to competing uses of water and water scarcity 

(Carter, 2010). While the more electricity the water sector requires, the greater its 

vulnerabilities to competing uses of electricity, increasing electricity costs and risks 
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related to intermittency of renewable electricity sources. Studies have found that 

water requirements will vary for thermal power generation according to the fuel 

source, transport and process technologies (Senger and Spataru, 2015). Water is 

necessary for fuel extraction, processing and for cooling systems at power stations 

(ibid.). Although dry-cooling technologies exist, they increase capital costs and result 

in losses of efficiency (King et al., 2013). For hydropower, although there are no water 

withdrawals or consumption for cooling down, it is very water intensive. Large 

volumes of water evaporate from the increased reservoir surface (Senger and 

Spataru, 2015). Reservoirs are also responsible for releasing a considerate amount of 

methane (King et al., 2013), which drives climate change.  

On the other hand, the electricity needs of the water sector will very much 

depend on availability of water for its services. In areas suffering with water scarcity 

or water stress, more electricity is required to source water through desalination, 

water transfers or deeper underground pumping, which can all be highly carbon-

intensive and expensive depending on how this electricity is sourced. However, if it 

is sourced through on-site renewable electricity it can help promote the SDG target 

7.2 (increasing renewable electricity). Most water-electricity nexus studies have 

analysed quantitatively the trade-offs in resource use between water and electricity, 

because water is withdrawn, consumed, and degraded to produce and deliver 

electricity; while electricity is necessary to secure, treat, distribute and deliver water. 

Today, different approaches to water and electricity scarcities usually consider supply 

side solutions, such as more power plants and dams, water transfers and flood dike. 

Soft-path solutions that benefit sustainability and that lower impacts to the 

environment (decentralised systems, more solar photovoltaic and demand 

management) can only be considered by also exploring the critical interlinkages of 

processes – institutions and policy frameworks (Benjamin K. Sovacool and Sovacool, 

2009). 

This interdependency between water and electricity is particularly important 

in water-stressed areas, because supply security of water-dependent electricity is at 

risk and, consequently, the supply security of electricity-intensive water services too. 

11% of world’s hydroelectric capacity and 47% of world’s thermal power capacity are 

in highly water-stressed areas (World Water Resources Institute, 2018). Under some 
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scenarios, water demand from the electricity sector is expected to grow significantly. 

For example, in Latin America water demand will increase by 360% by 2050, in Africa 

by 500% and in Asia up to 350 % based on 2010 figures (World Energy Council, 2010). 

Many countries in these regions also depend of increasing amounts of electricity for 

water services as well. The Middle East and North Africa region produces 48% of an 

estimated 95 million m3/day of desalinated water worldwide (Jones et al., 2019).  

With growing demands for both water and electricity there will be increasing 

disputes and conflicts between different users and regions, which are aggravated by 

climate change, rising natural disasters, increased water consumption per capita and 

water pollution. The questions arising from resource nexus allocation conflicts should 

be answered according to quantitative and qualitative methods under empirical 

evidence-based research, but they also need to be answered on the basis of 

normative criteria in accordance with environmental principles. Decision-making 

based on normative criteria considers the most efficient and cost-effective way of 

allocating disputed resources, but it goes beyond this to recognise that, 

counterfactually, the result can be very different than the most efficient option and 

can create harms and vulnerabilities in environmental and justice terms. This is not 

yet recognised by the nexus literature which mainly links to, and emphasises, 

resource efficiency. There are gaps in literature about cross-resource management 

arrangements that can facilitate solutions based on balancing legal principles. One 

principle or set of principles will take precedence over others to solve a given cross-

sectoral and cross-scale conflict to advance the SDGs, with a particular focus on the 

existing normative principles therein: integration, equity, polluter pays, precaution, 

participation, access to information, access to courts.  

This study will fill this gap by providing legally oriented analysis and 

recommendations to manage the water-electricity nexus in Brazil based on the 

following dimensions: substantive, institutional and procedural. In Brazil, the power 

sector is highly dependent of water, with more than 60% of supply relying on 

hydropower (Ministério de Minas e Energia, 2019). It also contributes to the 

predominance of hydropower in Latin America, because Brazil generates 40% of the 

total regional electricity (IRENA, 2016). However, more severe and recurring 

droughts, combined with weak governance, mismatches in planning, regulatory 
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capture, and high levels of inequalities have raised many resource allocations 

challenges and conflicts. These challenges were exacerbated and made especially 

evident where there were significant reductions of water quantity and quality, such 

as under the São Francisco basin. The São Francisco river is the largest river starting 

and finishing in Brazil that is highly important for the Northeast region in terms of 

social, economic, environmental and cultural aspects. It has the largest hydropower 

complex of the country (Nascimento do Vasco, de Oliveira Aguiar Netto and Gonzaga 

da Silva, 2019) and also counts with the largest water transfer project in Brazil. The 

main hydrological changes happened after the construction of hydropower power 

plant Xingó in 1994, because its operation has regulated the river flows and 

contributed to more than 30% of its decline in the last 18 years (ibid.).  

The severe drought period that started in 2012 lasted until 2018 made evident 

the very high risks to electricity and water securities and many governance 

challenges. The reduction of the minimum outflow of major hydropower plants, such 

(Sobradinho) was crucial to guarantee that reservoirs would not be fully depleted 

(Lima and Abreu, 2016). The emergency-driven decision-making process about these 

reductions shifted resource governance from water committees at basin level to a 

centralised, emergency-driven environment that left many users out of the 

discussion, while violating equity and due process. It also confirmed the historical 

precedence of electricity over water. Evidence suggests that changing rainfall 

patterns will lead to reduced river flows in several catchment areas in Brazil (Escobar, 

2015; Marengo and Bernasconi, 2015). Consequently, there will be growing 

challenges and conflicts to allocate water resources between disputing interests in 

other areas. This way, confirming the importance of the normative-institutional 

approach discussed in this research thesis to support legitimate and fair decision-

making processes in Brazil.  

1.3 Objective and aims  

The overall objective of this research is to examine the inter-linkages (or 

separate silos) in the unfolding of water and electricity in Brazil to reveal what are 

the conflicts and gaps to consider how their regulatory frameworks and governance 

regimes can be better integrated in benefit of sustainability and security of supply. It 
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will take an interdisciplinary stance to link the WE nexus with SDGs and legal 

principles through a normative-institutional approach of resource management to 

advance cross-resource governance and move the nexus discourse beyond efficiency 

and effectiveness. It will consider what is the role of law and governance for solution-

oriented procedures that involves multiple stakeholders and justify resource 

allocation in light of conflicted interests and colliding principles that includes intra 

and inter-generational equity. This approach will add to the water-electricity nexus 

literature by recognizing justice issues under decision-making processes involving 

conflicts about resource nexus allocation.  

The aim of the thesis is to assess and analyse the water-electricity nexus and 

its governance, applying legal principles as possible corrective tools and basis for any 

set of applicable recommendations to manage water and electricity in a more 

integrated way. This research aims to advance the understanding of Brazil’s 

electricity and water cross-sectoral dynamics when comes to decision-making 

powers about the rational and fair allocation of their disputed common-pool 

resources at watershed level. The existing water-electricity nexus studies on Brazil 

have mainly focused on national level and city level of São Paulo, so this research 

aims to explore solutions for Brazil’s preservation and use of natural assets at 

watershed level.  

1.4 Developing the research questions and choosing a case study 

The water-electricity nexus is considered a wicked problem because of the 

complexities of the issues that arise from the critical resource interlinkages between 

the water and electricity sectors. Wicked problems are defined as as those that 

challenge the advances of optimal solutions due to incomplete and developing 

knowledge bases, conflicting interests, different temporal and spatial scales, and the 

impossibility of reaching universal agreement on how to frame problems (Head, 

2014; Head and Alford, 2015). Duckett et al. (2016) analysed the available methods 

under the literature to tackle the set of characteristics of wicked environmental 

problems: include inter/transdisciplinary research, participatory processes, 

transparency, theoretical innovation, systems thinking, iterative participatory re-

framing, pragmatic solutions, possibility-driven approach and threshold delimitation.  
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At the outset of this research existing work suggested that the best way to 

improve effectiveness and efficiency of water and electricity disputed resource nexus 

was to integrate the sectors (Marsh and Sharma, 2008; Scott et al., 2011; Siddiqi and 

Anadon, 2011; Hussey and Pittock, 2012b; Young, 2013; Artioli, Acuto and McArthur, 

2017; Weitz et al., 2017b). This seemed a logical area of focus for the research 

questions applicable to the case study, especially as existing studies did not provide 

details about solution-oriented legal responses that could support this integration. 

Brazil was chosen as case study, because its water and electricity sectors are highly 

dependent upon shared river basins, which are increasingly hard to manage in a 

country so heterogeneous and of continental size. The challenges are even greater 

because of the disparate governance approaches of both sectors, planning and 

regulatory challenges, administrative and data mismatches, procedural injustices and 

policy incoherence, and with governance conditioned by water stress, climate change 

and population growth. All these factors undermine efforts to create sustainable 

electricity and water systems, and also create the conditions for environmental 

injustices. This way, the main question informing this research is:  

 

What are the consequences of water and electricity operating under two silos and at a 

number of different scales (national, state and local)? 

 

The questions that followed the above were specific to the case study.  

(i) What are the critical interlinkages and separate silos of water and 

electricity in Brazil?  

(ii) What are the main water-electricity nexus conflicts and gaps from the 

perspectives of governance, policy and regulatory analysis in Brazil?  

(iii) What are the possible ways to promote greater integration between 

water and electricity in Brazil from a legal perspective to support 

advances to the SDGs?  

1.5 Significance of the research and originality 

The originality of this research consists in its interdisciplinary approach, choice 

of case study - there is very little work on the water-electricity nexus in Brazil - and 



 30 

the legal analysis and proposal to address the water-electricity nexus. It combines 

water-electricity nexus metrics with other qualitative methods (survey and in-depth 

interviews), and regulatory theories for interpretation of results, followed by its legal 

discussion and recommendations rooted in a normative-institutional approach. The 

latter dimension is composed of three layers: a substantive layer, an institutional 

layer and a procedural layer. The novelty of this approach consists in consideration 

and exploration of legal responses to the water-electricity nexus to promote 

equitable outcomes to resource nexus conflicts. It is original in the way it supports 

the development of better integrated legal frameworks for water and electricity to 

promote legitimate normative solutions to resource nexus issues in light of the 

multiple trade-offs. It advances the knowledge on how to better integrate the 

management of water and electricity in benefit of the 2030 Agenda.  

This study expands the ways in which water-electricity nexus conflicts are 

framed to include the collision of different legal principles applicable to water and 

electricity sustainable resource use (e.g. efficiency and equity). A legal response to 

the water-electricity nexus conflicts require optimisation considerations relative to 

the factual and legal possibilities, to avoid unnecessary costs  (Alexy, 2014b). When 

principles collide, costs are unavoidable, so balancing legal principles becomes 

extremely necessary (ibid.). The normative-institutional dimension is what gives 

sense to the laws of balancing principles. The importance of considering such an 

approach is rooted on the eventual gains that a more holistic comprehension of the 

legal framework can bring.  

A new interpretation and application of the law that recognises the nexus can 

potentially help address the question of whether the most technically advanced of 

the sectors has overriding benefits in the use of resources. The methods of the laws 

of balancing legal principles is useful framework to provide rational and systematized 

ways for multiple stakeholder decision-making and a legitimate role for the law to 

provide adequate normative solutions to water-electricity nexus resource conflicts. 

This legal approach advances the existing literature because it recognises that 

addressing the resource nexus based on normative criteria can produce different 

results than the most efficient and cost-effective. However, this thesis advocates that 

such results depend of inclusive and transparent deliberation processes to consider 
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what principle should take precedence over others to solve the resource nexus 

conflict for reasons that take into consideration technical-scientific evidence but goes 

beyond to consider normative criteria. The legitimacy of decisions is directly 

dependent of multiple stakeholder participation (Chopitea, 2019). Solutions to high-

impact water-electricity nexus resource allocation issues that do not consider the 

views of multiple stakeholders, including vulnerable communities, can be argued to 

violate equity principle and are also legally questionable because they lack due legal 

process (procedural justice).  

This thesis will contribute predominantly to the nexus literature, sustainability, 

co-governance of resources and legal principles. Most nexus studies that developed 

WE nexus metrics are usually underpinned by technical work, but this research will 

follow a different route. It will develop an analytical tool to capture important 

interlinkages between water and electricity Brazil through metrics. However, what 

follows next is further investigation of water and electricity asymmetries and the 

possible reasons for the evolution of findings evidenced by the metrics. The objective 

is to investigate reasons for water-energy nexus issues that to some extents are 

related to regulatory capture, institutional fragmentation, planning mismatches and 

environmental injustices. A historical-institutional analysis followed by questionnaire 

and semi-structured in-depth interviews on the ground served as important 

instruments to derive further explanations through theories of regulation and 

governance. Considering these theories have explanatory powers they allowed a look 

at reality in ways that was beyond the metrics themselves, investigating institutional 

and legal issues that explain the situation on the ground depicted by the metrics, 

survey and in-depth interviews.  

1.6 The interdisciplinary challenge  

This research develops an integrated interdisciplinary analytical framework and 

methodological approach to answer the research questions through the analysis of 

scientific techno-economic, regulatory, institutional and legal evidence-based 

findings. This was made possible by engaging with different disciplines, including laws 

and social sciences, as well as different methods based on quantitative assessment 

using metrics and a qualitative assessment using desk-based research and fieldwork. 
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In general, interdisciplinary research analyses challenges across knowledge silos by 

combining different theories, methods and skill sets, which are needed for assessing 

problems and it proposes solutions in the dynamic contexts of social, economic and 

environmental changes (Christie, 2011; Clark et al., 2011; Aswani, 2019). The latter 

requires creativity and innovation, as well as perseverance to address the obstacles 

involved in the learning-by-doing processes that characterises interdisciplinary 

research (Wiek, Withycombe and Redman, 2011; Galway et al., 2016; Ommer, 2018; 

Andrews et al., 2020).  By engaging constructively with the water-electricity nexus 

techno-economic literature and findings, as well as the normative, institutional and 

regulatory findings, this research acknowledges the importance of linking different 

and multiple types of evidence to assess the resource nexus and advance innovative 

solutions to its complex problems. New integrative knowledge is necessary to meet 

the ever-changing nature of resource nexus challenges and support better integrated 

management efforts to benefit sustainability.  

The main discipline informing this research is law, most specifically 

environmental law, but other theories, evidence and advances in the field of resource 

nexus also provide useful approaches (e.g. on indicators and metrics). A range of 

nexus trade-offs has been identified under technical assessments that consider how 

common-pool resources are undergoing pressure from water and electricity. The 

challenges identified under the technical literature are put forward towards systems 

thinking, following research on technical and managerial pathways proposing the 

need for more data, research, investment in infrastructure and policy reform 

(Middleton et al., 2015). This PhD goes beyond the technical literature that usually 

focuses on the management of trade-offs by reducing inefficiencies and externalities 

(ibid.). When viewed from the lenses of regulation, institutions and norms, the water-

electricity trade-off decisions can also be assessed by drawing on concepts of 

regulatory capture, evolving institutional arrangements, policy coherence and the 

principles of inter-generational equity and intra-generational equity. The latter 

principles make explicit the justice lens that acknowledges power asymmetries in 

resource allocation and how to consider what particular groups are excluded from 

access and decision-making. When assessing who takes trade-off decisions, how and 
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for whom, it is invaluable to consider not only evidence on the present but also the 

historical and relational considerations (Foran, 2015). 

The historical-institutional analysis, questionnaire and in-depth semi-

structured interviews form the basis of the water-electricity nexus qualitative 

assessment under this research. The metrics form the basis of the quantitative 

assessment. The combination of laws with social sciences and the quantitative 

methodological approach supports a better understanding of the water-electricity 

nexus conflicts and issues in Brazil (São Francisco Basin), which the legal response 

developed in this research thesis aims to address. Resource nexus conflicts raise 

normative enquiries, which in turn require normative answers based on both 

technical and normative evidence-base findings. This conclusion is one of the first 

steps guiding how this research bridges the interdisciplinary gaps between the 

predominant quantitative approach to the water-electricity nexus and a novel 

interdisciplinary approach based on the law to help advance the existing knowledge 

and equitable resource nexus governance. The interdisciplinary methods of 

assessment provide understanding and evidence about the critical operational, 

biophysical, governance and legal interlinkages and/or silos between water and 

electricity in Brazil. The interdisciplinarity described herein is one of the most novel 

aspects of this study, which also advances knowledge about the ways in which the 

law can tackle wicked problems, as defined by the scientific community.  

This study is the first to assess the water-electricity nexus in the context of 

relevant metrics and the legal architecture in which the nexus resource conflicts lie 

in Brazil. A diverse combination of evidence-base findings emerges from the analysis 

of constitutional norms, sectoral laws, water and electricity regulation, policy and 

planning, as well as the consideration of the legal principles and metrics applicable 

to water and electricity resource trade-off, conflicts and decisions. The fieldwork 

collects qualitative data that elicits expert views about water-electricity nexus 

challenges and conflicts not found under the grey literature or existing nexus case 

studies in Brazil. A key point of investigation includes how different resource uses are 

valued in situations of water stress by those taking decision about resource trade-off 

management and allocation. It is important to assess the values and norms that 

inform and guide the decision-making about resource trade-offs and allocation, so 
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that in the context of resource scarcity and quantified trade-offs, decisions are 

verified to be taken according to relevant legal principles and values applicable in 

each case – including the value that justice should be sought. In general, what 

resolves conflicts under a legal system are norms (rules and principles), so it is 

important to acknowledge what potential norms can be applied in each resource 

nexus conflict case (e.g. environmental legal principles). Equally valid and distinct 

norms may apply to the resolution of a same resource nexus conflict, which explains 

why research in this area is in many cases undoubtedly normative. The normative, 

institutional, regulatory aspects and findings have been outside the scope of most 

water-electricity nexus technical work that was reviewed. However, the analysis of 

the legal and regulatory frameworks (Chapter 6), historical factors and institutional 

structures which have, collectively, shaped the water and electricity resource 

management and systems of provision, which lay the foundations of today’s decision-

making environments is important. Altogether, they support conclusions about the 

consequences of water and electricity operating under two silos and multiple scales.  

The starting point from a methodological perspective was to consider what 

relevant metrics provide an understanding of the critical interlinkages between water 

and electricity resource use under the case study, in a structured way. The metrics 

show if Brazil is moving towards, or away, from more sustainable uses of water and 

electricity. Metrics are an unusual start for a legal scholar and there were several 

limitations and challenges experienced in the exercise of navigating in different fields 

of knowledge and technical work that uses metrics to capture water and electricity 

trade-offs. An analytical tool (Chapter 4) was developed to grapple with the main 

quantitative aspects of the resource-operational interlinkages between water and 

electricity in Brazil, which supported the understanding of where, and how, the most 

critical water-electricity nexus issues exist in Brazil, so that further investigation could 

follow. In a country as large as Brazil, the metrics were key to provide evidence of the 

critical areas which require greater focus, because the water-electricity nexus is not 

relevant to all areas of the country.   

A survey and in-depth interviews provide further detail about the issues 

emerging from water and electricity interlinkages and silos in governance, regulation, 

policies, planning, imbalance of powers, gaps of information and knowledge, as well 
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as lack of efficiency. The results provide important insights about the institutional, 

policy, regulatory and governance reasons that explain the issues revealed by the 

water-electricity nexus metrics, survey and in-depth interviews. The 

recommendations that followed on what can be done to address the current 

problems is the main legal part of this research thesis. The latter is based on a 

normative-institutional proposal, which is suggested to be applied on a case-by-case 

basis (e.g. cases of collision of principles). Given that conflicts emerging from the 

water-electricity nexus need to accept that multiple and equally valid norms 

(principles and rules) may apply to advance their resolution, the water-electricity 

nexus requires a normative-institutional discussion and approach. The metrics, 

survey and in-depth interviews are key to support the identification of conflicts and 

resource distribution challenges. While the normative-institutional approach is key 

to support solutions to these challenges based on norms and inclusive, transparent 

procedures and institutional environment. Hence, I underline the importance of an 

interdisciplinary and integrated methodology to assess and address the water-

electricity resource nexus challenges and conflicts.  

1.7 Thesis outline 

This thesis has a total of nine chapters. Chapter 1 provides an introduction and 

details the motivation for the study and its interdisciplinary value. Chapter 2 focuses 

on the water-electricity nexus literature, identifies gaps in research approaches and 

finishes with a proposed analytical framework for this study combining the nexus 

concept with the SDG normative framework and deontological aspects rooted on 

legal principles. It highlights the risks of a siloed approach of the SDGs, and it presents 

how the water-electricity nexus is a powerful analytical tool to advance the 2030 

Agenda in more holistic ways if underpinned by the relevant legal principles that set 

the value-based discourse central to this work.  

 Chapter 3 outlines the selected theoretical perspectives on regulation and 

discusses the development of water and electricity regulation within the different 

strands of theory: public interest, private interest and institutional. Their explanatory 

powers serve as lenses for the qualitative assessment under Chapter 6, so that results 

can also interpreted in light of institutions, regulations and laws. Chapter 4 details 
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the interdisciplinary methodological contribution of this research by defining the 

relevant methods necessary to answer the research questions, including how they 

inform one another: metrics, historical-institutional analysis, questionnaire and semi-

structured interviews.  

 Chapter 5 focuses on Brazil as a case study, testing and applying the 

methodological approach with a focus on Brazil’s São Francisco basin. The first step 

was to analyse how the SDGs and relevant legal principles applicable to electricity 

and water are enshrined under its legal framework. This chapter shows that Brazil is 

committed to the 2030 Agenda, confirming the novelty of this research and how it 

fits with advances to the proposed agenda.   

 Chapter 6 and Chapter 7 presents a qualitative assessment through the 

analysis of the results of the metrics, survey and interview, including the practical and 

theoretical challenges which they raised. Chapter 7 considers the view of different 

stakeholders on how to advance the co-governance of water and electricity resources 

in Brazil.  

 Chapter 8 discusses the need for a normative-institutional approach in the 

case of Brazil to advance the interconnected SDGs through nexus thinking and co-

governance of water and electricity resources. It has a substantive dimension, 

followed by considerations about the institutional structure that should act in 

subsidiary and selective ways and the procedures that should guarantee open and 

fair discussions between multiple stakeholders, including marginalised communities.  

 The conclusions are under Chapter 9, which discusses a number of practical 

suggestions on how the novel combination of methods that served as instruments to 

inform the normative-institutional approach to address the water-electricity nexus in 

Brazil can be replicated and expanded to other resource nexus relationships under 

different contexts and identifies other areas of inquiry.  
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Chapter 2 SDGs, Water-Energy Nexus and Legal Principles  

The relationship between water and electricity is relevant from a normative 

perspective. This is because sustainable development provides an impetus for closer 

integration between them to further sustainability and inter- and intra-generational 

equity. Considering that the SDG 6 (water) and SDG 7 (energy) has cross-sectoral 

interlinkages, but also connects with other goal areas, a method has been developed 

under this chapter to assess these interactions. There is a gap in relation to science-

informed analysis of SDG interactions, but the elicitation of synergies and nature of 

connections and silos are recognised as important to advance sustainable 

development outcomes (International Council for Science, 2017). By showing the 

interactions between the water and energy goals and the overall agenda, this 

research will contribute to the literature proposing advances to the SDGs through 

nexus thinking.  

More generally, this thesis also adds to the emerging literature addressing SDG 

interactions (Weitz and Nilsson, 2015; Nilsson, 2017; Fuso Nerini et al., 2018). The 

results of the assessment of connections (Table 6) are particularly useful for case 

studies where water and electricity are mutually dependent of resources that are 

increasingly hard to manage due to climate change impacts, population growth and 

development needs. By identifying other goals that can potentially benefit from co-

advancing water and energy it identifies key multilateral relationships between goal 

areas, which have great potential for realising and acting upon synergies. A closer 

investigation of these interactions is key to support more coherent and effective 

decision-making, avoid trade-offs and to facilitate SDG monitoring progress (United 

Nations Environment Programme, 2015; Waage et al., 2015).  

This chapter starts by recognising the silo approach of the SDGs and how this 

reinforces the need to address water and electricity in connection to each other. 

These are typical nexus goals that confront the core character of common-pool 

resources and there are conflicts and trade-offs that must be carefully considered. By 

including the legal principle of integration under the combined frameworks, it 

recognises that this principle can underpin, and give legal weight to attempts to 

combine and connect different but related policy sectors. Other environmental legal 
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principles that should also form the base of future normative construction on 

resource nexus in benefit of the 2030 Agenda: inter- and intra-generational equity, 

precaution, polluter-pays, public participation, access to information and access to 

the courts. This broader set of principles indicates the common values and social 

interests to be pursued by the collection and combination of rules and decisions that 

will support a holistic approach to advance the SDGs through nexus thinking. 

This chapter is structured as follows: Section 2.1 explores the siloed approach of 

the SDGs and need of identifying SDG links based on resource nexus and context; 

Section 2.2 is the water-electricity nexus research and literature review, with 

identification of gaps and need of considering the legal architecture in which the 

nexus lie; Section 2.3 connects the SDGs with WE nexus and legal principles. This 

combined approach is key to address the consequences of water and electricity 

operating under two silos and different scales, which answers the main research 

question.  

2.1 The anthropocentric and siloed approach of the Sustainable Development 

Goals 

Sustainability and sustainable development are contested concepts and have a 

range of equally legitimate meanings applied to them. Sustainable development is a 

common and longstanding worldwide goal. Although the term lacks a universal 

definition, the idea of sustainability is well established (Bleischwitz, 2007). Its 

principles, practice and prospects provide meaning and direction to sustainable 

development. A distinction can be drawn between weak and strong sustainability, 

with the former permitting the depletion of natural capital provided that future 

generations are bequeathed alternative (technological) capital, whilst the latter 

requires the conservation of natural capital for future generations (Ross, 2009). For 

the purposes of this work, the definition of sustainable development that was 

provided by the Brundtland Commission is used, observing its limitations and the 

need to advance the notion of ecological limits, which this thesis aims to address. 

Although criticised for legitimising unsustainable “business as usual” approaches 

(Springett and Redclift, 2015), this definition currently underpins the SDGs, and other 

international and national policies: ‘development that meets the needs of the 
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present without compromising the ability of future generations to meet their own 

needs’ (World Commission on Environment and Development, 1987, p. 41). It has 

long been the most cited and used definition since then, but not without criticism for 

being overly people centred and for lacking a more robust ecological orientation. 

Essentially it deals with intra- and intergenerational equity aspects of human 

wellbeing and development. The report entitled “Our Common Future” aimed to 

address challenges involving environmental degradation and socio-economic justice 

issues in light of the discrepancies between the development of the ‘North’ and 

‘South’ (Bosselmann, 2016). On the other hand, human-focused objectives without a 

strong ecological sustainable development that takes into account the critical need 

to respect the Earth’s ecological limits has real and potential pitfalls (Kotzé and 

French, 2018). For example, the crossing of ecological limits, as it has happened when 

it comes to climate change, rate of biodiversity loss and changes related to global 

nitrogen cycles (ibid.). 

The main UN Conferences on sustainable development held in Rio de Janeiro 

(1992), in Johannesburg (2002), and in Rio (2012) also confirms the anthropocentric 

genesis of most interpretation of sustainable development. They all aimed to 

advance and strengthen the interdependent pillars of sustainable development: 

economic development, social justice and environmental protection; and amongst 

others, its core elements of intra-generational equity, intergenerational equity, 

environmental preservation and integration of policies (Magraw and Hawke, 2008). 

In general, sustainable development has concealed the fact that the three pillars 

come into conflict and thereby has prevented efforts to resolve the inherent tensions 

between them (Stone, 1993). Under the weak sustainability approach, the 

environment is increasingly another form of capital and holds a very limited place in 

development (ibid.). This means that a lot of the times countries and businesses opt 

for strategies that focus more on development and less on the type of capital stock 

being passed on (Ross, 2009). There are several criticisms to the view that considers 

the three pillars of sustainable development to work in mutually supporting ways, 

because they are most often conflicting, so trade-offs will have to be made (Lydgate, 

2012). The water-energy nexus research has a lot to contribute through the analysis 

of trade-offs. Bosselman (2016) calls for ecological sustainability to become the 
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fundamental principle guiding legal systems.  Amos (2020) considers important to 

recognise the limitations of ecological sustainability as policy framework, because its 

strict application could result in loss of human life in favour of protecting ecosystems. 

The latter is argued to be a better decision-making tool than sustainable 

development because it introduces a presumption against unstainable activity (ibid.). 

Aimed at reinforcing the elements of sustainability, the UN’s “Future we Want”, 

committed to produce a set of sustainable development goals. The multiple goals and 

targets were agreed in September 2015 and currently serve as the internationally 

agreed framework for monitoring and reviewing sustainable development until 2030  

(UNDESA, 2015).  It has a total of seventeen sustainable development goals (SDGs) 

composed of 169 associated targets, against which progress will be assessed (Figure 

1). However, the SDGs are also criticised for taking an anthropocentric approach, 

which raises fears of perpetuating “Anthropocene-like events” that currently 

exacerbates environmental degradation, inequalities, inter- and intra-species 

hierarchies, human rights abuses and injustices (socio-economic and ecological) 

(Kotzé and French, 2018).  Even though the goals set out to tackle exactly these latter 

issues, they are a product of state-based systems of laws and politics which promote 

the ‘growth without limits’ paradigm that compromises sustainable outcomes (ibid.). 

Progress today is function of increased consumption and the SDGs follow the 

traditional concept of ‘weak sustainability, so the eco-centric approach that seeks to 

respect the Earth system integrity becomes at risk. For example, Goal 6 aims ensure 

availability and sustainable management of water and sanitation, but nowhere does 

it mention the need of protecting water systems for the integrity of Earth’s capacity 

and respect of ecological limits. Goals 7 aims to guarantee affordable and clean 

energy for all at affordable costs but does not recognise this can only occur within 

the limits of the Earth’s systems.  

Another criticism is that the SDGs demonstrate elements of an integrated 

approach, and also goal areas that are intrinsically connected to each other, such as 

electricity and water, but the framework fails to forge any explicit linkages between 

goals and targets. This research thesis addresses some of the existing limitations of 

the 2030 Agenda (e.g. lack of consideration of interlinkages and trade-offs) by 

combining the SDGs with nexus research and environmental legal principles (section 
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2.3). It advances the notion that goals 6 (water) and 7 (energy) should be co-advanced 

by taking into consideration their trade-offs in light of the applicable norms 

(environmental legal principles) and evidence, including planetary boundaries 

(section 2.3). 

 

 

Figure 1. Sustainable Development Goals - 2030 Agenda 

Source: Adapted from (Waage et al., 2015)  
 

A tool has been developed to promote understanding of interlinkages based 

on a seven-point scale that characterises a range of positive and negative 

interactions, from ‘indivisible’ to ‘cancelling’ (Griggs et al., 2017). The former 

indicates that implementation of one goal is inextricably linked to the achievement 

of another goal, so they have the strongest positive interaction. For example, the 

improvement of health (3.4) is inextricably dependent of reductions in air pollution 

(12.4) and access to adequate and equitable safe and affordable drinking water (6.1.) 

(ibid.). The ‘cancelling’ happens in cases where advancing one goal makes it 

impossible to make progress or achieve another goal (ibid.). For example, 

construction of new buildings using local materials (11.c) or developing infrastructure 
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(9.1) cancels the reduction of degradation of natural habitats (ibid.).  A set of 

important interactions lies in the relevant resource nexus goals: food (SDG 2), water 

(SDG 6) and energy (SDG 7) (Grafton et al., 2016; Rasul, 2016; Andrews-Speed and 

Dalin, 2017). Increasing agriculture to achieve SDG 2 (end hunger) or SDG7 (develop 

renewables) by increasing biomass could potentially constrain access to safe and 

affordable drinking water (target 6.1), proper sanitation (target 6.2) and fight against 

water scarcity (6.4). For instance, Fuso Nerini et al. (2018) have identified 113 targets 

requiring actions to change energy systems and published evidence of relationships 

between 143 targets (143 synergies and 65 trade-offs) and efforts to achieve SDG7. 

Recognising the interrelationships between SDGs is important, most notably because 

failing to do so can also arguably perpetuate and reinforce certain environmental 

injustices and because achieving sustainable development relies upon the 

identification of inter-linkages.  

Given there are different challenges and priorities to the realisation of 

sustainable development in different places, the potential impacts of SDG 

interactions are largely context specific (Griggs et al., 2017). Water (SDG 6) and 

energy (SDG 7) are a key example, as they are mutually dependent of each other and 

rely on the same complex natural systems that produce many goods and services, 

such as water services and sanitation and hygiene (WASH) and hydroelectricity. The 

root of resource management problems lies mainly in its common-pool nature and 

input-output flow, requiring conflicts and trade-offs to be considered. Water and 

electricity planning and policy processes tend to be structured and operate within 

silos, with corresponding multiple and separate objectives, when seen as a whole or 

in relation to each other, policy conflicts and the great potential for trade-offs can be 

identified, raising resource allocation challenges. The exact nature, strengths and 

impacts of conflicts and potential trade-offs will vary according to specific context, 

which is made especially evident under the next section that brings forward the 

existing research and literature on the water-energy nexus.  

2.2 Water-energy nexus research and literature 

At the core of the water-energy nexus research is the understanding of critical 

trade-offs, competing demand and identification of synergies and gaps for more 
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cohesive resource governance in benefit of security of supply and efficiency gains 

(Biggs et al., 2015). Most of the existing research has analysed quantitatively the 

trade-offs in resource use between water and energy. These sectors dispute 

common-pool resources, and water is used, consumed, and degraded to produce and 

deliver electricity; while energy is necessary to secure, treat, distribute and deliver 

WASH (Figure 2).  

 

 

Figure 2. Water-Energy Nexus 

The technical studies usually focus on risks, security and economic rationales  

(Weitz et al., 2017a). Sub-section 2.2.1 has an overview of the existing research that 

analyses the water- nexus through technical approaches, tools and methods, 

including, amongst others, lifecycle analysis and integrated modelling. Considering 

the focus of this research thesis is on the governance and legal aspects of the water-

electricity nexus, the review of the literature based on the technical approach will be 

succinct. The objective of section 2.2.1.1 is to make comprehensive the proportion of 

water used for electricity generation, comparing the demand of different sources of 

power generation. While section 2.2.1.2 makes evident the proportion of electricity 

used by the water sector in different contexts. Examples from distinct countries will 
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be provided to show how and why the demand and trade-offs vary according to the 

context. The review that follows under section 2.2.2 is focused on nexus governance 

and its relevant aspects of scale, politics, planning, policies, regulation and 

institutions. The gaps are analysed in section 2.2.3 where focus is given on the missing 

aspects of the legal landscape, normative principles and justice elements under the 

nexus debate.  

It is understood that actions under both sectors could become more efficient 

and cost-effective through co-governance of resources, joint planning and solutions 

(Venkatesh, Chan and Brattebø, 2014). In broad terms, this body of literature 

recommends the move away from the institutional silo mentality in policymaking, so 

that better integrated solutions fostered by greater coordination across sectors and 

stakeholders can enable optimisation of trade-offs and the transition to sustainability 

through shared policy objectives (Campona-Moreno, Dondeynaz and Biedler, 2018). 

Studies (Sinha, Sharma and Scott, 2006; Benjamin K Sovacool and Sovacool, 2009; 

Siddiqi, Kajenthira and Anadón, 2013; Oliver and Hussey, 2015; Peel, 2015) that have 

moved into the realm of resource nexus governance and regulatory framework 

adaptation advocate that negative trade-offs should be avoided, and synergies 

amplified through greater integration of policies and institutions. Williams, 

Bouzarovski and Swyngedouw (2014) advocate in favour of ‘politicising’ the water-

electricity nexus, because addressing trade-offs is a political process that should be 

negotiated amongst multiple stakeholders. This research thesis adds to this latter 

view by advocating the role of the law in setting the rationales and procedures for 

these negotiations and the institutional environment in which they should occur 

(Chapter 8). Without consideration of power and politics, the unequal power 

relations, lack of transparency and limited public participation there will be 

challenges to implement legitimate decision-making processes involving resource 

nexus disputes.  

The nexus literature emphasizes three main perspectives to advance nexus 

governance: technical, administrative and political (Weitz et al., 2017a). However, 

considering the limitations of current perspectives there are identifiable gaps 

brought forward under sub-section 2.2.3. This research thesis will contribute to this 

strand of the literature by closing some of these gaps through revealing the 
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normative-institutional dimension of the resource nexus to address justice 

implications.    

2.2.1 Technical-scientific: trade-offs, security, and efficiency  

In general, the more the electricity sector relies on water, the greater its 

vulnerability related to electricity generation because of the competing uses of water 

and water scarcity (Carter, 2010). On the other hand, the more the water sector relies 

on centralised water-dependent or non-renewable sources of electricity, the greater 

its vulnerability connected to water-stress, climate change and electricity 

affordability. Hydropower plants with damns are proven to be the most water 

intensive source of electricity, because large volumes of water evaporate from their 

increased reservoirs surface (Senger and Spataru, 2015). Thermoelectric generation 

is the second most water-intensive source of electricity, with biomass using the 

highest amount of water due to irrigation needs to grow the crops. In terms of 

electricity for water, the inter-dependency is particular important in the context of 

limited water resources where increasing amounts of energy are needed for sourcing, 

pumping, treating and distributing water. Depending on how this electricity is 

sourced, it may raise further risks to the environment (green-house gas emissions) 

and to water supply security, with an electricity crisis almost certainly translating into 

a water crisis. The water-electricity nexus research that focuses on the technical 

approach to resource use will be analysed in this section ranging split in two sections: 

(i) water for electricity and (ii) electricity for water.  

The technical analysis of the critical interlinkages between water and 

electricity has been done through multiple methods that assess society in physical 

terms (van der Voet and Guinée, 2019). These methods show cross-resource issues 

and trade-offs by acknowledging the physical aspects of our society: Life Cycle 

Assessment and Life Cycle Sustainable Assessment (LCA and LCSA), Material Flow 

Analysis and Accounting (MFA), footprint analysis, environmental extended input-

output analysis and criticality assessment (ibid.). This section will not go into deep 

detail about the characteristics of each of the latter, or their differences and 

similarities in terms of scale and levels of analysis, time horizon (past, present, 

future), coverage of resources and linkages. These methods will be considered only 
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to the extent in which they provide important conclusions about the use of water by 

electricity sector and use of electricity by water sector, trade-offs and conflicts. In the 

context of our proposal in Chapter 8, they are relevant methods to support well 

informed decision-making processes by accounting for the empirical reliability of 

evidence when balancing the legal principles to manage nexus conflicts.  

2.2.1.1 Water for electricity 

The electricity sector consumes more water than any other source of energy 

in most countries (Lawford et al., 2013). For instance, thermal power uses 15% of all 

global water withdrawals in one year (International Energy Agency, 2012; Madden 

and Pasqualetti, 2015). By 2025, the electricity demand is projected to increase water 

withdrawal and consumption significantly due to the rise of water-intensive 

electricity sources such as biofuels. Estimates consider that water usage will grow by 

85% in 2025, compared to 2017 levels, while water is predicted to become scarcer 

and harder to manage due to growing pressures on demand for food, energy and 

water (Shaikh et al., 2017).  The proportion of water needed for electricity generation 

varies according to the source, capacity, design of plants, water use (e.g. cooling 

thermal power plants versus storing water under reservoirs), technologies and 

context. In 2015, China, United States, India and Russia were found to be the top 

countries in terms of total freshwater withdrawal for power generation (Ritchie and 

Roser, 2017). The United States accounted for 35.7% of all freshwater withdrawal by 

the power sector globally due to high levels of water needs for thermal power 

generation (Lohrmann et al., 2019). Consequently, they are the largest user of water 

for electricity generation in the world (ibid.). The regional water scarcity in the United 

States and high reliance on thermoelectric power raises many challenges for cooling 

down the systems.   

Research has analysed the water requirements to produce electricity 

considering multiple sources and technologies in different contexts (Table 1). For 

thermal power, the water consumption and withdrawal are different, with quantities 

that vary according to the cooling system (dry air cooling, once-through cooling, wet 

cooling, cooling pond and hybrid system); fuel type (coal, natural gas, biomass); 

generator type (steam turbines – ST; combined cycle – CC; supercritical – SC; and 
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integrated gasification combined cycle (IGCC); and capacity (Pan et al., 2018). For 

hydroelectricity, the water consumption varies according to evaporation volumes, 

which is calculated based on gross evaporation of reservoirs surface area or based on 

net evaporation rates (Bakken, Killingtveit and Alfredsen, 2017). The latter considers 

the evapotranspiration before the construction of the reservoir and subtracts it from 

the evaporation of the reservoir (ibid.). The amount of water used for hydroelectricity 

is highly site-specific and hard to compare due to different methodologies currently 

being used to measure water consumption (ibid.). The latter is specially challenging 

in the cases of cascading river basins with several hydropower plants, which in most 

cases the water consumption ends up being calculated for the plant closest to the 

reservoir (ibid.). The least water-intensive sources of electricity are wind and solar. 

 

Table 1. Average water uses by electricity source 
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Technology Fuel/ 
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type 

Capacity 

or 

number 

of 

plants 

 

Water 

Consumption 

 

Water 

withdrawal 

Reference 
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m
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Dry air 

cooling 

Coal (ST) 100-250 

MW  

- 0.59 

m3/MWh 

 
(Pan et al., 
2018) 

Gas (CC) 231-241 

MW 

0.38 

m3/MWh 

0.38 

m3/MWh 

Once-

through 

cooling 

Coal (ST) 443 – 

811 MW 

1.41 

m3/MWh 

110.5 

m3/MWh 

Gas (ST) - 1.7 m3/MWh 533.7 

m3/MWh 

Nuclear - 1.7 m3/MWh 136.3 

m3/MWh 

Wet 

cooling 

Coal (ST) 157-854 

MW 

2.13 

m3/MWh 

2.85 

m3/MWh 

Gas (ST) -  2.5 – 4.4 

m3/MWh 

3.6 – 5.5 

m3/MWh 
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Cooling 

pond 

Coal (ST)  2.8 m3/MWh 37.9 

m3/MWh 

Coal (SC) - 0.2 m3/MWh 56.8 

m3/MWh 

Fossil/ 

biomass 

- Around 1.82 

m3/MWh 

1.89 – 2.27 

m3/MWh 

 

Nuclear - 2.1 – 2.7 

m3/MWh 

1.9 – 49.2 

m3/MWh 

Hybrid 

system 

CSP power 

tower 

- 0.4 – 1.1 

m3/MWh 

0.4 – 1.1 

m3/MWh 

Geothermal -  0.8 – 2.7 

m3/MWh 

0.8 – 2.7 

m3/MWh 

Co-

generation 

Biomass 

(burning 

sweet 

sorghum 

stems) 

6400 kW 24.52L/kWh 

(95% for crop 

production) 

- (Feng et 

al., 2014) 
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22,500 

MW 
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(water 

footprint of 

hydroelectric 

power) 

- (Zhao and 

Liu, 2015) 
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s PV 

 

Solar  0.11 L/kWh  (Saidur et 

al., 2011) 

Onshore 

Wind 

Turbines 

Wind  0.004 L/kWh  
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Hydropower generation is the source that most explicitly depends on water 

and has its consumption associated with evaporation from increased reservoir 

surface. Even though sustainable multi-purpose use dams have the potential to 

support the management of water for multiple uses, it also means that it is not 

accurate to allocate the evaporation loss exclusively to electricity generation. In 

Spain,  quantifying both the water withdrawal and consumption for electricity 

purposes showed that  hydropower is the most water intensive source of electricity 

(Rio Carrillo and Frei, 2009). Around 16% of global electricity is hydro based (Foley et 

al., 2015). Countries like Brazil, Venezuela, Canada and Norway have more than 50% 

of its total electricity generation coming from hydropower plants (ibid.). Prolonged 

droughts aggravated by a changing climate compromises the electricity security 

provided by hydropower plants. Conflicts are increasingly raised between the need 

of storing water in reservoirs in benefit of electricity security and affordability, and 

the need to promote minimum levels of water flow downstream of developments to 

attend multiple water users. In the São Francisco river in Brazil, reduced rainfall 

patterns combined with mismanagement of resources resulted in low reservoirs 

levels, which in turn led to reductions of hydropower dispatch levels, impacting 

negatively on transport, riverside communities, water providers, vegetation and 

animals.  

 Moreover, reservoirs are also responsible for releasing a considerate amount 

of methane (King et al., 2013), which induce climate change. Since 2007 there has 

been a steady increase in methane emission and research findings show that this is 

mainly due to a surge in microbial sources living in wetlands, landfills and the 

stomachs of ruminants (Nisbet et al., 2016). Even though fossil fuel sources were 

found to emit 60% to 110% more methane than historical estimates (Schwietzke et 

al., 2016), microbial methane accounts for almost 400 million tons a year, while fossil-

fuel account for about 200 million tons of methane a year  (Pearce, 2016). In 

hydropower reservoirs, the net increase of CO2 and methane are a result of the 

decomposition of organic matter produced in reservoirs, flooded or transferred 

through runoff or river input (Almeida et al., 2019). GHG emissions from reservoirs 

‘vary substantially over space and time,  being positively correlated with temperature 
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and aquatic primary production, and negatively correlated with reservoir age’ (ibid., 

p. 2). Ocko and Hamburg (2019) estimated the impacts of CO2 and methane emissions 

by analysing 1,473 hydroelectric facilities in 104 countries, which revealed that in 

most cases the GHG emissions were higher than for nuclear, solar and wind, but in 

some cases it was also worse than coal and natural gas plants (Table 2). In the Amazon 

basin in Brazil, the existing reservoirs collectively emit 14 Tg CO2eq per year, but if all 

planned hydropower developments are built (351 proposed dams) the emissions 

should increase five times (Almeida et al., 2019).  

 

Table 2. Comparing CO2 and methane emissions by source 

 CO2 emissions 

kg/MWh (global median) 

CH4 emissions 

kg/MWh (typical values) 

Coal (pulverized coal) 770 1.7 
Natural gas (combined 
cycle) 

372 3.3 

Nuclear 12 0 

Solar PV rooftop 41 0 

Solar PV utility 48 0 

Wind onshore 11 0 

Wind offshore 12 0 

Hydropower dams 55 0.43 

Source: (Ocko and Hamburg, 2019) 

 

Water withdrawal and water consumption for electricity generation are 

generally calculated using life cycles analysis (net amount of water consumed along 

the supply chain to produce 1kWh). For thermoelectric power, including biomass 

cycle, the supply chain consists of the ‘acquisition of fuel, its preparation, 

construction of plant and equipment, device/product manufacturing, power 

generation and fuel disposal stages’ (Fthenakis and Kim, 2010, p. 240). The cooling 

needs of power plants represents the highest share of the water demand by thermal 

power, which varies according to the source and dry cooling technologies 

(Hardberger et al., 2012). Nuclear plants are found to be the most water-intensive, 

followed by coal and waste-incineration plants and natural gas plants (Benjamin K. 
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Sovacool and Sovacool, 2009). In terms of cooling, it is important to differentiate not 

only between technologies, but also between water withdrawal and water 

consumption. For example, thermoelectric power plants using open-loop cooling 

were found to withdraw significantly more water than it actually consumes (King et 

al., 2013) - 24.5 gallons of water withdrawn per every kWh versus 0.5 gallons of water 

consumed per kWh due to evaporative loss (Sovacool and Sovacool, 2009). Thermal 

plants with ‘once-through’ or recirculating wet cooling systems, dry cooling systems 

using air-cooled condensers, and hybrid systems (parallel dry and wet condensing 

loops) require different amounts of water and have different efficiency levels. Dry 

cooling technologies are the least water-intensive but are known to reduce overall 

efficiency. More accurate planning and management  to reduce the gaps between 

withdrawal and actual consumption is key to reduce the vulnerabilities of the system 

connected to droughts (King et al., 2013). 

In China, the total life-cycle water requirements for eight electricity 

generation technologies revealed that biomass power generation ranks first (24.52 

l/kWh) followed by hydropower (17.8 l/kWh) (Feng et al., 2014). In the former case, 

95% of total water consumption is for crop production (ibid.). Even though biomass 

is a renewable source of electricity generation that supports climate change 

mitigation there are many questions about its sustainability. For example, in Tuscany 

even though the cultivation of electricity crops could give abandoned farming areas 

a use, in most cases the electricity invested would be greater than the electricity 

returned, and water needs are too high, which would hinder the sustainable 

production of biofuel (Marta et al., 2011). Water withdrawal and consumption will 

vary depending on the crop species and the agricultural conditions, which includes 

different irrigation types and distinct levels of precipitation (Fthenakis and Kim, 

2010). The expansion of fuel crops to support policies to reduce carbon emissions 

need to account for water needs and the changing levels of precipitation. At the 

global scale, the growing of crops for energy consumes a global average of water that 

ranges between 20,000 – 231,000 L/GJ of energy (Gerbens-Leenes, Hoekstra and van 

der Meer, 2009). Calculations have shown that biomass requires 90% of the fresh 

water used to produce primary energy, but this effort accounts for less than 10% of 

total primary energy generation (Gerbens-Leenes and Hoekstra, 2010). 
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Except for biomass and hydropower which are very water-intensive, other 

renewable sources such as wind and solar require little water. In the case of the 

latter, the water demand is mostly restricted to the manufacturing of devices and 

construction of power plants. Consequently, they are important alternative sources 

not only because they have a low carbon intensity, but also because they demand 

less water. When considering the full life cycle, ‘wind electricity consumes less water 

than the most water-efficient conventional power generation system natural gas 

combined cycle (NGCC)’ (0.64 l/kWh versus 0.7 l/kWh) (Li et al., 2012, p. 444).  At the 

power generation stage, PV and wind can potentially withdraw 200 times less water 

than coal power plants, but still produce the same amount of electricity (IRENA, 

2015b). In the European Union, wind electricity supported save about 387 billion 

litres of water in 2012 (ibid.). By 2030, renewable electricity uptake could help reduce 

50% of water withdrawal in the United Kingdom, more than 25% in the United States 

and Germany, and more than 10% in India (ibid.).  

Considering high shares of non-renewable sources continue to be 

indispensable to produce electricity, high shares of water are also needed, which 

contributes to water stress in areas with low water availability and aggravates risks 

to water supply security and environmental justice. For example, Northern China 

holds more than 90% of all coal reserves of the country, but only 20% of total water 

volume compared to the 81% held in the Southern China, which in turn holds only 

6.9% of all coal reserves (Gao et al., 2019). This mismatch between energy resource 

and water reserves pose threat to environmental justice and sustainable growth. The 

region rich in coal, but with less water ends up consuming high volumes of water to 

produce electricity and food to serve not only its local consumption, but also the 

water-rich regions that lack coal resources for energy (ibid.). This virtual water 

transferred from water scarce regions to water rich regions aggravates 

environmental degradation and local ecology of the former region, at the same time 

that it widens the economic gap between the two areas (ibid.).   

In Brazil, most of the existing unexplored hydropower potentials are located 

in the Amazon watershed, which holds 81% of all of Brazil’s surface water (ANA, 

2015c). Like China, Brazil has an uneven distribution of its surface water. The 

remaining hydroelectric potentials in the Amazon basin are far from consumption 
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centres and in hard-to-explore areas that require environmental protection. 

Nonetheless most hydroelectric projects are planned to take place in this region by 

2027 (EPE and MME, 2018). This raises many ecological and social concerns. Water 

rich areas like the Amazon basin would be increasingly transferring electricity to 

other areas of Brazil with greater population concentration and reducing levels of 

water under reservoirs. The latter would be at the expense of the basin environment 

and people, with key implications arising from the ambitions of the SDGs. The existing 

hydropower projects under the Amazon basin (a total of 158) have impacted 

significantly on local communities, ecosystems and species (Greenpeace, 2016; 

Almeida et al., 2019). Additionally, the new roads built for their development paved 

the way for other extractive industries (Greenpeace, 2016). There are more than 

750.000 km2 of deforestation due to infrastructure projects connected to mining, 

agriculture and hydropower plants (ibid.). Hydropower represents the cheapest 

source for electricity production in Brazil, but with remaining potentials in the 

Amazon this is increasingly questionable. It is more expensive to produce and 

transport electricity from the Amazon watershed than places closer to consumption 

centres. There are high transport costs and electricity losses when transmitting 

electricity for such long distances. Considering that electricity affordability is one of 

biggest challenges of the electricity sector and also electric-intensive sectors, such as 

water, there are reasons to be cautious beyond the well-known social and 

environmental impacts of hydroelectric projects in this region. The government 

elected in 2018 plans to install twenty-three new hydropower developments in the 

Amazon, with fourteen of them to be built under untouched areas in the heart of the 

forest, or areas of conservation and protection of indigenous communities (Carvalho, 

2019).  

2.2.1.2 Electricity for water  

Electricity is needed from the very initial stages of the supply chain for water, 

which includes water extracting, water treating, water supply and water transfer in 

benefit of end-users (households, industry and irrigation) (IEA, 2018). This water 

returns to the environment through evaporation or discharge (with or without 

treatment). When the water is treated there are possibilities of reusing it, so it can 
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serve as an important water conservation alternative. The relationship between 

water and its electricity demand is particularly relevant in areas struggling with water 

scarcity and water stress. In these places, more electricity is needed to extract and 

supply water through desalination processes, water transfers and pumping of deeper 

groundwater levels. The first global assessment of the electricity consumption by the 

water sector showed a projected increase of 130% by 2040 (IEA, 2016). 3 has the 

electricity demand of different water extraction technologies, treatment and supply 

quantified under different studies.  

 

Table 3. Electricity Use by Water Sector 

Water 

extraction 

and supply 

Characteristics Electricity demand  Source 

Desalination 
 

Reverse Osmosis 
systems: 128,000 
m3/day 

Seawater / brackish: 4-6 / 
1.5-2.5 kWh/m3 

(Rabiee et 
al., 2018) 

Water 
transfer 

Small scale, mesoscale 

and large-scale varies in 

distance, transfer 

volume and elevation 

Varies between 0.4 – 2.3 

kWh/m3  

0.4 kWh/m3 for small scale 

1.2 kWh/m3 for mesoscale 

and 2.3/m3 kWh for large-

scale 

(Yu et al., 

2018) 

Water 
provision 

Water supply system 

(gravity-fed or pumping  

Varies according to 

location, area extension 

of services, raw water 

pumping/transfer 

treatment and 

distribution 

10 kWh/p/a for Melbourne 

to 372 kWh/p/a San Diego. 

(Lam, 

Kenway and 

Lant, 2017) Raw water 

pumping 

0.006 to 2.624 kWh/kL 

Water 

treatment 

0.240 to 0.430 kWh/kL  

Water 

distribution 

0.010 to 0.341 kWh/kL 

(average 0.167 kWh/kL) 

 

A multi-city study concluded that water pumping is the most electric-intense 

part of the water system of provision, so gravity-fed water supply systems usually 

benefits from lower energy intensity (Lam, Kenway and Lant, 2017). Depending on 
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extreme events such as drought and other factors such as topography, the costs of 

water provision in cities may increase significantly. For example, during the Australian 

Millennium Drought (2001 and 2009), there was increase in the energy intensity of 

Brisbane’s water sector due to desalination that doubled the energy use of the water 

supply systems (Radcliffe, 2018). Whereas water harvested from the catchment area 

usually cost $67/ML in Brisbane, the operating cost of the Gold Coast desalination 

plant was $959/ML (ibid.).  Electricity is the main energy source of most water 

systems and its costs are one of the main factors determining the feasibility of 

desalination plants in certain places. For example, desalination plants running on 

fossil fuel cost between of 1-2 USD/m3 are unsuitable for poorer regions (Rabiee et 

al., 2018). Electricity usually represents more than 50% of the economic cost of 

desalination plants (WRG-2030, 2009). Reverse osmosis using up to 4kWh/m3 sees 

electricity account for 25%-50% of the desalinated water price (Swyngedouw and 

Williams, 2016). The Middle East and North Africa (MENA) region is increasingly 

dependent on desalination, so its projected five-fold increase in water demand by 

2030 will require three times more electricity, reaching 122 TWh (IEA-ETSAP and 

IRENA, 2013). Australia also depends on desalination technology to source water, but 

its high dependency on fossil fuel for electricity generation makes the water sector 

very carbon intensive.  

In terms of water transfer, Brazil, California and Africa’s Sahel region provide 

good examples of energy intense water services. In Africa, the main issue was the 

lack of electricity that impacted on water access and people who had to travel up to 

10 km to source water, but today solar-based pumping has changed its reality (IRENA, 

2015a). In California, the levels of water scarcity are higher in areas most densely 

populated, which requires significant amounts of electricity for systems to transport 

and treat water from wet to dry areas, making water the largest power-to-water 

footprint sector (Scott & Pasqualetti, 2010). In Brazil, the São Francisco watershed 

has an inter-basin water transfer project that requires significant amounts of 

electricity, which represents more than 50% of the total costs of the project (Chapter 

6). In relation to groundwater pumping,  the electricity cost is dependent on friction 

loss (a function of the pipe diameter, material roughness and distance) and lift 

involved (ATSE, 2012). The choice between different options can have considerable 
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electricity and environmental implications. A good example of complexity is Mexico 

City, because water is obtained from locally derived pumping, and over-exploitation 

has resulted in ground subsidence of 15– 36 cm/year, so more electricity is needed 

to manage the consequent surface flooding (Ortiz-Zamora and Ortega-Guerrero, 

2010). For water collected from roof, the use of electric pump and UV disinfection 

require seven times more electricity per day than water and sewage supply (Gardner 

and Vieritz, 2010).  

Another electric-intensive part of the water cycle is related to the heating of 

water used either commercially or domestically (IRENA, 2015a). In developing 

countries, it accounts for a very high share of the electricity budget and is often 

considered more electricity intensive than in places like Europe (15% of household 

electricity use) (Plappally and Lienhard V, 2012). In Japan, water heating constitutes 

twice as much of household electricity use (30%) than in Europe (ibid.). On the other 

hand, more electricity is also gradually needed for wastewater treatment to reach 

the quality levels that will promote sustainable management of water resources. For 

example, in the European Union the Water Framework Directive requires ‘good 

ecological status’ for ground and surface water (inland and coastal), which in turn will 

increase electricity use by almost 100% for wastewater treatment (Watson and Rai, 

2013). More electricity will be consistently needed to deal with issues of 

contaminated water and lack of access to services of sanitation, with more than half 

of global population lacking access to proper services (UN-Water, 2019).  

The electricity-intensity of water services impacts significantly on water 

utility’s costs, reaching up to 25-30% of OPEX (ibid.). Depending on how this 

electricity is sourced it affects the sustainability of water services, and the target of 

increasing renewable electricity and promoting affordable and modern services for 

all.  On-site renewable electricity for water services and expansion of solar water 

heating technologies have the potential to save electricity and help reduce emissions. 

The barriers to develop on-site renewable projects include geographic, financial, 

regulatory and construction issues. Nevertheless, the water utilities are getting more 

involved in the electricity sector to reduce their vulnerabilities related to electricity 

security and rising electricity bills. In the United Kingdom, for example, the water 

industry consumes three percent of total electricity demand, but generates 8.5% of 
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this total through renewable sources such as hydro and wind, sometimes, combined 

with sludge for combustion and provision of heat and power (Howe, 2009). 

Overall, it becomes evident that the water sector’s dependence on 

centralised electricity sources makes water services vulnerable to electricity crisis and 

electricity price volatility. Also, there is an embedded carbon footprint in the water 

services where non-renewable sources are used for electricity generation. Higher 

electricity bills usually translate into higher water bills, because they cannot be 

absorbed by the water utility. It becomes increasingly important for the water sector 

to consider ways of reducing its electricity costs while ensuring sustainable and clean 

supply of water that is not subject to supply insecurities or fluctuations in price. The 

water sector has the potential to contribute to renewable targets by generating its 

electricity needs from renewable sources.   

2.2.1.3 Integrated modelling approaches and its challenges 

The abovementioned relationships between water and electricity require 

assessments of the interactions between resource use and issues in the given 

context, and as part of a system. Modelling tools can support these assessments by 

considering systems complexity and multiple dimensions of the nexus components, 

which go beyond electricity and water (e.g. water-electricity-food, water-electricity-

land). This way, it offers an opportunity for system’s thinking to help mitigate the 

unintended consequences of resource needs by exploring future possibilities and 

enhancing awareness in ways that stakeholders find trustworthy (Hamel et al., 2017). 

Several authors have modelled the water-electricity nexus and advanced the 

methods that before were mostly restricted to environmental variables such as 

greenhouse gas emissions (Spataru, 2017). These advances support capturing the 

interlinkages between water and electricity in connection to food production and 

also with the carbon economy (Senger and Spataru, 2015; Smajgl, Ward and 

Pluschke, 2016; Spataru, 2017; Zhang et al., 2017).  

Water and electricity systems have different spatial delimitations, so usually 

water considers the basin or aquifer level for water modelling, while electricity 

considers the power grid for transmission modelling. This mismatch is acknowledged 

as a challenge by the water-electricity nexus literature, emphasising the importance 
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interdependent analysis. Overlooking interdependencies and the multiple feedbacks 

aggravates sustainability issues involving socio-ecological systems (Bazilian et al., 

2011). However, there are multiple challenges for integrated models to capture 

critical resource interlinkages and dynamics under multiple spatial and temporal 

scales (Spataru, 2017). The latter is also explained by the limitations of different 

model’s scope and purpose, including the challenges to assess uncertainties (Hamel 

et al., 2017). The existing methods range from input-output analysis to Computable 

General Equilibrium, with flexibility and limitations that allow for mainly two options: 

(i) fully integrated approaches to represent the nexus more broadly; or (ii) an entry 

point approach that considers how one resource influence the others and how it 

impacts the environment and the economy (ibid.).  

The common point between the existing tools is that they integrate the 

biophysical environment and human society for further analysis based on impacts or 

dependencies (ibid.). For example, the modelling tool – FORSEER – used to analyse 

future supply and demand of water considering the competing uses under different 

scales in California allowed policymakers to improve the management of water, 

electricity and food in ways that a sector-based approach modelling would not 

support (Curmi et al., 2013). For Brazil, a model has been developed to assess the 

water-electricity-land nexus from an electricity perspective to evaluate four power 

generation scenarios that can impact land water and land resources, which revealed 

that interdependencies require cross-sectoral integration to be managed effectively 

(Senger and Spataru, 2015). A useful source for review of existing modelling tools is 

the work by Mannschatz, Wolf and Hülsmann (2016), because they developed an 

interactive platform that compares 73 different models covering water, soil and 

waste. There is not one-size-fits-all, or any modelling tool that provides single best 

solution, with significant developments still needed in terms quantifying the five-

node nexus and representing the multiple spatial and temporal scales from global to 

local (Spataru, 2017).  

Even though multiple studies have modelled the water-energy nexus, and 

some have been expanded to include other important resource nexuses, it is not 

possible to say they necessary lead to effective implementation (Radcliffe, 2018). 

There are many governance, regulatory, policy and legal obstacles combined with a 
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plethora of opposing interests and conflicts that need consideration. More often than 

not, integrated resource governance is incipient, but resource use efficiency 

supported by well-informed trade-offs and better integrated resource management 

are key to advance the SDGs (Bleischwitz et al., 2017). The next section will analyse 

the existing research on water-electricity nexus governance, including those that 

attempt to bridge the gaps between the science-policy divide. Across electricity and 

water scales there is a spectrum of interests guiding actions, regulation, policies, 

resource allocation and planning. Altogether, they represent obstacles for the 

effective implementation of cross-resources integrated management. This research 

aims to advance the dominant technical approach to the water-electricity nexus by 

focusing on the normative dimension of the co-governance of resources, co-

regulation of sectors, and co-operation amongst multiple stakeholders.  

2.2.2 Water-energy nexus governance: scale, politics, policies and regulation  

Despite the above accounts, in general, there is insufficient understanding 

and accounting of resource nexus trade-offs, especially considering they change with 

changing circumstances. Challenges are raised by factors that impact and create 

additional pressure on water and energy resources: climate change, increasing 

urbanisation, pollution, demand characteristics, energy mix, resource availability, 

social, political and environmental contexts, governance arrangements, data 

availability and power asymmetries. Most of the existing work focus on ways to 

alleviate or remove trade-offs, or their costs, and to maximise synergies (Griggs et al., 

2014; Iseman and Tidwell, 2015; Sovacool and Rao, 2015; Wallis, 2015). The majority 

of authors highlight the need for co-management of resources and better integration 

between sectors, but one of the major issues is governance. Bleischwitz and 

Rentschler (2017) teach that institutional capacity is an important pillar of sustainable 

resource governance. Institutions, decision-making powers, policies, regulation, 

planning, knowledge and information are mostly restricted to sectoral boundaries 

and fragmented between different scales and actors. Different studies have focused 

on the challenges of scale and politics, policy integration, planning mismatches, 

fragmented regulation and insufficient levels of information and knowledge. The 

interrelations between different water and electricity spatial and political scales 
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(Hussey and Pittock, 2012b); and between the multiple stakeholders, ideas and 

interests (Stein, Barron and Moss, 2014) are important factors to bridge water and 

energy domains.  

Some authors analyse the institutional and decision-making aspects around 

water-energy nexus issues, emphasizing the challenges of systemic and governance 

silos (Scott et al., 2011). Better integrated governance of water and electricity 

resources, careful planning, and inclusive decision-making environments are 

important to deliver the interconnected SDG 6 (water) and SDG 7 (energy), and other 

correlated targets of health, poverty eradication, and sustainable production and 

consumption. Studies have concluded that only integrated and multi-objective 

planning can deliver a more fair and equitable access to resources, because of the 

contrasts among scale and trade-offs between water, energy and food (Pittock, 

Hussey and McGlennon, 2013; Smith and Dyer, 2015). Infrastructure 

interdependencies challenges the state to move away from the conventional ways of 

governing sectors independently (Hiteva and Watson, 2016, 2019). There are 

multiple actors at different scales and rising complexities in understanding critical 

interdependencies between sectors disputing common-pool resources (ibid.). Cross-

sectoral co-ordination is hard in the context of the unique set of governance 

instruments particular to each sector (Oliver and Hussey, 2015). Water and electricity 

operate under different rationales, objectives, scales, policy setting, capabilities and 

levels of information and knowledge (ibid.). They usually have distinct historical-

institutional developments, which result in disparate levels of regulatory maturity, 

institutional capacity and access to its services. 

One of the most common cited governance issues is that sectoral policies are 

fragmented and lead to unintended spilling affects. At the core of water-electricity 

nexus issues, like most cross-sectoral issues, is the problem of lack of policy 

integration (Hussey and Pittock, 2012b). There are multiple uncertainties connected 

to water and electricity conflicting policy goals and instruments, which can 

compromise sustainable resource management and push problems across time and 

scales. One of the first obstacles that needs to be addressed for better integrated 

electricity-water policies is the informational challenge (King et al., 2013). Better data 

collection and better integrated databases are necessary to enhance understanding 
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of trade-offs and irreducibility of conflicts, so that policies can be developed to unlock 

resource conservation and efficiency potentials. Without a cross-sector perspective, 

policies may end up shifting an issue from one sector to the other and result in blame-

shifting approaches that compromise accountability.  

Water and electricity silos and trade-offs challenge policy integration and 

coherence. The latter is an ‘attribute of policy that systematically reduces conflicts 

and promotes synergies between and within different policy areas to achieve the 

outcomes associated with jointly agreed policy objectives’ (Nilsson et al., 2012, p. 3). 

The analysis of policy coherence is done vertically (policies under different levels of 

governance) and/or horizontally (policies under the same level of governance). 

Moreover, coherence can be analysed amongst policies of different domains 

(external) or within a single policy domain (internal) (ibid.). In this research a mixed 

approach is taken in Chapter 6 to assess the silos and interlinkages between the 

objectives, instruments and implementation of policies of electricity and water both 

horizontally and vertically. The reason is policy objectives, instruments and 

implementation are the layers of policy coherence analysis, taking into consideration 

the different levels of governance and policy domains (Table 4) (Nilsson et al., 2012). 

By focusing on policy outputs and the relationships between policies through the 

external-horizontal and external-vertical analysis in Chapter 6, this thesis identifies 

relevant policy asymmetries. Given that one of aims of this research is to compare 

the policies of water and electricity, the internal approach that is restricted to one 

policy domain is not as relevant to this thesis. Water and electricity policies objectives 

asymmetries are analysed in section 6.6.5.1, while policy instrument asymmetries are 

analysed in section 6.6.5.2 and implementation asymmetries are analysed under 

section 6.6.5.3.  

 

Table 4. Framework for policy coherence analysis 

 Horizonal Vertical 

Internal e.g. Local climate change policy 

objectives, instruments and 

implementation in relation to 

e.g. National water policy 

objectives, instruments and 

implementation in relation 
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local air pollution policy 

objectives, instruments and 

implementation 

local water policy objectives, 

instruments and 

implementation 

External e.g. National energy policy 

objectives, instruments and 

implementation in relation to 

national water policy objectives, 

instruments and implementation  

e.g. National energy policy 

objectives, instruments and 

implementation in relational 

to local water policy water 

objectives, instruments and 

implementation 

  

 In the field of EU studies, researchers have evaluated coherence on the basis 

of policy process results, outputs and outcomes, specifically focusing on external 

policies (Keijzer and Oppewal, 2012). The analysis of process result involves the 

institutional procedures that promote or hinder coherence. Keijzer and Oppewal 

(2012) analyse the coherence between the Treaty on European Community and 

conclude that institutional coordination between parties at different levels of 

governance is necessary for the realisation of horizontal objectives (ibid.). Coherence 

is a product of good institutional coordination, which in turn is dependent on political 

commitment and adequate analytical capacity to be successful (ibid.). In the context 

of sustainable societies, the OECD recommends policy coherence as the way to 

manage risk factors such as depletion of environmental resources, and to transform 

the systems and address the causes of vulnerabilities (OECD, 2018). Accordingly, 

weak institutional capacity, lack of vertical and horizontal integration, global shocks, 

natural hazards, injustice and discrimination can all be addressed by enhancing policy 

coherence (ibid.). It is a tool that can help build resilience and in the context of 2030 

Agenda by supporting the management of critical interlinkages between the SDGs 

(ibid.).  In the field of environment, coherence has mostly been considered through 

the lenses of environmental policy integration (Persson, Eckerberg and Nilsson, 

2015). The literature reflecting on the lessons from the last decades of policy 

integration, identifies procedural tools, instruments, administrative coordination, 

organisational change and high-political will as key to integrate considerations of 

climate impacts in sectoral policies (Worker, 2017).  
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State and non-state actors, both during policy formulation and during 

implementation, should collaborate, make joint-decision and resolve conflicts 

(Briassoulis, 2004). Better integrated policies and planning can potentially enhance 

overall nexus efficiency through boundary-spanning agents (Siddiqi, Kajenthira and 

Anadón, 2013). These agents, which include international donor agencies and local 

planning ministries were considered as the best intermediates to bridge water and 

electricity domains and develop a better integrated network of planning resource use 

(ibid.). Peel (2015) listed the common elements that can be extracted from literature 

which are useful to advance integrated policy: (i) inclusion of multiple policy 

instruments that go beyond market-based approaches to promote integration; (ii) 

distribution of power between scales with a preference to decentralised systems; (iii) 

broad participation of multiple stakeholders; (iv) well-developed information and 

tools such as planning; and (v) move towards a more adaptive decision making 

approach with a focus on adaptation over time. Implementing these in practice could 

support multiple integrated approaches to the SDG targets and policy objectives 

aimed at more efficient, equitable and sustainable solutions to resource allocation, 

as well as tough political decisions between competing demands. 

Interest in policy integration has a long history, but its rebirth is mainly linked 

with the environmental orientation of sector policies (Briassoulis, 2004). The latter 

implies incorporating environmental goals as guiding principle for planning and 

implementing policies, and environmental consequences into policy evaluation 

(Lafferty and Hovden, 2003). Environmental policy integration has been subject to 

conceptual stretching (Persson, Eckerberg and Nilsson, 2015). This stretching is 

beneficial to the nexus discourse because it considers that integration of policies is a 

process of ‘harmonizing several policies horizontally and vertically to try creating an 

interconnecting, hierarchical, loosely-coupled, multi-level, multi-dimensional, multi-

sectoral policy system that functions articulately in unity’ (Briassoulis, 2004, p.13). A 

lot of the integration task is based on institutional linkage and alignment to support 

this harmonising of several policies.  

Wallis (2015) considers that a multi-level model approach offers the 

necessary mobility in between scales to integrate existing governance functions. The 

latter combines the adaptive governance rationales of ‘learning by doing’ and the 
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optimisation requirements of the nexus to improve decision-making processes (ibid.). 

Weitz et al. (2017a) considers integrative environmental governance as a useful 

framework to support the co-ordination across institutionally different sectors, levels 

of authority and governance mechanisms. Bach et al. (2012) recommend a basin-

wide perspective for integration by encouraging a cooperative management through 

multi-stakeholder dialogue and discussions of risks. The state has a prominent role in 

ensuring cross-sectoral coordination attends at least six functions: steering, 

effectiveness, resourcing, democracy, accountability and legitimacy (Bell and 

Hindmoor, 2017). The law is one the most relevant instruments available to the state 

to guarantee these functions, so analysing the legal landscape in which water and 

energy co-dispute resources is crucial to advance the nexus discourse. 

  Researchers have focused on the regulation of the nexus  (Peel, 2015; Larcom 

and Gevelt, 2017). Regulating resource use and water and electricity services involves 

establishing rules, laws, and institutional and decision-making frameworks, which are 

all critical dimensions of managing the water-electricity nexus trade-offs (Peel, 2015). 

There are many challenges to map the entire regulatory framework of the WE nexus 

because of overlapping sources in each nexus component and the nexus itself, 

including non-state ones, which are localised, and many times are not written, such 

as social norms (Larcom and Gelvet, 2017). Procedural justice tools are considered 

sufficient to account for interdependencies and complexities to allocate resources in 

efficient manner (ibid.). Cooperative regulatory reforms can unlock obstructionist 

bureaucracies. For example, Kumar (2017) analysed the issues of insufficient supply 

of water and energy in environmentally sensitive hill towns in India and proposed 

regulatory interventions under buildings regulations for both, which reduced 

bureaucracies.  

Historically, the fundamental oversight, governance and regulatory 

mechanisms of both sectors have been decoupled. Contrary to most discussions that 

have favoured integration, Williams, Bouzarovski, & Swyngedouw (2014, 2018) flag 

out the importance of scalar politics to grapple with issues of uneven geographies 

and just governance responses. They criticise the panacea of integrative approaches 

by flagging out the importance of ‘politicising the nexus’. One of their main questions 

is if integrated management would necessarily result in more sustainable outcomes, 
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because it currently stands on ‘purely efficiency-based techno-managerial solutions 

to tensions and trade-offs between electricity and water, and one that is entirely 

consistent with market-based approaches to environmental governance’ (Williams, 

Bouzarovski and Swyngedouw, 2018, p. 3).  Artioli, Acuto and McArthur (2017) argues 

that integration should not be treated as a panacea, because there are risks it will 

lead to very generic policy recommendations. Integration can increase complexity 

too much and make decision-making ineffective. Middleton et al. (2015) argue that 

in order to tackle the risks of the nexus becoming a tool of reproduction of 

inequalities, there are important questions about who are the winners and losers 

that need to be answered beyond integration to address the issue of justice.  

This research thesis argues that if tackling the nexus conflicts means nothing 

more than adjustments between competing interests and integrating policies, to 

some extent, modern environmental law and policy has always been doing this 

particularly in its development of more integrated pollution controls. The very 

subject ‘environment’ pertains to the entire spectrum of human activities, including 

direct ecological impacts, economic enterprises, social interactions and public 

policies (Bosselman, 2016). Depending on how narrowly or broadly the environment 

is legally defined, they will determine the scope and integrative character of 

environmental law (ibid.). Reconciliation between environmental values, property 

rights, social justice is at the core of environmental law cases. The nexus can learn 

from it, but if used merely for integrating conflicting interests based on win-win 

objectives, without a benchmark, hardly anything will be achieved (ibid.). This 

research considers that the laws of balancing and weighing legal principles have a 

role to play together with inclusive, in-depth, open, transparent and fair procedures 

that counts with the participation of all affected stakeholders.  

Solutions to water-electricity nexus problems are to be devised and 

implemented in the context of highly complex, cross-level, cross-sector and cross-

networks of formal and informal actors, institutions, procedures and instruments 

(Hiteva and Watson, 2016). The state has a prominent role as the producer of 

legislation, guidelines; granter of permissions; and setter of recommendations and 

sanctions for reducing negative impacts of the resource nexus on the environment, 

economy and people (ibid.). Consequently, the legal principles that apply to the state 



 66 

together with environmental legal principles underlie every nexus discussion. The 

legal landscape in which the resource nexus disputes happen includes institutions, 

laws and principles that have not been given due attention under the literature. In 

general, the studies reviewed in this section that have advanced the water-electricity 

nexus beyond a technical approach analyse the complex interactions of one or many 

of these interrelated factors: cross-scale resource management and cross-

stakeholder interactions; integrative governance; cross-sectoral integration of 

policies; institutional and planning fragmentation; regulation of the water-electricity 

nexus; and lack of integrated information and data.  

There are gaps related to the justice and normative-institutional dimensions 

of the water-electricity nexus, which will be analysed in the next section 2.2.3. 

Another relevant gap under the water-electricity nexus literature is in relation to the 

concrete insights about how integration should happen in practice (Stein, Barron and 

Moss, 2014). However, concrete insights are not possible if the legal landscape in 

which the different sectors coexist is not considered. This research aims to fill these 

gaps related to justice, normative-principle approach and the possible ways of 

integrating these sectors in practice from a legal perspective.  

2.2.3 Gaps identified under the WEN literature review: justice and normative-

institutional dimension   

Claims for justice have not been directed to the water-electricity nexus as 

much as it has been for water and electricity, separately. Consequently, individual 

components, which is usually restricted and focused on a single jurisdiction and one 

policy context (Middleton et al., 2015). Regarding electricity, most studies are framed 

in terms of electricity and energy poverty, with some evaluating the gender 

implications of energy poverty (Sills and Wilfong, 2012). There are gaps in relation to 

energy poverty between rural and urban populations, with the former more 

electricity poor than the latter. In line with these findings Hildyard, Lohmann and 

Sexton (2012) flag up that electricity security as a means to economic growth is not 

the  same as ‘electricity for all’. When it comes to water, the justice implications are 

usually connected to movements ‘against water grabbing’ and the ‘Rights to Water’ 

(Middleton et al., 2015). Only few authors have acknowledged the importance of 
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justice consideration in the governance outcomes of the water-electricity nexus 

reviewed literature (Allouche and Middleton, 2015; Larcom and van Gevelt, 2017).  

Stringer et al. (2014) emphasise the importance of acknowledging water-

electricity-food and policy-institutions-knowledge nexus to assess the implications 

for resilience and enable more equitable and just outcomes.  Weitz et al. (2017a) 

argue there is a lack of clarity permeating the nexus concept due to the lack of guiding 

principles, which makes it hard to define the aims and purposes of what the nexus 

should achieve beyond efficiency. In Germany, the sustainability framework enacted 

in 2017 has justice as a central principle, so Schlör, Hake and Venghaus (2017) 

recognise that it should be the defining ethical norm for the management of the food-

water-energy nexus. This research advances the latter understanding for Brazil. 

Accordingly, ‘no matter how well the indicators are calculated, they cannot replace 

democratic political decision-making process’ so a new approach based on discussion 

of ‘policy options and values behind the measurement concept is needed’ (ibid., p. 

8). Chapter 8 develops a new approach for decision-making processes to consider the 

values as well as the quantified trade-offs between water and electricity resource 

use. It is important to consider that decision-making process does not happen in a 

void, but within the boundaries of the legal framework, according to the norms and 

institutions existing under each jurisdiction.  

This research thesis contributes to this emerging literature by revealing the 

normative and institutional dimensions of the water-energy nexus under the case 

study of Brazil. This will be done by considering (amongst other aspects explained 

below) the legal principles, rules and institutions that apply to water and electricity 

in light of the multiple conflicts emerging from their critical interlinkages. This 

includes norms and institutions that are in place to support (or not) an integrated 

governance of water and electricity, as well as the fair and rational decision-making 

about natural resource allocation to tackle conflicts and manage disputing interests. 

This normative dimension of the water-electricity nexus will make evident that trade-

offs and efficiency considerations for optimal resource allocation happen under a 

normative context - a legal landscape - that is not neutral as to the outcomes of these 

conflicts. Instead, outcomes must be reached in accordance to the applicable norms 

in each case, always considering the environmental legal principles such as inter-
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generational and intra-generational equity. This moves the nexus discussions beyond 

ontological and epistemological approaches, into a deontological one. Whereas the 

former two are the foundation of most water-electricity nexus research questions 

and a range of quantitative and qualitative research methods used to provide 

answers, they say little about which norms and institutions should be considered in 

the analysis of issues and in the advancing of legal solutions to empirical evidence 

base resource nexus conflicts.  

This research fills this gap by recognising that environmental legal principles 

underly all nexus discussions in the context of the SDGs and lay the foundations for 

all decision-making and sectoral laws enshrined within the legal system under 

analysis. On the other hand, the principles of the rule of law also require elicitation 

because of the nature of water and electricity services and resources, which usually 

counts with public authorities holding legislative, regulatory, granting, planning and 

sanctioning powers. An important point of investigation in the fieldwork is with 

regards to the application of these principle on the ground. It highlights the values 

that guide the work and decisions of those that are in the front line of the water-

electricity nexus challenges. Relevant sectoral laws, regulations and policies also form 

the legal landscape in which water and electricity operate, including those 

disciplining services, infrastructures, licenses, decision-making, networks, standards, 

security, affordability and markets. 

Another point that requires investigation is how the water and electricity 

institutions invested with powers to govern water and electricity resources have 

developed through time. It supports conclusions about the eventual precedence of 

one sector over the other in the governance and use of common-pool resources, as 

well as the possible needs to advance the co-governance of resources in benefit of 

intra-generational equity. Altogether, the analysis of the legal principles, institutional 

developments through time, rules, sectoral laws, water and electricity policies and 

regulations supports the identification of the interlinkages and silos between water 

and electricity from a legal perspective, including eventual governance and 

regulatory shortcomings in light of any identified asymmetry. 

The environmental legal principles together with the principle of 

proportionality are a non-exhaustive list of principles that would apply to nexus 
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resource conflicts. Other legal principles may also apply depending of the nature of 

the disputes emerging from the critical interlinkages between water and energy and 

the jurisdiction under analysis. However, the latter principles are enough for the 

purposes of the case study in Chapters 5 and discussion of results in Chapter 8. 

Considering that nexus approach is seen as the appropriate conceptual framing to 

advance the interconnection of SDGs; the sustainable development goals and its 

principles should serve as the overarching objectives and guiding principles of the 

nexus. The SDGs can only be realised when both intergenerational and intra-

generational equity are guaranteed. This is to be achieved through the legal principle 

of integration, as well as the legal principles of precaution, polluter pays and equity 

(substantive dimensions); and the legal principles of public participation, access to 

justice and access to information (procedural dimensions). Consequently, these legal 

principles should be taken into consideration in the management of any resource 

nexus conflict. The legal principle of proportionality (adequacy, necessity and 

efficiency) also applies. Accordingly, under democratic jurisdictions, the state cannot 

impose obligations, restrictions and sanctions beyond what is needed to attend the 

public interest. Hence, decisions that address nexus conflicts need to be adequate, 

non-excessive and with benefits that outweigh costs.  Chapter 5 analyses how the 

environmental legal principles and the legal principle of proportionality are enshrined 

under the legal framework of Brazil. Chapter 8 discusses how principles should be 

balanced, the institutional environment in which this should happen and the 

procedures that should guide those involved.  

The dynamic, conflicting and multifaceted nature of the water-electricity nexus 

translates into multiple and dynamic conflicts between legal principles. It is important 

to consider that different legal principles will apply to the resolution of different 

nexus resource conflicts, applied on a case by case basis. For instance, a result that 

potentially allocates disputed nexus resources prioritising a certain use over others 

must be clear about how the legal principle of equity (amongst others applicable in 

each case) were balanced to reach such outcome. A key argument is therefore that a 

normative-principle framing of the water-electricity nexus is currently missing in the 

literature. No one has considered that solutions to water-electricity resource nexus 

disputes is about defining which principle should take precedence (and to what 
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extent) under each context and circumstance to solve each specific nexus conflict. 

Considering there is no pre-established priority in the use of resources by any sector, 

the balancing of legal principles is necessary to manage disputed interests in a way 

that considers evidence and norms through inclusive and fair decision-making 

procedures. 

Whereas efficiency and effectiveness usually provide the bases of water-

electricity nexus trade-off discussions and decision-making about resource 

allocation, this research advances the idea that there are multiple normative 

principles that need to be considered too. This research closes this gap by developing 

a legal response based on a normative-institutional approach that considers how to 

integrate water and electricity under an institutional environment of second degree 

that is inclusive and follows transparent and fair procedures of balancing principles 

(discussed in Chapter 8). This will require, amongst other aspects discussed under 

Chapter 8, that decision-makers observe double mandates and that multiple 

stakeholders be involved in the balancing of the values in light of norms, evidence 

and planetary boundaries. 

2.3 Connecting SDGs with WE nexus and legal principles 

Multiple targets crosscut different SDGs, and these may connect positively, or 

negatively, as empirical evidence demonstrates. Several authors agree that a closer 

investigation of interactions is important. In this research thesis, focusing on water 

and electricity demonstrates their need to be considered in connection with one 

another, not only for advancing their individual set of targets under the 2030 Agenda, 

but also to support advancing other goals focused on human wellbeing and/or 

protection of the natural environment. Considering the importance of investigating, 

in detail, the interlinkages, this section brings forward a novel method to assess the 

interactions between SDG 6 (water) and SDG 7 (energy) and all other goals of the 

2030 Agenda. It will make explicit the nexus beyond water and electricity that from a 

policy perspective have potential for co-implementation strategies or may require 

the careful considerations of trade-offs in light of conflicts. In both cases greater 

dialogue between multiple stakeholders, including the public power at different 
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scales, will be key to consider the trade-offs, so that multiple goals can be advanced 

simultaneously. 

The guiding principles of the water-electricity nexus (efficiency and 

effectiveness) are essential to the progress of SDGs (Weitz, Nilsson and Davis, 2014). 

However, importantly, the sustainability framework contributes substantively to the 

nexus discourse by adding other vital dimensions to efficiency and effectiveness, 

which are in line with the key environmental legal principles of intra-generational 

equity and intergenerational equity. The nexus literature does not reflect well the 

justice elements of sustainable development, so one of the main contributions of this 

thesis is to make clear this dimension through close analysis of the case study. 

The legal principles supporting sustainable development have two roles. The 

first is to guide policymakers and decision-makers (not only the executive, but 

agencies, regulatory agencies) and to guide the legislator. They need to abide and 

implement those legal principles when carrying out their work. The second is to give 

guidance to courts when deciding cases that involve either public or private actors. 

They apply at the conceptual level of policies and laws as well at the implementation 

stage of these policies and laws; and to all levels of government and in all sectors of 

society (Scotford, 2017). They are usually enshrined in high-ranking laws and are 

more permanent than policy, providing the values for decision-making that points 

towards solutions, while policy are usually contingent and time-framed objectives. 

The method developed to connect the SDGs, WE nexus frameworks and legal 

principle of integration involves the following steps:  

 

(i) Analysis of crosscutting areas for water and electricity goals;  

(ii) Mapping the connections beyond trade-offs;  

(iii) Identifying the nature of the connections; and  

(iv) Analysing the nature of connections according to the legal principle of 

integration. 

2.3.1 Analysis of cross-cutting areas for water and energy goals  

Advancing the targets for SDG6 (water) and SDG7 (energy) requires 

adjustments between competing interests. Table 5 gives an overview of possible 
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areas that need attention when considering trade-offs. The importance given to each 

area will be different in each country, depending on how water-electricity nexus 

issues are characterised in each place and the risks they represent to the realization 

of Goals 6 and 7. For example, countries that depend on water intensive electricity 

to advance the renewable electricity target (7.2) will need to consider water needs 

of different users and regions, multi-purpose dams and dry cooling technologies, so 

that risks to the water targets of equitable and universal supply can be tackled (target 

6.1).  

 

Table 5. Areas of water and electricity, trade-offs and risks to SGS 6 and SDG7  

Areas WE trade-offs and risks to SDG 6 (water) and SDG 7 (energy) 
 

Water for 
Electricity  

Hydropower is the most water-intensive source due to large volumes of water 
evaporated from its surface area. Second is thermoelectric generation, with water 
requirements varying according to cooling technologies and fuel source. Unless it is 
rain fed, biomass is the most water-intensive fuel source due to irrigation needs. 

Water-intensive electricity sources may support renewable electricity target, but 
without consideration of water needs, multipurpose use dams, dry cooling 
technologies and regional differences policies may compromise sub-national policy 
objectives regarding multiple uses of water and hinder water targets. 
 

Water for 
WASH 

Widespread lack of access to WASH leads to pollution and compromises health and 
wellbeing. Universal, adequate, affordable and equitable access to WASH will require 
more electricity and dispute water resources with electricity sector in areas where it 
is mainly water dependent.  
Depending how water and electricity are sourced to expand WASH it may hinder 
advances to targets of renewable electricity and sustainable withdrawal and supply 
of freshwater, especially in the case of coal-based electricity sector and inefficient 
water sector that wastes both water and electricity on extraction, treatment and 
distribution of WASH. 
 

Water 
Scarcity and 

Pollution 

Water-stressed areas depend on electricity-intensive water withdrawal, pumping, 
desalination and water transfers. More electricity will be required to reduce growing 
figures of untreated wastewater and increase recycling and safe water reuse. 
Depending how electricity is sourced it may compromise target of increasing 
renewable electricity. If sourced through renewable electricity it may dispute scarce 
water resources (hydropower), or raise costs depending on renewable technology, 
which may compromise access to affordable electricity by the water sector. 
 

Water 
related 

disasters 

The frequency and intensity of water-related hazards are rising, including floods and 
droughts, which compromise resilience of water and electricity systems. More 
electricity is needed for water in drought areas, but reduced levels of water hinders 
electricity generation under majorly hydro-based systems. 
Water related disasters puts into risk the promotion of clean, affordable, equitable 
and universal water and electricity services, especially in cases of decreasing levels of 
resilience aggravated by droughts and floods.  
 



 73 

Water and 
Electricity 

Losses 

Water loss under WASH systems translates into electricity losses, while electricity 
losses under water-intensive electricity systems translate into water losses.  
Lack of efficiency in connection to electricity and water promotes losses for both 
sectors and compromises targets 6.4 (water efficiency) and 7.3 (electricity efficiency); 
and access to resources and services.  
 

Electricity 
for Water 

Electricity needs by water sector depends on availability of water for WASH and 
expansion requirements, topography, water extraction technologies. In areas of 
water scarcity and/or high expansion requirements, more electricity will be required 
to source water. 
Depending how electricity is sourced it may compromise target of increasing 
renewable electricity. If sourced through renewable electricity, it may raise costs 
connected to renewable technology. 
 

Electricity 
price 

Where electricity prices are dependent on hydro supply to be kept affordable like in 
Brazil, water related disasters such as droughts compromise hydro contribution to 
supply and lead to increase in the price of electricity significantly. 
Affordable, reliable and modern electricity services may be compromised and affect 
the water targets related to access to equitable, adequate and affordable WASH (6.1. 
and 6.4) because electric-intensive sectors like WASH struggle with rising electricity 
bills. 

2.3.2 Mapping interactions beyond trade-offs  

Beyond trade-offs, the relevant connections are found under Table 6. The 

analysis considers if water (SDG 6) and electricity (SDG 7) goals affect, or are affected 

by, all other goals, with the exception of goal 17, by virtue of its overarching nature. 

The empirical evidence-base that are coloured dark grey, indicates whether 

advancing the targets of water and electricity could potentially hinder the indicated 

goal, and/or if advancing the relevant goal could potentially compromise water and 

electricity goals. On the other hand, the empirical evidence-base that have a light 

grey shading indicates positive effects. All other neutral connections or probable 

connections without empirical evidence identified are left unshaded. 

 

 Table 6. Mapping connections beyond trade-offs 

SDGs 
WATER ENERGY 

Affecting water 
targets 

Affected by 
water targets 

Affecting energy 
targets 

Affected by 
energy targets 

SDG1: No 
poverty 

 Enables poverty 
reduction in 
connection to 
other factors 
(Hagos et al., 
2008) 

 Enables poverty 
reduction in 
connection to 
other factors 
(Wilcox et al., 
2015).  
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SDG 2: Zero 
hunger 

Sustainable 
agriculture 
enables water 
pollution control 
(Edwards et al., 
1990; Ripa et al., 
2006) 

Water access 
enables the fight 
against under 
nutrition  
(Dangour et al., 
2013) 

Multi-tier 
cropping enables 
food / bioenergy 
growth 
(Kline et al., 
2017) 

Clean energy 
enables 
sustainable 
agriculture  
(IRENA, 2015a) 
 

Farming can 
hinder water 
availability and 
quality  
(Sall and 
Vanclooster, 
2009) 

Improving water 
quality can 
hinder certain 
agricultural 
practices (Prada 
et al., 2017) 

Increasing food 
production can 
hinder water and 
land use for 
energy (De 
Fraiture, 
Giordano and 
Liao, 2008) 

Renewables can 
hinder land and 
water for food 
(De Fraiture, 
Giordano and 
Liao, 2008) 

SDG 3: Good 
health and well-
being 

 WASH enables 
healthy lives 
(Bartram and 
Cairncross, 2010) 

 Modern energy 
is an enabler of 
healthy lives in 
resource 
constrained 
areas 
 
(WHO and 
World Bank, 
2015) 

SDG 4: Quality 
education 

Enables higher 
awareness of 
sustainable uses 
of water  
(Heath and 
Mitchell, 2002) 
 

WASH enables 
education 
purposes  
(Zhang and Colin, 
2016) 

Enables higher 
awareness to 
increase energy 
user-efficiency  
(Gill and Lang, 
2018) 

Energy access 
enables 
education 
purposes  
(UNDESA, 2014) 

SDG 5: Achieve 
gender equality 

Empowering 
gender enables 
participation of 
woman in water 
systems  (ADB, 
2015) 

Access to WASH 
is vital to enable 
gender equality 
and empower 
women and girls 
(ADB, 2015) 

Empowering 
gender enables 
participation of 
woman in clean 
energy transition  
(Fraune, 2015) 
 

Modern energy 
services enable 
empowerment 
of woman  
(Cecelski, 2006) 
 
  

SDG 8: 
Sustainable 
economic 
growth and 
decent work 

Enables 
investments on 
infrastructure of 
WASH (OECD, 
2011) 

Enables 
sustainable 
growth; and 
promotes jobs  
(Hutton, 2013) 

Enables 
investments on 
clean, modern 
energy (Blyth, 
McCarthy and 
Gross, 2014)  

Enables growth 
decoupled from 
environment 
degradation  
(Jackson, 2015) 

Growth can 
hinder water 
quantity and 
quality 
(Distefano and 
Kelly, 2017) 

 Non-renewable 
can contribute 
more to growth 
than renewable   
(Adams et al., 
2018) 
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SDG 9: Resilient 
infrastructure, 
sustainable 
industry & 
innovation 

Resilient green 
infrastructure 
enables water 
quality (EPA, 
2014) 

Efficiency enables 
sustainable 
industrialization  
(Alkaya and 
Demirer, 2015) 

Enables resilient 
energy systems 
(UK Cabinet 
Office, 2011) 
 

Efficiency 
enables 
sustainable 
industrialisation 
(Alkaya and 
Demirer, 2015) 

SDG 10: Reduce 
inequalities 

Enables input of 
marginalized in 
water managing  
(Butler and 
Adamowski, 
2015) 
 

Access WASH 
enables 
reduction of 
inequalities  
(Hagos et al., 
2008) 

Empowering and 
inclusion enables 
energy transition 
process  
(Osnes, 
Manygoats and 
Weitkamp, 2015) 

Energy access 
enables income 
growth and 
creates jobs  
(IRENA, 2017) 

SDG 11: 
Inclusive, safe, 
resilient and 
sustainable 
cities 

Sustainable 
urbanisation 
enables 
improved WASH  
(Starkl et al., 
2013) 

IWRM enables 
sustainable 
urbanisation  
(Leeuwen, 2017) 

Sustainable 
urbanisation 
enables energy 
transition  
(Yu, 2014) 

Energy efficiency 
enables 
sustainable urban 
forms  
(Yu, 2014) 

SDG 12: 
Responsible 
consumption 
and production 

Sustainable 
manufacturing 
enables waste 
management  
(Alayón, Säfsten 
and Johansson, 
2017) 

Water efficiency 
enables 
sustainable 
production  
(Kurle, Herrmann 
and Thiede, 
2017) 

Enables 
improvements to 
energy use 
efficiency  
(Brizga, 
Mishchuk and 
Golubovska-
Onisimova, 
2014) 

Clean energy 
enables   
sustainable 
production 
(Ludin et al., 
2014) 

SDG 13: Climate 
action 

Strong resilience 
to climate-
related hazards 
enables water 
targets (Luh et 
al., 2017) 

Transboundary 
IWRM enables 
adaptive 
response to 
climate change  
(Varady et al., 
2012) 

Requires energy 
system change 
and security 
considerations  
(Jewell, Cherp 
and Riahi, 2014) 
 

Clean energy 
and efficiency 
enable the fight 
against climate 
change  
(Sugiyama et al., 
2014) 

Climate change 
mitigation 
measures can 
have negative 
impacts on water 
quality  
(Wallis et al., 
2014) 

   

SDG 14: Oceans 
and seas 

Reducing marine 
pollution from 
land-based 
activities needs 
WASH  
(Jambeck et al., 
2015) 

WASH enables 
reduction of 
marine pollution  
(Jambeck et al., 
2015) 
 
 

Reducing ocean 
acidification 
requires 
renewable 
energy  
(IPCC, 2014) 

Clean offshore 
energy can 
impact on 
marine pollution 
(CMACS, 2003) 

SDG 15: Protect, 
restore 
ecosystems, 
biodiversity, 

Ecosystem 
restoration 
enables 
improved water 

Sustainable 
water 
withdrawals 
enable healthy 

Biodiversity 
conservation can 
limit renewable 
energy such as 

Efficiency 
enables 
protection of 
land/ecosystem  
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forest, land 
degradation, 
desertification 

quantity and 
quality  
(Mello et al., 
2017) 

ecosystems and 
biodiversity  
(Richter et al., 
2003) 

biomass and 
hydropower  
(Santangeli et al., 
2016) 

(Kalogirou, 
2009) 

Renewable 
hydro energy 
hinders 
biodiversity  
(Greenpeace, 
2016) 

SDG 16: 
Inclusive 
societies, 
institutions, 
justice 

Improving 
governance 
enables IWRM  
(Allan and Rieu-
Clarke, 2010) 
 

IWRM supports 
inclusive 
societies and 
accountable 
institutions   
(Tortajada, 2014) 
 

Improving 
governance 
enables energy 
to contribute to 
sustainability  
(Mendonça, 
Lacey and 
Hvelplund, 2009) 

Reliable energy 
is key to reduce 
violence and 
allow safe 
walking in cities 
(Pease, 1999)  

 

The majority of goals are positively connected and have great potential for an 

integrated approach to implementation and monitoring (Figure 3).  

 

Figure 3. SDG connections beyond water-energy trade-offs 
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2.3.3 Identifying positive and negative connections 

The positive multilateral interactions involve cases where connections 

between water and energy targets could support a relevant goal and the advancing 

of such a goal could also support water and energy targets (SDGs 4, 5, 9, 10, 11, 12 

and 16) (Figure 3). These connections have great potential for the development of 

co-implementation strategies rooted in nexus thinking, and guided by legal 

principles, which could potentially lead to more equitable, efficient, sustainable, and 

cost-effective results to society through benefitting multiple goals simultaneously. 

There are also positive one-way interactions where advancing water and electricity 

targets would likely support advancing some goals, but the inverse is not necessarily 

true. This is the case for SDG1 (reduce poverty) and SDG3 (health) (Figure 3). 

Empirical evidence demonstrates that affordable access to WASH and electricity are 

key requirements for poverty purge (SDG 1) and promotion of healthy lives (SDG 3). 

Nevertheless, health and/or reduced poverty do not necessarily promote direct 

advances to water and electricity targets.  

Contrarily, negative multilateral interaction involves the case in which 

advancing the targets for water and electricity could potentially compromise referred 

goal and vice versa. This takes place between SDG 2, 6 and 7 (Figure 3).  From a water 

and electricity perspective, food is a user of these resources and may hinder advances 

towards sustainable water and electricity systems. From a food perspective, 

increasing agriculture can deter water availability and quality, and also compromise 

water and land use for electricity. It is possible to identify negative one-way 

connections, which are characterised by goals that may affect adversely the targets 

of water and/or electricity, or vice versa. This takes place with SDGs 8, 13, 14 and 15 

(Figure 3). For instance, when advancing economic growth to attend goal 8, it can 

increase pressure on water resources and hinder water quantity and quality, while 

also pushing for higher shares of non-renewable electricity to support development. 

Adams et al. (2018) analysed the economic growth in thirty Sub-Saharan African (SSA) 

countries between 1980 and 2012, as well as the effect of renewable and non-

renewable consumption to find out that the latter has a greater growth effect than 

the former. Accordingly, ‘10% increase in renewable energy consumption is 
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associated with an increase in economic growth by 0.27%, while a 10% increase in 

non-renewable energy consumption leads to an increase in growth by 2.11% ceteris 

paribus’ (ibid., p. 755). In terms of SDG 13, empirical work shows that certain climate 

measures impact negatively on water resources (Wallis et al., 2014).  While the 

negative connection with SDG 15 is rooted on studies in which the conservation of 

biodiversity can challenge advances to clean electricity (Santangeli et al., 2016). 

Finally, offshore wind farms, that enable the renewable electricity target to be 

achieved, may impact negatively on oceans and seas due to electromagnetic fields 

and hinder advances to goal 14 (CMACS, 2003).   

In all cases, the grouping of data, planning, policies and regulation by sector 

and scale are no longer a fitting method of governance to support sustainable 

outcomes. The system of governance should be focused on governing by goals; 

instead of a sector-by-sector basis that has led to fragmentation of resource 

governance. The SDGs support governing resources through high-level ambitious 

goals that are formed by economic, social and environmental dimensions. The 

combined framework I developed supports these different dimensions, because 

different proportions of these elements form each goal that we assessed the 

relationship with water and electricity. For instance, SDG 4 (education), which is 

mainly formed by social targets, when advanced in connection to water and 

electricity, has the potential to support the environmental and economic targets 

connected to these goals. The role of legal principles within the movement to 

integrate more concretely the different dimensions of the SDGs is vital in terms of 

nexus governance for sustainability.  

2.3.4 Operating and managing connections with the nexus and legal principles  

The legal principle of integration is one of the critical principles of 

environmental law, which together with the legal principles of precaution, equity, 

polluter-pays, access to courts, access to information and participation should form 

the overarching ethical framework for advancing the co-governance of resources 

between different policy areas, including water and electricity, as well as other 

correlated SDG policy areas made evident under this research (Figure 4). They are the 

tools of law that point towards solutions, including those related to possible shifts of 
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governance and policy recommended by the nexus literature to advance the SDGs. 

In Figure 4 the legal principles are at the core of how the positive and negative 

multilateral interactions between goals, including the conflicts emerging therein 

should be managed within the constraints of Earth’s system.  

  

 

Figure 4. Overarching ethical wheel to advance interconnected SDGs through WE Nexus 

thinking and environmental legal principles  

The focus on inter- and intra-generational equity under this research thesis, 

advances the water-electricity nexus discourse to recognize the distributive and 

procedural justice issues between existing communities and also future populations 

that share interests on common-pool water and electricity resources. The principle 

of integration demonstrates that an integrated approach to electricity and water 

policies and management should be undertaken considering environmental, 

economic and social factors. It offers the means by which connections between 

water, electricity and the correlated goals can be operationalised (or concretised) in 

policy and practice to advance the SDGs in a holistic and value led manner. Key 

regulatory tools emerging from the procedural aspect of the principle of integration 

are vitally useful to the management and regulation of the water-electricity nexus, 
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including for example, environmental impact assessments and strategic 

environmental assessments for policies, plans and programmes (Holder, 2006; 

Hussey and Pittock, 2012a). Chapter 7 will address these tools in greater detail under 

the context of the case study.   

The relationship between environmental law, economic law and social law 

(including human rights) that apply to the water-electricity nexus can potentially be 

strengthened to create some form of integrated law. The question is, however, 

whether the integration of laws is sufficient to achieve what sustainable 

development demands (Bosselmann, 2016). If advancing the SDGs through nexus 

approaches concerns integrating conflicting interests, hardly anything will be 

achieved. Without a benchmark, or defined procedures for balancing principles 

through deliberation in light of norms, evidence and planetary boundary, it is hard to 

know how environmental, social and economic interests should be managed. 

Counterfactually, normative reasoning may lead to results different than the most 

efficient and cost-effective solutions which the water-electricity nexus literature 

focuses on. An eco-centric approach and justice values are crucial components to 

make the concept of sustainable development operable, whereby ecological 

sustainability, based on planetary boundaries and earth’s capacity is a prerequisite 

and not a mere aspect of sustainable development and should provide greater 

meaning and the direction (ibid.). This way, the environmental legal principles should 

always be part of the equation on balancing principles discussed in Chapter 8.  



 81 

 

Chapter 3 Water and electricity regulation: theoretical and analytical 

foundations  

Electricity and water services and sanitation are industries with natural 

monopolies characteristics, which dispute common-pool resources (CPR). The critical 

interlinkages between water and electricity, and the different regulatory and 

governance regimes of both sectors affect the intricate common-pool resource 

management. The complexities are even higher when considering that river basins, 

which they usually share are also complex natural systems that produce multiple 

goods and services (Andersson and Ostrom, 2008a) and sustain all forms life and 

biodiversity. Freshwater can lead to benefits of irrigated crops, drinking water, 

sanitation, hydroelectric power generation and fish production (Dietz, Ostrom and 

Stern, 2008; Fisher et al., 2010). While it also serves as habitat to a variety of species 

of plants and fishes, which are increasingly threatened because of variations in river 

levels and increasing pollution. There is not a single best way or perfect governance 

arrangement, but multiple usually imperfect responses to the various challenges of 

collective actions (Ostrom, 2008).  

All efforts to govern natural resources face the problem of creating rules that 

make sense for the particular social, biophysical, and institutional context in which 

the resources exist (Fisher et al., 2010). This chapter covers the analysis that supports 

explanations about the factors involving sustainable CPR management and the 

regulatory challenges arising from the critical interlinkages between water and 

electricity (e.g. setting cross-sectoral goals, deliberating quality standards and 

minimum access for the poor). Such explanations will also serve as analytical tools 

for the assessment of the water-electricity nexus in Brazil under Chapter 6. This way, 

it will support answering the main research question: What are the consequences of 

water and electricity operating under two silos and on different scales? They will also  

Electricity and water services and sanitation were initially enshrined in a legal 

regime where incumbents provided predetermined and non-negotiable package of 

services under administrative systems based on filed tariffs to all similarly situated 

end-users, with no obligation of granting access to other companies. Such regime is 

highlighted as the original paradigm of regulation, mainly characterised by 
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governmental oversight to ensure reasonable, non-discriminatory and reliable 

services (Kearney and Merrill, 1998). Under this regulatory framework widespread 

cross-subsidies prevailed and all electricity or water services were provided on a fully 

bundled basis. The electricity utility was responsible for generating electricity, 

transmitting and distributing to all customers under its service territory. The water 

utility also provided similar and integrated services to all end-users, which includes 

water provision and wastewater services. Almost no competition existed, and 

electricity and water systems were marked by high levels of inefficiencies and little 

innovation (ibid.). Over the past 30 years this legal regime has given way to a different 

paradigm of regulation, shaped mainly by the introduction of competition (ibid.). In 

worldwide electricity markets, the segments of the industry that could be provided 

competitively gradually became subject to ordinary contractual relations and were 

to be provided by multiple competing agents. The same is not true for water, it 

continues to have the integrated regional monopoly model. England is an exception 

with ongoing regulatory reforms that include retail competition to supply for non-

household customers (Cave, 2009).    

The new paradigm of regulation marked by the introduction of competition was 

implemented in the electricity sector through what the literature refers to as 

liberalisation processes. It consists of privatization of state owned monopolies; 

vertical separation of services to ensure competition where possible; restructuring to 

support competition; non-discriminatory access to electricity transmission and 

distribution systems; creation of a system operator to manage electricity 

transmission networks, schedule generation and meet demand; creation of 

wholesale spot electricity market; and encouraging retail competition where possible 

(Baldwin, Cave and Lodge, 2010). In fully liberalized electricity markets, there is 

competition in both generation and supply, and an independent regulator. Market 

failure has been the dominant rationale for electricity regulation. This is not to say 

that all decisions about electricity regulation were informed by market failure 

justification alone, but the emphasis in the electricity industry has mostly been on 

market economics. Environmental rationales are playing an ever-increasing role in 

the context of climate emergency that requires transitioning into more sustainable 

and renewable sources of electricity. 
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Contrarily, the water sector has not experienced worldwide mass liberalisation 

processes and is exempt from network unbundling. It is enshrined in a legal regime 

that supports vertically integrated monopoly firms mostly under the control of local 

governments. The two main countries that are an exception are England and 

Australia (ibid.). Australia has passed a legislation that allows competitors in several 

states to set up treatment works for clean or dirty water and provide services under 

‘common carriage services’ using existing networks of pipes (ibid.). Different from 

electricity, water is not traded (with a few exceptions) and water pricing is less 

accepted than electricity pricing. Water has been organised more regionally and 

locally presumably because of the costs of water distribution. This way, the spatial 

dimension of water and electricity sectors look very different. Water is also much 

more closely tied to sectors such as agriculture and is seen as primary sector rather 

than driver of industrialisation like electricity. This likely explains their different 

investment patterns and the location of electricity policy for the economy. 

Considering the importance of assessing the water-electricity nexus challenges 

in Brazil through the lenses of regulatory theory to answer the main research 

question and the question on the conflicts and gaps from regulatory and governance 

perspectives, a dynamic approach has been taken to capture their different 

developments. Earlier examinations of regulation were very much restricted to 

markets and how regulatory interventions should tackle market failures of natural 

monopolies such as electricity. It evolved from ideas involving ‘regulatory capture’ 

(Stigler, 1971) and ‘command and control’ (Selznick, 1985), to non-state centred 

regulation (Black, 2001), network theories (Scott, 2001) and non-economic public 

interest theories of regulation (Feintuck, 2004; Sunstein, 2011). It is essential to 

consider that electricity is gradually becoming less of a natural monopoly with time, 

with many electricity services provided within typical market conditions and de-

regulation becoming a reality in many places. In this way, the applicability of market 

failures rationales and the corresponding effect that it has on electricity regulation is 

also changing over time.  

Water is moving in a different direction, because it is becoming scarcer, more 

polluted and facing many challenges due to shifting rain patterns connected to 

climate change, which compromises water availability, quality, reliability and 
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affordability. In this way, water provides a regulatory space (or site) within which 

different regulatory rationales play an ever-increasing, such as precaution and 

prevention. This affects the scale and scope of water regulation, with a noticeable 

shift towards more centralised regulatory regimes. In Brazil, for example, there are 

ongoing discussions about centralising the regulatory powers related to water 

services and sanitation under the national regulatory agency for water. The different 

groups of regulatory theories (public interest, private interest and institutional) will 

be applied distinctively and dynamically to the water-electricity nexus under the case 

study in Chapter 6, 7 and 8. Many differences are explained in light of the nature and 

scale of water and electricity’s activities and rules, operation under two silos and 

multiple scales, different mix of actors, varying degrees of liberalisation, unbundling 

and governance approaches.  

This chapter starts with an analysis on CPR management, with the main focus on 

the polycentric governance approach, because its ‘nestedness’ characteristic is 

relevant to the water-electricity nexus and the normative-institutional proposal 

discussed in Chapter 8. This is followed by the review of other important institutional 

theories for this research based on intra-institutional forces and institutional design. 

The latter provides insights about what can be done to avoid problematic outcomes, 

such as capture, which is relevant for Brazil’s case study in Chapter 6 due to the 

possible capture of water by electricity. The former explains how regulatory changes 

and adaptation are based on endogenous processes, such as institutional layering. It 

is relevant to the water-electricity nexus because it refutes the idea of immediate 

regulatory change in favour of moderate dynamic processes that lead to gradual 

additions and extension of regulation. This chapter finishes with public and private 

interest theories of regulation because of their explanatory powers about the 

different rationales and interests behind the disparate regulatory developments of 

water and electricity.  

All of these different theories will help inform the different analytical categories 

under the empirical study.  They are relevant to the extent that they can be used as 

lenses to explain the current water and electricity asymmetries in Brazil (Chapter 6).  

There are also useful to guide the proposal on advances to the co-governance of 

resources rooted in nexus rationales (Chapter 8). These theories will also provide 
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explanatory powers about why certain interventions are made and why it changes 

over time. Both motivational (public and private) and contextual (institutional 

approaches) factors need to be analysed as factors that influence water and 

electricity regulatory processes, decision-making, policymaking, policy outcomes and 

paradigm shifts. 

3.1 Common-pool resource theory 

River basins are characterized as common-pool resource (CPR), because the 

use by one actor or a group of users may leave less for others, while it is 

concomitantly hard to exclude anyone from exploiting the resource through physical 

or institutional barriers (Ostrom, 2015). These two defining characteristics of CPR 

mean that resources can be easily overused and severely degraded (Schlager and 

Heikkila, 2011). Early literature calls this the tragedy of the commons (Weinstein, 

Hardin and Baden, 1978). CPR of great concern include river basins, fisheries, forests, 

irrigation systems, groundwater basins, lakes, oceans and Earth’s atmosphere 

(Ostrom, 2008). Given that all CPRs are systems or resources that deliver ecological 

services and benefits to different user groups and nature, a lot of the research has 

focused on investigating factors that enhance or constrain their sustainable 

management. It fits within this research thesis because the critical interlinkages 

between water and electricity assessed in Chapter 6 will analyse important 

asymmetries in terms of governance, planning and regulation that challenge 

sustainable CPR management in the São Francisco river basin.  It holds the largest 

river starting and finishing in Brazil, with more than 500 municipalities located within 

the basin parameters and multiple sectors that depend on it: electricity, water, 

transport, agriculture and fishing. 

The study on ‘Governing the Common’ is the starting point of most of the 

research on CPR management (Ostrom, 1990, 2015).  Ostrom defines institutional 

arrangements as rules and property rights system that guide and constrain people’s 

behaviour with respect to CPR (Ostrom, 2005). CPRs can be governed and managed 

by multiple institutional arrangements. They are generally classified as 

governmental, private, or community ownership, and are increasingly relying on the 

co-management between communities and government (Ostrom, 2008). Policy 
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analysts have diverging views on this matter, with some in favour of increasing the 

extent of government ownership, while others suggest extending private ownership 

of CPRs is the best way to guarantee long-term sustainability (ibid.). Research has 

provided counterarguments to these notions.  

Studies have concluded that top-down rule making without due consideration 

of local norms and rules lead to disaster (Lejano and Stokols, 2013). On the other 

hand Agrawal (2001) is critical in appointing to the narrow focus that some studies 

have on institutions of common-pool resources. According to him, they lack 

consideration of important contextual factors that frame institutions and influence 

why certain institutions might be more effective than others. To help fill this gap, he 

analysed how certain characteristics of resource systems, resource user, institutional 

arrangements and external environment may facilitate CPR sustainable 

management. For example, in relation to resource system characteristics, the 

information about size and boundaries of resources are very important facilitators of 

CPR management.  It is key to take in consideration that the water-electricity nexus 

shifts the contextual factors that frame resource boundaries and scales, which 

challenge CPR sustainable management. 

Under the literature it has been agreed there are no panaceas offered for 

solving the many disparate problems involving the management of CPRs (Ostrom et 

al., 2007). CPRs differ significantly from one another and are governed and managed 

by various institutional arrangements that may succeed or fail depending on the 

social and economic setting of the resource. Ostrom (2008) advocates there are five 

general requirements for designing sustainable human-resource systems: accurate 

and relevant information; conflict resolution arenas; rule compliance improvements; 

provision of physical, technological and institutional infrastructure; and 

encouragement of adaptation and change. Although there are no blueprints for 

achieving these requirements, she developed eight institutional design principles 

(Table 7) that helps to account for the success of long-term institutional sustainability 

of community-based natural resource management (Ostrom, 1990). The water-

electricity nexus can help advance these principles, so that they consider cross-

resource boundaries, cross-sector coherence of rules, cross-scale participation 
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environments, cross-resource monitoring arrangements, cross-sector sanctions, and 

cross-scale layers of nested water and electricity enterprises.  

 

Table 7. Ostrom’s eight design principles 

Design Principles Description 

1 Boundaries Clearly defined boundaries or exclusion rights 
2 Coherence Congruence between appropriation and provision rules and 

local conditions 
3 Participation Individuals affected by the operational rules should 

participate in modifying rules affecting them 
4 Monitoring Presence of monitoring arrangements where monitors are 

accountable to the appropriators or are the appropriators 
5 Sanctions Graduated sanctions applied to rule-breakers depending on 

the seriousness and context of the offense 
6 Resolution 

mechanisms 
Availability of rapid and low-cost conflict- resolution 
mechanisms 

7 Own institutions Rights of appropriators to devise their own institutions 
without being challenged by external governmental 
authorities 

8 Multiple layers Appropriation, provision, monitoring, enforcement, conflict 
resolution, and governance activities are organized in 
multiple layers of nested enterprises 

 

Ostrom’s main research is that community-based management can provide 

an alternative institutional mechanism to govern natural resources beyond state or 

market approaches. Whereby trust, reciprocity and communication are the core 

determinants of sustained collective action (ibid.). The eight design principles 

(Ostrom, 1990) and the Social-ecological Systems framework that she developed 

afterwards (Ostrom, 2011) are rooted on factors of greater trust, development of 

reciprocity and face-to-face communication (Agrawal, 2014). These are useful factors 

to inform the procedural dimension of the normative-institutional approach to the 

water-electricity nexus discussed under Chapter 8. Giest and Howlett (2014) add to 

Ostrom’s work by connecting key aspects of her theory to network theory 

perspectives. They use Australia as case study, focusing on its efforts to combat 

climate change through climate research networks. They conclude that to create 

trust and reciprocity there necessarily needs to be a network leader to foster 

communication amongst mixed actors (ibid.). This network leadership is key to 
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promote greater balance between hierarchical and horizontal dynamics within 

governance systems. It acts as an additional layer under multi-level governance 

system, different from government or networking on the ground, but with the 

capacity to develop collaborative arenas rooted on trust (ibid.). Advancing the 

resource nexus governance by considering the rationales of this ‘additional layer’ 

could potentially promote more inclusive and collaborative arenas to discuss the 

allocation of water and electricity disputed resources.  

Many other studies extended Ostrom’s ideas and added to her work using 

case oriented, statistical, modelling-based analysis, and multi-disciplinary 

approaches. For instance, a study conducted a meta-analytic review of the eight 

design principles using 91 cases to examine the extent in which they are supported 

in the empirical literature (Cox, Arnold and Tomás, 2010). Many of them were found 

to have significant statistical effects on the outcomes of the commons, but the study 

also revealed the need of expanding some of the principles further to account for 

important aspects of social and natural systems (ibid.). Regarding Ostrom’s first 

principle on user/resource boundaries, for example, they identified important 

boundaries between legitimate users and non-legitimate users and clear boundaries 

between resource system and the larger biophysical environment. Moreover, Araral 

(2014) found that the CPR characteristics that are determinant for the outcomes in 

the commons include the excludability and rivalry of CPR, renewability, mobility, 

stationarity and clarity of boundaries (ibid.). The attributes of users that affect the 

outcomes in the commons include group size, cultural homogeneity, social capital or 

density of social networks, practices of reciprocity and the salience of the resource 

or lack of exit options for resource users (ibid.). While the institutional context that 

affect the outcomes in the commons include enforceability of property rights, as well 

as the mechanisms – formal and informal – for the supply, monitoring and 

enforcement of rules. Acknowledging the water-electricity nexus can help advance 

the knowledge about these different variables related to CPR characteristics, CPR 

users and CPR institutions.  

Other authors advanced Ostrom’s theory by addressing the origins and 

maintenance of collective action to manage resources sustainably (Andersson, 

Benavides and León, 2014; Araral, 2014; Giest and Howlett, 2014; Lejano and 
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Fernandez de Castro, 2014). On the motivation for collective action, Ostrom (2008) 

defends that self-interested and utility-maximizing individual choices and decisions 

were not the source for solving collective action involving CPR management. 

Advancing this notion through non-utilitarian ethics considerations, Lejano and 

Fernandez de Castro (2014) addressed the reasons grounded on other-regarding 

concerns, such as community-inducing logics based on tradition, empathy and others 

located outside individual rationality. Moving forward into issues of maintenance of 

collective action, others emphasize that rulemaking, monitoring and sanctioning rule-

breakers are critical to local commons governance (Andersson, Benavides and León, 

2014). The lack of any of these compromises the management of the CPR and 

effectiveness in hindering overuse. Acknowledging the water-electricity nexus has 

the potential to enhance rulemaking in more integrated ways, as well as securing 

cross-sector monitoring and cross-level sanctioning for rule-breakers.  

Despite all of the above, it still very hard to say which causal factor or variables 

are positively or negatively related to the many possible outcomes of the governance 

of CPR, including livelihoods benefits, diversity of biological systems, long-term 

sustainability and equity in distribution of benefits (Agrawal 2014).  A data revolution, 

which integrates locally specific data on the commons and global datasets would be 

required to support understanding of the cause-outcome relationships under diverse 

subsystems forming coupled natural and human systems (ibid.). Acknowledging the 

nexus suggests that these data sets should integrate the information on the 

commons not only in terms of scales from local to global, but also in relation to the 

five-node nexus: water, electricity, land, materials and food. A recent study 

investigated how young people and key professionals experience the WEF nexus in 

the state of São Paulo, to find out there are many other nexuses between ‘materiality, 

concerns and processes, across scales: regional transport networks, national and 

regional corruption, money, land, bicycles, and dispositions to care’ (Kraftl et al., 

2019, p. 12). The data revolution proposed under CPR theory could be further 

enhanced by these findings, so that integrating locally specific data with global 

datasets considers broader issues of corruption and transport networks.    

Most authors focus on Ostrom’s anti-state message, without considering her 

remarks on its productive role at higher levels when arguing in favour of ‘nesting’ 
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local decision groups within state structure. Mansbridge (2014) flags up the need for 

the literature to pay greater attention to the nested governance of common-pool 

resources in polycentric systems. According to design principle eight (Table 7), CPR 

governance systems should be organized ‘in multiple layers of nested enterprises’ to 

be able to address matters such ‘appropriation, provision, monitoring, enforcement 

and conflict resolution’ (ibid.). The literature has found polycentric systems to be 

more efficient than a single layer of smaller units where local collectives makes their 

decisions, or a single level or governmental unit (Gibson, Ostrom and Clark 2000). The 

best model according to Ostrom would be to start at the local level and move up to 

the higher levels where local work can nest. This approach is useful for the water-

electricity nexus governance to the extent that managing the water dimension of the 

nexus in connection to electricity would require starting at the local level where 

water is usually governed and move to the higher levels where electricity is usually 

managed. The nested method has the potential to help address the issues related to 

scale under the nexus debate. At the core of polycentric theory is the mixture of 

institutional types, which considers all levels to be able to contribute to CPR 

management: states, private associations, associations of individuals and complex 

multi-sectoral arrangements (Mansbridge, 2014).  Most of the times the higher levels 

are formed by the state, but its coercive capacity to develop binding solutions to 

resource disputes between water and electricity is important for the governance of 

their resource nexus.  

3.2 Polycentric governance and stakeholder democracy 

A polycentric approach supports the multilevel analysis of how actors at 

different scales interact and influence each other’s decision-making (Andersson and 

Ostrom, 2008a). It goes beyond the performance of local government to analyse the 

different relationships amongst actors, problems and institutional arrangements at 

distinct scales of governance, which is what any water-electricity nexus assessment 

requires. Consequently, it is useful to the water-electricity nexus. Developing better 

integrated governance arrangements between water and electricity involves an 

analysis of how different actors of both sectors are dealing with cross-resource 

problems and their institutional limitations to deal with them. The literature focuses 
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on the degree of ‘nestedness’ of political actors to explain how complex natural 

resources, such as river basins, should be governed in light of the many social 

dilemmas that are associated with the management of common-pool resources. The 

effective management of these resources is one of the greatest challenges facing 

modern public policy (Dietz, Ostrom and Stern, 2008). Until the 1990s, there was a 

common widespread understanding that the best way to govern natural resources 

was to transfer ownership to national governments. In Brazil, the national and state 

governments hold the domain of water resources. The rationale is that only a strong 

central government is be capable of controlling the demand for resources. This has 

been challenged by studies that show successful local user group self-governing their 

natural resources (Ostrom, 1990; Lam, 2002; Ingram and Aoki, 2003). Advantages of 

local governance are mainly associated with reliance on disaggregated knowledge 

and local knowledge of users supports them editing rules for local common-pool 

resources (Ostrom, Schroeder and Wynne, 1993). The water-electricity nexus 

challenges CPR management because in many cases it is characterised for having 

both: top-down regulation and governance (electricity) and bottom-up regulation 

and governance for water.  

Limitations exist to both centralised and decentralisation efforts, which do 

not necessarily lead to better or worse governance systems. The most common cited 

failure of a decentralised system, for example, is the problem of dominance by local 

leaders or elites who support rules in their own benefit (Laerhoven and Ostrom, 

2007). Conflicts are more frequent in decentralised systems, because there are more 

diverging interests than in centralised management of CPR and limited access to 

external conflict resolution (Alston, Libecap and Mueller, 2010).  Another difficulty is 

to design institutions in which local officials are incentivised to give support for local 

users to manage CPR sustainably (Gibson and Lehoucq, 2003; Ribot, 2003). One of 

the main consequences of these limitations is that local users end with very limited 

capacities to exercise control over resources they depend on, compromising the 

overall success of decentralisation efforts (Agrawal and Ribot, 1999). In contrast, 

centralised approaches have limited capacity to formulate effective rules for local 

circumstances, which negatively impacts on people’s needs and the characteristics of 

resource use (Fitzpatrick, 2006). The limitations of both centralised and decentralised 
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approaches apply to the water-electricity nexus. As identified, it is common for water 

to follow a decentralised approach, while electricity tends follow a top-down 

centralised approach. The most common cited failure of the decentralised approach 

based on local leader dominance can also be considered a relevant failure of some 

centralised approaches due to regulatory capture. The difference being that the 

dominance comes from industry or national leaders who support rules in their own 

benefit in detriment to the public interest.  

There is no single best way to manage the complexities of common-pool 

resource management, focused on either free-market privatization, top-down 

centralised approach, or bottom-up decentralised structure (Ostrom, 2008, 2015). 

There is no perfect institutional design, because all governance systems are imperfect 

responses to collective-action problems present in any effort to manage CPR. 

Acknowledging the nexus can advance the existing arrangements. However, there is 

also no single perfect institutional design to manage the water-electricity nexus, but 

only contingent and provisional solutions for its lasting problems which can never 

count with any kind of abstract definite solution. Their success and failure of solutions 

are directly influenced by context-specific factors, including the characteristics and 

nature of the resource at play and the existing structures for management and 

exchange of information within and outside the community. As a consequence, it is 

important to consider if constitutional systems support information development 

and exchange at multiple scales. 

The literature goes further to suggest that the main challenge is in developing 

arrangements that not only benefit from the choice of governance structures, but 

also counts upon back-up systems to counterbalance imperfections (Mcginnis, 2005). 

In some ways, developing an approach to manage water-electricity nexus conflicts 

can safeguard and counterbalance the imperfections of individual sectoral 

institutions of electricity and water. This safety net is discussed in Chapter 8 as an 

institution of second-degree, based on stakeholder democracy to legitimise decisions 

about cross-resource us and eventual systems change. The polycentric governance is 

the framework that should help design the institutional approach to manage the 

intricate and complex systems of water and electricity. It supports actors and 

institutions to take advantage of local knowledge and blend it with efforts of multiple 
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scales to adapt to changing conditions, while instilling a shared sense of 

trustworthiness (Bish and McGinnis, 1999). Whereby self-governing capabilities of 

citizens would form the basis of multi-level, multi-purpose, multi-sectoral and multi-

functional institutional design arrangements for solving water-electricity nexus 

collective problems (Ostrom, 2008). This self-governing capability is important to 

bring legitimacy to decisions that will solve the collective problems being further 

challenged by the critical interlinkages between water and electricity.  

The polycentric approach is different from decentralised governance that 

requires local governments to have financial resources and technical capacities to 

manage resources adequately  (Andersson and Ostrom, 2008b). Effective polycentric 

governance considers positive institutional incentives for politicians to respond to 

decentralisation reforms more important (Gibson and Lehoucq, 2003). There are 

multiple challenges to polycentrism. For example, Ostrom identified that some 

groups will not be able to organise themselves or fight local tyrannies. Moreover, 

conflict resolution may be proven difficult in light of the multiple contestations 

emerging from shared responsibilities, which can result in issues permanently 

unresolved. Mcginnis (2005) recommends that systems must include clear dispute 

resolution mechanisms. While Black (2008) raises the challenges of coordinating 

disconnected networks and organisation without overarching point (Black, 2008). 

This research thesis aims to overcome some of these challenges through the 

normative-institutional approach that sets the rational steps for WEN conflict 

resolution in ways that mitigate the risks of issues being permanently unresolved.  

Notwithstanding the weaknesses of a polycentric approach, there are many 

advantages connected to the sharing of power between several scales to create a 

‘nestedenss’ of multiple authorities and stakeholders for managing CPR (Andersson 

and Ostrom, 2008a) which are an useful framing to manage the water-electricity 

nexus. This research thesis will contribute to this body of literature by recommending 

a subsidiary and second-degree institutional environment for nexus decision-making 

that serve well the purpose of a ‘safety net’. The water-electricity nexus could benefit 

from this safety scale of governance to the extent that the first-degree institutional 

scale is usually limited to single sectoral approaches and lack sufficient technical 

expertise to manage nexus issues. Polycentrism can also improve accountability and 
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participation since they are closer to local levels. This way, its multi-leveled 

characteristics also make capture by any interest at any scale harder than in 

centralised systems (Wagner, 2005; Mansbridge, 2014). Polycentrism posits that 

when multiple actors at a variety of scales compete in overlapping areas, they should 

often promote innovation as well as cooperation and citizen involvement. Just as 

important as responding to electricity and water problems by creating the right 

technology, is engendering the right sort of political environment for its uptake. In 

other words, the structures in which water and electricity interests are pursued 

influence regulation. Hence the importance of the historical-institutional analysis of 

water and electricity described in Chapter 5 and further assessed in Chapter 6.  

Authors agree there will always be a set of formal and informal contextual institutions 

and norms that constrain or promote elements that influence the regulatory process. 

They are relevant to the water-electricity nexus to the extent that cross-institutional 

and cross-normative principles and rules also constrain or promote elements that 

influence the regulatory process. The next subsections will consider the different 

approaches to institutionalism that are relevant to the water-electricity nexus based 

on inter-institutional and intra-institutional forces, including network and regulatory 

space theories. 

3.3 Institutional design issues or inter-institutionalism  

This strand of the regulatory theory literature addresses the questions of why 

and how delegation occurs and what are the ways in which it could be done to avoid 

problematic outcomes, such as capture, regulatory drift and interventionist 

approaches. Most authors agree that the institutional design issues are information 

asymmetry, credible commitment and blame avoidance (Baldwin et al., 2012). While 

the key institutional design dimensions are decision-making costs, commitment 

costs, agency costs and uncertainty costs (Horn, 1995). Regardless of the degree of 

delegation to agencies, the choice of ownership, or institutional oversight 

mechanisms, these four dimensions direct the legislator-politician in choosing 

institutional forms. The first issue involved in delegating, not to be confused with 

informational asymmetry of market-based approaches, refers to the impossibility of 

controlling delegated actors. In other words, legislators are inherently unable to 
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control the implementation of policies and legislative objectives by regulatory 

agencies.  

In the same way, agencies have limited control in relation to regulated 

industry, with many overlapping and fragmented delegations when it comes to water 

and electricity. Consequently, water and electricity agencies may end up using 

discretionary powers to accommodate the needs of one industry over the other, or 

focus on tasks that are judged popular, instead of addressing the challenging and 

most contentious aspects arising from the water-electricity nexus. This way, risks 

arise from regulatory drift because of the tendency of agencies to create regulation 

that deviates from their original mandate. However, it is important to consider that 

single mandates do not serve the water-electricity nexus well. Agents will need to 

consider and build their capacities for a double mandate to help solve nexus issues. 

If one of the agencies of electricity or water continue to seek and attend its single 

mandate in a given water-electricity nexus case, the strongest and better informed 

of both agencies will probably take precedence to the detriment of one of the 

sectors. This research thesis proposes that electricity and water agencies should 

participate in decision-making and edit regulation pertaining to the water-electricity 

nexus, with the double mandates of securing both electricity and water securities, 

water and electricity sustainability, affordability and universal services. Otherwise 

there will be a continuous battle to favour the interests of only one of the sectors, 

which would represent a failure of the double mandate that is required to deal with 

water-electricity nexus issues.   

The literature has analysed different tools that can be used reduce risks of 

regulatory drift by supporting interagency coordination, which could be useful for 

managing the water-electricity nexus. For example, interaction requirements, formal 

interagency requirements, and joint policymaking (Freeman and Rossi, 2012). 

Authors have also analysed tools to surmount information asymmetries: police 

patrols, fire alarm, and deck-stacking (McCubbins, Noll and Weingast, 1989). The 

prominent example of police patrol are institutions which serves as one of the 

oversight bodies that can monitor and control agencies and government. This type of 

control that relies on institutional units is a costly endeavour and represents no 

guarantee that drift will be caught as and when it happens. Fire alarm, on the other 
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hand, is a device available to affected constituencies wishing to raise concerns about 

activities of the agency that they deem disagreeable. This could be a tool for 

constituents wishing to trigger the normative-institutional approach to the water-

electricity nexus discussed in Chapter 8. Lastly, desk-stacking is about developing 

procedural rules that will guide decisions of agencies in line with legislative intent. It 

is important for legislative intent to include the sustainable management of the 

water-electricity nexus, so that agencies can be guided to follow a double mandate. 

These different tools have the potential to address the many challenges of modern 

governance related interagency coordination between water and electricity and 

regulatory drift. They can potentially help enhance efficiency, effectiveness and 

accountability, while promoting better integrated decision- making.  

The second institutional design issue is credible commitment, which refers to 

the likelihood that water and electricity regulatory commitments will remain the 

same over time. In places where the political system provides for unchecked agency 

actions, the risks of credible commitment problems are greater. A commonly used 

example involves long-term high-asset investments by private actors. The high costs 

involved in exiting from the business in case the government defaults its regulatory 

promises means private investors are less inclined to invest where risks of 

government becoming an interventionist are higher. Two of the main instruments to 

reduce discretion of political/regulatory actors are licenses and contracts (Levy and 

Spiller, 1994). An example would be the inclusion of a stabilisation clause in long-

term investment of concession contracts, which insulates the project from future 

effects of regulatory intervention. Nevertheless, in places like Brazil there has been 

intervention by political actors that resulted in the early termination of existing 

contracts with electricity generators. The issues of credible commitments are 

different for water and electricity, with interventionist approaches happening at 

different regulatory and political levels. There are higher risks to investments under 

the sector in which interventionist approaches are higher. Resulting in multiple 

asymmetries in their development and levels of regulatory maturity. All of which 

challenge the integrative approaches proposed under the water-electricity nexus 

literature.  
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The last institutional design issue addressed by (Baldwin, Cave and Lodge, 

2012) is inspired on the work of Fiorina (1982) focused on ‘blame shift’. This strand 

of theory explains regulatory behaviour in terms of reputation. For instance, when 

political actors delegate acts that can be politically damaging but keep those that are 

problem free in benefit of their public image (ibid.). Agencies can also engage in 

blame shift by focusing on topics they see as problem free to protect their autonomy 

and discretion. The water-electricity nexus overlapping areas, and fragmented 

delegations enhance the opportunity for actors to deflect blame. These challenges 

diffuse responsibilities between water and electricity agencies and can potentially 

undermine accountability. Consequently, acknowledging the nexus can help mitigate 

the risks related to blame shifting between those with power to legislate, manage or 

regulate these sectors.  

3.4 Intra-institutional forces 

This strand of regulatory literature is particularly interested on the evolution 

of regulatory regimes over time and many authors use systems theory to explain 

regulation. They focus on endogenous processes to explain regulatory change and 

adaptation, such as institutional layering, perversity and regulatory space/network 

(Baldwin, Cave and Lodge, 2012). These are all relevant to the water-electricity nexus 

and will be further explained in this section.  

Institutional layering considers that organisations and rule-systems evolve 

over time through incremental adaption. The idea of immediate adaption is refuted 

to the extent that regulatory processes are seen as moderated dynamic processes of 

adaption that lead to gradual additions and extensions of regulation. Pressure for 

change can initially be resisted by an organisation, or filtered out for multiple reasons, 

but it can also be partially accommodated, or even lead to overall transformation. 

Nevertheless, given the propensity of organisations to focus on demand for changes 

that are convenient, instead of controversial and problematic, competing regulatory 

logics develop throughout time. Considering the water-electricity nexus is inherently 

a controversial and problematic area of tension, it is in itself a source of regulatory 

change. In light of the uncertainties involving its trade-offs and the many other critical 
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interlinkages it has with food, materials, transport, climate, biodiversity, it is 

important to consider moderate dynamic processes of adaptation.  

On the other hand, perversity studies address unintended outcomes of 

regulation by stressing the limits of intentional action. The water-electricity nexus is 

a typical case in which regulation is about unintended outcomes as much as it is about 

intended outcomes (Baldwin et al., 2012). The reverse mechanisms (e.g. exploitation, 

cognitive limitations, counter-learning or stigmatisation) that can potentially pervert 

intended action are explored under social theory. However, their direct implications 

to regulatory studies are beyond the objective of this research. It is sufficient to 

recognise that there are many limitations in understanding all of the possible trade-

offs between water and electricity, which are not only related to factors such as 

cognitive limitations, but also due to the lack of better integrated databases, for 

example. Consequently, there will always be limitations imposed to any kind of 

intentional action when managing the water-electricity nexus, because of the very 

nature of the problems at hand. This way, it is important to consider the safety net 

governance approach discussed in the previous section.   

On the other hand, the unifying core of the network and regulatory space 

literatures lays in the rationale that risks and social or economic problems are 

controlled by network of regulators, including governmental and non-governmental 

actors. The water-electricity nexus enhances the understanding of their intricate 

connections. In general, the network includes the regulatory authorities, self-

regulators, voluntary bodies and private actors, but it can also be classified as the mix 

of regulatory and quasi-regulatory instruments (Baldwin, Cave and Lodge, 2012). 

Regulation is seen as the outcome of the interaction of these networks and 

consequently, decentred.  

The mixing of regulators and strategies will vary in accordance to the 

characteristics and nature of the problem at hand. Water-electricity nexus issues, for 

example, need to consider the mix of regulators and strategies that are able to 

address both water and electricity securities, affordability, sustainability, quality, etc, 

at the same time. The questions raised on the role of the state, nature of regulation 

and the understanding of law (Black, 2019) are relevant to water-electricity nexus 

discussions. The law is limited to the extent that rule formation and enforcement are 
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only two of the many complexes, dynamic and horizontal negotiating processes 

within the regulatory space (Scott, 2001). The explanatory power of the network 

theory is valuable, as it highlights how the multiple institutions involved in the 

regulatory process (e.g. water and electricity) diverge across a host of dimensions 

and matters, including objectives, cultures, regulatory capacities, and control 

systems (Baldwin, Cave and Lodge, 2012). Furthermore, network analysis brings 

forward possible distinctive responses to coordination challenges. It takes into 

consideration the ways in which different power forces may impact organizations, 

cultures, and processes forming the regulatory regime (ibid.).    

3.5 The interest theories of regulation 

The previous sections analysed the institutional theories that explain regulation 

by considering how institutional arrangements and social processes interact to shape 

regulation (Baldwin et al., 2012). In short, they covered how the governance 

structure and inter- and intra-institutional forces influence the regulatory process. 

Nonetheless, it is also important to consider the theories that address the 

motivational factors of individuals to explain regulation, which vary between public 

interests (3.5.1 and 3.5.2) and private interests (3.5.3).  

The central idea underlying public interest theories is that regulation is 

developed to achieve public interest-related goals, rather than a group, sector or 

individual interests (Baldwin, Cave and Lodge, 2010). It assumes that regulators are 

necessarily motivated to serve the best interest of the public, based on different 

ideological rationales for intervention, which are economic and/or non-economic. 

The former involves aggregation of individual utility and intervention is required 

whenever markets fail to operate efficiently. While the latter involves societal values 

and intervention is aimed at benefitting society as whole, based on numerous 

objectives that go beyond the economic and efficiency of markets. For example: 

distributional justice (Ogus, 2004); maintenance of social solidarity (Prosser, 2006); 

order and security, cultural quality, human rights; and international obligations 

(McQuail, 2003). These different rationales raise many issues on how to implement 

at a practical level the basis for regulatory intervention in the public interest.   
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Both economic and non-economic rationales should inform the regulatory 

interventions involving the water-electricity nexus. In general, the water-electricity 

nexus literature is very much focused on resource use efficiency and reducing trade-

offs. This way, it is very much focused on the economic rationales for regulatory 

intervention. By combining the water-electricity nexus with the SDGs under Chapter 

2, this research makes evident there are other important rationales when managing 

the nexus based on the legal principle of integration. It includes inter- and intra-

institutional equity, precaution, prevention, access to information, access to courts 

and participation. The non-economic basis for regulating in the public interest 

discussed under the literature can help advance the water-electricity nexus 

rationales for regulatory intervention.  

3.5.1 Economic bases for regulating in the public interest 

Historically, the main thinking on regulatory interventions in the public 

interest was premised on economic rationales involving issues such as monopolies, 

public goods and information deficits (Baldwin, Cave and Lodge, 2012). It also started 

with needs to establish infrastructures for electricity and water in the 19th century. 

This strand of regulatory theory stems from welfare economics and is prescriptive by 

definition. It is based on economic principles that are linked to economic efficiency 

and market failure. Efficiency in this case occurs when resources, goods, and services 

are allocated to their highest value, usually measured through cost-benefit analysis. 

What obstructs this efficiency is characterised as market failures – monopoly, public 

good, externalities and informational asymmetries. Table 8 has an overview of these 

market failures and the corrective regulatory measures that have been applied to 

water and electricity.  

 

Table 8. Electricity and water market failure characteristics and regulatory measures 

Market 
Failures 

Characteristics Measures for water and electricity 

Monopolies 

One seller produces for entire 
market having high incentives to 
set high prices and low incentives 
for efficiency resulting in poor 
service quality. Not all monopolies 

The main type of interventions on 
natural monopolies are public 
ownership, price and quality regulation, 
reduction of barriers to entry, universal 
access and liberalisation to introduce 
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are the same. Natural monopoly is 
a situation in which the market can 
be supplied most efficiently by a 
single firm, like in the case of 
electricity grids and water supply 
systems.  

competition where possible (Ogus, 
2004). Where there is competition in 
the supply of electricity, operational 
agreements are needed.   

Public goods 

Non-exclusion and non-rivalry in 
consumption: impossible or too 
costly to exclude those who do not 
pay for the benefit, known as free 
riders; consumption by one person 
does not leave less for the others 
(Ogus, 2004).  

Public provision is a solution to non-
exclusion. Regulatory instruments as 
well, such as license. Tax is also 
common solution to free rider problem 
(Baldwin, Cave and Lodge YEAR). 

Externalities 

Activities giving rise to positive or 
negative spill overs that accrue to 
third parties, which is not 
accounted by the market and not 
reflected on price (Veljanovski, 
2010). Prices do not reflect true 
cost, which result in excessive 
consumption (negative 
externalities) or underproduction 
(positive externalities). 

Regulation is aimed at internalising the 
costs or benefits into the production 
process. An example of positive 
externality between water and 
electricity, is that hydropower dams can 
regulate rivers that would otherwise be 
perennial. Contrarily, hydro dam can 
result in negative externalities where it 
reduces overall river flow of rivers, like 
in the São Francisco. Externalities are 
context specific. These positive and 
negative externalities sometimes are 
not accounted by regulation, which is 
regulatory failure.  

Asymmetric 
Information 

Markets fail to produce and 
distribute sufficient information. 
Leads to over or under payments if 
either buyer or seller has better 
information; and to moral hazards. 
Insufficient competition always 
leads to distortions in level of 
information. Considering the 
characteristics of natural 
monopoly. 

Regulation focused on guaranteeing 
competitive conditions is a way of 
tackling information asymmetry. 
Regulation can also require that certain 
information be available to electricity 
and water consumers (Ogus 2004, p. 38-
41). 

 

 

 

Nevertheless, they do not justify intervention per se, because private law may 

be able tackle the failure adequately. However, where these solutions are not 

available (or effective), government action can be justified, provided that the cost of 

acting does not outweigh the benefit of doing so (Ogus, 2004). All interventions 

grounded on public interest that use neoclassical economic rationales are aimed at 

market efficiency. Whereby societal welfare is a function of individual utility. This 

way, narrowing significantly what constitutes the public interest and the scope for 
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intervention and solutions. Beyond the prevalence of individual utility concept, there 

are other economic concepts that relate to regulatory intervention: merit goods, 

behavioural economics and ecological economics.  

3.5.2 Non-economic bases for regulating in the public interest 

Economically efficient resource use may not always result in desirable 

outcomes in view of other social and environmental perspectives. This way, the non-

economic bases for regulating in the public interest are also very important to the 

water-electricity nexus to avoid spill over effects. All authors agree that qualitative 

values are the primary objectives this kind of regulation. Ogus (2004) describe them 

as community values. The focus is not exclusively on consumer utility, but in the 

wellbeing of society from social, intellectual and environmental aspects as well, 

including public participation in decision-making. The non-economic values are more 

diverse, and the objectives are numerous, including the provision of public functions 

such as socialization, orientation, education, critique and control (Just, 2009). 

Societal outcomes are the primary objective of intervention, which raises many 

definitional issues regarding its component’s values, especially considering they 

usually change according to context.  

Whereas economic rationales count with well-established methodological 

frameworks to determine the need for regulatory action, such as market failure, the 

same is not true for non-economic rationales. It faces conceptual and procedural 

difficulties. The quantitative nature of economic concepts allows for the 

development of methodologies such as modelling and statistical analysis that provide 

evidence for policy makers to objectively determine the scope and type of 

intervention (Zerbe Jr and McCurdy, 1999). Contrarily, the non-economic concepts 

and values lack a shared framework; jeopardises the identification of what 

constitutes successful interventions and puts at stake the legitimacy of the 

institutions responsible for pursing the public interest. Many critics of this approach 

argue that public interest objectives, without being clearly defined, become a result 

of arbitrary political decisions, rather than a reflection of what is required for the 

good of society (Prosser, 2006). It does not help that most views defending values 

beyond the economic are focused on criticising and casting doubt on market-driven 
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approach, without offering an alternative (Feintuck, 2010). In this way, mechanisms 

of the market are usually favoured (ibid.). Feintuck (2010) developed an alternative 

vision based on the premise that a structure of context specific substantive values 

and principles needs to be in place, before establishing any regulation in pursuit of 

public interest (ibid.). These values and principles also need to be considered before 

regulating the nexus in pursuit of the public interest and compliance of the due legal 

process. In line with such alternative vision, Sunstein (1990) brought forward certain 

substantive values that could be incorporated into claims and visions of public 

interest using the following rationales: public-interest redistribution, collective 

desires and aspirations, social subordination, endogenous preferences, interests of 

future generations and interventions that can safeguard against the homogeneity 

and uniformity of markets.  

The main problem identified under this strand of literature is that pervasive 

moral disagreements and value pluralism of modern society makes it very hard to 

define in a coherent and legitimate fashion the substantial non-economic values that 

regulation should pursue (Morgan and Yeung, 2007). One way to tackle this is to 

pursue regulatory legitimacy through values built around democratic settlement, 

which are constitutional in nature and institutionalised in public law (Feintuck, 2010). 

Nevertheless, it is important to consider that different constitutional and legal 

systems will shape how values are recognised in distinct ways, which creates the need 

to observe regulation in light of constitutional contexts and values. This research 

thesis will analyse the principles and values applicable to the water-electricity nexus 

under case study in Chapter 5. The constitutional principles have the potential to 

inhibit or justify regulatory intervention (ibid.). Under water-electricity nexus cases, 

these principles will usually collide due to opposing interests that cannot be fully 

satisfied without compromising the other, so balancing is necessary. In which case, it 

is important to consider the procedural approach towards regulating the public 

interest informed by political values associated with the democratic process, based 

on public participation. In this context, the role of the law is to facilitate the 

democratic process by establishing procedures that will support greater dialogue 

amongst stakeholders.  
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The facilitation of these deliberative processes requires citizens to have 

access to information for collective decision-making (Van Cuilenburg and McQuail, 

2003). The public interest would arise from a participatory dialogue. Modalities for 

implementing a participatory or deliberative approach to regulation includes public 

consultations, non-governmental membership on governing boards, public meetings 

and standing committees to monitor and assess public engagement goals (Prosser, 

2010). Black (2008) argues that calling for deliberation alone is insufficient, because 

‘proceduralisation’ of regulation needs to be considered within broader and 

substantive concerns. This research addresses her concern by providing a substantive 

dimension under the legal approach to the water-electricity nexus discussed in 

Chapter 8.  

On the other hand, the extent in which individuals can distinguish collective 

benefits from personal benefits is questionable, because it would require altruistic 

behaviour and high degrees of information, which are not necessarily achievable in 

practice (Feintuck, 2010). On the other hand, the unequal communication capacities 

of individuals require that deliberation be done using a mediator to safeguard 

individuals against possible inequalities (Black, 2008). Whereby the capacity of the 

regulator to mediate effectively needs to be taken into consideration. In practice, 

there are a number of positive aspects that can be identified in connection to 

deliberative processes. It has the potential to balance the interests of different 

groups, help determine appropriate outcomes and provide information to the 

regulator (Prosser, 2010). It is a useful mechanism to manage the water-electricity 

nexus further discussed in Chapter 8 to promote a form of ‘democratic oversight’ that 

can enhance the legitimacy of nexus regulation in the public interest and 

accountability of policy actors. However, an important difficulty that needs 

consideration for the purposes of this thesis is that democratic values are not 

necessarily compatible with ideas of ‘sustainability’. Wilkinson’s (1999) solution is to 

build ecological safeguards into pre-democratic structures, such as constitutions, so 

that the operation of democratic values, such as collective decision-making can be 

framed within rules that are both democratic and ecologically sound. Hence the 

importance of considering environmental principles under all water-electricity nexus 

decision-making processes, as discussed in Chapter 8.  
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Despite all issues involving the public interest beyond the economic 

rationales, in practice, the field of environmental regulation has many non-economic 

values reflected in regulatory interventions. The precautionary principle and polluter-

pays principle are good examples (Feintuck, 2010). They prescribe, respectively, that 

where an activity raises threats to humans or the environment, precautionary 

measures should be implemented and anyone pursuing such activity should bear the 

burden of proof and costs to the environment. There are cases where collective 

interests have overruled the short-term private economic interests by applying the 

precautionary principle. Nevertheless, these principles are weakened by reference to 

proportionality and cost-effectiveness, which are the main rationales informing the 

nexus discourse. Hence, the importance of a legal approach to the water-electricity 

nexus developed under this research thesis that considers all three dimensions: 

substantive, institutional and procedural.  

One of the main criticisms of the public interest theory of regulation is based 

on its simplified view to assume the impartiality of the regulator or legislator-

politician in serving the public interest. It lacks a deeper consideration of the clashing 

views and pressures of special interest groups and overlooks the influence of 

economic and political power on regulatory processes. The private interest or 

interest group theories, explained below, aims to fill this gap.  

3.5.3 Interest group or private interest theory 

Private interest theories of regulation are descriptive in nature. Such theories 

explain how regulatory regimes may have emerged, with a strong focus on markets 

and private economic interests, so it is mainly associated with an economic theory of 

regulation. The regulator is seen as a politician-regulator, interested in re-election, 

who also acts as the supplier of the demands created by interest groups, often a 

business or industry, such as electricity (Baldwin et al., 2012). In this section both the 

economic and non-economic versions of private interest theories will be considered. 

At the core of the new political economy (economic private interest theory) is the 

assumption that actors will seek to maximise their own material self-interest, and 

this is what drives the regulatory process. It assumes that parties have access to 

information and that regulation will not affect overall efficiency. Motives beyond 
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wealth maximization of the economic approach consider utility maximization in 

broader terms to include ideological, social and bureaucratic ends.  Both accounts 

consider regulatory process to stand on self-interested actions.  

Stigler (1977) was the first to develop the capture argument under the 

economic version of private interest. His central hypothesis is that demand for 

regulation comes from politically effective interest groups. Given that powerful 

interest groups are affected by regulatory decisions regarding prices, services, 

quality, investments, etc., they have a natural incentive to influence the regulatory 

process (Baldwin et al., 2012). Only concentrated interests and highly coordinated 

groups are able to mobilize collective action to succeed in this regulatory capture 

(ibid.). Interest groups have the capacity to influence decision makers through 

monetary bribes; hoped-for future employment for commissioners and agency staff; 

personal relationships that provide incentives for government officials to treat their 

industry partners kindly; and indirect transfers through a few key elected officials 

who have influence over the agency. Accordingly, regulation is at high risk of being 

captured by the industry and the main point is to identify the degree to which the 

commodity of regulation goes to those who value most, because of their 

concentrated interests in light of their high stakes.   

Stigler’s theory went through modifications and adaptations by different 

authors. Some have proposed a ‘life cycle’ approach to the regulatory process, 

whereby regulation has an initial public interest, but necessarily gives this away to 

capture by the industry (Bernstein, 1955; Hagan, Redford and Bernstein, 1955). While 

Peltzman, Levine and Noll (1989) describes a more complex situation in which the 

regulatory process reflects to some degree the wider social interests, even though 

still dominated by the regulated interests. In the latter case, politicians will engage in 

a series of trade-offs to please both the public and special interest groups. The 

bureaucratic interest of regulators also needs to be considered, instead of assuming 

that the politician-regulator will necessary seek to maximize their utilities (self-

interest) (Baldwin, Cave and Lodge, 2010).  

The basic economic model of the interest group theory was adjusted to 

include the public choice school, also economic in nature. This has been the dominant 

school of thought for many years (Feintuck, 2010). The underlying assumption 
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guiding this body of work is that welfare will be maximised by the exercise of 

individual choices, because individuals act very similarly under the political and 

market arenas to maximise their utility (Ogus, 2004). As a consequence, regulatory 

intervention would only be needed to correct market failures and guarantee the 

ongoing operation of the market. There are numerous critiques to the public choice 

approach. Sunstein (1997) defends that markets can be seen only as a legal construct 

that needs to be scrutinised, based on whether it promotes human interests, rather 

than considered as part of nature or natural order. There is no such thing as a 

completely neutral political environment for analysis of decisions to determine their 

efficiency, wealth maximization and outweighing of costs. 

Given that the economic version of private interest theory does not consider 

motives as ideologies, policy goals and moral stances, the field of positive political 

economy attempts to address this. It considers the rational decisions in the context 

of political and economic institutions (Munger, Alt and Shepsle, 1992). One of its main 

contributions was to combine the demand side and supply side perspectives of the 

public choice theory. Stigler’s approach is classified as ‘demand side’ because he sees 

interest groups as demanders of regulation and regulators as economic agents 

reacting to the demands (Keohane, Revesz and Stavins, 1998). The supply side, on 

the other hand, looks into the institutional law-making bodies and focuses on the 

voting behaviour of legislators (ibid). Other interest-group theorists have chosen to 

explain regulation by moving the theory in the direction of interest-group politics 

(Baldwin, Cave and Lodge, 2012). They follow the rationale that regulation is the 

product of relationships between different groups and between such groups and the 

state, focusing on the competition for power (ibid.).  

Other refinements of the economic approach developed the idea of interest-

group constellation to explain regulation. Whereby concentrated industry interests 

are countered by competing interest groups in ways that are unlikely that anyone’s 

interest is able to prevail. One of the main criticisms to the interest group theory is 

connected to its lack of consideration of the role played by institutions and 

administrative processes in shaping regulation (Baldwin, Cave and Lodge, 2010). It is 

limited to analysing attempts to capture regulation without considering the bigger 

picture, which involves looking at the rules and policies with potential for regulatory 
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capture and the institutional setting in which they are enshrined. The next chapter 

will analyse the institutional setting for water and electricity through time.   

3.6 Conclusions 

These different theories provide explanatory power to the analysis of historical 

and current institutional arrangements and regulatory issues involving water and 

electricity systems and management of common-pool resources. The theories based 

on interest are important to derive certain analytical topics in Chapter 6 related to 

regulatory capture. The historical institutional analysis, questionnaire and interviews 

provide results that requires interpretation through the lenses of capture theory. For 

example, a closed-ended question in the questionnaire investigates the degree of 

influence that different stakeholders have on the management of water and 

electricity management and policies. The results will be analysed in connection to the 

results of the historical-institutional analysis, so that historical trends can be verified 

and enhance understanding of historical capture. On the other hand, the above 

analysed theories are important for discussion strategies forward to promote more 

fair and rational allocation of water and electricity resources in the context of their 

governance multiple asymmetries. The questionnaire includes a list of fourteen 

strategies inspired by the existing literature as ways of better integrating water and 

electricity, including metagovernance principles, policies, regulation and decision-

making, joined-up institutions and infrastructure planning. While the interviews have 

an open question for participants to propose the ways in which they think a better 

allocation of common-pool water and resources should be promoted.  
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Chapter 4 Methodological approach for qualitative assessment 

4.1 Overview 

To address the research questions a range of methods are used, engaging 

several complementary steps and disciplines. A two-step process has been adopted 

as depicted under Figure 5 and Figure 7. Figure 5 is the simplified version of the 

methodological approach to assess and address the water-electricity in Brazil, while 

Figure 7 provides further details of each step and the relationship between the 

different elements. The latter considers different disciplines, including laws and social 

sciences, as well as distinct methods, including quantitative analysis using metrics 

and qualitative assessment through desk-based research and fieldwork (Figure 5). 

The historical institutional analysis, questionnaire and semi-structured in-depth 

interviews form the basis of the qualitative assessment (Figure 5). While the metrics 

form the basis of the quantitative assessment. The elements marked in red are the 

desk-based part of the research, while the elements marked in blue are the fieldwork 

components.  

 

Figure 5 - An interdisciplinary method to assess and address the water-electricity nexus 

 

WATER-ELECTRICITY 

NEXUS 
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The desk-based review of the water-energy nexus literature, sustainability 

indicators and resource nexus metrics, combined with analysis of databases from 

Brazil’s National Grid, Ministry of Mines and Energy, Water Regulatory Agency and 

the Electricity Regulatory Agency support the definition of the metrics. 

Concomitantly, the desk-based research of constitutional norms, sectoral laws, 

institutions, planning and policies through time (1930 to today), supports the 

historical-institutional analysis. The questionnaire and in-depth interviews are 

developed on the basis of the initial findings (Chapter 5) and the literature review of 

qualitative methods (section 4.4). The participants represent the water industry, 

government authorities in charge of water and electricity, water regulatory agency, 

academia, professional consultancies and electricity industry. They provide a deeper 

understanding of the critical interlinkages between water and electricity, decision-

making processes involving their scarce common-pool resources, power 

asymmetries, capture of water interest by electricity and vice versa, and the possible 

strategies to improve the current situation. 

The metrics are the starting point of the methods. Throughout the severe 

drought years in Brazil, multiple normative resolutions of the Water Regulatory 

Agency authorised the decrease of water dispatch levels by major hydropower 

plants, below the minimum set under their environmental permits (M3/s). This 

evidence combined with law that defines the water catchment area as the 

appropriate level for water governance guided the basin level focus under the case 

(Chapter 5 and Chapter 6). Metrics on water flow and costs that have been discussed 

under the water-energy nexus literature (4.2.1) are relevant to the case study in 

accordance to the analytical tool developed in Chapter 5 (section 5.3).   The selection 

of metrics is relevant to the extent in which they are able to capture the cascading 

impacts of reservoirs depletion to both sectors in Brazil due to hydrological and non-

hydrological factors (Figure 6). These impacts are measured through the variables 

that grapples the quantitative aspects related to the significant reductions of water 

quality (salinity levels) and quantity (m3/s), decreasing levels of hydroelectric 

generation (kWh), as well as the consequent rise in the operational costs of the 

electricity system ($/kWh), and the multiple negative impacts on the affordability 

objectives of both sectors ($) (Chapter 6) (Carvalho, Spataru and Bleischwitz, 2019).  
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Figure 6. Cascading impacts of the water-electricity nexus 

The cascading impacts of reservoir depletion raises questions about the 

suitability and robustness of existing governance approaches to manage the resource 

nexus. Hence why, parallel to the metrics, the historical-institutional method is 

Energy 
Affordability 
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Interventionist approach 
impacts suppliers  
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necessary to capture governance and legal asymmetries between water and 

electricity through time. This method supports the analysis of the historical factors 

which have, collectively, shaped the water and electricity’s legal architecture, which 

lay the foundations for today’s governance structures. It further supports the analysis 

about which of the sectors (if any) holds a stronger institutional position in relation 

to the other in the management of their common-pool resources. The historical-

institutional analysis sheds light on the historical capture of interests by one or both 

sectors. The main sources analysed under this part of the desk-based research 

includes the constitutional norms applicable to water and electricity, sectoral laws, 

institutional capacities, and policies under each constitutional period in Brazil, 

starting from the edition of the Water Code in 1934 and up to the present date.  Table 

9 has examples of the main norms analysed.  

 

Table 9. Constitutions, laws and policies  

Laws and policies Description Source 

Constitution of 1934 Federal Constitution 
concentrating greater power 
under national government 

(Senado Federal, 2020) 

Constitution of 1937 Revokes Constitution of 1934, 
dissolves the Congress, 
suppresses all political parties 
and concentrates powers 
under the executive at 
national level 

Constitution of 1946 Re-establishes the 
democratic spirit of 1934 and 
is enacted upon legal reform 
and deliberation by the 
Congress through a National 
Constitutional Assembly 

Constitution 1967 Military Dictatorship marked 
by an authoritarian regime 
that controlled the legislative 
power 

Constitution 1988 New institutional-legal 
framework that guarantees 
freedom and individual 
rights, with objective of 
transforming economic, 
social and political relations 
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Decree 24643/1934 Water Code (MMA, 2014) 
Decree 23979/1934 Creates National Department 

for Mineral Production to 
overlook electricity matter 
through its Water Services 
Committee 

(Tavares et al., 2006) 

Decree-Law 7841/45 Mineral Water Code (MMA, 2014) 
Decree Law 
1285/1939 

Creates National Council for 
Water and Electricity 

(Tavares et al., 2006) 
 

Decree 6402/1940 Creates Water Division to 
manage water use for 
electricity and other 
industrial purposes 

Decree 41019/1957 Regulates Water Code (MMA, 2014) 
Law 3782/1960 Creates Ministry of Mines and 

Energy 
(Tavares et al., 2006) 
 

Law 4904/1965 Creates National Department 
for Water and Electricity, but 
focused on electricity only 

 

Law 5318/1967 Sanitation Policy (MMA, 2014) 
Decree-Law 200/1967 Sets the rules about the 

organisation of the federal 
administration through 
decentralisation 

(ANEEL, 2005) 

Law 6938/1981 Environmental Policy (MMA, 2014) 
 

Law 6662/1979 Irrigation Policy  
Law 6938/1981 National Council for the 

Environment 
 

Law 9433/1997 National Hydro Resource 
Policy 

 

Law 9478/1997 National Energy Policy 
(principles and objectives 
apply to electricity) 

(Oliveira, 2009) 

Law 9648/1998 Creates national grid and 
wholesale electricity market 

(MMA, 2014) 
 

Law 9795/1999 National Policy for 
Environmental Education 

Law 9984/2000 Creates national water 
regulator 

Law 10848/2004 New arrangement of 
electricity sector that is 
centralised under the 
national government 

(Hernández, 2010) 

Law 11445/2007 National Sanitation Policy (Ioris, 2010) 
Law 12305/2010 Solid Waste Policy (MMA, 2014) 
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The metrics and historical-institutional analysis evidence the critical 

interlinkages in terms of resource use and the cascading negative impacts from water 

stress in the context of historical asymmetries between water and electricity 

governance, regulation, institutions and policies. These methods are complemented 

by the empirical work split in a two-step methodology: questionnaire and semi-

structured in-depth interviews. The questionnaire combines closed-response 

quantitative questions with open-ended qualitative questions to gather data about 

the water-energy nexus issues of increased importance in the views of experts in 

Brazil; including in relation to the different levels of water and electricity stakeholder 

influence and decision-making powers; the influence of the principle of sustainability 

on water and energy industries, regulators and the courts; and the strategies to 

advance water-energy nexus governance in terms of priority and feasibility.  

In contrast to the questionnaires, the in-depth semi-structured interviews 

support the collection of more detailed and thorough information. They support 

investigation of the practical ways in which the stakeholders from these sectors 

collaborate on problem solving, how these collaborative decisions are taken and how 

the different resource uses are valued, including the most relevant practice which 

participants consider crucial to advance the rational and fair allocation of resources. 

The fieldwork supports understanding of why the water-electricity nexus problems 

are aggravating (or not) and what are the possible solutions to improve the situation 

in light of the problems identified. A select group of experienced professionals from 

the executive, regulatory and legislative governmental powers working with water 

and/or electricity are considered for the interviews. 

All the methods are combined into a single framework that entails the SDGs, 

water-electricity nexus and the normative-institutional perspectives (Figure 7). 

Altogether they support results that elicit a robust and more complete picture of 

water-electricity nexus issues in Brazil in light of their operation under two silos and 

multiple scales (Figure 7). The latter includes possible governance shortcomings, 

policy and regulatory asymmetries, as well as other legal issues emerging from the 

critical interlinkages between water and electricity in Brazil. The results are analysed 

and interpreted through the lenses of the water-electricity nexus framework, 
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regulatory theory, governance, environmental justice and policy integration (Figure 

7).  

The final step develops a legal response to address the water-electricity nexus 

based on the laws of balancing legal principles. This is split in three dimensions that 

includes substantive, institutional and procedural aspects. Altogether, they serve as 

basis for recommendations on how to better integrate water and electricity regimes 

in Brazil. Considering that under water-electricity nexus resource conflicts there are 

also inherent collisions of normative principles, a key argument of this thesis is that 

they will need to be balanced under decision-making processes for sustainable 

outcomes. On the basis of the laws of balancing legal principles, this research thesis 

proposes the use of a rational, inclusive, transparent and fair approach for decision-

making about WE nexus resource allocation. The variables considered under these 

decision-making processes should include the intensity of interference of different 

legal principles, their abstract weight and existing evidence (normative and 

empirical), observing planetary boundaries.  

 
Figure 7. Schematic diagram of methodological approach 
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The SDGs requires that electricity and water are available to everyone, at 

reasonable prices, in a manner which protects the environment in the long-term. It 

is on the basis of this policy framework that the jurisdiction serving as case study 

needs to consider improving its water and electricity governance in order to achieve 

sustainability. The water-electricity nexus is a powerful conceptual tool to support 

the assessment of trade-offs and conflicts to advance knowledge on how to better 

integrate these sectors. The legal principles form the deontological background and 

pillars of decision-making processes that should sustain and help operate the co-

governance of water and electricity resources. The next subsections will detail each 

methodological step and how they inform one another for further application to the 

case study in Chapter 5 and qualitative assessment in Chapter 6. It is important to 

highlight at this stage that this research is not about developing new metrics, or 

gathering more data to refine the metrics, neither to develop regulatory theories or 

refine the existing ones. All of the steps described herein serve as instruments to 

inform the core objective of this research thesis, which is to provide a legal-based 

recommendation for the management of the water-electricity nexus in Brazil in 

better integrated ways. In other words, the changes at institutional and legal levels 

that can improve the water-electricity nexus governance, despite their operation 

under two silos and multiple scales.  

4.2 Metrics and indicators 

The assessment of the progress of a society moving towards or away from 

sustainability requires measurement across diverse sectors and themes through the 

combination of a number of indicators and metrics (Ulf Narloch, Tomasz Kozluk, 

2016). The UN established a Commission on Sustainable Development in the early 

1990, so shortly after that many national statistical offices gradually became involved 

in the measurement and critical assessment of sustainable development. 

Internationally, a number of works from OECD, UNEPE, World Bank, World Economic 

Forum, and EU Commission (EUROSTAT) have shaped the development of 

sustainability measurement frameworks. For example, the Eurostat has selected 100 

indicators to monitor the EU progress towards the 17 SDGS, with 42% of them being 

multipurpose (EUROSTAT, 2019). They include amongst others poverty and social 
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exclusion indicators (in work at-risk-poverty rate), sustainable consumption and 

production (circular material use rate), social inclusion (early leavers from education 

and training), health (death rate due to chronic diseases), water (water exploitation 

index), electricity (primary and final electricity consumption), climate change 

(greenhouse gas emissions) natural resources (share of forest area in percentage), 

global partnerships (EU imports from developing countries) and good governance 

(corruption perception index) (ibid.). The EU has made progress in relation to living 

conditions of people (SDG 1, 3 and 11) and also in economic terms (SDG 8), but with 

drawbacks in relation to natural resource use and negative environmental impacts, 

also connected to its increasing consumption of materials and electricity (SDG 7, 12, 

13 and 15) (Bley et al., 2019).  

In general, an indicator is a quantitative or a qualitative measure derived from 

a series of observed facts that reveal relative positions (e.g. country) in a given area 

(UNECE/Eurostat/OECD, 2013). They serve as tool to track progress towards 

sustainable societies through measurable parameters of values and trends that show 

development of ecologic, economic, and social stability (Bellen, 2003; Ciegis, 

Ramanauskiene and Startiene, 2009). Several indicators have been developed by 

governmental and non-governmental agencies. The literature is rich in proposed 

indicators and methods for evaluating the performance of sustainable development 

(Hopwood, Mellor and O’Brien, 2005; Kates, Parris and Leiserowitz, 2005; Böhringer 

and Jochem, 2007; Kemmler and Spreng, 2007).  

At a global level, the latest Sustainable Development Report 2019 analysed the 

performance of all 193 UN member states’ in relation to the 17 SDGs by considering 

a total of 114 indicators of which 85 were global in scope (Sachs et al., 2019). The 

conclusion was that no country is on track, with the main challenges rooted on wealth 

inequalities, health and education (ibid.). Brazil figures in 57th place according to the 

2019 SDG Index (ibid.). On the other hand, taking a sectoral approach, Pires et al. 

(2017) identified 170 indicators that include measurements of consumptive use of 

water, non-consumptive use of water, environmental role of water resources, water 

governance and hydrology; and assessed the extent in which they attend one or more 

of the following sustainability criteria: social, economic, environmental, and 

institutional. Their conclusion was that around 50% fulfil only one of these criteria 
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(e.g urban water and sanitation governance index, groundwater depletion, index of 

groundwater abstraction, number of dams in basin and in main stem of river, water 

availability index); 35% fulfils two (e.g access to safe drinking water, disaster risk 

index, groundwater development indicator, metals in groundwater, population 

density); and 14% comply with three or more (e.g. water poverty index, water reuse 

index, water footprint, access to improved sanitation, performance index of water 

utilities, social and economic impacts of droughts, water sector share in total public 

spending) (ibid.). It becomes evident from these accounts that indicators are mostly 

useful as benchmarks, but lack consideration of critical interlinkages and trade-offs 

between different regimes. This way, the water-electricity nexus is a powerful 

conceptual tool to support advances in quantifying various interrelated aspects of 

areas that were once considered distinct. A better understanding of the interlinkages 

or separate silos in the unfolding of intricate sectors is key to develop better plans 

and integrative governance measures. Both of which are important for the effective 

management of natural resources in benefit of sustainability and to enhance 

accountability.   

4.2.1 Metrics under the water-electricity nexus debate 

A wide variety of metrics have been discussed under the water-electricity 

nexus debate and literature Table 10.  

Table 10. Examples of water-nexus nexus metrics 

Metrics What is measured Sources 

kWh/m3 Electricity for wastewater treatment 
(Siddiqi, Kajenthira 
and Anadón, 2013) 

gal/MW Desalination electricity cost  
(Siddiqi, Kajenthira 
and Anadón, 2013) 

m3/MWh 
Water withdrawal and consumption for 
power plants (Healy et al., 2015) 

$/kWh Costs of electricity to water services  (Tevar, et al., 2016) 
m3/s Water inflow (Tevar, et al., 2016) 

$/m3 
Costs of water to power plant 

(King and 
Carbajales-Dale, 
2016) 

Water impounded in 
reservoirs: volume 

m3/year 

Annual/monthly amount of water 
impounded in hydropower dams 

(Pires et al., 2017) 
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Number of dams and 
% of contribution to 

whole system security 

Number of large dams in relevant basin 
and its % of contribution to whole 
electricity system (Pires et al., 2017) 

 

Most of these are biophysical metrics that are usually a measure of the input 

per unit output mirrored by footprint calculators (Gerbens-Leenes et al., 2012; Tevar 

et al., 2016). Other environmental metrics of water and electricity at multiple levels, 

include the levels instream water inflows (water) and levels greenhouse gas 

emissions rate in electricity production. Ecological footprints are also useful to 

capture the impacts of electricity and water activities on the environment (Costanza, 

2000; Moran et al., 2008).		For example, the levels of water pollution and solid wastes 

from electricity generation, or water-services and sanitation.  The water-electricity 

nexus and its individual dimensions are not a static problem and there are socio-

economic metrics that also need consideration (Semertzidis, Spataru and Bleischwitz, 

2017). However, there are also important gaps in relation to social metrics (Tevar et 

al., 2016). Given the limitations of GDP in measuring human wellbeing, the Human 

Development Index is one of the options that can overcome some of the limitations 

that the GDP exhibits (Semertzidis, Spataru and Bleischwitz, 2017). This broader 

metrical analysis includes aspects of a healthy life, knowledge and decent standard 

of living (ibid.). Other examples of water-electricity nexus socio-economic metrics 

include household expenditures for water ($) and electricity ($), revenues and profits 

for water business and electricity business, and population with affordable heating 

and cooling (number of people) (King and Carbajales-Dale, 2016).  

Taking a step further, a relevant study classified food-electricity-water nexus 

metrics according to their scope (project level and network level) and category 

(intensive-extensive and absolute-relative) (King and Carbajales-Dale, 2016). By 

considering the different dimensions of sustainable development – environmental, 

social and economic – the metrics at project level (Table 11) are useful to compare 

different technologies, while the metrics at network level (Table 12) are more 

focused on societal goals (ibid.). The former (Table 11) support rankings of different 

technologies according, for example, to their water-intensity (for electricity) and 

electricity-intensity (for water), and costs ($/m3) (ibid.). While the latter (Table 12) is 

useful to put them into context, because it supports assessments in relation to a given 
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region, including regional availability of resources or gross regional product. For 

example, the total water consumption of an electricity power plant in a basin, or ‘the 

percentage of water consumption or withdrawal associated with thermal power 

plant operations in comparison with total regional water availability or human 

appropriation’ (ibid., p.45).  

 On the other hand, the two categories of – intensive/extensive and 

absolute/relative metrics – supports four different ways in which water-electricity 

nexus can be assessed at project and network levels. Inspired by thermodynamics, 

the intensive and extensive classification of state properties were adapted to 

describe technological and socioeconomic metrics in absolute and relative terms 

(ibid.). To the extent that intensive state properties are measured independently of 

the amounts of material present (e.g. mass density, pressure), so are intensive water-

electricity nexus metrics that measure the water needs of electricity power plants 

independently from everything else (e.g. number of plants in a region). On the other 

hand, extensive metrics considers aspects of size or scale and measures how much 

of various input is needed, so that conclusions along the lines of ‘too little’ or ‘too 

much’ can be drawn. An example would be the total water consumption by an 

electricity generation plant within its lifetime.  

 

Table 11. Different categories of water-electricity nexus metrics at project level 

Categories Metrics Description 
absolute-
intensive 

kWh/m3 (consumed by water) 
m3/kWh (consumed or 
withdrawn by electricity) 

Biophysical metrics in the form of “unit 
A/unit B” for different technologies 

relative-
intensive 

(m3/kWh)/(m3/kWh)alternative 

technology 

(kWh/m3)/(kWh/m3)alternative 

technology 

Compares the resource intensity of a given 
electricity/water technology and its 
alternatives (industry best practice) 

absolute-
extensive 

m3/yr for electricity 
 
kWh/yr for water 

Considers total quantity of inputs for water 
(electricity consumed by water services 
supplier or inter-basin water transfer); and 
electricity (consumed or withdrawn) 

relative-
extensive 

(% costs for electricity)/ (all 
operating costs) 
(% cost for water)/ (all 
operating costs) 

consider the levels of consumption that is 
targeted compared to budget, history or 
benchmarking to peers 

Source: (King and Carbajales-Dale, 2016)  
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Table 12. Different categories of water-electricity nexus metrics at network level 

Categories Metrics Description 
absolute-
intensive 

m3/kWh  Water consumption for power 
generation in a given region, such as 
basin 

relative-
intensive 

% of regional gross product 
due to sales from power 
generation 

 

absolute-
extensive 

m3/year  Water consumed or withdrawn by 
electricity/water services and sanitation 
in one year 

relative-
extensive 

% (consumption of water for 
power generation as 
proportion of total human 
water consumption 

Consider the levels of consumption that 
is targeted compared to budget, history 
or benchmarking to peers 

Source: (King and Carbajales-Dale, 2016)  

 

Despite the above accounts, the literature has also identified important 

limitations of water-electricity metrics. For example, the lack of consistency in 

relation to methods and definition used by state agencies to measure water by 

electricity (Macknick et al., 2012). Another two gaps that are closely connected refer 

to the measurement of natural assets. One relates to the economic values of stocks 

and flows of natural assets, whereby monetary evaluation is extremely hard where 

markets do not exist, making monetization of the benefits and values more difficult 

due to their context specific nature. The second refers to the pure qualitative 

dimension of natural assets. Although there are quite a few indicators measuring the 

quantity of natural assets, there is very little in fact on the quality of both the stock 

and flows (Ulf Narloch, Tomasz Kozluk, 2016).  

Another gap has to do with the non-linearity of the use of natural assets (ibid). 

This concerns gaps in measuring the levels of environmental asset use that are to be 

sustainable in the long run. Although the role of natural assets is not linear, body of 

economic analysis has treated it this way (ibid). Therefore, understanding the tipping 

points for ecologic damages, and how they play out in practice, are key to improving 

such assessments (ibid). This issue links to the gap regarding the measurement of 

resilience of socioeconomic systems to ecological shocks. The general problem is how 

difficult it is to observe ecological shocks, making it vital to fill gaps regarding 
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assessment of risks, responsiveness, the capacity of countries and their economies to 

respond to disaster and the recovery time.  

4.2.2 Metrics under this research 

In this research, metrics are used as instruments to explain what is happening 

in terms of water use by the electricity sector and electricity use by the water sector 

through variables that are relevant in Brazil and most specifically the São Francisco 

basin. The metrics allowed for the understanding of changes over time across a 

number of criteria or dimensions, while indicators are mostly limited to one or two 

dimensions and very specific timeframes. The metrics discussed under the literature 

that apply to the case study are those that capture the cascading impacts of reservoir 

depletion including at project level and system/network level, which are subject to 

trade-off (Table 13). The relevant metrics also capture the rising cost trends of the 

long-lasting drought period. During several years of decreasing levels of water 

availability for electricity generation, more thermal power had to attend the growing 

demand, but they are more expensive and, in many cases, more polluting too.  

 

Table 13. Metrics of cascading impacts of reservoir depletion on water and electricity 
Cascading Impacts of 
Reservoir Depletion 

Metrics Description 

Energy security Number of dams and % 
of contribution to 
system security 

% of energy security provided by 
the three large hydropower 
generation plants to Northeast 
electricity subsystem 

Reductions of water 
outflow of hydropower 
plants 

m3/second Water dispatch level reduction of 
hydropower power plants 

Reduction of hydropower 
generation and increase 
of thermal power 
generation  

MW average Hydro generation reduction by 
main hydropower plants of São 
Francisco basin and Northeast 
electricity subsystem, and 
thermal generation rise  

Reduction of river flow m3/s  Water flow 
Costs of water to 
hydropower plant 

$/m3 Fixed costs of water to power 
plant in the form of royalties paid 
at a fixed rate of 6%  

Short-term electricity 
market cost increase 
(PLD) 

BRL/MWh PLD of regulated and non-
regulated electricity markets 
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Rise of Marginal 
Operational Costs of 
electricity sector 

R$/MWh Marginal operational cost of 
electricity system, calculated per 
electricity subsystem 

Risk of energy deficit R$/MWh Marginal Operational Cost (MOC) 
equal to or above certain 
thresholds  

More electricity for water kWh/m3 Electricity needs for wastewater 
treatment  

Rising costs of electricity 
to water services 

BRL/kWh Costs of electricity to water 
services  

High electricity tariff 
revisions 

%  

Rise of GSF related costs R$/MWh Ratio between hydropower 
generation and physical 
guarantee of plants needs be 
equal to 1, or 100%, so less hydro 
generation can result in negative 
GSF and exposure of producers in 
short-term market 

 

In Chapter 6, different metrics are allocated and applied to different aspects of 

the water-electricity nexus assessment. Some of these metrics are purely status quo 

oriented to representing the population without access to water services and 

sanitation, and the growing hydropower and thermal installed capacity electricity 

through time. Other metrics combine different data sets of water and electricity to 

depict a trend analysis resulting from cascading impacts of reservoir depletion. For 

example, the reduction in the levels of water under relevant dams (m3) due to 

hydrological and non-hydrological factors that result in reductions of hydropower 

generation (kWh) and out-flow dispatch levels (m3/s); with impacts on ecological 

integrity (salinization levels), riverside communities and water services and sanitation 

companies, especially in terms of affordability of electricity. The financial stability of 

hydropower generators is also compromised due to their exposure in the short-term 

market to buy the missing electricity they are not able to deliver due to resource 

stress. The suppliers also face high financial burdens, which aggravated due to an 

interventionist approach of Brazil’s national government. The consumers are worse 

off paying higher electricity and water bills due to increasing electricity costs. During 

the severe drought year, the WASH sector experienced a 50% increase in their 

electricity bills, which has increased their debts towards electricity suppliers.  
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Metrics show the relations between factors that are relevant to the intersecting 

nature of electricity and water, and are, by definition, highly context specific. In Brazil, 

different factors have resulted in decreasing levels of reservoirs and hydropower 

generation, with consequential decreases in water discharge by major hydropower 

plants and impacts on ecological flow and multiple water users downstream of these 

developments, including water services and sanitation providers. The latter had to 

make additional investments to extract water that became scarce and of much lower 

quality due to higher levels of salinity in the river. On the other hand, reduced hydro 

generation requires an increase of thermal power to attend demand, which has 

significant impacts on electricity prices and negative impacts on the balance sheets 

of water services and sanitation, especially considering they need greater quantity of 

electricity during drought periods to source water from deeper underground levels 

or through water transfers. In some cases, WASH providers saw their electricity costs 

double in a years’ time during the severe drought in the São Francisco basin. 

The metrics relate to factors capable of being measured and subject of the 

trade-offs in the water-electricity nexus. Such measurements are therefore capable 

of capturing critical resource and operational interlinkages. They are an important 

starting point to qualify different nexus conflicts and support stakeholder and 

decision-makers under decision-making processes about resource allocation. 

However, significantly, they fail to capture important aspects of WE resource 

governance and decision-making processes throughout time and space, including 

principles, institutions, policy, regulation and planning. Historically, the fundamental 

oversight, governance and regulatory mechanisms of electricity and water have been 

decoupled under different scales. As Scott et al. (2011) teaches that specific 

requirements to retain regulatory oversight, accountability and mitigate risks can 

explain why the water and electricity resource links are not in line with scale of 

institutions. 

As a consequence, the following sections describe the methods used to capture 

other important factors and asymmetries essential for the more complete water-

electricity nexus assessment provided in Chapter 6. The analysis includes aspects 

about water-electricity nexus decision-making tandem management, mismatching 

institutional scales and distinct levels of stakeholder influence and power on 
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regulation. Such an assessment fully recognizes the importance of analysing the 

institutional environment in which decision-making about resource allocation is 

happening on the ground. 

4.3 Historical-institutional analysis 

The historical institutional analysis provides an understanding on how the 

institutional arrangements have shaped water and electricity’s current governance 

approaches. Research involving legal aspects benefits from including such a historical 

analysis because it enhances understanding of the research topic, research problem 

and/or provides grounds for the central arguments and points of view brought 

forward under the analysis (Acca, 2017). This research will enhance all these aspects 

(see Chapter 5 and Chapter 6) and make evident the prioritisation of any sector over 

another at any point in time. This enables further conclusions to be made about the 

consequences of electricity and water operating under two silos and different scales, 

as analysed in Chapter 6. It is fundamental to consider the most appropriate temporal 

boundary, so that this analysis covers only the most significant periods to achieve 

these purposes.  

This methodological step supports the considerations of whether, and how, 

different structures affected the development of water and electricity regulation. 

Furthermore, it will enhance the understanding of the tensions between centralised 

governance and decentralised governance involving the same resources. Given that 

the State has always played a central role in the management of water and electricity, 

this analysis supports the idea that there are several legal principles applicable to the 

State that require consideration in any water-electricity nexus discussion about 

resource allocation. In addition, it also provides important insights about the 

historical, integration or non-integration, of these sectors. Including if at any point in 

history their regulatory approach, institution, planning, or norms were intrinsically 

connected in any way or form in ways possible to derive important lessons.  

4.4 Survey: questionnaire and interviews 

There is a sliding scale of methodologies available to undertake social 

surveys(De Vaus, 2002; Taylor et al., 2010). They range between qualitative and 
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unstructured interviews to quantitative closed-response questionnaires (Morgan, 

2007). In this research thesis, two methods have been adopted: a questionnaire with 

mostly closed-ended questions and a semi-structured interview (see Appendix B). 

The purpose of this combined method was to support the assessment in Chapter 6 

and strategies put forward in Chapter 7. Together, these methods support 

understanding about the disparate governance structures, the gaps and issues in 

terms planning, policies and regulation. This mixed method design aims to enhance 

the approach to data collection, analysis and interpretation(Bryman, 2006; Saunders, 

Lewis and Thornhill, 2009; Saunders, 2012). The nature of qualitative semi-structured 

interviews and the descriptive-exploratory nature of quantitative questionnaires will 

support better considered visions of water-electricity nexus issues and the future of 

water and electricity governance systems.  

The motivation of this methodological mix is that questionnaires and interviews 

complement each other, the questionnaires are usually distributed more widely and 

provide important quantity aspects, while the interviews provide more in-depth and 

quality aspects. Moreover, the questionnaire tends to rely more on deductive 

approaches and hypothesis testing, while the in-depth interview work tends to rely 

more on inductive and evolving hypothesis in its process (Dworkin, 2012). First the 

questionnaire was undertaken and then followed up with some specific points with 

a series of interviews (Adams and Cox, 2008). Whereas for interviews there are 

specific requirements, such as those related to interviewing to redundancy, for 

questionnaire-based research the minimum sample of a population that is clearly 

defined can support judgments to be made about the views of the broader 

population (Murphy and Myors, 2003). In the latter case, a suitable sample frame 

from a suitable population must be asked the appropriate questions, which a 

concurrent embedded design with qualitative questions asked under a quantitative 

questionnaire can support these aims (Saunders et al., 2012).  

Together these methods will support a systematic analysis of data through 

comparisons between responses about same topics, which are relevant to the 

research questions. When formulating both of them it will be important to consider 

why certain questions are being asked, what is expected to be found from the 

answers and what are the different ways of analysing the data gathered through 
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them (Adam and Cox, 2008). The next two subsections will address the main aspects 

that the literature considers important when formulating and executing each of 

them, and analysing the data, including the importance of considering data 

protection and ethics. Further detailed explanations of these methods can be found 

here: (De Vaus, 2002; Bryman, 2006; Fink, 2009; Saunders, Lewis and Thornhill, 2009; 

Taylor et al., 2010; Dworkin, 2012). 

4.4.1 Questionnaire 

 In terms of questionnaire formulation, the number, structure, order and types 

of questions, clarity, and a sharp and concise introduction will usually ensure higher 

response rates (De Vaus, 2002; Fink, 2009). Closed-response quantitative questions 

can be combined with open-ended qualitative questions to help elicit additional 

details about different topics, such as those related to water-electricity nexus 

historical and current issues. Different types of data (nominal, ordinal, interval and 

ratio data) can be collected via telephone, face-to-face, or online circulation to 

support different types of analysis (Aldridge and Levine, 2001). Whereas nominal 

data is about all types of named data, such as gender, profession and number of years 

of experience; ordinal data is about order or scale (De Vaus, 2002). The latter can be 

helpful to answer questions about the levels of water and electricity integration on a 

scale from 1 to 10 (ibid.). Interval data is also about scale, but it considers the 

difference between points as standardised and significant, so the data has some form 

of numerical value from one score to the next. Similar to interval data, the ratio data 

also has numbered values in between points, but it does not accept negative values 

(e.g measurement of height), so there is necessarily a zero. Even though more 

variables of measurement support more possibilities in the use of different analytical 

tools, both De Vaus (2002) and Fink (2009) raise arguments against collecting 

unnecessarily detailed information that could lead to reliability issues, because 

people are not well informed enough. Reliability and validity are two important 

aspects that should be taken into account when designing a questionnaire. Reliability 

refers to the consistency of a measure, while validity is about measuring the correct 

aspects to achieve the objectives of the research.  
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There are important considerations and steps to be taken when forming a 

sample of different sizes, including limitations in getting an ideal sample because of 

constraints related to time, cost and opportunity (Dworkin, 2012). However, for the 

delivery of significant statistical results, a probabilistic approach to sampling is 

required (Saunders, 2012). There are several methods, but one of the most 

commonly used is a simple random sampling approach, which means that 

respondents are randomly chosen from the target population at large. Other 

sampling methods include systematic, stratified, multi-stage clustered and quotas 

(Aldridge and Levine, 2001). The calculation of the sample size will depend on the 

total size of the target population and acceptable margin of error, but in general, the 

larger the sample size, the more statistically significant it is. It is also possible for a 

survey sample to provide relevant answers and results without necessarily 

representing the views of the general population, which will depend on the 

objectives of the research, combination of different methods and multiple 

constraints.  

In this research the questionnaire is used to obtain data about what are the 

water-electricity nexus issues of increased importance in the views of experts under 

the case study; what sector and different stakeholders have greater influence and 

stronger decision-making powers compared to the other; what is the influence of the 

principle of sustainability on the water and electricity industries, regulators and the 

courts; and what strategies should advance water-electricity nexus management in 

terms of priority and feasibility. There are fourteen strategies that cut across the 

topics of governance, regulation, joined up infrastructure and efficiency 

programmes, planning, policy integration, public participation and shifts of current 

approaches to resource scarcity from supply-side solutions to demand-side and 

decentralised systems. Most strategies are informed by the combination of the legal 

principles of integration, equity and public participation with better regulation and 

water-energy nexus theories. Altogether they inform strategies related to (i) 

advances of metagovernance principles of inclusiveness, transparency, 

accountability under both sectors; (ii) inclusion of state and non-state actors to 

strengthen integration at the agenda-setting, problem definition and decision-

making stages of water and electricity policy making; (iii) total transparency (iv) 
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vertical and horizontal policy integration of water and energy in terms of shared 

objectives, principles and instruments (e.g. educational and informational); (v) 

regulatory fitness checks; (vi) network of regulators; and (vii) national infrastructure 

planning.  

Better regulation ‘covers the whole policy cycle and is central to ensure that 

political decisions are prepared in an open, transparent manner, informed by the best 

available evidence and backed by the comprehensive involvement of stakeholders’ 

(European Commission, 2015, p. 5). There are multiple better regulation principles, 

objectives, tools and procedures that are useful to the water-electricity nexus case 

study, including those related to planning, impact assessments and stakeholder 

engagement. For example, the policy assessment through regulatory fitness checks 

that is central to better regulation when combined with water-electricity nexus 

rationales can support the identification of excessive burdens and inconsistencies, 

coherence and effectiveness of water and electricity policies. Hence why one of the 

strategies under the questionnaire addresses exactly this, so that participants can 

determine the priority and feasibility of such an approach. On the other hand, good 

planning is considered the best starting point for the promotion of better regulation, 

so the national infrastructure plan under the questionnaire strategies addresses this 

point with a focus on the potential barriers that hinder joint water and energy 

infrastructure projects. In terms of stakeholder engagement, the legal principles of 

participation and equity are also reflected in the proposal that considers inclusion of 

commercial and non-commercial actors to strengthen water and energy integration. 

A cooperative decision-making process between participants with different views is 

central to the proposal of this thesis in Chapter 8 to promote advances the 

management of the water-energy nexus conflicts. 

Other strategies relate to joined up water and electricity efficiency 

programmes and infrastructure projects, including the removal of regulatory and 

investment barriers to promote projects such as on-site renewable energy for water 

and multi-purpose dams for hydropower plants and other uses. These strategies are 

developed through the combination of water-electricity nexus rationales and 

regulation. To the extent that water-electricity nexus literature considers important 

to foster on-site renewables for urban water management to mitigate nexus conflicts 
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and reduce carbon emissions, there is role for regulation to play. For example, in the 

UK, a major regulatory barrier related to Ofwat’s position on sludge-derived or hydro-

energy as the only types of generation part of the appointed business which can be 

included in bill pricing for funding by customers. Removing this barrier was crucial to 

support uptake of other renewable sources of electricity. The questionnaire also 

brings forward strategies to advance regulatory incentives for efficient water 

distribution, including the revision of the financial compensation paid by hydropower 

plants in Brazil. The latter strategy was informed by the OECD work that identified 

the revision should address issues of availability, competition and destination of 

funds (OECD, 2015). Understanding the views of different experts provides valuable 

perspectives about different issues and how to improve the situation, but these views 

are not necessarily representative of the views of the general population of water 

and electricity experts.   

4.4.2 Semi-structured interviews 

Interviews can take many forms that range from in-depth unstructured 

interviews to semi-structured, or structured ones. The main difference between each 

interview form is related to the structure, underlying assumptions and choice of using 

pre-prepared questions or not. At one end of the spectrum, the structured interviews 

are in many ways similar to questionnaires because they have a very rigid pre-defined 

number of questions that will usually require ‘yes’ or ‘no’ type of responses 

(Alshenqeeti, 2014). At the other end, the unstructured interviews do not have any 

kind of pre-established guiding questions and are similar to normal conversations, 

but with purpose and underlying research aims that are related to the research topic 

and questions. In between, semi-structured interviews are conducted by taking into 

consideration a pre-set of chosen questions to all participants, but with certain levels 

of flexibility to allow jumping in between questions, skipping those that have already 

been answered and adding others deemed relevant. This is crucial to help guarantee 

that the participants are not de-motivated by a rigid structure that may be repetitive 

and prevent them from discussing key issues that would emerge more organically if 

certain levels of flexibility were guaranteed (ibid.). Understandably, unstructured 

interviews are harder to analyse than structured or semi-structured interviews. 
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In contrast to questionnaires, interviews support the collection of more 

detailed and thorough information about why certain issues occur. They also give 

more freedom to the participants to provide evidence involving different contexts 

that was not thought of beforehand (Adams and Cox, 2008). Ideally, a raport between 

participant and interviewer is developed and the questions will usually be open-

ended and free response ones, instead of a closed selection. In general, interviews 

are very time-consuming process – from the initial steps of setting up, to transcription 

and analyses of the results. Whilst questionnaires accept random sampling, semi-

structured interviews require a careful selection of participants and a careful 

deliberate plan about what will be said when setting up the interview with them, 

what will be said at the start and at the end of each interview, and how to collect the 

data (e.g. notes and recording)  (Boyce and Palena, 2006).  

In this research, semi-structured interviews were conducted with a select 

group of experienced professionals from the executive, regulatory and legislative 

governmental powers working with water and/or electricity. They were carried out 

through detailed conversations and questions on topic areas emerging from the 

questionnaire preliminary analysis, and which were addressed, discussed and 

recorded. Importantly, the structure, setting, style and recording of data were 

planned carefully to support better data collection processes and analyses (ibid.). The 

results of the interviews are presented in the qualitative assessment in Chapter 6, in 

connection to the other results and supplemented with quotation boxes where 

applicable.  

4.4.3 Ethics, trust and data protection  

As with all studies involving human participants it is crucial that introductions 

and consent (verbal or written) are provided before a survey is conducted. 

Participants should also be informed expressly that they can withdraw from the 

questionnaire or interview at any time, and that all data will be anonymised and be 

kept confidential. An important ethical requirement is the need to provide key details 

of how the information is going to be stored and who will access it. Appendix C offers 

the ethics approval documentation.  
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4.5 Analysis and interpretation of data using theories of regulation  

Different theories of regulation and their explanatory and prescriptive elements 

are useful for the assessment of water and electricity management arrangements in 

Brazil. Regulatory theory can be descriptive (examining current regulatory issues) or 

prescriptive (proposing ways of arriving at ideal solutions) or, as in most cases, a 

combination of these functions. These two broad approaches give explanatory 

powers to these theories explaining how regulation develops, or is withdrawn by 

considering both external and internal factors (Baldwin, Cave and Lodge, 2012). 

External factors include the force of interest groups, dominant ideas and the 

economy, while the internal factors focus on the nature and characteristics of 

institutions (ibid.). The former addresses how motivational factors influence 

decision-making, focused on the self-interest of policy actors and/or interest groups. 

While the latter proposes a more systemic perspective focused on the notion that 

institutional structures and arrangements are key factors in shaping regulation. In 

line with such factors, the majority of the literature splits the existing theories of 

regulation into three strands:  

1. public interest,  

2. interest group and 

3. institutional theory  

All are based on different ideological rationales for regulatory intervention and 

explain the different factors that influence the policy process. Public interest theories 

are informed by economic and non-economic rationales, with the goal of pursuing 

the common good. Private interest or interest group theories were developed as a 

critique to the assumption that actors necessarily act in the best interest of the 

public. This theoretical approach focused mainly on markets and private economic 

interests. On the other hand, institutional approaches go beyond motivational factors 

to address external or contextual factors that shape regulation, which include 

institutional arrangements and social processes. These three theoretical categories 

are analysed in Chapter 4, to derive analytical categories for the empirical assessment 

of Brazil’s water-electricity nexus case study in Chapter 6. In this way, each of these 

theories are applied to the water-electricity nexus issues empirically identified in 
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Brazil, detailed and quantified by metrics, and further explored through 

questionnaire and interview material, and therefore offering explanation about 

where the current problems lie (from legal, institutional and regulatory perspectives). 

Metrics, questionnaire and interview datasets therefore serve as a pre-structure for 

determining the relevance of each strand of regulatory theory. The theoretical 

approaches offer different conclusions about the water and electricity. The 

robustness of these theories will be tested against their ability to explain the many 

challenges of regulating the water-electricity nexus in Brazil in benefit of 

sustainability. 
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Chapter 5 Water-electricity nexus: the case study of Brazil  

5.1 Introduction to the case study 

Brazil has been chosen as a case study for a number of reasons. It has more 

freshwater than any other country in the world and its electricity sector is 63% hydro 

based (Figure 8) (MME, 2019). In July 2019, hydropower generation corresponded to 

65.1% of total electricity generation, followed by thermal power, which includes gas 

(7.9%), coal (3.0%), oil (1.5%), nuclear (3.1%) and biomass (7.1%) (Figure 9) (ibid.). 

Water and electricity serve as vital inputs to each other, dependent upon common-

pool hydro resources, which are increasingly hard to manage in a country as large as 

Brazil, with more recurrent and severe droughts, weak governance and non-binding 

planning. The electricity’s reliance on water, increases the vulnerability in electricity 

generation to hydrological variations and competing uses of water, especially under 

basins marked by water scarcity and water stresses (Carter, 2010). While the water’s 

exclusive reliance on centralised water-dependent electricity also increases its 

vulnerabilities connected to water stress due to issues of water quantity, quality and 

electricity affordability.  

Under the São Francisco watershed this was made especially evident during the 

drought period between 2012-2018 that resulted in the worst hydrological conditions 

of its history (CBHSF, 2018). The levels of water in the Sobradinho hydropower 

reservoir were so low that according to interviewees it was necessary to stop the 

operation of two turbines for consecutive months of drought period.  The outflow 

discharge levels the major hydropower developments located in the São Francisco 

were reduced, so that total depletion of reservoirs could be avoided (Senado Federal, 

2015). The hydropower reservoir of Três Marias, for example, would have been 

entirely depleted by August 2014 if it did not reduce the discharge levels (ibid.).  

Overall, the river flow reduced significantly throughout the drought years of 2014 

and 2015, with severe environmental and social impacts. For example, the increasing 

levels of saline water at the river mouth because of its low pressure on arrival at sea, 

impacted plants, fishes, riverside communities and cities. There are increasing cases 

of cardiovascular diseases because of the high levels of sodium chloride in water 

being consumed by the population dependent of São Francisco (Barbosa et al., 2019). 
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While the reduced flow aggravated the situation of the eroding margins and rising 

levels of sedimentation (ibid.). 

 

 

Figure 8. Brazil's electricity installed capacity by source – July 2019 

Data Source: (MME, 2019) 

 

Figure 9. Brazil's electricity generation by source – July 2019 

Data Source: (MME, 2019) 
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The electricity system’s operation, planning and definition of prices are directly 

influenced by levels of stored water and hydropower contribution to supply. To help 

safeguard water levels under reservoirs in benefit of security of electricity supply, the 

model allocates a variable economic value to the electricity produced by hydropower 

plants, so that it is lowest when reservoirs are full and higher every time there is a 

reduction of the stored water in reservoirs. Gas and oil thermal plants are gradually 

brought on-line whenever the costs of their electricity production are surmounted by 

the cost of producing electricity using hydropower. Brazil is increasingly relying on its 

back-up thermal power, using many times non-renewable sources, which are 

polluting, more expensive and also water intensive. This way, it has resulted in high 

economic and socio-environmental costs to society, with severe impacts on electric-

intensive sectors like water, which the analytical tool developed in section 5.3 

captures important aspects of it. 

Although there is no water extraction for hydropower generation it impacts on 

water availability. Conflicts are raised between the need of storing water in reservoirs 

in benefit of electricity security and hydropower generation, and the need of 

guaranteeing multiple uses of water dispatching certain levels of water downstream 

of these developments. The São Francisco watershed holds more than 95% of the 

electricity storage capacity of the Northeast electricity subsystem. From an electricity 

perspective, there is no other basin that holds such a high percentage of electricity 

storage capacity of any of the other three electricity subsystems in Brazil (North, CE-

S. Consequently, the electricity sector has a very high stake in this watershed and a 

strong interest in preserving water under reservoirs to produce electricity and secure 

supply. Different users were required to negotiate on weekly basis about the 

allocation of the hydro resources and avoid total depletion of reservoirs.  The focus 

on the watershed level is fundamental for the investigation in greater detail of water 

and electricity’s critical interlinkages, environmental injustices and the power issues 

involved in decision making about the allocation of water resources for both sectors. 

Under the literature, authors emphasize the importance of considering basin-level 

information for an ideal and accurate assessment of the nexus (Lawford et al., 2013; 

Siegmund-Schultze, Köppel and Sobral, 2018).  
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The São Francisco watershed is amongst the largest and the most important 

basins in Brazil (Figure 10). The watershed has around 638.466 km2 (7,5% of national 

territory) and covers the following states: Bahia, Minas Gerais, Pernambuco, Alagoas, 

Sergipe, Goiás and Distrito Federal (CBHSF, 2016). The geographical, climate and 

cultural differences, and the intensive economic activities that depend of the river 

makes the São Francisco basin a very unique area of study in Brazil. There are mining 

activities, agricultural activities (mostly in states of Goiás and Bahia) and hydropower 

generation that depends of its waters (ibid.).  The basin has around 503 

municipalities, including many of which are under the semi-arid region of Brazil, 

known to be one of the driest and poorest areas of the country (58% of the total area 

of basin is semi-arid) (ibid.). Considering the São Francisco river crosses several states, 

the hydro resources domain is held by the national government.  

Hydro resources used for electricity purposes are subject to the top-down 

governance approach of electricity sector. While the hydro resources used for all 

other purposes follows the rules of the national water policy, which requires a 

decentralised and participative governance approach at the water catchment area. 

Even though hydropower producers are also part of the committees managing hydro 

resources at basin level, they have historically played a subsidiary role in these 

arenas. One of the reasons that explains this is that none of the aspects of the 

national plans related to electricity are contemplated under the basin planning. This 

a relevant planning asymmetry between water and electricity that is further analysed 

in Chapter 6 (Section X). The main hydro resource uses in the basin are for irrigation 

(213,7 m3/s), urban supply (31,3 m3/s) and hydropower generation. In terms of 

electricity, it holds a total of 10.708 MW of hydropower installed capacity, with 

hydropower plants varying between 3.162 MW (Xingó) and 1.050 MW (Sobradinho) 

(ibid.). All three hydropower plants had to reduce discharge levels below the values 

established under their environmental licenses (Chapter 6, section 6.2). Energy 

security of the Northeast electricity subsystem lies entirely in the São Francisco basin, 

as well multiple water uses and water security of more than 500 municipalities.  
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Figure 10. Brazil's eight principal hydrographic basins 

  

Considering the SDGs serve as the normative framework of this research, the 

first step is to understand how the 2030 Agenda is enshrined under Brazil’s legal 

framework. Likewise, the environmental legal principles of integration, equity, 

precaution, polluter pays, access to courts, access to information and public 

participation introduced under section 2.3 of Chapter 2. In Brazil, the water and 

electricity sectors are mainly under state control, because the national government 

and state governments are the holders of water resource domain, with national 

government holding exclusive competence to legislate about any and all matters 

related to water and electricity, and render electricity services directly or through 

concession, permission or authorization. Consequently, there are important legal 

principles applicable to the State that also need elicitation. Specifically, the macro-

principle of the rule of law that has several subprinciples, including (amongst others) 

the principle of legality and legal reserve; legal security; proportionality; equity; and 
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the right to effective legal protection. Considering the relevance of the legal principle 

of proportionality to the water-electricity nexus due to its components of efficiency 

and effectiveness, the next paragraphs brings forward the main aspects related to 

them, and how they are enshrined under Brazil’s legal system.   

Nevertheless, the main idea of the next section 5.2. is not to provide an 

exhaustive list of principles that would apply to the water-electricity nexus, neither 

to provide a deep analysis of how these principles apply in different circumstances. 

The objective is to prepare the grounds for later discussion under Chapter 8 focused 

on the method and laws of balancing principles to advance water-energy nexus 

management, addressing the manifold collisions of principles resulting from the 

water and electricity resource nexus conflicts. The scope and weight given to each 

principle when managing a nexus conflict is something recommended to be done on 

a case by case basis, observed that constitutional principles have the highest weight 

within Brazil’s legal system. The nature of a principled normative discourse is rooted 

on the idea that they are always under construction, discussion, and for this reason 

are inexhaustible.  

In the section 5.3, the analytical tool captures the critical interlinkages and 

operational cost trends resulting from regulatory framework that concentrates risks 

on big hydroelectric projects, but increasingly relies on thermal power due to several 

hydrological and non-hydrological factors. The latter have impacted on water levels 

of reservoirs, affordability of electricity and multiple uses, with negative 

consequences to several users, but those downstream of major hydropower 

developments face the worse consequences. All of which currently undermines 

efforts to create sustainable water and electricity systems and challenges advances 

to the SDGs in holistic ways. These challenges are further accentuated by the 

disparate governance approaches and legal developments, planning and regulatory 

mismatches and gaps, lack of integrated data and policy incoherence under 

conditions of scarcity, climate change and population growth. This way, an important 

third step will be an institutional-historical analysis in 5.4 to provide invaluable 

information about how these sectors have been managed throughout time.  

Together, the analytical tool and institutional historical analysis provide 

important conclusions about the critical interlinkages and silos that exist between 
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water and electricity in Brazil, in terms resource use and governance. The two final 

steps are based on the field work conducted through a questionnaire and semi-

structured interviews in Brazil provided important information of the water-

electricity nexus on the ground. They both will support the analysis in Chapter 6 

based on the views of different experts (governmental representatives from water 

and electricity sectors, including legislators, regulators, NGOs, industry and 

academics). These experts help reveal what are the water-electricity issues and the 

possible reasons for them. Followed by expert’s considerations about the different 

ways forward to advance water-electricity nexus governance and promote a more 

rational and fair allocation of scarce resources. All methods described in sections 5.2, 

5.3, 5.4, and 5.5 served as important instruments for the assessment of the water-

electricity nexus in Brazil in Chapter 6 and Chapter 7, so that a legal response could 

be developed based on the findings of multiple data sources.  

5.2 The SDGs and legal principles relevant to the water-electricity nexus in 

Brazil’s legal framework 

Brazil has actively participated of the SDG agenda and is committed to its 

implementation. An inter-ministerial working group was created in 2014 to develop 

the guiding elements for Brazil’s participation (Grupo de Trabalho Interministerial, 

2014). They developed the guiding principles for Brazil’s position in relation to 

themes such as poverty eradication, common but differentiated responsibility, 

inclusion, equity, environmental sustainability, sustainable production and 

consumption and implementation (ibid.). Under the United Nations Country Team – 

UNCT, another working group was developed in 2014 to support the 2030 Agenda in 

Brazil. It counts with the Brazilian government and other entities of the United 

Nations (UN) based in the country. These groups analysed existing national indicators 

which have potential to help monitor the implementation of SDGs and helped map 

the gaps and further needs in terms of data (PNUD, 2016). This resulted in a work 

that is Brazil’s first contribution on the implementation of the 2030 Agenda, following 

and revising the SDGs at national level (ibid.). This document brings the first 

considerations about synergies between some indicators, but no synergy was 

identified between the indicators for SDG 6 (water) and SDG 7 (energy).   
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The latest publication on indicators is from Institute of Applied Economic 

Research published in 2018. It adapted the goals to Brazil’s priorities, considering its 

strategies, plans and national programmes and the challenges that the country faces 

to guarantee it will develop sustainably in the next decade (IPEA, 2018). This study 

makes Brazil figure as one of the first countries to have an instrument that thoroughly 

supports the internalisation and territorialisation of different goals and adaptation of 

indicators to Brazil’s reality (ibid.). Even though they are still subject to further 

analyses, discussions and validations before they are defined as the official national 

indicators, it contains important advances that are necessary for monitoring the 

implementation of the 2030 Agenda in Brazil. This document identified many 

synergies between different goals and targets, including the different governmental 

bodies that implement actions to support a same target, the linkages described for 

SDG 7 (electricity) did not consider any connections with SDG 6 (water).  

The SDGs are under a broader sustainability agenda in Brazil. Sustainability is 

enshrined under Brazil’s environmental law regime, which has its main principles and 

rules contained under the Constitution of 1988; Brazil’s national environmental 

policy; and International Treaties that have been ratified by the Brazilian 

government. Even though the SDGs are a non-legally binding instrument, its legal 

weight in Brazil is given by the direct correlation that exists between all the goals of 

the 2030 Agenda and Brazil’s normative structure, including environmental and social 

norms under the Constitution and infra-constitutional laws (Guimarães, 2019). The 

state of Paraná is one of the pioneers in Brazil that provide legal weight to the SDGs 

at the local level by matching Brazil’s fundamental objectives and normative 

structure with the SDGs as set forth under (Table 14) (ibid.).   

  

Table 14. SDGs under Brazil's Constitution 

 Sustainable Development Goals Constitutional norms and 

federal laws 

SDG 1 End poverty in all its forms everywhere Article 3, III 
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SDG 2 End hunger, achieve food security and 

improved nutrition and promote 

sustainable agriculture 

Article 186 

Law 8.629/93 

SDG 3 Ensure healthy lives and promote well-

being for all at all ages 

Article 3 

Articles 196 c/c 230 

SDG 4 Ensure inclusive and equitable education 

and promote lifelong learning 

opportunities for all 

Article 208 

Article 206 

Article 205 

Article 6 

SDG 5 Achieve gender equality and empower all 

women and girls 

Article 5, I 

Article 226 

Article 7 

SDG 6 Ensure availability and sustainable 

management of water and sanitation for all 

Article 20 

Article 26 

Article 225 

Law 11.445/2007 

SDG 7 Ensure access to affordable, reliable, 

sustainable and modern energy for all 

Article 21 

Article 170, VI 

Article 225 

SDG 8 Promote sustained, inclusive and 

sustainable economic growth, full and 

productive employment and decent work 

for all 

Article 6 

EC 243 

Jurisprudence of the 

Labour Litigation Courts 

SDG 9 Build resilient infrastructure, promote 

inclusive and sustainable industrialisation 

and foster innovation 

Article 218 

Article 219 

EC 85 

Law 13.243/16 

SDG 10 Reduce inequality within and among 

countries 

Article 3 

Article 4 

SDG 11 Make cities and human settlements 

inclusive, safe, resilient and sustainable 

Article 182 

Article 183 
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City Statute, Art. 2, I 

SDG 12 Ensure sustainable consumption and 

production patterns 

Article 170, VI to Article 

174 

Law 12.035/10 

SDG 13 Take urgent action to combat climate 

change and its impacts 

Article 225 

SDG 14 Conserve and sustainably use the oceans, 

seas and marine resources for sustainable 

development 

Article 14 

Article 20 

SDG 15 Protect, restore and promote sustainable 

use of terrestrial ecosystems, sustainably 

manage forests, combat desertification, 

and halt and reverse land degradation and 

halt biodiversity loss 

Article 225 

Law 12.213/2015 

Law 12.727/2012 

SDG 16 Promote peaceful and inclusive societies 

for sustainable development, provide 

access to justice for all and build effective, 

accountable and inclusive institutions at all 

levels 

Articles 5, 135, 6,  

SDG 17 Strengthen the means of implementation 

and revitalize the global partnership for 

sustainable development 

Article 4 

Article 225 

Source: Adapted from (Guimarães, Mombelli and Domingos, 2017) 

 

Under the questionnaire, the participants are asked to classify the degree of 

influence of the principle of sustainability on shaping the decisions of the water 

authority in charge of water, government authority in charge of electricity, water 

businesses, electricity businesses, water regulatory authorities, electricity regulatory 

authorities and courts (Figure 11). Apart from those that skipped (around 20%), the 

majority have considered that the principle of sustainability has a higher influence on 

the water sector than on the electricity sector. For the purposes of my research, 
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sustainability was read as the use and management of resources in a way that 

promotes economic and social development without over-exploiting natural 

resources or causing irreversible environmental harms. Under the interviews, apart 

from one representative from electricity sector, no one answered that sustainability 

is a principle guiding the way they carry their work.  

 

 

Figure 11. Influence of principle of sustainability 

It is out of the scope of the present research to cover all existing legal principles 

in Brazil that potentially apply to the water-electricity nexus (environmental in nature 

or not). The following section 5.2.1 will follow the rationale of the combined 

frameworks under Chapter 2 and consider how the legal principle of integration and 

other correlated environmental legal principles – equity, polluter pays, precaution, 

public participation, access to information and access to courts – are enshrined under 

Brazil’s legal framework. Section 5.2.2. will consider the legal principles of the rule of 

law that apply to the water-electricity nexus in Brazil, as explained in Chapter 2, 

section 2.3. 

5.2.1 Environmental legal principles relevant to the water-electricity nexus in 

Brazil 

The legal principle of integration, legal principle of precaution, equity, polluter-

pays, participation, access to courts and access to information analysed under this 
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section have been extensively explored by the current literature and are 

characterised for being wide-ranging and in line with Brazil’s constitutional values. 

The main focus is on how they are enshrined under the Constitution, because 

constitutional principles have the highest weight compared to other non-

constitutional norms. There are many principles extractable from Brazil’s 

Constitution (Constituição Federal, 1988, article 225, p. 177):  

 

‘Art. 225. Everyone has the right to an ecologically balanced environment, which is an 

asset of common use to all people and essential for a healthy life. The public 

authorities and citizens are required to protect it for current and future generations. 

 

§ 1º To secure the effectiveness of this right, the public power is responsible for: 

 

(I) preserving and restoring ecological processes;  

(II) preserving the diversity and integrity of Brazil’s genetic patrimony;  

(III) defining areas under its territory to receive special environmental protection;  

(IV) demanding environmental impact assessment for activities that may 

potentially be harmful;  

(V) controlling the production, sale and use of techniques, methods or substances 

which represent a risk to life, the quality of life and the environment;   

(VI) promoting environmental education in all schools and raising awareness 

about the need to preserve the environment; and  

(VII) protecting the fauna and flora, with prohibition to take any action that could 

represent a risk to their ecological function. 

 

§ 2º Anyone exploring natural minerals is obliged to restore the environment, 

according to technical solutions required by the competent authority 

 

 § 3º Any action or activity of a person or a corporate entity that is considered harmful 

to the environment will result in criminal and administrative sanctions, despite the 

obligation to repair the damages. 

 

§ 4º The Amazon Forest, Mata Atlântica, Serra do Mar, Pantanal-Matogrossense and 

Coastal Zone are national patrimonies, which the use can only be done according to 
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the terms of the law, and within parameters and conditions that secure environmental 

preservation, including with respect to the use of natural resources.’ 

 

This way, in line with the substantive dimension of the principle of integration, 

it contains elements of intra- and intergenerational equity, and environmental 

protection. The polluter pays principle is enshrined under paragraphs two and three. 

While the precautionary principle entered Brazil’s legal system through two 

international treaties, which were duly ratified and internalised by the country: 

Biodiversity Convention (United Nations, 1992) and the Climate Change Convention. 

Accordingly, the Biodiversity Convention (1992, art. 10, p. 1) determines that ‘where 

there are threats of serious or irreversible damage, lack of full scientific certainty shall 

not be used as a reason for postponing cost-effective measures to prevent 

environmental degradation.’  

On the other hand, in line with the procedural dimension of integration, the 

Brazilian legal system provides for public participation under article 37 of the 

Constitution. The law regulates the participation under the direct and indirect public 

bodies, regulating access to information about governmental acts. It includes public 

hearings, civil class action, and joint committees responsible for environmental 

protection, such as CONAMA (Soares, 2008). Under the legislative power, citizens are 

able to participate through plebiscites (Constituição Federal, 1988, art. 14, I), 

referendums (Constituição Federal, 1988, art. 14, II) and popular initiatives 

(Constituição Federal, 1988, art. 14, III). The principle of public participation is rooted 

in democratic values, requiring public participation in all decision-making processes 

that involves the environment. Whereby a key condition for this to be guaranteed is 

access to information. The principle of access to information and access to courts are 

also possible to be extracted from the Constitution. Accordingly, everyone is assured 

the access to information, protecting the confidentiality of sources when necessary 

for professional activities; everyone has the right to receive information in their 

private interest or of collective or general interest from public agencies; such 

information shall be provided within the period established by law, under penalty of 

liability, except when information secrecy is essential to the security of society and 

of the national government (Constituição Federal, 1988, art. 5, XIV and XXXIII). Access 



 147 

to courts is extractable from article 5 of the Brazil’s Constitution: ‘The law will not 

exclude from the review of the Judiciary any injury or threat against any right’ 

(Constituição Federal, 1988, art. 5, XXXVI, p. 19). 

The above described environmental legal principles extracted from 

constitutional norms in Brazil apply to the water-electricity nexus and all decision-

making involving resource use and allocation. Under water-nexus conflicts they will 

usually be conflicting with other relevant legal principles that also apply to the water 

and electricity sectors, such as efficiency and effectiveness further explained in 

section 5.1.2. In general, there are many silos between sectoral and environmental 

governance aspects and principles, which represent many challenges to 

sustainability. Section 5.2.2 considers some other legal principles that are relevant to 

the water-electricity nexus that are relevant to decision-making, management and 

regulatory processes involving disputed common-pool water and electricity 

resources.   

5.2.2 The rule of law and its sub-principles relevant to the water-electricity nexus 

in Brazil 

All levels of the Brazilian state have a central role in any water-electricity nexus 

discussion. National and state levels are holders of all water domain, while the former 

holds the domain of all hydroelectric potentials, and also the administrative 

competence to render electricity services directly or through concession agreements 

with third parties, subject to its regulation. This way, electricity generation is directly 

or immediately connected to the public power. The generation potentials of 

hydraulic electricity are characterised as public federal goods (Constituição Federal, 

1988, p. 32): 

 

‘Art. 20. Assets of the federal government: 

… 

VIII – Hydroelectric potentials; 

… 

§ 1º It is secured in the terms of the law, to states, federal district and 

municipalities, including the administrative bodies at national level composing 
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the direct administration, the participation in the results of the exploration of 

oil or natural gas, and hydro resources for the purposes of hydropower 

electricity and other mineral resources in the territory, continental platform, 

territorial ocean or exclusive economic zone, or a financial compensation for 

this exploration.’ 

 

Accordingly, the national government owns all hydropower resource 

potentials, but has the obligation to pay a ‘participation’ in the results of its 

exploration to local entities that are affected by it. Moreover, as the owner of the 

services and installations of electricity, it is the only competent power able to render 

services and implement the necessary infrastructure, so any third party required its 

concession, permission, or authorization. This is expressly found under item ‘b’, XII of 

article 21 of the Constitution (Constituição Federal, 1988, p. 32): 

 

‘Art. 21. It is the competence of the federal government: 

… 

XII – explore, directly or through authorization, concession or permission: 

… 

b) the services and installations of electricity and the use of water resources for 

electricity purposes, articulating with states when these electricity potentials 

are located under their territory.’ 

 

Accordingly, the national government holds the exclusive competence to 

explore the services and installations of electricity and should cooperate with states 

to the extent required for maintaining the necessary administrative articulation with 

local authorities for exploration of hydroelectricity resources in their area.  Finally, 

the Constitution expressly says that it is under the exclusive competence of the 

national the government the legislative powers in any all matters related to electricity 

(Constituição Federal, 1988). In light of the above, it becomes evident that in these 

three dimensions (resource domain, ownership of services and legislative 

competence), the state, more specifically the national scale is central to any kind of 

electricity related matter, infrastructure, services and norms. It holds all the power 
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to formulate, deliberate and monitor electricity generation and services. When it 

comes to water, even though these three dimensions are also under state control 

they have a more complex distribution of power in between scales. First, when it 

comes to water resource domain, it is split between two federative scales according 

to article 20 and article 26 of the Constitution (Constituição Federal, 1988, pp. 32, 

37): 

 

‘Art. 20. Assets of the federal government: 

… 

III – lakes, rivers and any other water current in territories of its domain, or that 

bathe more than one state, or borders other countries, or extends itself into 

international territories, or is coming from these territories, including the 

margining territories and fluvial beaches.’ 

 

‘Art. 26. Assets belonging to states: 

I – superficial and underground water, fluent, emergent or in deposit, with 

exception to those otherwise disciplined by the law in light of developments of 

federal level.’ 

 

Second, when hydro resources are used for purposes different than electricity, 

it observes completely different rules in relation to the concession of water services. 

As a general rule, the municipalities are competent to render and explore the services 

of water and sanitation. However, in areas classified as metropolitan regions, this 

competence is shared with states, so that both of them can manage the municipal 

services of water and sanitation (without transforming these into state services), 

which means there is obligation for municipalities to necessarily participate of these 

mechanisms of ‘cooperative federalism’ and it should also be guaranteed public 

participation in them.  

Third, the legislative competence is also more complex when it comes to water, 

because even though the Constitution guarantees it is exclusively under the federal 

government, the states are competent to legislate about assets under their domain 

(e.g. state waters described under article 26 of the Constitution). However, this 
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competence is residual, and they should not create new rights related to water, but 

legislate to the extent necessary for its management, with the caveat that federal 

legislation on the topic will always take precedence. Likewise, in general, 

municipalities should be able to legislate about the services under its competence, 

such as the services and installations of water and sanitation, but this is also a residual 

competence and the federal legislation takes precedence when it comes to water. 

Despite the different federative aspects when it comes to the distribution of 

powers and competences regarding water and electricity, it is unquestionable the 

central role played by the Brazilian State in all aspects of involving the water-

electricity nexus. Consequently, all legal principles that governs the Brazilian 

Democratic State and Public Administration are applicable to the WE nexus. The 

macro-principle of the rule of law has several subprinciples, which includes (amongst 

others) the principle of legality and legal reserve; legal security; proportionality; 

equity; and the right to effective legal protection or (tutela). Considering the 

relevance of the legal principle of proportionality to the water-electricity nexus, and 

also of efficiency, the next paragraphs brings forward the main aspects related to 

them, and how they are enshrined under Brazil’s legal system.   

The legal principle of proportionality is under articles one and five of the 

Constitution, and also under specific infra-constitutional norms. This principle 

indicates, in synthesis, that the State cannot impose obligations, restrictions and 

sanctions to individuals which are higher than those strictly necessary to attend the 

public interest. Different techniques and concepts should be stablished and 

promoted for the control and restriction of excessive actions. The proportionality 

principle applies to all administrative acts, because they need to be balanced, 

reflected and consider a cost-benefit evaluation, including the social costs, using 

criteria that shows adequacy of the different means to satisfy the different ends 

(Medauar, 1983, 1990, 1995). This way, the principle of proportionality applies to all 

types of actions, measures and decisions of the public power at all levels. Accordingly, 

the collegiate of Supreme Court has decided:  

 

‘(…) the principle of proportionality applies to all types of public power act, 

entailing the legislator, direct administration and the courts, and as Canotilho 
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puts, (…) it means that any measure that affects any fundamental right should 

be compatible with the principle of proportionality’ (Supreme Court, extract 

of the vote of the Minister Gilmar Mendes (Mendes, 2003, p. 15) under the 

proceeding HC 82.424/RS, reporter for the decision of Minister Maurício 

Corrêa, Tribunal Pleno, j. 17.9.03).’  

 

The principle of proportionality has three sub-principles. First, the sub-

principle of adequacy and effectiveness. It requires that any measure or decision 

selected (amongst the opposing measures or other alternative ones) is proven 

objectively effective (in other words, is able) to satisfy any given principles to solve 

conflicts under different water-electricity nexus realities in Brazil. This constitutes a 

requirement to evaluate the means to achieve ends or objectives of the principle that 

to a greater extent was considered to take priority in relation to other principles 

applicable to the WE nexus in a given case. Second, the sub-principles of necessity 

and efficiency, also known as the prohibition of excess. It requires that any chosen 

measure or decision (considering it has passed the first requirement and for this 

reason it is considered adequate and effective) should be the least restrictive, 

onerous, or severe for the non-satisfaction of any opposing principle. This constitutes 

a requirement that involves comparison and identification of hierarchies between 

the several measures, which represents a selection in between the several means 

(measures or decisions) to achieve the same ends (fulfilment of one of the counter 

principles which has a higher weight in the concrete case). Third and last, is in strict 

sense the sub-principle of proportionality in relation to cost-benefit, which requires 

that a measure or decision that is proven adequate and necessary (in other words 

effective and efficient) produces a gain in the fulfilment of the principle with a higher 

weight in a concrete case. Decision-making about resource allocation in areas where 

there are water-electricity nexus conflicts need to observe all of these criteria to be 

considered in line with the principle of proportionality.  

On the other hand, the principle of efficiency enshrined under article 37 of 

the Constitution (Constituição 1988, article 37, p. 47):  
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‘Art. 37. The public administration (direct and indirect) of any of the powers 

at national, state, federal district and municipal levels will observe and comply 

with the principles of legality, impartiality, morality, publicity and efficiency, 

and to the following:(…)’  

 

Efficiency has several correlated principles, such as, the prohibition of excess 

which is inherent to the principle of proportionality when it comes to the ponderation 

of opposing measures or alternatives (or as general method of rationalisation of 

decision-making). Another principle is related to the economy of means under article 

70 of the Constitution that states (Constituição Federal, 1988, p. 76):  

 

‘The monitoring of financial, budget, and operational accounts, and assets of 

the Union and those forming the direct or indirect administration, with respect 

to its legality, legitimacy, economy of means, application of grants or dismissal 

of funds, will be undertaken by the National Congress, upon measures of 

external control and also internal control of each power.’  

 

The criteria of efficiency establish the fundamental parameters of the 

discussions about the water and electricity nexus, because it is related (amongst 

other aspects) to the economy of means for the allocation of resource use and the 

multiple reciprocal implications of cross-resource input between electricity and 

water.  

5.3 Analytical tool to capture critical interlinkages between water and electricity 

in Brazil using metrics  

The analytical tool developed herein (Figure 12) supports the use of metrics to 

capture the impacts of reduced water levels under hydropower dams and the 

consequent decline in hydropower generation, out-flow dispatch levels, and rising 

thermal power generation. The tool analyses cost trends resulting from the 

regulatory framework that concentrates risks on big hydroelectric projects, but 

increasingly relies on thermal power due to multiple hydrological and non-

hydrological factors that impact on reservoir levels and hydro contribution to supply. 
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A variable economic value is allocated to the electricity produced by hydropower 

plants, so that it is lowest when reservoirs are full and higher when there are 

reductions of the stored water in reservoirs. This way, the electricity system’s 

operation planning and definition of prices are directly influenced by levels of stored 

water under reservoirs and hydropower contribution to supply. Hydrological and 

non-hydrological factors impact the quantity of water under hydropower dams, with 

consequent reductions of hydropower out-flow dispatch levels, hydropower 

generation and necessary increases of thermal power generation. The results 

analysed in Chapter 6 shows that hydropower generation decreased, while more 

expensive thermal power was brought online and consequently increased the 

marginal operational costs of the electricity system. The ecological flow downstream 

of reservoirs was compromised, affecting water users, biodiversity and levels of 

sodium chlorite in the water. Increased thermal power dispatches led to rises in 

electricity costs that resulted in affordability issues to both water and electricity.  

In Brazil, most specifically in the São Francisco, conflicts are raised to the extent 

that it is necessary to store water in reservoirs in benefit of electricity security and 

affordable electricity, but also promote minimum levels of water flow downstream 

of these developments to guarantee the multiple uses of water without detriment or 

harm to the environment. There were multiple water users, such as riverside 

communities and water services and sanitation that were affected by the reduced 

levels of quantity and quality of water downstream of hydropower developments. 

Despite hydropower generation having no water extraction, it impacts significantly 

on the water availability due to storage needs, which impacts and its quality.  

To prevent major reservoirs from drying out in Brazil, as occurred in the São 

Francisco basin, the approaches to scarcity considered mainly emergency-driven 

supply solutions. In the case of electricity, the greater reliance on thermal power led 

to greater costs and electricity affordability issues. In the case of water, there were 

higher supply-side investments by water services and sanitation providers to source 

water from greater distances, or using different technologies, including deeper 

underground pumping. Soft-path solutions in benefit of sustainability, with fewer 

impacts to the environment, greater efficiency, decentralised electricity systems and 

multi-purpose reservoirs will require planning and deliberation processes that 
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consider nexus perspectives and include state and non-state actors of both sectors 

at the very initial stages of decision-making, planning and policies.  

Consequently, further investigation of water and electricity governance 

aspects, policies, regulation, planning is necessary. The first step is an institutional-

historical analysis of both sectors through time. Furthermore, a questionnaire and in-

depth interviews enhance the knowledge of water-electricity nexus issues on the 

ground. Together they will shed light on the possible reasons for the evolution of the 

metrics, while also help reveal the existing conflicts and gaps from institutional and 

legal perspectives analysed through the lenses of regulatory theory. The findings of 

all these methods will support future considerations on how water and electricity can 

be better integrated from legal perspective to promote legitimacy of decision-making 

and fairness when it comes to scarce resource allocation. 
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[1] MOC (R$/MWh) = marginal operational costs of the electricity system, calculated for each subsystem.  

[2] PLD (R$/MWh) = settlement price of short-term market for electricity trade calculated in line to the MOC, limited to a 

maximum and minimum set by the electricity regulator 

[3] GSF = ratio between generation and physical guarantee of hydropower plants needs to be equal to 1, or 100%, or else it 

results in negative GSF and exposure of producers under the short-term market  

[4] ESS (R$/MWh) = electricity services charge created to cover the costs of dispatches of thermal power plants outside the 

economic model  

[5] CDE repass = CDE is a sectoral fund that serves to cover costs of several electricity public policies,  

Figure 12. Analytical tool for water-electricity nexus resource use and cost trends in Brazil 
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5.4 Institutional-historical analysis of governance aspects under different 

Constitutional periods 

To contextualise electricity and water governance in Brazil, albeit briefly, is to 

analyse how these were designed and disciplined under each Constitution of Brazil: 

1934, 1937, 1946, 1967 and 1988. The supremacy of constitutional norms requires 

that any law should be in accordance and subject to its terms, likewise any 

interpretation within the legal system. All Constitutions discipline the competences 

of the different scales in relation to water and electricity resource domain, and the 

legislative and granting powers regarding electricity and water matters and services. 

The institutions under each Constitutional period also serve to support the 

understanding of the legal structures that were in place to manage, plan and edit 

policies of electricity and water. This is relevant for the analysis that will rely on the 

institutional theorists of regulation to explain how the institutional arrangements 

have shaped the regulation of water and electricity and how it may challenge future 

attempts to better integrate these sectors.  This strand of regulatory theory explains 

that institutional arrangements and social processes interact to shape regulation 

(Baldwin et al., 2012). This way, the next sections bring forward the institutional 

design and the main developments involving electricity and water organised in six 

steps that represent each constitutional period. 

Until the 1930s the use of water was disciplined under an obsolete piece of 

legislation, dating back to 1804. Between 1919 and 1939, Brazil saw a big shift in its 

economy and national industry because of industrialisation (Lima, 1984). As a 

consequence of urbanisation, industrialization and population growth there was an 

increasing demand for electricity.  Although there are not many accounts of this 

period, between 1920 and 1940, electricity consumption in São Paulo grew by 573% 

(ibid.). This marked raised the need to establish adequate legislation to discipline the 

methods and incentives for the industry to explore water resources for economic 

purposes, most specifically hydropower for electricity generation that would support 

developmental growth.  

The national government enacted the Water Code in in the same month the 

Constitution of 1934 was promulgated, with rules in which the Water Code was in 

line with. The latter guaranteed the federal government with the domain of any 
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waterfall and electricity potential of public waters, giving it the exclusive power to 

grant concessions for hydropower generation (Código de Águas, 1934). Exceptionally, 

the national government could transfer to States its capacity to authorize or grant 

concessions for hydropower in case the latter had adequate administrative and 

technical capacity to carry out studies for evaluation of watercourses and hydro 

potential and supervise concessions and registrations. All other grants for water 

derivation that were not connected to hydro electricity production were to be 

provided by the holder of water domain. According to the water code all federative 

scales were holders of water domain: national, state and municipalities (Código de 

Águas, 1934, article 29).  

Today, only the federal government, states and the federal district hold water 

domain and have an institutional structure to manage its water resources. In this 

section the focus was on the rules related to the different powers pertaining to water 

and electricity resource management under each Constitutional period. This includes 

resource domain, granting capacities and the legislative powers to edit norms and 

rules related to water and electricity resource use. It provides important conclusions 

about the central role played by the State in any water-electricity nexus discussion in 

Brazil, how power has been split in between the different scales and how they 

developed to today’s structure, which will help explain the disparate levels of 

regulatory and institutional developments for each of them.  In general, this overview 

of different constitutional period helps to inform the principles and rules that apply 

to water domain, use, and exploration for economic purposes, conservation, 

preservation and protection against harmful consequences. 

5.4.1 1934 – 1937  

Figure 13 shows the electricity and water institutional design for this period 

(Constituição Federal, 1934). At national level, the Water Services Committee was 

responsible for carrying out studies and evaluations of hydroelectric electricity in 

Brazil. It assumed regulatory and supervision capacities, aimed at securing adequate 

services, reasonable tariffs and financial stability of electricity companies (Water 

Code, 1934). As an institutional body under the Ministry of Agriculture, it also had 

specific competences related to irrigation which were directly connected to the 
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“Services of Irrigation, Reforestation and Colonisation” under the National 

Department for Vegetable Production. The industrial focus of water use since the 

early stages of these norms that disciplined the resource use for electricity and 

irrigation shaped the governance arrangements for this period and many others 

thereafter. In all cases, it can be noticed the central role played by the State at all 

levels.  

 

Figure 13. Institutional set-up for water and electricity in 1934 

(Data Source: Constitution, 1934 and Water Code, 1934) 
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of water and hydropower required an authorization or concession of the federal 

government, instead of following old regime of contracts with states, municipalities 

and Federal District. For purposes of its industrial exploration the waterfalls were 

considered a distinct property from the land. Whereby the national government had 

the domain of all lakes and rivers that would bathe one or more State or serve as 

border to other countries (Constituição, 1934, article 20, II). On the other hand, States 

had the domain of margins of rivers and navigable lakes that were of public use but 

were not considered under the domain of federal government or municipalities 

(Constituição Federal, 1934, article 21, II). These comprised all public waters of 

common use that would serve as limit between two or more municipalities or go 

through parts of two or more municipalities (Water Code, 1934).  

States had the competence to legislate about water and hydroelectricity in a 

manner complementary to the federal laws, by taking into consideration the 

specificities of its areas and possible gaps of national rules (Constituição Federal, 

1934). States could grant authorization and concessions for industrial exploration of 

water and hydropower, if they satisfied the conditions established by law, including 

the requirement of technical and administrative capacities (ibid.). Municipalities 

were also holders of water domain, but different from States, they were not 

authorized to grant any authorization or concession, neither could they legislate 

about water and hydroelectricity in a complementary manner like States could (ibid.). 

Both States and Municipalities were obliged to apply 4% of its total tax income to 

provide economic assistance for populations living in areas affected by severe 

droughts.  

5.4.2 1937 – 1946 

The government of the previous period was supposed to have ended in 1938, 

but in November president Getúlio Vargas dissolved the Congress and imposed a new 

Constitution that was valid for almost ten years thereafter in which he was in power. 

Figure 14 shows the institutional structure for water and electricity for this period 

(Constituição, 1937). The latter followed similar rules of the one before, with only a 

few distinctions. One of them was the requirement to progressively nationalise all 

waterfalls used for industrial purposes (Constituição Federal, 1937). This way, all 
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water resources used for hydropower purposes were gradually turned into national 

resources and were subject to national control, regulation, rules and plans despite its 

location.  The constitutional norms of this period included under the national 

competence of legislating about water and hydroelectricity, the need for a legislation 

on electric installations and security measures to be adopted by producers of 

electricity (article 16). Likewise, the need for legislating about transmission regimes 

of high voltage lines that go beyond different State limits (Constituição, 1937).  

All other rules regarding water domain, legislative powers and granting 

capacities were kept the same (ibid.). All three levels were holders of water domain. 

However, again, only States enjoyed legislative powers in relation to water and 

hydroelectricity, while Municipalities did not. Also, only States could grant 

authorization or enter into concession agreements for the exploration of hydro 

resources, if satisfied the conditions set under federal law, while Municipalities could 

not. Municipalities located in the same region were only authorised to group 

themselves for installation, exploration and management of common public services, 

such as water services and sanitation (article 29). 

In 1939, the Water Division replaced the Water Services Committee (Decreto-

Lei 982, 1939) and had its competences extended to control, orient, support and 

supervise water use for hydroelectricity and irrigation, without addressing any other 

uses (ibid.). A new decentralised regime for intervention in the electricity sector was 

implemented in this period (Tavares, Antonio and Dias, 1999). Regional districts were 

responsible for developing studies about river and rainfall regimes and hydrology for 

the purposes of hydroelectricity (ibid.). In 1939, the National Council for Water and 

Electricity (CNAEE) was created to be the consultative body to president, providing 

orientation and control measures on hydro resource use for electricity (Tavares et al., 

2006).  
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Figure 14. Institutional set-up for water and electricity for period 1937-1946  

(Data source: Código de Águas, 1934; Constituição, 1937; Landi, 2006) 
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have its river source or river mouths in the State territory were now under state 

domain. They continued to enjoy the right to grant authorisation or concession for 

industrial exploration of water resources, likewise, to complement any federal law 

regarding water and hydroelectricity. In relation to the electricity sector, the 

Constitution expressly required that the legal regime of concessionaires should 

follow those set under Water Code. Moreover, it required the creation of tax on 

electricity.  

In the fifties, the electricity sector struggled with low investments and many 

systemic issues connected to the accelerated industrial progress, urbanisation, 

control of electricity tariffs and a predominance of petroleum and electricity in 

relation to all other sources of electricity (Landi, 2006). The main challenge was to 

develop an institutional and regulatory framework that would create incentives for 

private parties to invest, but the many obstacles drove discussion to nationalisation 

arguments (ibid.). This way, publicly held incumbents assumed the expansion of 

electricity sector, but the drought between 1952-1954 raised many risks to supply 

and further needs to expand generation (Gomes and Vieira, 2009). In 1956, the 

national government created the Plano de Metas, with the aim to increase the 

installed capacity of 3.491 MW in 1956 to 8.255 MW by 1965 through big hydropower 

plants (ibid.). Whereby high capital needs, long periods of maturity and low 

profitability led the public sector to play an important role in expanding electricity 

production. Publicly held incumbents assumed the expansion of electricity sector and 

by 1965 they provided more than 50% of total electricity generation (Tavares et al., 

2006). 

From an institutional perspective, the Ministry of Mines and Electricity was 

created in 1960, incorporating the following bodies: National Department of Mineral 

Production (DNPM), National Council of Water and Electric Electricity (CNAEE), 

National Council for Mining and Metallurgy, National Petroleum Council and the 

Export Commission for strategic material. In 1961 Eletrobrás was created to be 

responsible for developing studies, projects, construction and operation of electricity 

generation hydropower plants, transmission lines and distribution of electricity 

(Mendes, 2012). Eletrobrás assumed the role of planning the sector, managing funds 

and taking care of any participation of national government in the electricity sector. 
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The Water Division of DNMP was extinct and the National Department for Water and 

Electricity (DNAE) was created (Law 4904, 1965). DNAE became the responsible for 

the studies of river regimes and hydroelectricity and the only regulator for both water 

and electricity.  

  

Figure 15. Institutional set-up for water and electricity between 1946 - 1964 

(Data source: Constituição, 1946) 
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5.4.4 1964 – 1988 

The military coup of 1964 led to many changes. Figure 16 shows the 

institutional structure for water and electricity in this period. The legislative powers 

that states used to have in matters related to water and hydroelectricity were extinct 

(Constituição Federal, 1967). States also lost the capacity to grant authorization and 

concession for hydroelectricity (ibid.). Eletrobrás consolidated its role of planning, 

managing funds and serving as holding company of all federal incumbents (Landi, 

2006). DNAE was extinct and the Department of Water and Electric Electricity 

(DNAEE) was created to assume all competences of granting authority. DNAEE served 

as the only regulatory for both water and electricity, but it mainly acted as the 

normative body with the capacity to supervise the electricity sector and neglected 

the water sector. It was responsible for all concessions involving exploration of hydro 

resources for electricity and regulated electricity tariffs in ways that never happened 

for water.   

This division of roles between Eletrobrás and DNAEE was key to the 

authoritarian regime of the time, concentrating power under federal government in 

detriment to states and municipalities. By 1969 the federal structure for 

management of electricity services was consolidated and kept unchanged until 

reforms of 1990s marked by privatization policies (Lima, 1984). Sanitation and 

environmental concerns entered the national agenda for the first time in this period, 

with a national plan for sanitation enacted in 1971, but the Ministry responsible for 

it and the plan were disbanded in 1990. Further details of the latter are found in 

Chapter 6.  
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Figure 16. Institutional set-up for water and electricity in Brazil between 1967-

1988  

(Data Source: Constituição Federal, 1967) 
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15.354 MW in 1973 (Landi, 2006). After the oil shocks of the 1970s the companies 

connected to the productive sectors of the state were transformed into instruments 

of external debt. In the case of electricity this practice followed until 1985. By the end 

of the 1980s it was clear the sector needs reforming to deal with high levels of 

external debt and the institutional design that proved inadequate because of 

accentuated federative conflicts resulting from it.  

5.4.5 1988 – today  

Figure 17 shows the institutional structure for water and electricity today 

(Constituição Federal, 1988). The Constitution of 1988 determines that only national 

government and states have water domain. This way, only the two have management 

capacities and all rules of the Water Code regarding any other type of water type and 

domain do not apply. The federal level is competent to explore (directly or by means 

of authorisation, concession or permission) the services and installations related to 

electricity, as well as any hydraulic potential of watercourses (Constituição Federal, 

1988). It also holds the exclusive competence to legislate about any and all matters 

related to electricity and water. States can edit laws to manage its resources, but they 

cannot create new rights with respect to water (ibid.). The main regulatory reforms 

of the Brazilian electricity sector between the years of 1995 and 2004 have resulted 

in the present-day structure.  

The water governance framework was established in 1997 (Brasil, 1997). It 

requires a multi-level approach where states and federal government are responsible 

for managing and implementing their water management systems. At national level 

the highest institutional water body is the National Council of Hydro Resources. 

National Water Agency (ANA) is the national water regulatory agency. These 

institutions interact with one another horizontally and vertically; and with other 

federative levels and users under basin committees, at basin level, managing water 

at its catchment area. Basin committees have normative, deliberative and 

consultative roles, with responsibility of establishing the mechanisms to implement 

the water charges and to approve the water basin plans and supervise their execution 

(ibid.). Whereas ANA has managed to implement charges for basins at federal level, 



 167 

the majority of states lack administrative structure, human resources and financial 

capacity to implement them (Johnsson, 2014). 

On the other hand, the Constitution of 1988 establishes common competence 

of all scales to promote development on the conditions of WASH. Municipalities are 

exclusively competent for services and should develop WASH policies, plans, enact 

norms and regulate services. They participate of water management indirectly under 

basin committees. The federal government is responsible for the national WASH 

policy of 2007. Several ministries need to coordinate their work at national level, 

including Ministry of Cities, Ministry of Health, Ministry of Environment, and Ministry 

of Integration. States mainly act as providers of WASH, by entering into concession 

agreements with Municipalities. There are many issues around regulating state-

owned utilities: government representing interests of one group; tariffs equally 

applied to different municipalities within state region; and capture of the utility for 

personal and political ends. Figure 17 below shows the current institutional structure 

for water and electricity. 
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[1] WSS: Water services and sanitation 

Figure 17. Current Institutional set-up for water and electricity in Brazil 

(Data: Constituição Federal, 1988) 
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5.4.6 Initial findings of the historical-institutional analysis  

The above institutional accounts of water and electricity through time allows 

important conclusions to be drawn for the assessment of the water-electricity nexus 

in Brazil under Chapter 6. First, both water and electricity have been historically 

centralised under the state, including through state-owned utilities, state resource 

domain and legislative powers. Electricity has always followed a top-down and 

centralised governance approach which is still the case today. Even when there were 

water division districts at regional level, there was no delegation of powers to 

regional levels. They were mainly responsible for technical studies about river flow 

and rainfall patterns and hydrology to report directly to the higher levels, so its main 

purpose was to provide technical support. Until the 1960s, water services and 

sanitation was out of the national institutional structure, and all institutions 

managing water had the purpose of guaranteeing hydroelectricity. Shortly after the 

introduction of water plan and financing programme for the expansion of services 

these were cancelled, which compromised further developments to the water sector. 

This regulatory gap lasted until the 1990s, which explains the many asymmetries that 

will be further analysed in Chapter 6. Electricity has historically taken precedence in 

the use and management of water resources. It has always counted with more robust 

and continuous regulatory developments to promote the expansion of its services.  

Electricity has always been under national powers, but in relation to the 

governance of water resources and water services and sanitation there has been 

historical shifts of scales and powers. First, the water services and sanitation was 

governed at the national level, but this was later changed to local level, with many 

discussions that followed thereafter about what would be the best federative to hold 

powers. The Constitution of 1988 is not very specific, which has also delayed the 

implementation of a robust framework for water services and sanitation. Considering 

that most areas of the country do not have a local level with technical, financial and 

administrative capacities to develop services, it does not come as a surprise that 

levels of supply and efficiency are very low, especially in the poorest regions as the 

Northeast.  Fastly growing metropolitan areas also raised many discussions about the 

appropriate governance level for water services and sanitation governance. This also 
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resulted in delays to its further development. A national water policy was only 

enacted in 1997 and the regulatory body for water is from 2002. However, it does 

not have any competence to regulate the services of water and sanitation. It is 

restricted to the regulation of water resources. The historical developments show 

that water has been considered an abundant resource that required little attention 

in terms of its planning and allocation of use and preservation. The result is very high 

levels of pollution, non-accounted use of resources and underdeveloped siloed 

databases.  

Finally, Brazil’s experience also shows there are many risks in integrating water 

and electricity under a same regulatory body. When the Department of Water and 

Electric Electricity was the only regulator for both, the water dimension was 

completely neglected. It was regulatory body that carried water only in its name. All 

of its regulation, monitoring, studies and work was restricted to electricity. This way, 

it would not be recommended to follow this approach again in Brazil to avoid risks 

that the strongest of the sectors does not capture water any further. The regulation 

of water is still in its very early stages of development when compared to electricity, 

so keeping them separate is also important to allow water to follow its own paths of 

development to reach higher levels of regulatory maturity.  

5.5 Questionnaire design and semi-structured in-depth interviews in Brazil 

As discussed in detail in Chapter 4, section 4.4, a mixed method survey design 

was developed for this research for the assessment of the water electricity nexus in 

Brazil, split in two phases: questionnaire and in-depth semi-structured interviews. 

The questionnaire was distributed as widely as possible to experts working with 

electricity and/or water related matters. In-depth semi-structured interviews were 

undertaken with a select group of experienced public authorities and stakeholders 

working with water and/or electricity related matters. The answers to the 

questionnaire helped guide the interview questions in accordance to the trends and 

relevant topics arising from the first analysis of results during the data collection 

period in Brazil that lasted three months. Six interview questions were developed to 

address the topics related to governance, decision-making powers, fair and rational 

allocation of resources and the legal principles that guide decision-making and 
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actions of the public power. The findings of both stages will inform different aspects 

of the analysis based on theories of regulation, water-electricity nexus and 

environmental justice.    

5.5.1 Questionnaire Data Collection and Outreach 

Considering the aim of the questionnaire was to assess the water-electricity 

nexus in Brazil, it was (i) based on different areas of integration or non-integration of 

water and electricity, which included infrastructure, planning, public policies, 

governance, regulation, risk assessment, information and knowledge and 

monitoring; and (ii) based on different concepts that underlie electricity and water 

systems, which included accessibility, affordability, quality, quantity, sustainability, 

efficiency, environmental justice and multiple water uses. The questionnaire was split 

into six sections that support answering different research questions (Table 15). One 

of its main aims was to assess how water and electricity experts and government 

representatives perceive the level of integration/non-integration of these sectors in 

Brazil.  

To ensure consistency the majority of questions were closed with specific 

options. Nominal scales were used for labelling variables without any quantitative 

value. For example, the first questions required respondents to choose on behalf of 

what/who they were replying from a specific list of options. This list included citizens, 

water companies, water business association, electricity companies, electricity 

business associations, government authorities in charge of electricity and/or water, 

water regulatory agency, electricity regulatory agency, professional consultancy, 

academia and NGOs. It was combined with ordinal data (0-100) and respondents had 

to classify, for example, how much the electricity and water sectors are non-

integrated or integrated from very low (0) to very high (100). Two open-ended free-

response questions were included for additional details about existing best practices 

and the historical and current issues related to both electricity and water. All data is 

self-reported and was collected online using the survey monkey platform. has the 

details of the information that was required under each section of the questionnaire 

and the research questions they relate to. After three months the questionnaire was 
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closed and the responses were transferred from the survey monkey platform to an 

excel spreadsheet, so that detailed and better conclusions could be drawn.  

 

Table 15. Information requested under questionnaire and related research 

question 

Information Research Question 
Assessment of electricity and water areas 
that are integrated or not, and if they 
represent a problem;  

What are the critical interlinkages or separate 
silos between water and electricity in Brazil?  
What are the water-electricity nexus conflicts 
and gaps from governance, policy and 
regulatory perspectives?  

Negative impacts of non-integration 
versus positive impacts of integration on 
water and electricity related matters, 
such as quality, quantity and efficiency, 
etc.;  

What are the critical interlinkages or separate 
silos between water and electricity in Brazil?  
What are the water-electricity nexus conflicts 
and gaps from governance, policy and 
regulatory perspectives? 

Examples of current and historical issues 
involving the most relevant areas that 
were chosen to be either integrated or 
non-integrated;  

What are the consequences of electricity and 
water operating under two silos and different 
scales?  
What are the critical interlinkages or separate 
silos between water and electricity in Brazil?  
What the water-electricity nexus main 
conflicts and gaps from governance, policy 
and regulatory perspectives? 

Degrees of influence of the principle of 
sustainability and different stakeholders 
on water and electricity management and 
policies;  

What are the consequences of electricity and 
water operating under two silos and different 
scales? 

Best practices that brings these two 
sectors together in Brazil; and  

What are the critical interlinkages between 
water and electricity? 

Strategies of ways to move forward  What are the possible ways to promote 
greater integration between water and 
electricity in Brazil from a legal perspective to 
support advances to the SDGs holistically?  

 

All data is self-reported and was collected online using the survey monkey 

platform. In total 39 responses were received, but only 38 have useable because one 

participant only answered questions one and two. Other respondents skipped some 

questions or exited the questionnaire before completing the questions, both of which 

are indicated in results presented in Chapter 6. More than 50% of respondents failed 

to answer to the last section on the strategies to advance water-electricity nexus 

management in Brazil in better integrated ways. Consequently, the analysis of all data 

from all respondents was not possible. The number of years of professional 
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experience of the respondents varies between 4 and 45 years, with the vast majority 

of people having more than 25 years of experience. They represent water companies, 

government authority in charge of water, academia, professional consultancy, 

electricity company, government authority in charge of electricity, water regulatory 

agency and citizen/consumer. The results of the questionnaire are analysed in 

Chapter 6 and they have been presented as indicative of the views of those working 

in or alongside the water and electricity industries. In connection to other results, this 

material provides important information about governance issues and the high 

influence of electricity on the management and policies water, revealing important 

power issues in terms of decision-making about scarce water resources.     

When the questionnaire reached a total of 30 responses, a preliminary 

analysis of the results was conducted to support the planning and development of 

the semi-structured interviews. From this total, there were 18 complete answers, of 

which 11 considered the sectors to be non-integrated (mainly governance, regulation 

and information and knowledge), while seven considered them to be integrated. The 

most commonly chosen areas that were considered to be non-integrated were 

governance, regulation and knowledge and information, with negative impacts on 

the following key underlying concepts of water: accessibility, affordability, 

sustainability, environmental justice and multiple uses of water; and following key 

underlying concepts of electricity: sustainability, efficiency, reservoir levels and 

quantity. While infrastructure and regulation were the top two integrated areas, with 

positive impacts on the following key aspects of water: quantity and multiple uses of 

water; and on the following key aspects of electricity: hydropower levels and 

affordability. Everyone (eighteen people) chose that government authority in charge 

of electricity have a high influence on water policies and management, while the 

inverse is not true. Moreover, all responses indicated a very low level of citizen and 

civil society participation in both water and electricity policies and management. In 

terms of best practices that brings these two sectors together, environmental 

licensing was considered a good example as were the emergency rooms.  

The last section, which is based on forward strategies was evaluated in terms 

of feasibility, priority and timeframe. The initial results show that governance and 

policy strategies were considered to have the highest feasibility and priority by the 
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highest number of people completing the questionnaire, ranked in the following 

order: govern by overarching nexus goals, instead of sector by sector basis, which are 

measurable, time-based and uses performance-based indicators to support 

coordination (strategy 2); include commercial and non-commercial non-state actors 

to strengthen integration at the agenda-setting, problem definition and decision-

making states of water and electricity policy making (strategy 3); and total 

transparency of all stages of decision-making process (strategy 4). The same ones 

were chosen to have the highest priority. In terms of timeframe to implement them, 

the views were split between 2020 and 2030.   

In relation to joined-up projects, programmes and instruments strategies, 

those chosen to have the highest feasibility by the highest number of people were 

strategies 8, 11 and 12. Strategy 8 is based on the development of integrated water-

electricity efficiency programs, so that utilities share knowledge and co-develop 

education programmes. Strategy 11 is based on regulatory practices that use 

economic instruments and incentives for efficient water distribution and water 

recycling programs. Strategy 12 is based on the revision of the financial compensation 

for water use paid by hydropower producers to consider better issues of water 

availability, competition and destination of funds. In terms of priority, strategies 9, 

11 and 13 were chosen to have the highest priority. Strategy 9 is about the promotion 

of joined up infrastructure projects for water and electricity, with on-site renewable 

electricity for water and multi-use reservoirs. Strategy 13 is based on shifting current 

approaches to water and electricity scarcities focused on supply side (water transfers, 

more reservoirs and hydropower plants) to soft-path solutions that increase 

efficiency and decentralised systems. There were split views about the 

implementation timeframe for strategies 11 and 12 (between 2020 and 2030), and 

for strategy 9 (between 2030 and 2050). For strategies 8 and 13 the majority of 

people chose 2030.  

The remaining 12 answers were incomplete, with everyone skipping the 

section on strategies. From this total, three people chose that water and electricity 

are non-integrated (with one of them skipping all questions thereafter), while eight 

others chose, they are integrated, and one person skipped. The two that consider 

these sectors non-integrated agreed that governance, regulation and efficiency are 



 175 

the main non-integrated areas with negative impacts on multiple uses of water and 

environmental justice. They diverged when it came to the negative impacts of non-

integration on electricity aspects, with each of them answering that there are 

moderate-high or high impacts on environmental justice, accessibility, affordability, 

quality, quantity, sustainability and efficiency. From the remaining eight people that 

consider the sectors to be integrated, five agreed that planning and infrastructure 

has some degree of integration, with positive impacts on water quantity, and positive 

impacts on reservoir levels, while the other three did not complete this section of 

questionnaire. Less than 50% of the people answered the section about different 

degrees of influence of different stakeholders on water and electricity management 

and policies, so the only observable trend is that citizens have a very low 

participation. 

There were a few key points that emerged from the above responses that 

require further deepening in the interviews. For example, respondents recurrently 

agreed that governance is a non-integrated area that represents problem, with 

examples under the open questions based on the lack of coordination between the 

three political levels, and the basin level for water and electricity management. 

Considering that the water-electricity nexus studies recommend coordination, 

harmonising and alignment of strategies, policies, regulations and incentives 

between sectors, it would require better coordination of multiple actors in each 

sector at both central and local government levels to advance the SDGs through 

nexus rationales in Brazil. This way, an important follow-up question under the 

interviews will be with respect to the practical ways in which stakeholders from these 

different sectors and levels have cooperated on problem solving, including what 

people consider really problematic and challenging in the way their institution had to 

carry its work in relation to thinking of this relationship and why.   

On the other hand, considering that electricity was chosen to have a high 

influence on the management and policies of water, a key question was about the 

collaborative decisions involving resource allocation, so that those in the front-line 

can specify when, how and why the needs of different areas and people were valued. 

This leads to other important questions about what people consider to be the most 

relevant action to promote rational and fair allocation of resources between multiple 
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users, including the specific strategies they would like to see implemented in the 

long-run and why. These are analysed in connection with the strategies that were 

considered top priorities and with highest feasibility under the questionnaire. Finally, 

the interviews provide an opportunity to deepen the understanding of what other 

principles inform the decision-making processes by the public authorities and those 

working directly under the São Francisco or more generally in the electricity sector. 

These are further compared to the principles covered under section 5.2.2. 

5.5.2 In-depth semi-structured interviews 

The semi-structured interviews that followed after the questionnaire were 

useful to produce information in greater detail about the allocation of resources for 

electricity and water. The participants were representatives from public authorities: 

executive, regulatory and legislative powers at national level responsible for 

electricity and/or water, including those working directly under the São Francisco 

basin, and the national electricity grid operator. Table 16 has the details of the 

number of participants of each institution and Figure 18 shows the percentage of 

participants for each sector.  

 

 

 

Figure 18. Percentage of participants for each sector under interviews 

The target group was chosen according to their expertise and field of work 

involving the intersecting dimensions of the water-electricity nexus. The metrics and 

questionnaire results provided important conclusions about the issues involving 
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resource allocation decision-making processes and different degrees of influence of 

different stakeholders and the principle of sustainability. This way, the main target 

were the public authorities working with water and electricity related matters, 

representing different branches of power and scale. It includes the executive branch 

through its Ministries of Mines and Electricity, Ministry of Environment, National 

Electricity Research Company and Ministry of Integration. Representatives from the 

legislative branch were also included with a focus on those working with electricity 

or environmental and hydro resource areas. The objective was to interview the public 

authorities and other relevant experts from the electricity sector that are working at 

the forefront of water related topics. While in the water sector and water 

governance, the objective was to interview those working under the São Francisco, 

including the water-transfer project or hydropower producer, or water governance.  

During the period of data collection, the 8th World Water Forum took place in 

Brasília between March 18 to 23 of 2018, which is where and when I was based for 

most of the time. It is the largest water-related event in world, organised by the 

World Water Council (WWC) every three years. The WWC counts with multi-

stakeholder platform composed by more than 400 institutions in nearly 70 countries. 

During the event, I met many relevant people from my target group. Many 

stakeholders agreed to answer the online questionnaire, while others agreed to 

contribute to the research through interviews. Most representatives from the 

executive power (Table 16) were contacted at the Forum. One of the main messages 

from the representatives of Brazil’s electricity sector was about the need to develop 

new multi-use dams. While the main messages from water sector representatives 

were about the complexities of resource governance, especially in places like the São 

Francisco basin that is facing resource stress.      
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Table 16. Interview target groups by scale, power, institution and number of participants 

Scale Power  Institution Sector Number of 
participants 

National Level  Executive  Ministry of Mines and 
Electricity 

Electricity 2 

Ministry of the 
Environment/ National 
Council of Water 
Resources 

Water 1 

Ministry of Integration Both 5 

Water Regulatory 
Agency 

Water 3 

National Electricity 
Research Company 

Electricity 1 

Legislative Senate House Both 2 

Federal basin 
level 

Indirect 
administration 

National Company for 
Development of the 
São Francisco and 
Parnaíba (CODEVASF) 

Water 1 

National level Not applicable National Grid Operator Electricity 1 

 

All data was developed through detailed conversations involving pre-set 

questions, but with flexibility to consider new discussion points under the interview 

and also the change of order or skipping of questions when necessary. All of them 

were recorded upon prior consent of all participants. In total, 15 participants were 

involved, and everyone answered all questions. Most of the interviews counted with 

two or more participants, reaching a maximum of five people under the Ministry of 

Integration. Table 17 contains the information that was requested and the research 

questions they relate to.  

 

Table 17. Information requested under interview and related research questions 

Information Research Question 
Relationship between water and electricity  What are the critical interlinkages and 

risks of separate silos of water and 
electricity in Brazil? 

Problems/challenges to carry work in 
relation to thinking of this relationship 

What are the consequences of water 
and electricity operating under two silos 
and different scales? 
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What are the critical interlinkages and 
risks of separate silos of water and 
electricity in Brazil?  
What are the water-electricity nexus 
conflicts and gaps from governance, 
policy and regulatory perspectives? 

Cooperation on problem solving between 
stakeholders from water and electricity 
sectors at different levels  

What are the consequences of water 
and electricity operating under two silos 
and different scales? 
What are the critical interlinkages and 
risks of separate silos of water and 
electricity in Brazil?  

Long-term programme or strategy that 
brings water and electricity together  

What are the critical interlinkages and 
risks of separate silos of water and 
electricity in Brazil? 

Rational and fair allocation of water 
resources between multiple users  

What are the consequences of water 
and electricity operating under two silos 
and different scales? 

Principles  What are the consequences of water 
and electricity operating under two silos 
and different scales? 

 

5.6 Ethics  

The participation of different professionals currently working with electricity and 

water under the questionnaire and interviews was always on a voluntary basis and 

incentives were not offered. Anonymity and confidentiality concerning people and 

places was assured. Participants had the current study explained to them, and 

informed consent was given prior to their involvement in the research. The semi-

structured interviews were conducted in their working places, while the 

questionnaire was restricted to the survey monkey online version. It has been made 

clear how the information would be used in the research projects and that data 

would also been securely stored. No data which could be potentially inflammatory or 

endanger people’s positions has been used. In addition, specific names or positions 

that may facilitate the identification of the participants has not been mentioned in 

this research thesis.   
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Chapter 6 Qualitative Assessment: Water-Electricity Nexus in Brazil 

6.1 Introduction 

Since the 1930s, water has served as the backbone of the Brazilian electricity 

sector. The national government prioritised hydroelectric power, with multi-year 

storage reservoirs to enhance stability and secure supply. This is one of the well-

known dimensions of the water-electricity nexus. According to Brazil´s 10-year 

electricity planning hydropower will continue to serve this purpose, even though its 

contribution to supply has decreased in the last years and predictions show further 

reductions. It is projected that by 2027 it will represent 50% of total supply (EPE and 

MME, 2018). The 10-year plan for electricity with projections for 2024 showed that 

the total installed capacity of electricity is expected to increase from 132,9 GW to 

206,4 GW between 2015 and 2024 (EPE, 2015). According to latter plan, hydropower 

projects should contribute with 28.349 MW, representing one third of all investments 

(ibid.). However, water resources are very unevenly distributed and so is the 

population (Figure 19) (ANA, 2015c). The North region holds 81% of Brazil’s water, 

the centre-west region holds 8% of all surface water, while the remaining 11% is 

where most of the population currently lives (Northeast, Southeast and South 

regions). The region with the greatest quantity of surface water (81%) has the lowest 

concentration of people, while the area where 86% of the population lives holds 11% 

of all surface water (Figure 19).  The most critical watersheds under the latter area 

from a water-electricity nexus perspective are the São Francisco and the Paraíba do 

Sul, which have been highlighted under Figure 19.   
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Figure 19. Spatial distribution of surface water in Brazil 

(Data source: ANA, 2015) 

Due to multiple hydrological and non-hydrological factors, many reservoir 

waters levels have decreased. These consistent reductions, especially in the 

Northeast and Centre-Southeast electricity subsystems, impacted on water quantity 

and quality for both electricity and water, which have also raised issues of electricity 

and water affordability and environmental justice. Under the two most critical 

watersheds from a water-electricity nexus perspective of this area – São Francisco 

and Paraíba do Sul – emergency-driven efforts were necessary for negotiations of 

different aspects of resource allocation to tackle water and electricity crises and 

avoid total depletion of reservoirs. These efforts happened under a “Critical Events 

Room”, coordinated by the national water regulatory agency. The meetings under 

this Critical Events Room were held online, between states, national grid operator, 

electricity producers, environmental bodies, large-scale agrobusiness 

representatives, water committee representative, water services and providers and 
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meteorological bodies. Procedural environmental justice issues are raised to the 

extent that important voices, such as riverside communities, water services and 

sanitation companies, fisherman and transport sector were left out of the discussions 

under this emergency-driven decision-making environment. 

It is not a coincidence that these two critical watersheds are under the two 

most critical electricity subsystems: Centre-Southeast (Paraíba do Sul) and the 

Northeast (São Francisco). These two subsystems (from a total of four) are 

responsible for nearly 90% of all electricity storage capacity of the Brazilian electricity 

system (MME, 2019). The Paraíba do Sul holds 3.2% of electricity storage of the C-SE 

subsystem and is located between the biggest industrial and populational poles (São 

Paulo, Minas Gerais and Rio de Janeiro) (ANA, 2015a). Even though it has low storage 

capacity in relation to the electricity system, the very high concentration of people, 

agrobusiness and industrial activities raises many resource disputes and risks to 

supply security. The São Francisco, which is the main focus of this analysis, holds 

96,1% of electricity storage capacity of the electricity subsystem Northeast (CBHSF 

and AGB - Peixe Vivo, 2013). The electricity sector has a very high stake in this basin 

and strong interest in preserving water under reservoirs to produce electricity. While 

other users require water for preservation of their livelihoods, urban supply, 

irrigation and industry. The assessment of the water-electricity nexus in Brazil 

analyses the critical interlinkages between water and electricity using metrics and the 

results of the empirical work in Brazil.  

6.2 Critical interlinkages between water and electricity using metrics 

The electricity sector has historically acted as one of the principal management 

agents and users of hydro resources in Brazil. Damns were initially developed for the 

exclusive use of hydropower and to assure regular flow of water under seasonal 

rivers. The installed capacity of hydroelectric generation grew from 13,724 MW in 

1974 to 96,925 MW in 2016 (Figure 20) (Empresa de Pesquisa Energética, 2017). 

Followed by thermal power plants, which grew from 4,409 MW in 1974 to 41,275 

MW in 2016 (ibid.). Thermal power was developed to serve as back-up of the 

electricity system and enhance security of supply, but it increasingly serves to 

complement base load. In other words, it is losing its back role to form the bases of 
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electricity supply in Brazil, with dispatches happening more frequently.  Between 

2004 and 2016, the total installed capacity of thermal power more than doubled from 

19,556 MW to 41,275 MW (Figure 20) (ibid.).  

 

 

Figure 20. Hydro and thermal power installed capacity in Brazil between 1974 – 2016  

(Data source:  Empresa de Pesquisa Energética, 2017) 

Despite the growing installed capacity of hydropower for the same period, its 

contribution to supply decreased from 74% in 2004 to 68% in 2016 (ibid.). This is due 

to decreasing levels of water under existing reservoir connected to severe and 

ongoing droughts (hydrological factor) and other non-hydrological factors that 

include, amongst other things, chronic delays in delivery of new plants, and 

misconduct in planning and regulatory issues. According to the national legislation 

(CNPE, 2004), the choice of electricity source should be based on economic merit and 

electricity security, whereby the aim of the system is to service demand at any given 

time, at the lowest possible cost, guaranteeing risks of electricity deficit be kept equal 

or below 5% under each individual electricity subsystem: North (N), Northeast (NE), 

Centre-Southeast (C-SE) and South (S) (Figure 21). 
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Figure 21. The four subsystems of Brazil's electricity sector   

Data Source: Adapted after (ONS, 2014) 

 

The risk of electricity deficit is a percentage obtained from hydrological 

simulations that result in a marginal operational cost (MOC) equal to or above R$ 

4,650.00/MWh and requires rationing of electricity (CNPE, 2016). The higher the 

MOC, the higher the risks of electricity deficit and the risks of electricity rationing. 

Before 2017, the risk of electricity deficit was split into four tiers, updated every year. 

In 2015 the tiers varied between MOCs of R$1,420.34/MWh and R$7,276.40//MWh 

(ANEEL, 2014) (Table 18). Each tier required different percentages of load reduction 

through electricity rationing (Table 18).  

 

Table 18. Electricity deficit cost levels and load reductions for 2015  

Tiers Deficit cost 
(R$/MWh) 

Levels (% of load reduction – LR) 

1 1,420.34 0% LR £ 5% 
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2 3,064.15 5% LR £ 10% 

3 6,403.81 10% LR £ 20% 

4 7,276.40 LR > 20% 

Data source: (ANEEL, 2014) 

Even though in January 2015 the MOC reached levels above the first tier 

under the NE and C-SE subsystems, the government did not implement any rationing 

measures, which led to further depletion of reservoirs and increased use of thermal 

power generation (including outside the economic model). One of the main reasons 

that the government arbitrarily chose not to implement any rationing measures is 

because it would be an unpopular measure for re-election period. The growing 

demand of electricity in this period shows the authorities were giving completely 

wrong signals to the population about the real state of resources. Reservoirs were 

depleted even further at moment where there was less water due to severe drought. 

Consequently, the prices of electricity skyrocketed because more expensive thermal 

power generation was necessary to complement base load.   It has been assumed 

that all existing thermal power plants were needed for uninterrupted months during 

the severe drought period of 2014-15, which contributed to the rise of the MOC. For 

example, during the months of April 2015 to August 2015, thermal plants with 

variable unitary cost of over R$1,100/MWh were brought online (CCEE, 2018). 

Consequently, there are many still growing economic, social and environmental 

burdens to all stakeholders.  

When thermal plants with variable unitary costs £R$422.56/MWh are 

dispatched, the red flag tariff applies, which can result in additional costs to the 

electricity bill of R$3.00 for each 100 kWh of electricity consumption (R$422.56 ³ 

R$610 MWh); or R$5.00 if thermal power plants with variable unitary costs above 

R$610 /MWh are needed (ibid.). Plants with variable unitary costs equal to or above 

R$211.28/MWh and below R$422.56/MWh require the application of the yellow flag 

tariff and there is an additional R$1.00 for each 100kWh of consumption (ibid.). There 

is no addition to the electricity bill when thermal power plants with variable unitary 

costs below 211.28/MWh are brought online (green flag tariff).  
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The coloured-flag system was first implemented in 2015 and, in that year, the 

red flag applied throughout all months (ibid.). For the baseline year (2015), the 

coloured-flag tariffs were applied individually for each subsystem, according to the 

sum of the MOC and electricity services charge (ANEEL, 2016). After 2015 the flags 

were defined for the whole system, based on the highest Variable Unit Cost (VUC) of 

the last thermal power plant dispatched in accordance to the economic rationale or 

in benefit of electricity security (CCEE, 2018). The funds collected through the 

coloured flag tariffs are centralised under a common account and are supposed to 

cover the following costs (ANEEL, 2017): (i) power purchase agreements of 

availability of electricity under the regulated market (thermal power generation fuel 

costs); (ii) results of short-term market; (iii) hydrological risk of hydropower plants 

under quota-regime (related to forcefully reduced tariffs by government); (iv) 

electricity service charge connected to thermal dispatches outside the economic 

model; and (v) hydrological risks of hydropower producers under the regulated 

market (Kirchner, 2016). There is a deficit in this account, because the amounts 

collected thus far are not sufficient to cover all the accumulating costs. In October 

2017 the deficit reached around R$4.36 bn, which will need to be compensated in 

the near future through coloured-flag tariffs, annual tariff revisions and tariff 

readjustments that happen every four years (ANEEL, 2017). This indicates that 

electricity bills will continue to rise exponentially. Consequently, raising issues of 

electricity affordability for electricity, which is problematic for electricity intensive 

sectors like water. 

Despite the growing contribution of thermal source to safeguard water under 

both electricity subsystems, it was also necessary for major hydropower plants to 

reduce levels of water discharge. In some cases, reductions went below the minimum 

set under exiting environmental permits to avoid major dams from drying out and 

guarantee supply to multiple water users. In the words of one interviewee from the 

water sector:  

 

We edited several resolutions to reduce water discharge levels and avoid 

complete depletion of water and guarantee supply to the water systems that 

are dependent of these dams. It was necessary to produce less electricity, 
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increase thermal power with higher costs, which impacted on the costs of 

electricity. Moreover, the electricity is not clean. 

 

For instance, the three major hydropower developments of the São Francisco 

watershed (Sobradinho, Três Marias and Luiz Gonzaga) which hold 96.6% of total 

storage capacity of electricity of the Northeast subsystem had to reduce significantly 

their discharge levels (Figure 22). Electricity is an important water user, with installed 

hydropower capacity of 10.708 MW (CBHSF, 2019). Sobradinho holds 58.25% of the 

total electricity storage capacity and plays a fundamental role in the management of 

water for its multiple uses and electricity security (ibid.). The first authorization to 

reduce the minimum water discharge levels for Sobradinho from 1,300 m3/s to 1,100 

m3/s was in 2013 (ANA, 2013). Further reductions authorised by the competent water 

regulatory body decreased the discharge levels to 900 m3/s (2015) (ANA, 2015d); 800 

m3/s (2016) (ANA, 2016b); 700 m3/s (2016) (ANA, 2016a); and 550/523 m3/s (2017) 

(ANA, 2017). This has impacted on the generation characteristics of the Northeast 

subsystem, electricity imports from other subsystems, electricity costs and on water 

quality, quantity and multiple water users. Figure 23 shows the reductions in hydro 

generation by the main hydropower plants located under the São Francisco basin: 

Sobradinho, Xingó, Luiz Gonzaga and Três Marias.  

The most affected users are downstream of these hydropower developments, 

with environmental justice issues on the rise. The reductions of discharge levels 

impact significantly on the river flow, which led to salty water intrusion at the river 

mouth, travelling as far as 250km inland (Torres, 2015). This has severe impacts on 

ecohydrological flow, water supply and on human health, which hinders biodiversity 

protection, sustainability and other SDG targets. From the distributive perspective of 

environmental justice, the poor riverside communities and some cities near the river 

mouth are experiencing disproportionate harms. In the view of some of them the São 

Francisco is ‘dead’, with fishes becoming scarcer, navigation compromised, and water 

capture only getting brackish water even after dislocating pumps further into the 

river (Torres, 2015). One representative from the local community interviewed by 

Torres (2015) said he is “living in front of an ocean but dying of thirst” (ibid., p. 2236).  
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Figure 22. Reduction in discharge levels of main hydropower plants of NE Subsystem  

 

 

Figure 23. Hydro generation reductions by main hydropower plants of NE subsystem  

 

Figure 24 shows the consequent rises in thermal power, the MOC and the PLD 

for the NE subsystem. The higher the MOC the higher the PLD, but whereas there are 

no limits for how much the MOC can rise, the PLD is limited by a regulatory cap that 

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Apr-1
3

Jun-1
3

Aug-1
3

Oct-
13

Dec-
13

Fe
b-1

4

Apr-1
4

Jun-1
4

Aug-1
4

Oct-
14

Dec-
14

Fe
b-1

5

Apr-1
5

Jun-1
5

Aug-1
5

Oct-
15

Dec-
15

Fe
b-1

6

Apr-1
6

Jun-1
6

Aug-1
6

Oct-
16

Dec-
16

Fe
b-1

7

Apr-1
7

Jun-1
7

Aug-1
7

Oct-
17

Dec-
17

Fe
b-1

8

m
3/
s

Discharge level Sobradinho Discharge level Xingó Discharge level Luiz Gonzaga Discharge level Três Marias

0

500

1000

1500

2000

2500

3000

Apr-1
3

Jun-1
3

Aug-1
3

Oct-
13

Dec-
13

Fe
b-1

4
Apr-1

4
Jun-1

4

Aug-1
4

Oct-
14

Dec-
14

Fe
b-1

5
Apr-1

5
Jun-1

5

Aug-1
5

Oct-
15

Dec-
15

Fe
b-1

6
Apr-1

6
Jun-1

6

Aug-1
6

Oct-
16

Dec-
16

Fe
b-1

7
Apr-1

7
Jun-1

7

Aug-1
7

Oct-
17

Dec-
17

Fe
b-1

8

M
W

 a
ve

ra
ge

 Sobradinho  Xingó Luiz Gonzaga Três Marias



 189 

is established on early basis by electricity regulatory agency (Figure 24). The PLD is 

one of the key factors that determines the application of the coloured-flag tariffs 

(red, yellow and green). The steep fall of the PLD in January 2015 (despite MOC being 

high) shown under Figure 24 is because the cap price of PLD was changed by 

electricity regulator. Moreover, Figure 24 shows that increases in wind power 

generation in 2016 was one of the main factors that helped decrease the marginal 

operational costs and consequently the PLD in the NE subsystem. Greater wind 

generation during the periods of critical hydrology contributes to the reduction of the 

marginal operational costs of the system because it leads to less thermal dispatch at 

the same time that it guarantees energy security. 

 

 

Figure 24. Thermal rise and fall, wind power, MOC and the PLD for the NE subsystem  

 

To some extent, a similar situation occurred under the Centre-Southeast 

subsystem (C-SE). However, different from NE where the electricity storage capacity 

is under one critical watershed (São Francisco), the C-SE has its main reservoirs under 

eight different basins: Paraíba do Sul, Tocantins, Grande, Paraná, Paranaiba, 

Paranapanema, São Francisco and Tietê (ONS, 2018). The most critical being the 

Paraíba do Sul and Tocantins, where it was also necessary to reduce discharge levels 

below the environmental permits. Under the Paraíba do Sul, the hydropower plants 
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have reduced discharge levels from 30 m3/s to 7 m3/s (Paraibuna); from 40 m3/s to 

10 m3/s (Santa Branca); from 80 m3/s to 60 m3/s (Funil); and from 10 m3/s to 4 m3/s 

(Jaguari) (ANA, 2015a). Nonetheless, these developments are supposed to guarantee 

adequate water flow for the operation of Santa Cecília reservoir that secures water 

supply to state of Rio de Janeiro.  

Under the Tocantins watershed, the hydropower Serra da Mesa that holds 

17.35% of the total electricity storage capacity of C-SE has reduced its discharge level 

from 320m3/s to 100 m3/s (ANA, 2018). Despite reductions in hydro generation by 

these and other hydropower plants under the C-SE electricity subsystem, it faces a 

different situation than NE subsystem. Figure 25 shows the hydro generation for the 

NE subsystem, while Figure 26 has the hydro generation for the C-SE between 2013-

2017. Furthermore, Figure 27 shows the rises in thermal power and increases in the 

marginal operational costs (MOC) and the PLD for the C-SE subsystem. 

 

 

Figure 25. Hydro generation NE subsystem 
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Figure 26. Hydro generation C-SE subsystem 

 

 

Figure 27. Rising thermal power, MOC and PLD for the C-SE subsystem 

 

One of the main problems of steep reductions in hydro generation under both 

subsystems, which was aggravated by the drought of 2014-15, is that many producers 

were generating less than their total assured output under the Electricity 

Reallocation Mechanisms (MRE). Consequently, the Generation Scaling Factor (GSF) 

- which is the percentage of electricity that all generators in the MRE produce in 
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relation to the MRE’s total guaranteed power output in a given month − was 

constantly below 1, or 100%. The combination of low GSF and high PLD impacted 

negatively on the financial stability of electricity producers. Hydropower producers 

that were generating less than their guaranteed output under the MRE battled with 

their repeated and non-voluntary exposure. They had to buy their missing electricity 

under the short-term market when the PLD was very high, which has led to GSF 

financial burdens as follows: R$2.8 bn (2013), R$ 26.8 bn (2014), R$ 20.0 bn (2015) 

and R$ 39.7 bn (2017) (CCEE, 2018).  

Considering several non-hydrological factors led to their exposure, such as 

delays on delivery of new plants and transmission lines, it is considered that 

producers transfer the financial risks to consumers because these costs go beyond 

their contractual obligations that are limited to risks of a hydrological nature. In 2015, 

the federal government edited a new law that transferred the GSF-costs related to 

these risks to the consumers under the regulated electricity market (Brasil, 2015). 

These costs are to be covered by the revenues of the coloured-flag tariffs, which were 

first implemented in 2015. However, only the hydropower producers under the 

regulated market for electricity transferred costs to captive consumers of electricity 

suppliers, which includes water services and sanitation providers. The financial 

burdens of producers under the free market for electricity trade continue to grow 

and questions are raised about ways to remedy such debts that are leading to many 

operational, legal and financial risks to multiple stakeholders.  

Other costs transferred to consumers are related to the financial burdens 

assumed by electricity suppliers in light of their exposure under spot market due to 

the government’s (Brasil, 2013a). The political decision behind this provisional 

measure was to forcefully reduce electricity tariffs by anticipating the renewal of 

certain generation concession agreements, which turned out to be very problematic. 

Considering that only part of the producers (those under federal government control) 

accepted the terms of the renewal introduced by the interventionist approach of the 

national government, electricity suppliers that did not renew the terms were left 

under-contracted in relation to the shares of electricity negotiated with generators 

(those under state government control). The result was that suppliers became 

exposed under the short-term market when the PLD was very high, which caused an 



 193 

unexpected rise in their electricity costs and obligations that were not covered by the 

electricity tariffs.  

To cover these costs the following actions were taken: (i) transferring of funds 

from the national treasury; (ii) the chambers for electricity trade entered into a loan 

agreement in name of the electricity suppliers; (iii) transferring of funds from 

coloured-flag tariffs; (iv) and tariff revisions that reached up to 40% in 2015 (National 

Regulatory Agency for Electricity, 2015). Moreover, when thermal power plants are 

dispatched, distribution companies should bear variable fuel costs payments and 

imbalance settlement cost/revenues (Mendes et al., 2016). In 2014 variable fuel costs 

reached R$ 17.5 billion, while the combination of fuel costs and imbalance settlement 

led distributors to a combined turnover of R$62 billion in 2014 (ibid.). The monthly 

revenues of the coloured-flag tariffs are also used to cover these costs.  

The short-term and sharp rise of electricity costs connected to factors that go 

beyond the severe drought of 2014/15 and includes regulatory and planning failures 

has a direct impact on the financial stability of electricity producers, but also on 

electric-intensive sectors such as water. For example, the inter-basin water transfer 

of the São Francisco river that requires considerable amount of electricity to pump 

water to the states under the semi-arid region of Brazil (Ceará, Rio Grande do Norte, 

Paraíba and Pernambuco). The increasing costs of electricity are very problematic for 

the execution and delivery of the project. This was confirmed in the interviews one 

participant from the water sector (Box 1).   

 

Box 1. Impacts of electricity costs on inter-basin water transfer 

“Electricity costs represent 70% of the overall costs of the inter-basin project. These costs are 
transferred through tariffs, so end-users pay not only higher electricity bills, but also higher 
water bills due to increased electricity costs included in it.” 
 
“When the pumping tests started in 2014, we tried both pathways to source electricity: 
regulated market and the free market of electricity. However, the supplier of electricity could 
not serve our project because it was sub-contracted in light of provisional measure 579 and 
was struggling to supply electricity to its market in Pernambuco. We were forced to continue 
as free customers and entered into several power purchases agreement under the free 
market of electricity. In that moment we bought electricity at a cost of R$790/Mwh.” 
 
“Imagine that the São Francisco has other social objectives, so buying electricity at 
R$790/MWh turns out to be impracticable, right? However, at that initial test phase we 
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needed little electricity, so the cost of electricity did not turn out to be a decisive factor. 
Today, the volume of electricity that is required, if costs were the same it would hinder the 
project. All of the plans and studies related to the inter-basin transfer that were done in the 
1990s considered electricity costs between R$30/MWh to R$70/MWh, so if it reaches R$790 
it makes the project non-feasible. The nexus is exactly this aspect – where you have water 
you need electricity and vice versa. The scarcity of water means electricity price increase, 
which is a direct cost of the water sector.” 
 

Water services and sanitation providers also struggle with the short term and 

steep rise of electricity costs. In 2015, although Brazil’s WASH sector reduced its 

overall electricity consumption, the total electricity costs were 50% higher than the 

year before due to the high tariff adjustments and the new coloured-flag tariffs 

(Ministério das Cidades, Secretaria Nacional de Saneamento Ambiental, 2018) 

Electricity figures as their second highest cost after labour costs (Klingberg, 2016). 

The WASH providers under the São Francisco struggle not only with rising electricity 

bills, but also with reduced water quantity and quality. It requires more investments 

and more electricity to source water, in times when electricity is the most expensive. 

The situation is aggravating for WASH providers downstream of the main 

hydropower plants of the São Francisco watershed. For example, with reduced river 

flow, the sea has advanced into the riverbed. As well as being a further example of 

the ecological impacts that Brazil’s approach to managing water and electricity is 

having, the water services and sanitation provider of Alagoas (CASAL) has been forced 

to make new investments to capture water, because its old system was affected by 

salinization and cannot be used. In 2016, CASAL issued an acknowledgement of debt 

in favour of the electricity supplier of the state of Alagoas (CEAL) of R$ 250,198,922, 

which is more than twice of the amount of its existing liability towards CEAL in 

December 2015 (Companhia de Saneamento de Alagoas, 2015, 2016). Its electricity 

costs doubled between 2014 and 2015 from R$26,356,258 to R$58,727,724 (ibid.).  

Another example downstream of Sobradinho involves the water services and 

sanitation supplier of the state of Sergipe. In December 2017, its system to capture 

water that secures water supply to the capital of state Aracaju reached its limit point 

of pumping suction, with high risks of interruptions that would affect approximately 

one million people (DESO, 2017). To mitigate the risks, two floating pumps from the 

WASH provider of the state of São Paulo were provided (ibid.). Its highest costs with 
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electricity were in 2014 (R$2,046,293) (DESO, 2014) and 2015 (R$2,395,410) (DESO, 

2015), which is more than twice of the amount of 2017 (R$1,011,238) (DESO, 2017). 

In the case of the WASH provider of the state of Bahia, its obligations towards the 

electricity supplier were three times higher between 2015 (R$1,621,000) and 2016 

(R$4,560,000) (EMBASA, 2016). This is highly problematic when considering that 

most states that compose the São Francisco watershed (Bahia, Alagoas, Sergipe, 

Goiás and the Federal District) have total costs per m3 higher than their average 

WASH tariffs.  

The challenges are even greater when taking into consideration that 

municipalities are competent to plan and regulate water services and sanitation, but 

many lack financial, technical and administrative capacities to do so. Under the São 

Francisco watershed, the majority of municipalities have entered into concession 

agreements with the states, but there are many that are rendering the services 

directly, or through consortium of municipalities. In both cases they lack efficiency 

and security of supply. In 2010, the objectives under the National Sanitation Plan for 

the São Francisco basin were of 87% for water supply, 61% for sanitation and 86% for 

sewage collection, but until now they have not been achieved (CBHSF, 2016). Brazil 

has more than 35 million people without access to water services and over 100 

million people without access to sewage collection (Secretaria Nacional de 

Saneamento Ambiental, 2018). This widespread lack of access to sanitation services 

raises significant sustainability concerns and, relatedly, significant environmental 

justice issues about the fair and equitable distribution of essential sanitation services 

(as opposed to a more general and traditional concern with access to natural 

resources). Although the distributional justice issues raised by the uneven access to 

safe water and sanitation are now well recognised and form the subject of a growing 

body of scholarship on the justice of global water law (Hey, 2009), this research 

contextualises such in Brazil (Figure 28).  
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Figure 28. Water-electricity nexus environmental justice implications  

Data sources: (SNIS, 2014; IBGE, 2015) 

 

Area I under Figure 28 holds 85% of all surface water existing in Brazil, but in 

terms of water services and sanitation it presents lowest rates of supply in Brazil, 

followed by the Semi-arid region located in Area III (58% of the São Francisco 

watershed is under the Semi-Arid region). The household income per capita of the 

states located in these two areas vary between BRL $575 and BLR $919. Rates of 

sanitation supply vary between the range of 40-70% and less than 10% in most states 

of Area I. While rates of water supply vary between the range of less than 40% and 

more than 90% under some states of both areas I and II, with losses above 40% in 

some cases (Secretaria Nacional de Saneamento Ambiental, 2018). It is clear under 

Figure 28 that the negative consequences of the lack of services are systematically 

affecting the country’s poorer areas. The national information system for sanitation 

(ibid.) accounts that 83,3% of the total population has access to water services. 
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However, this figure does not reflect accurately the unequal distribution of these 

services (ibid.). Only half of Brazil’s population have access to sewage collection, with 

deficits above 80% in Region I under Figure 28. Moreover, only 45% of all sewage is 

treated and a lot of the times is inefficient in reducing the organic load in benefit of 

environmental security and public health (ibid.).  

The high rates of inefficiency of the water sector can be translated into losses 

of electricity as well. For example, Vilanova and Balestieri (2015) have shown that 

water supply systems accounted for 1.9% of total electricity consumption in Brazil in 

2012. Although this does not represent a high percentage, the loss of water 

accounted for 27% of total water and electricity wastes in the water supply system 

(ibid.). They demonstrate that electricity losses eliminated from water losses in the 

water supply systems represents 6.7% of the projected increase of the total power 

consumption of Brazil in a year (ibid.). Interviewees raised environmental justice 

issues connected to high levels of inefficiency (Box 2). 

 

Box 2. Environmental justice 

“Can it be considered fair that 70% of the water that is treated in most places of the North 
region is lost on distribution? Is it fair to spend electricity, chemical materials, and labour 
force when you lose 700 litres for every 1000 litres that is treated? It is unfair to those that 
pay, because they are currently paying for what they use and what they do not use. That 
water could certainly be cheaper and of greater quality.” 
 
“Can it be considered a fair and rational allocation of hydro resources the fact that water 
is being pumped 260km inter-basin and is lost at rates higher than 40% at the local/state 
level?” 

 

To advance the SDG targets of improved electricity and water efficiency, the 

reinforcement of both electricity access and sustainable water withdrawal targets are 

necessary. The electricity planning is not very detailed about electricity requirements 

or the efficiency levels to support universalisation of water and sanitation supply – it 

assumes that the growth rate is covered under the growth rate of electricity 

distribution, water and gas as a whole, which is considered to be close to the GDP. 

The National Sanitation plan considers that 15,2 billion would be needed between 

2014 and 2033 to universalise services of water and sanitation, while 2,3 billion are 

necessary for solid waste, and 6,9 bn for urban draining (Brasil, 2013b).  
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Historically, the public sector has been responsible for more than 90% of 

investments on water services and sanitation (CERI and BID, 2018). However, it is 

unlikely that public funds will be able to cover the 15,2 billion for its due expansion, 

especially considering the severe economic and fiscal crises that Brazil’s national, 

state and local governments currently face (ibid.).  With the lack of a robust 

institutional and regulatory framework to attract investments, water services and 

sanitation will continue to be the infrastructure sector presenting the lowest levels 

of investment when compared to other sectors (Figure 29). This deficit is a result of 

fragmented responsibilities and federal funds, regulatory uncertainties and 

contractual irregularities (ibid.). 

 

  

Figure 29. Investment in infrastructure sectors in the last decades (1970 – 2016)  

Data source: (CERI and BID, 2018) 

As a challenge deeply entrenched in the pursuit of sustainable development 

and mitigation of climate change, the understanding of the critical links and silos 

between electricity and water understood through the use of the analytical tool can 

inform different aspects of the policy cycle, processes, and tools to integrate nexus 

issues into them and foster more resilient, adaptable and equitable societies (Hussey 

and Pittock, 2012a). Solutions to electricity and water resource allocation problems 

and affordability issues in Brazil are to be formulated and implemented in the context 

of complex and interdependent networks (Hajer, 2003). It becomes crucial to 

examine WE critical inter-linkages and separate silos in Brazil beyond resource use 

and affordability issues captured by the analytical tool under section 6.2. This way, 

the next sections will focus on the interlinkages between water and electricity from 

governance, planning, information and knowledge, policy and regulatory 

perspectives in Brazil. Combining the results of the historical-institutional analysis, 
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with the questionnaire and in-depth interviews results was crucial to develop a better 

understanding of integration/non-integration aspects and the different the issues 

emerging from it on the grounds that currently challenge the sustainability agenda 

and the fair and rational allocation of disputed resources.  

This further analysis of the water-electricity nexus in the following sections 

support the discussion and proposal of a legal approach to manage the water-

electricity nexus in Brazil (Chapter 8). Despite the existing advances brought forward 

by the current literature on the nexus, the state continues to be increasingly 

challenged to design new cross-regime governance (Hiteva and Watson, 2016). 

However, these regimes will need to be flexible enough to allow for better integrated 

actions in certain cases, while also guaranteeing certain levels of separation, so that 

the least developed of the sectors does not succumb to the powers, technical 

excellence, regulatory maturity and better organised approach of the strongest of 

the two. This way, it will advance the notion that addressing trade-offs is a political 

process that should be negotiated between multiple stakeholders, addressing trade-

offs is ultimately about deciding which legal principle should take precedence over 

all others in a given case or circumstance. This way, within which the decisions the 

decision-making rationales, procedures and institutional environment are taken 

determine the legitimacy of any result where one resource use will take precedence 

over any others in a specific case.  

6.3 Assessing integration and non-integration of water and electricity in Brazil: 

issues and gaps 

The 39 respondents to the questionnaire have split views in relation to 

electricity and water integration (Figure 30).  
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Figure 30. General stakeholder perception of electricity and water integration in Brazil 

From the total, 52.6% considered water and electricity to be integrated, while 

44.7% consider water and electricity to be non-integrated. The respondents 

represent the water industry, government authorities in charge of water and 

electricity, water regulatory agency, academia, professional consultancies, electricity 

industry and citizen/consumer (Figure 31). Apart from those that skipped this 

question (2.3%) it became evident that positions are well divided (Figure 30). 

Academic/research institution (16%) and professional consultancies (13%) represent 

the majority of people that chose non-integration (Figure 31). While almost all 

representatives of the public sector consider water and electricity to be integrated, 

with the exception of one representative from the Ministry of Mines and Electricity.  
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Figure 31. Detailed stakeholder perception of electricity and water integration in Brazil 

This clearly indicates that those with decision-making powers and 

responsibilities to manage water and electricity in Brazil do not recognise there is a 

problem of non-integration. Consequently, more positive action to integrate them 

has not been taken, apart from the case of the very critical in the São Francisco, 

assessed under Section 6.1. This was confirmed by the interviews, because all public 

authorities provided the same example of successful integration between electricity 

and water in Brazil: Critical Events Room. The barriers to develop better integrated 

electricity and water governance regimes are also confirmed under the participants’ 

diverging views about the areas of electricity and water that are considered 

integrated (Figure 32) and non-integrated (Figure 34), and which of them represent 

a serious problem (Figure 33 and Figure 35). 

Under the group of respondents that consider electricity and water as 

integrated, the majority of them (88%) selected infrastructure as integrated (Figure 

32). Followed by planning (71%), regulation (65%) and monitoring (53%). All other 

areas were selected by less than 50% of the respondents, with efficiency figuring at 

the bottom of list (27%) (Figure 32). Governance, planning and public policy were 

amongst the most problematic areas (Figure 33). Governance was chosen by 83% to 

be either a fairly serious (50%) or very serious (33%) problem. Public policy was 
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(17%) (Figure 33). While planning was chosen by 94% as either a fairly serious 

problem (75%) or a very serious problem (13%) (Figure 33).  

 

 

Figure 32. Integrated areas of water and electricity 

 

Figure 33. Problem perception involving the integrated water and electricity areas in 

Brazil 

On the other hand, from those that chose electricity and water to be non-
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policy (56%). All other areas, which includes infrastructure, risk assessment, 

information and knowledge were selected by 50% of the respondents. All of them 

were considered to present very serious problems in the following order: planning 

(89%), public policy (89%), risk assessment (75%), governance (73%), regulation 

(67%), infrastructure (63%), efficiency (58%), information and knowledge (50%) and 

monitoring (40%). Planning and public policy were considered the most problematic 

areas of them all.  

 

 

Figure 34. Non-integrated areas of water and electricity 

 

 

Figure 35. Problem perception of non-integrated WE areas in Brazil 
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The split views about the integration and non-integration of these sectors in 

Brazil, including with respect to the different areas and levels of problems makes 

evident that people were considering very different aspects of electricity and water 

realities when answering the questionnaire. This suggests that different actors 

working on the same kinds of problems perceive them very differently and lack 

coordinating efforts. This is also true when looking at their opinions about the 

positive impacts of integration and the negative impacts of non-integration on the 

following aspects of both sectors: – affordability, quality, quantity, accessibility, 

efficiency, sustainability, environmental justice, multi-purpose uses of water and 

reservoir levels of water. Figure 36 shows that multiple uses of water, sustainability 

and water quantity were considered to experience the highest positive impacts from 

integration (Figure 36). On the other hand, Figure 37 shows that efficiency, water 

quantity and multi-purpose uses of water were considered to experience the highest 

negative impacts as a result of non-integration. Both reinforce the lack of 

coordination between actors working with water and electricity related matters, 

which could also be concluded from the interviews. One of the main issues raised by 

interviewees to better integrate these sectors is related to the lack of information 

and knowledge about the real state of resources and its multiple uses.  
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Figure 36. Positive impacts of integration on water aspects 

  

Figure 37. Negative impacts of non-integration on water aspects 
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electricity. The majority of experts who consider water and electricity to be 

integrated chose that this has positive impacts on electricity sustainability, quantity 

and reservoir levels (top three from lowest to highest) (Figure 38). On the other hand, 

the negative impacts of non-integration were also chosen to effect very similar 

aspects (top three from lowest to highest): reservoir levels, efficiency and quantity 

(Figure 39).  

 

 

Figure 38. Positive impacts of integration on electricity aspects 

 

Figure 39. Negative impacts of non-integration on electricity aspects 
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The results about the positive impacts of integration versus the negative 

impacts of non-integration show that people have diverging views. Nevertheless, 

they recognise there are impact (positive or negative) on very similar aspects of both 

sectors: electricity and water quantity; electricity and water sustainability; electricity 

and water efficiency; multiple uses of water; and reservoir levels. An open-ended 

question investigated in greater detail what people consider to be the current and 

historical issues involving the different areas of electricity and water. On one hand, 

the close-ended questions showed opposing views about the integration and non-

integration of these sectors in Brazil, its impacts on and what areas represent the 

most serious problems. On the other hand, the open-ended questions revealed 

important similarities amongst the participants views. It is interesting to notice that 

those considering these sectors as integrated provided many examples that are 

intrinsically connected to their lack of integration (Table 19). This way, their positions 

hold similarities to the issues brought forward by the respondents that chose these 

sectors are non-integrated (Table 20). Nevertheless, respondents provided more 

examples of problems related to the non-integration of water and electricity than 

those related to integration. 

 

Table 19. Historical and current issues provided by respondents that consider water and 

electricity to be integrated (open-ended question)  

Planning “Sectors that use water to produce electricity, water for transport and 
water for irrigation do not have integrated planning.” 
“Little integration between planning instruments have led to serious 
conflicts around the multiple uses of hydro resources.” 
“There are a lot of deficiencies in implementing basin plans.” 

Affordability “Prioritizing uses water uses against hydropower production undermines 
the capacity of providing affordable electricity to population, because it 
raises the costs of electricity and affordability issues.” 

Governance “Current structure for managing hydro resources is still new with many 
water committees lacking effective participation on the management of 
water resources.” 
“There are water domain issues and communication issues involving 
operative decisions.” 

 

Table 20. Historical and current issues from respondents that consider water and electricity 

to be non-integrated (open-ended question) 

Planning “Electricity crisis in the São Francisco.” 



 208 

“There are no integrated plans for the development (or non-development 
of river basins).” 
“Water scarcity under the drought scenarios of the Northeast region are 
underestimated by climate institutes and there is a lack of planning.” 
“Lack of mapping out the hydro energetic potentials (my own 
classification of area).” 

Affordability “In some municipalities the water tariffs are insufficient to pay for 
electricity cost of supply.” 

Governance “Overlaps or gaps in the implementation of infrastructure in benefit 
hydro security are flawed due problems of inter-federative articulation 
and lack of consistent institutional arrangements.” 
“Water (hydro resources) is under the responsibility of ANA at the 
national level which is connected to the Ministry of Mines and Electricity 
and within it there is also solid waste; Sanitation (water, sewage, solid 
waste and pluvial water) is under the Ministry of Cities at national level 
and does not have a regulatory agency.” 
“Authority is split between several federal agencies and state 
governments.” 
“Considering electricity, water in natura and urban water supply, Brazil 
considers 3 different governance levels (federal, state and municipal).” 
“Electricity (hydropower and biomass) is under the responsibility of 
ANEEL at national level, which is under the Ministry of Mines and 
Electricity” 

Efficiency “Non-optimal consumption of hydro and electricity resources, with 
excessive losses.” 
“Increase levels of reservoirs and reduce risks of rationing.” 
“The high costs of electricity tariffs that are applicable to the services of 
water.” 
“Allocation of multiple uses is inefficient.” 

Public policy “There has been a priority in the application of resources and political 
power in the electricity sector in detriment to sanitation (the regulatory 
framework for electricity is consolidated for more than 20 years, while 
sanitation is still being discussed who should hold the domain of services 
under metropolitan areas, for example, which hinders investments).” 

Regulation “Discuss the maintenance of permits and effects on legal security.” 
“ANA and ANEEL have autonomous regulatory power (my own 
classification of area).” 

Infrastructure “Priority of infrastructure of electricity in detriment to sanitation because 
for example the wind capacity increased significantly in less than a 
decade, while sanitation has taken 30 years to reach 80% of water supply 
and less than 50% of sewage is currently treated.” 
“Building dams in some occasions stops other water uses, while water 
permits for agricultural purposes can hinder the adequate discharge 
levels for electricity generation (my own classification of area).” 

Monitoring “Operational difficulties result in inefficiency in the use of resources, 
including human resources.” 
“No one knows actual use of water for irrigation in the São Francisco 
system.” 

Risk 
Assessment 

“Impair investments (thermal power plants in Ceará that have been 
overcharged due to drought).” 
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Environmental 
Justice 

“In areas with willingness or capability to pay for both services, local 
infrastructure is typically precarious. Electricity tariffs however are based 
on the cost structure of larger areas including those with far more 
sophisticated infrastructure.” 

Information 
and 
Knowledge 

“Lack of sanitation in the country.” 
 

 

6.4 Assessing the ways in which water and electricity cooperate in Brazil 

Most governmental representatives from both sectors chose that water and 

electricity are integrated under the questionnaire. This way, it was important to 

investigate under the semi-structured interviews what are their views on how these 

sectors currently cooperate and are integrated in Brazil (Box 3).  

 

 

The Critical Event Room (CER) chosen by all participants is a management 

instrument used in Brazil for situations where there is an emergency or urgent topic 

that requires deliberation between different agents. Those participating in these 

discussions are usually representing the interests of the sector they come from. 

Different views are brought to the table for a decision-making process that should 

take into account the multiple views and concerns. This governance tool has been 

implemented at national and state levels for the management of hydro resources. 

Since 2009, ANA has used it to monitor and analyse precipitation levels, the flow of 

the rivers under national domain, reservoirs and watersheds to support decision-

Box 3. Integrated aspects of water and electricity 

“The “Critical Events Room”, where ANA works with ONS is a good example of cooperation 
between the sectors.” 
 
“The task force under the basins facing crisis, such as the São Francisco brings together 
different regulatory bodies and those that operate the reservoirs, which is basically the 
electricity sector.” 
 
“Critical events room to tackle emergency situations through meetings with everyone 
around the table. It is where the most important decisions are taken and where the losses 
each sector will experience are evaluated to minimize it as much as possible.”  
 
“Led by ANA, several hydro resource users met under critical events rooms not only to deal 
with water storage under reservoirs, but to tackle conflicts emerging from water scarcity 
under relevant watersheds in Brazil”. 



 210 

making processes and actions. The São Francisco CER was implemented in 2013 due 

to water scarcity issues connected to reduced levels of precipitation and significant 

reduction of the water inflow under reservoirs.  

This emergency-driven response was supposed to be provisional, but in the 

case of São Francisco it has been kept in place since 2013. This can hardly be 

considered a temporary action. The management of water resources for the past six 

years has followed a different approach than what is designed under the national 

hydro resource policy. In many ways, the CER suppresses the competences of the 

existing water committees, because it shifts the decision-making and planning 

environments to a different structure made up of less resource users and more 

concentrated powers and interests. In the words of a relevant stakeholder from the 

electricity sector:  

 

“The critical events room takes away the role of watershed committees, but 

given they are supposed to be temporary, once they are over the water 

committee should have its competence re-established and serve as forum for 

relevant discussions.”  

 

This way, a circumstantial and marginal governance approach is seen by all 

interviewees as the main way in which the water and electricity sectors are 

integrated in Brazil. This example is characterized for being an exception and 

something that would not exist if the current structure (water committees) was able 

to deal with the issues and challenges in the allocation of resources in light of scarcity. 

The fact that this governance tool, which is based on improvised and emergency-

driven solutions (instead of robust planning) is the most common cited example by 

interviewees indicates there is not much of an integrated approach to these sectors 

after all. On the contrary, something meant to be temporary has been maintained for 

several years, because it has given useful and positive results in the view of 

authorities, but this raises many relevant points.  

First, where there is scarcity and objective tension between the multiple users 

of water there is no way of escaping an integrated discussion. Considering that the 

empirical evidence shows that this governance tool was useful and very much 
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needed, it only validates the views under the water-electricity nexus literature. 

Second, there is not much integration in the current governance set-up like some 

government experts suggests it exists. As soon as a real issue of scarcity happened 

the existing governance structure was not able to respond to the challenges. It was 

necessary to improvise and create an ad-hoc and contingent solution to the given 

situation. This would not have been necessary if there were rules, procedures and 

better integrated institutional environments in the first place. Lastly, it continues to 

be in place after six years because there is no other better structure capable of 

offering an integrated environment for discussions. However, this has displaced the 

competences of the existing structure and silenced important voices with the original 

structural being put aside. The water committees count with the participation of 

multiple stakeholders and civil society, but the CER has been restricted to the 

strongest and better organised sectors, such as electricity and large-scale agriculture 

representatives. 

All these points that were concluded from the empirical evidence in Brazil 

demonstrate there is a need to develop a legal response to discipline how better 

integrated decision-making processes should follow to address the water-electricity 

nexus. Even though under the questionnaire the majority of government 

representatives (7 out of 9) chose that these sectors are integrated, in reality, under 

the qualitative interviews it became clear that what public authorities interviewed 

see as integrated is not a legitimate decision-making process in benefit of cross-

sectoral governance regime. The main reason being that many people, including the 

river side communities and many water services and sanitation companies were left 

out of these important discussions about resource allocation. However, they face 

direct impacts on their daily lives.  

In general, the way in which the water-electricity nexus is being managed 

under the São Francisco is more a result of necessity than of actual planning and 

organisation. There are no transparent and inclusive methods for decision-making 

under these Critical Events Room. This is made particularly evident under Box 4 that 

contains the interview extracts providing further information about how decision-

making is being undertaken by those under the CER. These meetings happened online 
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and have been recorded. As the water crisis intensified, so did its frequency. In the 

height of the resource allocation crisis it happened on weekly basis. 

 

Box 4. Decision-making under Critical Events Room 

“ANA coordinates and puts together the different proposals of different users in the context of 
multiple water uses.” 
 
“CEMADEN presents the consideration and estimates of precipitation levels for the horizon of 
maximum of two weeks ahead.” 
 
“ONS provides the technical studies, estimates of discharge levels and simulation for the reservoir 
under the National Interconnected System to determine their conditions in the end of each relevant 
rainy and dry period of each year.” 
 
“Based on the above information, companies bring forward their positions and requests under 
proposals that will guide the decision-making process.” 
 
“The electricity sector brings forward the demands to reduce the discharge level and maintain a 
minimum level of water under reservoirs in light of its planning and management of risks, in more 
organised ways than any other sector.” 

 

The decisions under the Critical Events Room were considered successful by 

public authorities, because they prevented the reservoirs under the São Francisco 

basin from total depletion and guaranteed in some ways the multiple water. 

However, there are many questions about the legitimacy of these decisions and 

procedural environmental justice issues. The reasons are because the electricity 

sector presented the demands to reduce discharge levels, guided the discussions and 

provided the data for decision-making. While the water regulator confirmed all their 

demands and edited norms that followed it. There is very strong evidence that the 

water-electricity nexus management under the São Francisco basin failed to comply 

with important legal principles of due legal process and equity.  

During the interviews representatives from electricity sector were reluctant to 

provide the details behind the decision of reducing discharge levels to the lowest 

levels of 550/525 m3/s. They did not provide any information about what kind of 

studies, data and rationales were behind the understanding that considered 

acceptable to reduce to such low levels, including from an ecological and social 

perspectives. Their main argument was that it would be out of the scope of this 

research to answer such a question, even though it was clearly within the aims and 

objectives connected to the research questions. However, they were not reluctant to 
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say that if necessary further reductions would be done. Considering the very strong 

influence of electricity on decision-making, the procedural justice issues were 

confirmed under the below quote which was extracted from the interview with a 

participant who has worked under both sectors:  

 

“The water regulator gets the information from national grid operator to make 

the decisions. Everything comes from the electricity sector and the water 

regulator does not change. If national grid operator says discharge 500 cubic 

meters it will discharge 500 cubic meters, because the water regulator only 

replicates what national grid says. Anyone from water regulator is welcome to 

come have a conversation with me to say this isn’t true, but all one has to do is 

listen to all meeting thus far to see that this is exactly what happened.”  

 

The questionnaire results also confirmed the very high influence of the 

electricity sector on water management (Figure 40). Although a few have skipped this 

question, the majority of respondents (53%) have chosen that government authority 

in charge of electricity, electricity business and water business have high to moderate 

high influence on water management (Figure 40). On the other hand, electricity 

business was considered to have the highest influence on electricity management 

(Figure 41). There were 71% of respondents that agreed about this. Others have also 

confirmed its primacy under the semi-structured interviews, especially with regards 

to common-pool resource management (Table 21). The empirical evidence shows a 

capture of water management and decision making about resource allocation by the 

electricity sector (Figure 40 and Box 4) and a capture of electricity management by 

the electricity industry (Figure 41).  
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Figure 40. Asymmetrical stakeholder influence on water management 

 

Figure 41. Asymmetrical stakeholder influence on electricity management 

53% 53% 53%

21% 21% 18% 16%
8%

29% 26% 26%

58% 61% 63% 63% 74%

18% 21% 21% 21% 18% 18% 21% 18%

Gov a
uth

orit
y i

n ch
ar

ge
 of e

ner
gy

W
at

er b
usin

es
s

En
erg

y b
usin

ess

Non-go
ve

rn
m

enta
l in

sti
tu

tio
ns

Aca
dem

ia

Pro
fe

ss
ional 

co
nsu

lta
ncie

s

Civi
l s

ocie
ty 

org
an

iza
tio

ns

Citi
ze

n/c
onsu

m
er

> modhigh to Very high no influnece to modlow skipped

71%

37%

18% 18%
11% 11% 8% 8%

11%

42%
63% 63%

71% 71% 71% 74%

18% 21% 18% 18% 18% 18% 21% 18%

En
erg

y b
usin

ess

Gov a
uth

orit
y i

n ch
ar

ge
 of w

at
er

W
at

er b
usin

es
s

Aca
dem

ia

Non-go
ve

rn
m

enta
l in

sti
tu

tio
ns

Pro
fe

ss
ional 

co
nsu

lta
ncie

s

Citi
ze

n/c
onsu

m
er

Civi
l s

ocie
ty 

org
an

iza
tio

ns

> modhigh to Very high no influnece to modlow skipped



 215 

The concentrated interests and highly coordinated efforts of the electricity 

sector provides it with disproportionate influence and power over the regulatory 

framework that governs its activities. This confirms Stigler’s (1971) central hypothesis 

that the demand for regulation comes from politically effective interest groups. 

Electricity is a powerful interest group under the São Francisco basin. Considering 

that regulatory decisions regarding scarce resource allocation affects its prices, 

services, quality, they have a natural incentive to influence the regulatory process 

(Baldwin et al., 2012).  This helps explain some of the existing barriers to more 

sustainable water and electricity systems in Brazil. 

Nevertheless, the interviewees have split views about the capture of water by 

electricity. In general, the electricity sector argues they are currently supporting the 

management of scarce water resources for its multiple uses, so that in their words 

“everybody wins” (Table 21). While stakeholders representing water interests 

emphasize that decision-making process and management of water under the São 

Francisco was in many ways captured by the electricity sector (Table 21). Under 

water-nexus nexus conflicts like the one in São Francisco not everyone can win, 

because there is simply not enough resource to satisfy fully all the needs and all the 

requirements of all users. There are always costs and burdens, and the question is 

more about who bears them and how, and to what extent those bearing them are 

currently being compensated. This includes people and the environment.  
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Table 21. Diverging views between electricity and water about the capture involving 
resource allocation under the São Francisco 

Electricity Water 
“In the case of São Francisco watershed, for 
example, we are managing all existing 
hydropower plants in a way that guarantees 
multiple water uses. In the end of the day we 
are complying with the national legislation 
while also optimising resource use.” 

“There are weekly meetings to discuss the 
situation of resource allocation in the São 
Francisco basin, especially after the water 
crisis. ANA leads discussion but was we can 
notice the electricity sector has prevalence 
in relation to others.” 

“I don’t think it is necessary to explain the 
shifts in discharge levels from 550 to 600 
cubic meters per second. The management 
of São Francisco is done in ways to 
guarantee that until the next rainy season, 
there will be enough water for everyone to 
use. If I go beyond this, it will be out of the 
scope of your topic.”  

“Water users suffer, while the electricity 
sector has always taken lead on all of this. It 
always has the ball on its court, while the 
environmental interests are always behind 
in a begging position.”  
 

“In reality, everyone wins, because if 
analysing only from the standpoint of the 
electricity sector, the probability is very high 
that it is bearing the highest costs.”  

“What we can observe is that from a legal 
perspective the priority should be given to 
supply of water services. However, from a 
practical point of view that is not what 
happens. There is a lobby from the 
electricity sector.” 

“One thing that needs to be very clear is that 
the electricity sector can only be responsible 
for what it effectively impacts and not for 
what others says it causes of impact. If the 
different uses of water were planned 
considering a flow of 900 m3/s and the river 
is not able to provide that. Why should it be 
the responsibility of the electricity to adjust 
different water captures?” 

“Water supply for human consumption will 
end up happening one way or another, but 
the prevailing interests is undoubtedly the 
ones of the electricity sector”.  

“One thing that needs to be very clear is that 
the electricity sector can only be responsible 
for what it effectively impacts and not for 
what others says it causes of impact.” 

“Whereas other water users usually 
generate expenses, the electricity sector 
generates revenues. This will always be the 
logic. The idea is to maximize the use of 
water resources. First, by attending the 
legislation, but if very minimum levels can 
be guaranteed it should be ok.” 

“If the different uses of water were planned 
considering a flow of 900 m3/s and the river 
is not able to provide that. Why should it be 
the responsibility of the electricity to adjust 
different water captures?” 
 

“The water regulator needs to guarantee 
the multiple uses, right? Those that are 
better organised will have an advantage 
because they have more information and 
will be able to provide evidence for decision-
making.” 

 

Importantly, the questionnaire also investigated experts’ opinions about the 

different degrees of influence of multiple stakeholders on the policies of water and 

electricity. The results reinforce the points raised above about regulatory capture by 
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the electricity sector. The government authority in charge of electricity and electricity 

business were considered to have the highest influence on water policies (Figure 42). 

While electricity business and governmental authority in charge of electricity were 

considered to have the highest influence on electricity policies (Figure 43). For both 

electricity and water, the majority of respondents 76% chose that there is a very low 

rate of public participation on the policies of both sectors. They also support the 

argument that significant procedural injustices exist in the regulatory framework.  

 

 

Figure 42. Asymmetrical stakeholder influence on water policies 
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Figure 43. Asymmetrical stakeholder influence on electricity policy    
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intervention 
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was supposed to be the normative-regulatory body for electricity and water. 

However, it restricted its activities to regulate water for electricity and electricity 

services, even though it was also known as the “water” department. It was only after 

the regulatory framework for water resources was developed in the 1990s, that 

national and state regulatory bodies for water were implemented. They are 

responsible for regulating in benefit of multiple uses, implementing water charges, 

licensing and establishing quality standards. Since then, electricity has enjoyed less 

regulatory freedom in the allocation of water resources. Hydropower reservoirs that 

were initially developed for the exclusive use of the electricity sector are increasingly 

being managed to guarantee multiple water uses, like in the case of São Francisco. In 

the words of one interviewee:  

 

“After the water crisis, the hydropower producer CHESF was forced to get 

closer to the interests of others, and not be continuously interested in reducing 

discharge levels to protect only electricity generation.”  

 

The capture of water by the electricity interests has changed since 1990s. 

With hydropower projects increasingly controlled by private players the capture of 

water by the electricity interests has been increasingly contested. For example, the 

multiple discussions involving a combination of small hydro power plants in Mato 

Grosso (REF). In general, there are more questions today about tariffs and 

environmental concerns. Also, society is becoming more participative and better 

informed than it was in the past. The monitoring towards the industry and the private 

players controlling several relevant aspects of the electricity services is higher. The 

government institutions are also in a better position of questioning private players 

through independent regulatory agencies. Before, when electricity was mostly under 

governmental ownership and control very little was ever contested. The courts would 

rarely decide against governmental institutions. It was also a big challenge for 

consumers to question or fight against those overseeing and operating state-

controlled electricity companies. 

Today, there are many hydropower producers still under governmental 

control. Eletrobrás, for example, continues to be a publicly held company controlled 
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by the Brazilian federal government (54,46% of common shares), responsible for 

around 30% of Brazil’s total installed generation capacity. Sobradinho (1.050 MW) 

under the São Francisco basin figures amongst its eight largest and most important 

hydropower plants. The company is also responsible for more than 50% of the 

transmission lines in Brazil. There are ongoing discussions about privatising 

Eletrobrás portfolio of generators. This would likely shift discussions and levels of 

disputes involving the main topics relevant to water-electricity nexus, such as the 

allocation of disputed resources.  

Under the questionnaire, the respondents confirmed that governmental 

authority in charge of electricity have very high influence on water management and 

water policies (Figure 40 and Figure 42). At the core of the private interest theories 

of regulation is the understanding that the regulatory process stands on self-

interested actions. Most commonly the demand for regulation comes from politically 

effective industry groups, such as electricity. The politician-regulators supply their 

demands in exchange of support for protection of their re-election interests. 

However, in Brazil the capture also happens by the government in detriment to the 

interests of the industry, as detailed under section 6.2. The Provisional Measure 579 

of 2012 (Brasil, 2013a) was a norm edited by the executive power, which led to the 

early termination of existing contracts with certain hydropower producers to 

forcefully reduce tariffs the final costs of electricity to consumers. One of the main 

campaign slogans of the government in 2014 to re-elect itself was reduction of tariffs 

by 20%. Instead of favouring the interests of the industry as described under the 

regulatory capture theory, it went against it, pursuing the argument it was acting in 

the benefit of the public interest. It was an interventionist approach that aggravated 

the crisis involving water and electricity connected to the severe drought and 

misconduct in planning. One interviewee with interests in both sectors described this 

as the: 

 

“Perfect storm. There was a water and electricity crisis, whereby the water 

crisis impacted on the electricity sector due to its high reliance on hydro 

resources, but at the same time there were problems of regulatory nature 

restricted to the electricity sector, including the treatment given to 
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hydrological risks under Provisional Measure 579 of 2012 – which altogether 

created the perfect storm.” 

 

The above measures created regulatory instability and very high rates of 

judicialization. There were direct impacts on the electricity prices, which skyrocketed 

(section 6.2.) and consumers continue to pay increasing electricity bills. The 

interventionist approach of the government has led to economic disasters that still 

impact the electricity sector, the electric-intensive sectors and society. It has clear 

spill over effects on the water sector, with their increasing debts towards electricity 

suppliers. Consumers not only pay higher electricity bills, but also higher water bills, 

which is also connected to water’s higher electricity costs.  

It is clear from the above that the capture in Brazil is also happening in different 

ways than those mainly discussed by the capture literature. This can be explained by 

the way in which power has been distributed in between scales and the executive, 

legislative and judiciary powers. Under the existing presidential regime, the real 

factors of power – appointment of relevant positions under the government 

structure and budget use – are mostly restricted to the decision-making of the 

national executive power. Even though it cannot do anything different than what is 

approved by the Congress House under the budget, it can release the funds at its own 

pace and discretion. This way, the main tools used by the executive power to capture 

the congressmen are connected to the nominee of relevant positions and budget 

transfers. The national executive branch also has legislative powers and can edit laws 

such as the Provisional Measure 579. Despite the need of approval by the legislative 

power, it is valid from the date of its edition. It is common for the president to edit 

laws and pressure for approval by the legislative power based on the bargains it can 

make. In many cases the regulator is not part the decision-making process. In 

conclusion, the capture in Brazil is in many cases happening on a different level than 

the regulatory scale, which raises institutional design issues of credible commitment 

explained in the literature review in Chapter 4.  
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6.6 Consequences of electricity and water operating under two silos and different 

scales: asymmetries and environmental justice issues   

Hydroelectric producers explore hydro resources under the centralized regime 

of electricity, while all other non-hydroelectric users are subject to the decentralised 

and participative governance regime of water. In the latter case, the basin serves as 

the management unit of hydro resources. Under a particular basin, as for example 

the São Francisco, hydro resources are subject to both regimes and multiple uses, 

following different rules, planning, principles, regulation, policies and rationales of 

each scale and sector. In the context of these asymmetries there are hydrological 

factors connected to the severe and long-lasting drought period in the São Francisco 

(2012-2018) and non-hydrological factors (regulatory issues) that raised resource 

allocation challenges and multiple water-electricity nexus conflicts.  

However, it was only when the levels of hydro resource availability became 

critical to the point where hydro dams had to reduce their discharge below those set 

under existing environmental permits, that the existing governance structure proved 

insufficient to manage the stressed resources. Decision-making process about hydro 

resource allocation was shifted to the CER coordinated by ANA. These meetings were 

mainly restricted to the participation of the national grid operator, electricity 

hydropower producers, environmental bodies, large-scale agrobusiness 

representatives, water committee representative, meteorological bodies and 

sometimes relevant state water services and sanitation providers. The National Grid 

Operator was responsible for bringing forward the recommendations to reduce 

water discharge levels of reservoirs, while ANA confirmed them. All the decisions 

with regards to resource allocation in the São Francisco in the last six years were 

undertaken under the Critical Events Room. 

Procedural justice issues are raised, because there are many relevant 

stakeholders at basin level who are left out of these decision-making processes. 

Section 6.3 has analysed how the water committee has lost its role of serving as the 

institutional environment for multi-stakeholder decision and planning about 

resource allocation. Many water services and sanitation providers, which depend on 

both water and electricity as inputs for the rendering of its services are currently 

excluded from decision making. This is the case also for the poor and riverside 
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communities too. The main regulatory challenge continues to be the allocation of 

hydro resources in fair and rational ways to provide adequate levels of quantity and 

quality to multiple users. The water-electricity nexus raises many questions about the 

adequacy and effectiveness of the existing governance arrangement for resource 

management set under the water policy. These have been confirmed by public 

authorities from both sectors under the interviews (Box 5). They all challenge 

advances to sustainable water and electricity systems in Brazil and a holistic approach 

to SDG implementation. 

 

 

The issues involving resource allocation (Box 5) are hard to tackle in the context 

of fragmented resource governance. Water and electricity have distinct management 

approaches connected to the different nature and scale of their activities, different 

historical institutional developments, varying degrees of liberalization, diverse 

regulatory frameworks and actors, mismatching planning, gaps information and 

knowledge and non-integrated policies. This way, there are multiple asymmetries 

that inhibit the creation of better integrated regimes that can advance SDGs 

holistically. All of them will be analysed in the next subsections to answer the 

Box 5. Water-electricity nexus challenges in the view of electricity and water 
authorities 

“The majority of dams were built by the electricity sector and the exclusive use of the 
electricity generation. The main question is still open: how can you transform what was 
created for one specific purpose into several purposes? That is the challenge!”  (Electricity 
sector) 
 
“Is transport more noble than electricity? I don’t know. If I say water needs to be preserved 
here or there and I say I will pay for that. Ok, but how much and what should be paid to 
preserve this water? Should the hydropower producer be paid anything, or should the 
system be paid because it will have to use thermal power which is more expensive?  It is 
not a simple question!” (Electricity sector) 
 
“Under the São Francisco, the water resources are disputed by irrigators, inter-basin 
transfer project, and other users downstream of the hydropower developments. The 
challenge is to allocate scarce water resources for different sectors.”  (Water sector) 
 
“The National Water Regulator is connected to Ministry of the Environment (ME). The ME 
does not have a secretariat for water. It has a secretariat for hydro resources, but it never 
dominates the discussion. They are always behind the hydropower developers.” (Water 
sector) 
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research question about what the main water-electricity nexus issues and gaps from 

governance, policy and regulatory perspectives in Brazil are. This analysis will help set 

the grounds for the discussions that will follow in Chapter 8 on how water and 

electricity can be better integrated in benefit of sustainability and inter- and intra-

generational equity.   

6.6.1 Electricity and water governance asymmetries through time 

Split in two historical time periods (before the current Constitution 1988 and 

after) this section analyses the critical interlinkages and silos between water and 

electricity from a governance perspective through time.  It considers important 

aspects of norms and institutions under different constitutional historical 

timeframes. This analysis will provide the governmental dimension of water and 

electricity management and support answering the following research questions: 

What are the consequences of water and electricity operating under two silos and 

different scales? What are the main asymmetries, conflicts and gaps between water 

and electricity from governance and regulatory perspectives?  

6.6.1.1 1934 – 1988  

The Constitution of 1934 was the first to include topics of water governance, 

but it was in connection to development and economic aspects, with a focus on its 

use for electricity and irrigation. It made a distinction, so that water resources formed 

a different property from the land when explored for hydropower purposes (article 

118). It also required the Law to progressively nationalise waterfalls, or other sources 

of hydroelectric electricity that were considered essential for economic development 

or military protection. Moreover, hydroelectricity production became subject to 

previous authorization or concession of the federal government, including under its 

control and supervision. In that same year, the Water Code was also enacted. It 

became the main law governing water resources in Brazil until 1990s when the 

National Hydro Resources Policy was ratified. From the initial paragraphs of the WC 

preamble it can be noticed that one of its main objectives was to regulate the use of 

water for electricity expansion: ‘it is necessary to modify the current state of the art 

by adopting a legislation that is adequate and supports the public power to control 
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and promote the industrial uses of water and in particular hydropower, which 

requires specific and adequate measures and norms to facilitate its rational use’ 

(Water Code, 1934, p. 1).  

The Water Code was considered an advanced example of legislation that 

addressed topics beyond the economic exploration of water resources by the 

electricity sector. It was the first law in Brazil to include the polluter-pays principle. 

However, many of its articles required laws and regulations to discipline the specific 

terms that would make them effective and applicable. Most aspects related to 

hydroelectricity were gradually regulated, but the government failed to edit 

important norms to advance the implementation of other rules of the Water Code, 

including the polluter-pays principle – hindering its applicability in practice (Pompeu, 

2008). On the other hand, it also led to normative and governance gaps regarding 

other uses of hydro resources, including agriculture, industry and water services and 

sanitation, because they lacked the necessary norms for years after the edition of the 

Water Code (ibid.).  The first time that water services, sanitation and environmental 

concerns entered the national agenda was in 1967. Before that, national institutions 

were primarily managing water resources for the purpose of hydroelectricity and 

expansion of the electricity sector to promote development. This can be confirmed 

under Table 22, which has the details of the main policies, laws and institutions for 

electricity and water between 1934 and 1988
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Table 22. Main policies and institutions for eletricity and water (1934 – 1988) 

Constitutional 
Period 

Water and 
Electricity 

Policies and 
Laws 

Institutions for 
electricity and 

water 
(national level) 

Competences 

1934 – 1937 Water Code 
Decree 

24.643/34 

National 
Department for 

Mineral 
Production 

(NDMP) 

Subordinate to the Agricultural Ministry, which 
was split into secretariats for matters and 
business connected to Agriculture; National 
Department for Mineral Production (NDMP); 
National Department for Vegetal Production 
(NDVP); and National Department for Animal 
Production (NDAP) (Decree of 23.979, 1934). 

Water Services 
Committee – 

Subordinate to 
NDMP 

Developed studies and evaluation of 
hydroelectric potentials; provided support for 
concessions of electricity; monitored electricity 
generation, transmission and supply (article 144 
of Water Code).   

1937 – 1946 Mineral Water 
Code  

(Decree-Law 
7.841/45)  

National Council 
for Water and 

Electricity 
(NCWE) -  

Decree-law 
1.285/39 

Developed studies and plans on all matters 
related to electricity and hydropower 
generation, including interconnection of 
different plants and tributes applicable by all 
scales; Regulated the WC and laws related to the 
use of hydro resources for electricity;  

Water Division 
replaced the 

Water Services 
Committee -  

Decree 6.402, 
1940 

 
Split into 6 

Divisions and 7 
Regional 
Districts 

Responsible for studies involving the use of 
water for development; support and monitoring 
on-site studies for economic exploration of 
water; entered agreements for the execution of 
works by private entities; collaborated with 
ministerial bodies on topics of flooding and 
irrigation; developed studies for private entities, 
observed it did not interfere in its normal 
activities; applied the Water Code in all national 
territory (Decree 6.402, 1940). Supervised the 
production, transmission and distribution of 
hydroelectric electricity, with the following 
objectives: adequate service, affordable tariffs 
and financial stability (Art. 178 of WC). 

Regional 
Division 

Districts - 
Decree 6.402, 

1940  

Executed on site studies relative to flow regime 
and rainfall; observed hydrological conditions of 
its area of competence and conducted the 
necessary studies of topography for 
hydropower electricity; liaised with state and 
municipal powers in special cases delegated by 
the Director of the Division; collaborate with 
states that  were given specific powers to enter 
concession for hydropower development; 
provided studies and technical information that 
were relevant to each of the six divisions.  

1946 - 1964 WC Regulation 
– Decree 

41.019, 1957 

Ministry of 
Mines and 
Electricity -  

Law 3.782, 1960 

Responsible for studies and all matters related 
to mineral and electricity production. The 
following bodies were directly subordinate to it: 
Department of Mineral Production; National 
Council for Water and Electricity; Nacional 



 

 

227 

Council for Mines and Metallurgy; National 
Council for Petroleum; Commission for 
Exportation of Strategic Materials (Law n. 3.782, 
1960). NCWE was incorporated into the Ministry 
of Mines and Electricity and served as 
consultative body to the Minister. 

  Eletrobrás 
Law 3.890-A, 

1961 

Responsible for studies, projects and 
construction and operation of generation 
powerplants, transmission lines and distribution 
of electricity. Today, Eletrobrás is a publicly held 
company controlled by the Brazilian federal 
government (54,46% of common shares).  It 
holds 34% of Brazil’s total installed capacity; is 
responsible for 55% of the transmission lines in 
Brazil, including those connecting Brazil to other 
countries; and it has six electricity supply 
companies still under the Federal Government’s 
control.  

1964 – 1988 
Military 

Dictatorship 

National 
Sanitation 
Policy Law 
5.318/67 

 
National 

Environmental 
Policy 

Law 6.938/81 
 

National 
Irrigation 

Policy 
Law 6662/79 

 
CONAMA 

Resolution 
20/86 

National 
Department for 

Water and 
Electric 

Electricity 
(NDWEE) – 

replaced the 
Water Division 

of DNPM 
 

Law 4.904/65; 
Decree 

58.076/66 
 

Subordinate to 
Ministry of 
Mines and 
Electricity 

Responsible for promoting the production of 
electricity and implementation of the Water 
Code and the laws and regiments connected to 
it. Responsible for studies of national 
hydroelectric potential; concessions and 
technical supervision of services, including 
coordination of public funds; financial-economic 
supervision; statistical studies; photogrammetry 
services for hydropower plants, dams, 
transmission lines and distribution networks; 
while Districts develop on site studies for 
development and expansion of electricity 
sector. 

Ministry of the 
Interior  

Decree-Law  
200/1967 

Responsible for sanitation, projects for 
protection against droughts and flooding, 
irrigation, assisting indigenous communities and 
municipalities. Extinct in 1990.  

National Council 
for Sanitation 
Law 5.318/67 

Planning, coordination and control of National 
Sanitation Policy.  

Extinction of 
NCWE 

Decree-Law 
689/69 

With the creation of Eletrobrás and the National 
Department for Water and Electricity, the NCWE 
lost its role and was extinct in 1969. 

Special 
Committee for 

Integrated 
Water Studies  

 
 

Committees without decision-making powers 
which developed important studies about 
watersheds represented a first step towards a 
more decentralised management of water             
(Inter-ministerial Act n. 90/78 between Ministry 
of Integration and Ministry of Electricity). 
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Table 22 makes evident that the electricity sector has relied on hydro resources, 

and been guided by nationalist, centralised and interventionist mechanisms for its 

development. This is in line with Brazil’s federative pact of 1930 that ruptured the 

previous arrangement in place since 1881 (IPEA, 2012). The latter was characterised by 

an arrangement where the executive power at federal level had little authority and the 

states enjoyed a lot of autonomy. The former was characterised for centralizing most 

powers under the executive federal scale. Since then the national scale has been the 

most powerful and with most of the resources to implement policies. The dynamics 

involving the initial steps of electricity development, including decision-making, 

planning, implementation, monitoring, evaluation and revision of actions were in line 

with the new federative arrangement of the 1930s. There were several political and 

interventionist mechanisms in place, and strong structures to render public services. 

Electricity was considered a political priority for promotion of industrial development 

and its expansion was rooted on this centralised approach. Historically, the federal 

government has continued to hold exclusive normative, granting, management, 

planning and monitoring capacities over electricity and the hydro resources used for 

electricity purposes.  

In 1961, with the creation of the public company Eletrobrás, the federal 

government was able to expand generation to multiple watersheds and areas where 

exploring water for hydroelectric purposes was not necessarily a priority of local or state 

governments. Eletrobrás was responsible for studies, projects, construction and 

operation of hydropower plants, transmission lines and supply of electricity. It marked 

Portaria 
234/1977 

NDWE regiment establishes it is responsible for 
planning, coordination and execution of 
hydrology studies, and supervision, regulation 
and control of hydro resource use in case it 
alters its regime, including the monitoring of 
electricity services (extinct with the creation of 
ANEEL in 1996).  

National Council 
for the 

Environment 
 

Law 6.938/81 

Creates the National System for the 
Environment and the National Council for the 
Environment (CONAMA). The council served as 
a consultative body responsible for developing 
guidelines for policies related to the 
environment and natural resources, including 
norms and standards that were compatible with 
an ecologically balanced environment.  
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the strong presence of the state in expansion of electricity services and consolidated a 

new institutional design. The military coup of 1964 formalised structural changes that 

only strengthened the powers of the national government to the detriment of states 

and municipalities. The possibility of delegating powers to states on matters related to 

water and hydroelectricity were all extinct (Constituição Federal, 1967). Eletrobrás 

consolidated its role of planning, managing funds and serving as the holding company 

of all federal incumbents (Landi, 2006). The National Department of Water and 

Electricity was extinct and the Department of Water and Electric Electricity (NDWEE) 

was created to assume all competences of granting authority. It was a governmental 

body that overlooked and monitored government-owned utilities, serving more like an 

administrative body than an independent regulatory body. Despite being called the 

Department of Water and Electric Electricity – its competences were mainly restricted 

to electricity.  

By 1969 the federal structure for management and rendering of electricity 

services was consolidated (Lima, 1984) and kept unchanged until reforms of 1990s that 

was marked by privatization policies. Between 1963 and 1973 the installed capacity of 

electricity grew approximately 142% (ibid.). During the military regime, 61 hydropower 

dams were built, which increased the installed the capacity of 4.894MW to 37.437 

between 1964 and 1985 (Oliveira, 2018). However, the sector faced very high debts 

(internationally and nationally), which were only aggravated by the oil shocks between 

1973 and 1979. There were restrictions to public financing and need of investments 

higher than the financial capacity of public incumbents. Consequently, the limitations to 

the expansion of generation and transmission forced discussions about structural 

changes at the end of the 1980s.  

Different to the centralised approach to electricity, the Constitution of 1934 

established that water services and sanitation was under municipal competence due to 

its local nature. However, with the weakening of the local scale powers due to the 

federative pact of 1930s that centralised most powers and funds under the national 

government, there was hardly any progress achieved at local level. In the 1940s the 

National Department for Sanitation Projects was created under the Ministry of Public 

Projects to study, execute and supervise sanitation projects by the federal government. 
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Once the projects were ready, they would transfer its management to local 

governments. However, they rarely had the capacity to manage these systems.  It was 

through the concentration of power resulting from the military coup that competences 

related to water services and sanitation were transferred to the national scale. In 1971 

a national plan for sanitation was enacted under the auspices of the Ministry of the 

Interior (both the plan and the Ministry were extinct in 1990).  

The water services expanded from 60% to 80% of supply, while sanitation grew 

from 22% to 48% until the 1990; but these figures have not evolved since then due 

regulatory gaps (Galvão Junior and Paganini, 2017). Today, 83% of total population has 

access to water services, while 52,36% has access to sanitation (CERI and BID, 2018). The 

institutional solution to support the expansion of water services and sanitation in the 

1970s was focused on the delegation of services from municipalities to the states. This 

supported the tariff system that was characterised for having very heavy cross-

subsidies. This also explains, why today, a lot of the states continue to be responsible 

for the rendering of services and have entered into concession agreements with 

municipalities that still have the competence to render and regulate the services of 

water and sanitation.  

However, in the 1980s the centralised regime started to present deficiencies, 

with tariff systems failing because of inflation and financial restrictions. With salary 

reductions and high levels of unemployment the financial resources that were once 

available for sanitation were gone. Nevertheless, PLANASA advanced the supply of 

water and to a lesser extent the supply of sanitation. However, the increasing demand 

during the 1980s resulted in high levels of inequalities in the access to the services 

(Costa, 1991). The situation only aggravated due to the financial issues faced by the 

water services sanitation state incumbents and pressure of governments to control 

tariffs to hinder inflations. In the midst of the economic crisis the Constitution of 1988 

was enacted. The constitutional reform of 1988 adopted a decentralised approach and 

the PLANASA become obsolete.  

It is unquestionable the priority given to the development of electricity in this 

period compared to water services and sanitation, or the management of water 

resources for multiple uses. Water resources was governed and regulated by its user-
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sectors. Electricity was one of the main users and manager of hydro resources through 

its significant expansion of hydropower during this period, so its governance followed 

the centralized, top-down governance approach of the electricity sector. There were 

multiple institutions at national level responsible for studies, granting authority, 

planning, projects, construction and operation of generation plants, transmission lines 

and supply of electricity. On the other hand, water services and sanitation were left to 

be rendered and managed by a local level that had very little power or funds to do so. 

Despite the support of the national government to expand the water services and 

sanitation in the 1940s and in the 1970s, it was very different from electricity even 

though both sectors counted with government-owned utilities and strong presence of 

the state. 

Electricity had robust national incumbents such as Eletrobrás, which until today 

is a leader in generation and transmission of electricity. While water services and 

sanitation counted with municipal incumbents or state incumbents that had many 

financial and technical issues to expand services. These scales were much weaker than 

the national scale. Also, the federative pact that was characterised for being highly 

centralised. There were fewer public funds available for investments and the nature of 

services is not as profitable as electricity. Moreover, the taxpayer money that was 

transferred to water services and sanitation incumbents were frequently used to expand 

and improve services to areas where the most privileged with greater political pressure 

were living. This can be noticed in many cities where the most privileged areas have 

access to sanitation services, while the poor and those living in the outskirts do not.  

In this period, electricity markets were enshrined in a legal regime where 

incumbents provided predetermined and non-negotiable package of services under an 

administrative system based on filed tariffs to all similarly situated end-users. Monopoly 

was considered appropriate and companies within the electricity sector were not 

obliged to grant access to other companies (Kearney and Merrill, 1998). Such a regime 

is highlighted by Kearney and Merrill (ibid.) as the original paradigm of regulation, 

mainly characterised by governmental oversight to ensure reasonable, non-

discriminatory and reliable services. Under this regulatory framework widespread cross-

subsidies prevailed and all electricity services were provided on a fully bundled basis. 



 

 

232 

Water services and sanitation also consisted vertically integrated monopoly firms mostly 

under the control of state government that have entered into concession agreements 

with municipalities. The method used to deal with WASH natural monopoly was also to 

rely on public ownership model. There are many issues around regulating government 

owned utilities: government may represent interests of one group; short-term political 

interests drive government to keep low tariffs; capture of the utility for personal end; 

capture in the way that the interest of utility is prioritised in relation to those of the 

customer. Brazil’s water sector is marked by low tariffs and in some areas (North and 

Northeast regions) they do not cover the costs of services. 

6.6.1.2 1988 to present day 

The Constitution of 1988 changed the relationship between the different scales 

- national, state and local – aimed at increasing the autonomy and power of states and 

municipalities. The main change was that it included municipalities and the Federal 

District as autonomous federative entities. This way, constitutionalising the 

decentralisation of power. Municipalities are responsible for developing and 

implementing public policies at local level, which includes those related to water 

services and sanitation.  Today, Brazil considers different governance levels for 

electricity (national), water (state, national and watershed) and for WASH (municipal) 

(Figure 44). While the watershed level is the regional management unit of hydro 

resources in a decentralised and participative manner. One of main challenges is related 

to the implementation and effectiveness of a decentralised model of resource 

governance in a country historically developed under a federalist rationale rooted on a 

centralised approach. The institutional capacities for implementing the national hydro 

resource policy instruments are not aligned with its design, because many states and 

watershed committees lack the administrative structure, human resources and financial 

capacity to implement them.  
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Figure 44. Levels of governance for electricity and water 

The Constitution of 1988 splits water resource domain between federal and 

state levels. The water resources under state domain include all superficial or 

underground water, flowing, emerging, or in deposit in its area (Constitution, 1988). All 

other water resources (lake, river and flows), which serve or bathe more than one state 

or pass through neighbouring countries, or river beaches are under federal 

government’s domain (ibid.). Moreover, all hydroelectric potentials of any water course, 

regardless of its location, are also under federal domain (ibid.). The federal government 

is competent to explore (directly or by means of authorisation, concession or 

permission) the services and installations related to electricity, as well as any hydraulic 

potential of watercourses under national or state domain (Constitution, 1988). 

Reserving the following topics to be regulated by law: legal regime of concessionaires 
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and holders of permission for the rendering of public electricity services; the specificities 

of concession agreements, like its renewal, expiration, monitoring and termination; 

rights of users; tariffs and obligations related to adequate service. Some articulation 

with states is necessary for cases in which these hydroelectric potentials are located in 

rivers under state domain. States can edit laws to manage the hydro resources under 

their domain, but they cannot create new rights with respect to water resources (ibid.). 

The national government holds the exclusive competence to legislate about any and all 

matters related to water and electricity. Table 23 contains the main electricity and water 

policies and norms in place between 1988 and today. It makes evident the asymmetrical 

development of electricity and water sectors from a normative, institutional and 

regulatory perspectives. 

 

Table 23. Main electricity and water norms (1988 - today) 

Decades Water and 
Electricity Policies 

and Laws 

Main content 

1990 

Law 9074/95 Reforms electricity sector – creates the figures of independent 
power producers (IPP), free customers, and introduces the 
unrestricted access to transmission and distribution lines. 
Beginning of liberalisation process.  

Provisional measure 
813/1995 

Creates the Secretariat of Hydro Resources under the Ministry of 
the Environment 

Law 9427/96 Creates National Electricity Regulator  
Law 9433/97 National Hydro Resources Policy - implements a decentralised 

and participative governance approach for management of hydro 
resources at its catchment area and creates the National System 
for Management of Hydro Resources. Creates National Council 
for Hydro Resources (art. 34).   

Law 9478/97 National Electricity Policy and creation of the National Council of 
Electricity Policy 

Decree 2612/98 Regulates the National Council for Hydro Resources which is the  
Law 9605/98 Disciplines the criminal and administrative sanctions applicable to 

those that pollute the environment 
Law 9648/98 Disciplines the transition to a competitive market for electricity 

trade, which gradually happened by 2005. Supports the creation 
of National Grid Operator (private entity) and a wholesale market 
for electricity trade (MAE).  

Law 9795/99 National Policy for Environmental Education 
2000 Law 9984/00 Creates the National Water Regulator. Regulates hydro resources, 

but not water-services and sanitation because it’s a local service 
subject to Municipal competence and regulation.  

Decree 05/06/01 Implements the Committee for the São Francisco Watershed 
 	Law 10.438/02	

 
Law resulting from the measures of controlling demand, includes 
CDE, PROFINA and universal access rules.  
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The Brazilian electricity sector started to go through certain structural reforms 

at the beginning of the 1990s based on the principle of minimum influence of the state 

in the economy. The National Privatisation Programme initiated the process of 

transferring to private parties the activities held by government-owned vertically 

integrated electricity incumbents. As a consequence, a new regulatory state was 

emerging due to the need of dealing with privatization. There is consensus in the 

literature that the first step in restructuring the electricity sector was in 1993 through 

the enactment of Law 8631, which sets the initial unbundling rules (Landi, 2006). 

However, it was not until 1995 that the restructuring process picked up with the edition 

of two important norms: Law 8987/95 and Law 9074/95. The former disciplines the 

concessions for the provision of electricity related services through public bidding 

procedures, while the latter created the figure of independent power producers, free 

consumer and non-discriminatory access to transmission and distribution lines. The 

National Electricity Regulatory Agency was created in 1996 to regulate and supervise 

the electricity sector, including renewables. The National Council for Electricity Policy 

Law 10.847/04 Creates National Electricity Research Company subordinate to 
the Ministry of Mines and Electricity - responsible for electricity 
planning. 

Law 10.848/04 Implements a new institutional arrangement for the electricity 
sector that is even more centralised under the national 
government. The government plans electricity auctions for 
acquisition of electricity through a pooling system under a 
regulated market. It chooses the source, price, term, terms of 
PPA, granting of authorisation, physical guarantee calculations, 
amongst others. Introduced unbundling. Created the Chamber 
for Electricity Trade that substituted MAE and also created the 
National Monitoring Committee of Electricity. 

Law 11.445/07 National Sanitation Policy 
Law 11.488/07 Changes 

2010 Law 12.305/10 National Solid Waste Policy 
Law 12783/13 Certain electricity producers and transmitters who had entered 

into concession agreements and had their terms approaching 
could choose to renew earlier its terms upon the condition of 
accepting ANEEL to control their prices. Thus, a significant change 
has resulted in producers accepting this, because if once the 
liberalisation of the market transitioned them to freely negotiate 
their electricity in a competitive environment, now they were 
matched to the rules of distributors and transmitters in terms of 
regulated prices, although not being natural monopolies like 
them. 

Provisional Measure 
868/2018 

Changes to the regulatory framework of water services and 
sanitation. It amplifies the competences of the national water 
regulator and centralises  
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was created in 1997 to serve as an advisory board to the president by formulating the 

policies and guidelines of the sector. However, between the edition of the Constitution 

and these norms there were barely any investments on electricity generation due to 

normative and regulatory gap, which led to the depletion of existing reservoirs and later 

culminated in the rationing of electricity in 2001.  

Following these legislative initiatives that were aimed at liberalising the 

electricity sector and increasing the role of private investment, the national electricity 

policy (NEP) was ratified in 1997. Although NEP focuses mainly on oil and gas, its 

chapters I and II are applicable to electricity because it sets the general principles and 

objectives for the sector. In line with the SDGs, its objectives include the protection of 

the environment and promotion of electricity conservation; the use of alternative 

sources of electricity; universal supply; protection of consumer interests in relation to 

price and quality of electricity; and mitigation of greenhouse gas emissions. In 2011, the 

goal to expand biomass for electricity production was also introduced in its objectives. 

Between 2009 to 2017, the total installed capacity for biomass almost doubled from 

4,65% to 9,3% (Empresa de Pesquisa Energética, 2018). It is projected to increase from 

11 GW to 18 GW between 2014 and 2024 (ibid.). Although it helps Brazil achieve its 

national climate policy by increasing its renewable non-hydro share, it disputes land and 

water resources in some of the driest areas of Brazil, such as the Northeast. The 

expansion of biofuel and biomass to achieve climate change mitigation objectives can 

also raise issues due to its historic expansion in the Amazon (Sabogal, Bellfield and 

Bauch, 2016).   

The national hydro resources policy was enacted in the same year as the national 

electricity policy - 1997. Its main objectives are also in line with the SDG agenda: assure 

that current and future generations will have the necessary availability water, at 

adequate levels of quality for different uses; prevent and defend the nation against the 

consequences of critical hydrological events (floods and drought periods); and promote 

sustainable development through rational and integrated use of hydro resources (Brasil, 

1997). For its due implementation it preconizes five interdependent instruments, which 

should be applied in connection with the instruments found in the national 

environmental policy. There are four technical instruments and one economic: (i) water 

resource plan at federal, state and watershed level; (iii) classification of bodies of water; 
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(iii) water permits by competent regulator; (iv) water resources information systems at 

national and state levels; (v) water charges and effluent dilution charges at watershed 

level, which don’t apply to the electricity sector but applies all other users.  

Different from the normative developments of the electricity sector, the NHRP 

was not aimed at supporting the liberalization or privatization of the water sector. Its 

main objective was to define a new paradigm for the participative and decentralised 

management of hydro resources at its catchment area through watershed committees 

(federal and state levels) composed of multiple stakeholders (public and private). The 

São Francisco watershed committee, for example, is composed of representatives from 

water services and sanitation, mining, agriculture, transport, fishing, hydropower 

producers, NGOs, universities, indigenous communities and the public power: national, 

state and municipal. These committees have normative, deliberative, consultative roles 

and should establish the mechanisms to implement water charges and develop the 

watershed plan contemplating the different uses of hydro resources. The electricity 

sector participates of these committees through hydropower producers that own and 

operate damns under different watershed. 

The main institutional reforms that happened between 1997 and 2002 have 

resulted in the present-day structure for the governance of water resources at national 

level. There is a National Hydro Resource Council (1998) responsible for formulating 

national policies and to solve water conflicts in the capacity of the last appealing body 

at administrative level. In the words of a representative from the electricity sector “the 

participation of the electricity sector is scarce and usually by demand”. Nevertheless, 

multiple ministries compose the NHRC, including Mines and Electricity, Integration, 

Cities, Health, Environment, Education, Agriculture. Although different sectors are also 

represented under the NHRC, including water and electricity, the national government 

holds the majority of the seats. The water charges approved under basin committees 

necessarily need to be voted and approved by the NHRC before it can be applied in 

practice. Given there are only two meetings per year, it is a can be a long-lasting process. 

The water national agency (ANA) was created in 2002. It is responsible for 

regulating hydro resources under national domain and implementing the national hydro 

resource policy. It supports water management, monitors rivers and reservoirs, and 
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develops plans for hydro resources. At state level, the same institutional structure 

should be replicated for the governance of water resources under state domain. There 

are state councils, which are responsible for editing policies at state level and also serve 

the purpose of being the last appealing body at state administrative tier. With similar 

competences as ANA, there are state regulatory bodies, which are responsible for 

coordinating and guaranteeing the implementation of hydro resource management 

system and for issuing grants and overlooking the use of resources under state domain.  

Different from the normative developments of the electricity sector, the NHRP 

was not aimed at supporting the liberalization or privatization of the water sector. Its 

main objective was to define a new paradigm for the participative and decentralised 

management of hydro resources at its catchment area through watershed committees 

composed of multiple stakeholders (public and private). The São Francisco watershed 

committee, for example, is composed of representatives from water services and 

sanitation, mining, agriculture, transport, fishing, hydropower producers, NGOs, 

universities, indigenous communities and the public power: national, state and 

municipal. These committees have normative, deliberative, consultative roles and 

should establish the mechanisms to implement water charges and develop the 

watershed plan contemplating the different uses of hydro resources. The electricity 

sector participates of these committees through hydropower producers that own and 

operate damns under different watershed, but no aspect of the electricity plan is 

contemplated under basin plans. 

One of the main challenges of the decentralised approach to water governance 

is the difficulty in aligning asymmetrical national and state planning and management 

systems within a same watershed (Braga et al., 2008). For example, within the São 

Francisco, coexists the management systems of the federal government and of the 

following states: Alagoas, Bahia, Distrito Federal, Goiás, Minas Gerais, Pernambuco and 

Sergipe. Additional challenges are raised because the double domain of water resources 

does not account that water is moving and within a same watershed the hydro resources 

under national domain are likely connected to hydro resources under state domain. 

Whereby the management and planning at state level may have direct impact on the 

quality and quantity of water that will reaching the river under national domain. All 
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interviewees from the water sector flagged out important management challenges that 

are intrinsically connected to double domain water resources, while the electricity 

sector did not (the hydraulic potentials they manage are under national domain). Box 6 

has the main quotes that evidence these views.  

 

In the year following of the edition of both the NHRP and NEP, new rules for 

electricity trade and unbundling were established under Law 9648/98. It required the 

segregation of the activities held under vertically integrated companies. It created a self-

regulating entity called MAE to oversee the spot market for electricity trade (later 

replaced by the Chamber for Electricity Trade – CCEE).  While it also created the national 

grid operator (ONS) to serve as a non-profit private entity in charge of coordinating and 

controlling the generation and transmission of electricity, including proposals of any 

modifications to the network to guarantee end users have continued supply of 

electricity. This transferred to ONS and MAE the main competence to plan and operate 

the electricity sector. However, the lack of investment in generation of previous years 

led to an electricity crisis in 2001. The result was electricity rationing focused on 

controlling consumption, which lasted until February 2002. One of the most significant 

institutional and regulatory reforms of the electricity sector happened after that, 

through Law 10.848/04.  

The Law 10.848/04 was conceived to address concerns regarding the 

establishment of a stable framework to attract investments for the expansion of the 

generation system, ensure security of supply and guarantee affordable tariffs resulting 

Box 6. Management issues connected to double domain of water resources 

“The double domain of water resources is a challenge faced by national and state levels. 
Under the inter-basin water transfer of the São Francisco, for example, you have one of the 
biggest challenges. The water within the project is under national domain, but it travels to 
rivers within state domain and continues to travel to other the damns under national 
government. Our law determines that the state should issue the permits for water use under 
its domain, while the national water regulator is responsible for the permits involving water 
uses under the dam. However, once it leaves the damn it is under state domain again. It is 
very complicated.”  
 
“The national water policy is intelligent to consider the watershed as the management unit. 
However, our system of distribution of power and geopolitical division is very different, so 
within a state watershed you will have two or three municipalities, which are autonomous 
scales and powers. The challenge is in dealing with the different territorial division, 
geopolitical division and the watershed limits. It is hard to align different political interests, 
different rules and different challenges within a same watershed.” 
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from competitive bidding procedures. It created two different environments for 

electricity trade: a regulated market in which electricity suppliers have to buy 100% of 

their electricity needs through public auctions; and a free market where producers, free 

consumers and trading agents can negotiate their power purchases agreements. 

Unbundling rules required formal segregation of activities, but there is yet any 

competition in electricity supply services, so no separation of the network has occurred. 

In the same year of the New Electricity Law, the Chamber for Electricity Trade (CCEE) 

was created and so was the National Electricity Research Company (EPE). EPE is a 

publicly held company with the responsibility to conduct studies and short-term and 

long-term planning of the sector, defining scenarios of supply and demand.  

The main regulatory and institutional reforms of the Brazilian electricity sector 

that happened between the years of 1995 and 2004 have resulted in its present-day 

structure. There are national institutions responsible for electricity policies, regulation, 

supervision, planning and research, with centralised operations and trading under the 

responsibility of non-profit and private entities: ONS and the CCEE. The National Council 

for Electricity Policy had its competences expanded to include the prerogative to 

propose which generation projects should be selected to guarantee security of supply. 

It is composed of several Ministries: Economy, Agriculture, Science and Technology, 

Environment and Regional Development. It also counts with one representative of civil 

society specialised in electricity, and the one representative from academia specialised 

in electricity (Ministério de Minas e Energia, 2020). It does not count with the 

participation of specialists in hydro resources. Moreover, there is no requirement for 

the Council to consider hydro security or multiple water uses when ranking relevant 

generation projects. To monitor and evaluate the supply security, the National 

Monitoring Committee of Electricity was established in 2004. While the CCEE 

substituted MAE in the capacity to overlook all aspects of commercialization of 

electricity.  

The National Grid Operator (created in 1998) also saw important changes 

introduced by the New Electricity Law. Whereas before ANEEL would grant its 

authorization, the executive power became the grantor of its authorization, with the 

capacity to add new roles for it to follow. The rules regarding its organization and 

implementation procedures were also transferred to the granting the power, while 
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before it was agreed under an assembly of its participants. Proposals to expand the 

system which were always ANEEL were now supposed to be sent to the executive 

granting power as well. The latter is also responsible for indicating 3 out of 5 directors 

of ONS. These changes show the highly centralised approach of the New Industry Law. 

The National Grid Operator is usually the one responsible for bringing forward the 

recommendations to reduce water discharge levels of reservoirs.  

By concentrating all decision-making, planning and monitoring under the 

discretionary powers of the national government most management decisions, 

expansion, electricity auctions, source, price, terms of power purchase agreements, 

physical guarantee of hydro plants and granting of authorization are under its 

competence. The rationale behind the New Electricity Law was that in centralising 

planning under the Ministry of Mines and Electricity (MME) and trading under a 

wholesale market it would secure supply and make feasible bigger projects that would 

offer cheaper prices by negotiating bigger blocks of electricity. This way believed to 

support electricity security and maintenance of affordable tariffs. The problem of this 

assumption is that the price of electricity is not related to the form of contracting under 

a wholesale market, but to the source. Over 60 hydropower plants with dams were built 

between 2002 and 2017 (Oliveira, 2018). There are concentrated risks on big 

hydroelectric projects contracted by means of public auctions and hydrological and non-

hydrological factors have resulted in a systemic overexploitation of reservoirs. The risks 

only increase with more severe, recurrent and long-lasting drought periods (Klingberg 

2016; TCU 2014). Less hydropower electricity led to the dispatch of more expensive and 

polluting thermal power plants. This raised electricity prices and sustainability issues. It 

also impacts on electricity poverty. Today, electricity affordability is one of the main 

challenges of the electricity sector, with direct impacts on electricity-intensive sectors 

such as water services and sanitation.  

Nevertheless, the issues involving water services and sanitation go beyond 

electricity affordability. It is a far less developed sector than electricity from multiple 

aspects, including regulatory, institutional and normative. The levels of supply are low 

while inefficiency is very high. It was not until 2007 that a national sanitation policy was 

enacted, followed by the solid waste policy in 2010. However, these are restricted to 

very general guidelines because the execution and operation of the activities are under 
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the competence of municipalities. Brazil has 5.500 municipalities that vary significantly 

in size, economic development, number of people, urban development and levels of 

supply of water services and sanitation. The majority do not have the capacity to 

manage, regulate, plan and monitor these services at local level. This way, in most places 

there are regional providers at state level (publicly held incumbents) that have entered 

into concession agreements with municipalities. There are many challenges that result 

from diverging approaches of the various municipalities and their distinct capacities. 

However, the most pressing issue brought forward by participants under the interviews 

are connected to the lack of a robust regulatory framework (Box 7).  

 

The institutional-historical developments of water and electricity across 

temporal and spatial scales makes evident the predominance of the electricity sector in 

the management and use of hydro resources in Brazil. Until the reforms starting in the 

1990s, water management was mainly a sub-sector of electricity. The historical top-

down and centralised governance approach to electricity federalised all decision-making 

about the use of water for hydroelectricity, with reservoirs planned exclusively for 

hydropower generation. In connection to the later establishment of the water 

governance framework (1997) and the current limitations involving its implementation, 

and the lack of a robust framework for water services and sanitation, all interviewees 

agree that electricity is a more developed and mature sector. Electricity counts with a 

more universal service than water that is more efficient, with better developed 

databases, more advanced regulation and higher levels of policy implementation.  This 

Box 7. Issues involving water services and sanitation in Brazil 

“Who regulates? ANA regulates hydro resources, while ANEEL regulates electricity, but who regulates 
water services and sanitation? Who is responsible for determining that current levels of efficiency are 
not acceptable? There is a regulatory vaccum.” 
 
“Water services and sanitation is not regulated by anyone. There is no organisation, and everyone does 
their own way.”  
 
“There is a long way for water services and sanitation regulation. This explains why there is so much 
difference between the services of electricity and sanitation. There are several uncertainties with 
regard to sanitation because agencies are giving baby steps when it comes to regulation.” 
 
“The rhythm in which WASH will develop is directly dependent on the people’s capacity to pay for these 
services. There is no magic, because it is either taxpayers or consumers. There are questions about 
financing, but regardless of where the loan is going to come from, the population will need to pay for 
it and they are.”   
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is made evident by most interviewees and is also reflected in the decision-making 

processes, which reinforces the multiple asymmetries between water and electricity 

that are further analysed.  

 

 

6.6.2 Electricity and water regulatory asymmetries: rationales, externalities, scales 

and levels of regulatory maturity     

There is a common understanding between participants of both the interviews 

and questionnaire that electricity and water are regulated in completely different ways 

and context, while water services and sanitation lacks a robust regulatory framework in 

Brazil (Box 9).  

Box 8. Asymmetrical levels development of electricity and water sectors 

“The current structure for managing hydro resources is still being implemented with many 
water committees lacking effective participation.” 

“There has been a priority in the infrastructure of electricity in detriment to sanitation. For 
example, wind capacity was installed in less than a decade, while sanitation has taken 30 
years to reach 80% of water supply and it still has less than 50% of treated sewage. 
(Professional consultancy).” 

“In Brazil it is very clear that the majority of water users complain about the dominance of 
the electricity sector. However, in part this is explained by the fact that they are paying to 
implement the project, the OPEX and CAPEX of the infrastructure. They have priority in the 
use of water for historical reasons.”  

“Added to the fact that we have no money to solve many of the problems of the water sector, 
we also don’t have organisational excellence to tackle the main issues related to hydro 
resources management. It is the local scale that will make the difference, but greater 
efficiency is required through institutional response.” 

“Other uses usually come behind the interests of the electricity sector, reacting to its 
initiatives, which are usually contrary to others and raises conflicts. I don’t know what a 
possible solution could be.” 

“The electricity sector has the historical data and money to hire the people to do the analysis, 
they run models on a daily basis, because a critical element for its business is the river inflow, 
so they have the control. It exists way before the water regulator. This way, the latter is 
captured by the technical excellence and planning of the electricity sector.” 

“There was priority in the application of resources and political effort in the electricity sector 
in detriment to sanitation. The regulatory framework for electricity has been consolidated for 
more than 20 years, while for sanitation there are ongoing discussions about which federative 
scale should hold the competence.” 
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Electricity is regulated at national level, while water resources are regulated at 

national or state level depending on the water domain. On the other hand, water 

services and sanitation are regulated at municipal or state levels (in case of delegation 

from municipalities to states). The National Water Regulator does not monitor or 

regulate WASH services, but there is a provisional measure from December 2018 that 

aims to centralise the WASH regulation by expanding the competences of ANA. This way, 

electricity, water resources and water services and sanitation are not only regulated 

under different scales and powers, but they also follow completely different regulatory 

rationales. For example, electricity and water services and sanitation are both natural 

monopolies, which by definition is a market failure that requires some form of 

regulation of price and quality (Baldwin, 2012). However, electricity has experienced a 

regulatory intervention premised mainly on economic rationales to tackle market 

failures and foster competition, while water services and sanitation is mostly under state 

monopoly and lacks security of supply and efficiency due to asymmetrical information, 

externalities and public goods. On the other hand, hydro resource regulation (national/ 

state) is focused on guaranteeing access to multiple water users through decentralised 

and participative management. Different from electricity, its regulatory approach is 

mainly rooted on non-economic rationales, with a focus in inter-generational and intra-

generational equity in the access to water resources through democratic settlements 

and management at basin level. 

Box 9. Regulatory asymmetries for water and electricity 

The regulation of both sectors is very distinct and apply to completely different contexts. 
ANEEL is responsible for part of it and ANA another, but both deal with problems that impact 
each other.” 
 
“The hydro resources are regulated by ANA, while water services and sanitation are not 
regulated by anyone. There is no organisation, and everyone does their own way.”   
 
“The electricity sector has enjoyed overriding interests for a very long time. In my opinion they 
are correct, because they are better organised. It is a business, which water isn’t. Who will 
have the interest in investing on water project without tariffs, lack of regulation and a 
confused water domain? The electricity sector is different, because it is well established. 
However, I don’t think it deserves such a preponderance.”  

 
“In general, regulation ends up under the competence and scrutiny of governments that 
change them according to their needs and external influences.” 
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Considering the different nature and scale of WASH and electricity, and their 

distinct levels of maturity in Brazil, their regulatory approaches and rationales are also 

completely different, and lacks any kind of integration. This was confirmed under the 

questionnaire results. Regulation was considered to lack integration by almost everyone 

(94%) that answered that water and electricity are non-integrated sectors under the 

questionnaire. Of this total 67% think that regulation presents very serious problem, 

while 20% think it is a fairly serious and the remaining 13% think it is not a very serious 

problem. Contrarily, of those that think that electricity and water are integrated under 

the questionnaire, 65% chose regulation as an integrated area. From this total, there 

were 64% that consider regulation a fairly serious problem, while the remaining 36% do 

not think it is very serious problem. 

Whereas for electricity there is a national market and a national reference price 

known as PLD, for WASH and water resources there is nothing similar to this. There is 

no such thing as a national reference price for water, and neither is there a market with 

the same liquidity as it exists for electricity. Electricity can be easily negotiated, at costs 

that are set in a transparent and very straightforward way. This way, it is a commodity 

that can be bought at any time, sold at any time and be settled at any time at prices that 

are well known. Regulating a market of this kind is completely different than regulating 

water resources and WASH, both of which are far from having any market characteristics 

like electricity. In the words of one interviewee from the water sector:  

 

“There are discussions in Brazil about implementing a market for water in the 

way that it exists in Chile and Australia, but I don’t think it is the moment to 

consider anything like this.”  

 

The objections are based on water rights discussions. Whereby water is 

considered a fundamental right of every person and a duty of the state to guarantee 

access to everyone. However, the real conditions to implement this essential right in 

Brazil needs further consideration. Whereas electricity has reached 99% of the country, 

water access and the services of water and sanitation are not even close to this. Over 

the past 30 years electricity has shifted from a legal regime of widespread cross-

subsidies and monopoly, with incumbents providing predetermined and non-negotiable 
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package of services on fully bundled basis to a legal regime shaped mainly by the 

introduction of privatization and competition. The new paradigm of regulation that 

dealt with privatization was implemented through what the literature calls 

liberalisation. It consists of privatization of state owned monopolies; vertical separation 

of services to ensure competition where possible; restructuring of generation to support 

competition; non-discriminatory access to transmission and distribution assets; creation 

of system operators to manage transmission network, schedule generation and meet 

demand; creation of wholesale spot electricity market; and encouraging retail 

competition where possible (Baldwin, Cave and Lodge). In fully liberalized electricity 

markets, there is competition in both generation and supply, and an independent 

regulator. In Brazil competition exists for electricity generation and trading activities, 

but the supply is still subject to network natural monopoly and the majority of 

consumers cannot choose their suppliers. There is an independent regulator with more 

than twenty years of experience, which has dealt with multiple challenges such as the 

rationing of electricity 2001 and the governmental interventions of 2012 and 2014. It is 

non-comparable the levels of maturity and experience of the electricity regulator in 

relation to the water regulator.  

For the purpose of synthesising the Brazilian electricity regulatory framework, 

the following are its main characteristics: (i) unbundling of the industry, segregating the 

activities of electricity production, transmission and distribution; (ii) coexistence of 

public and private companies; (iii) centralised planning and operation of sector; (iii) 

regulation of the activities of transmission and distribution under the regulatory regime 

of incentives; (iv) regulated prices for producers of electricity that were subject to 

renewal of their concession agreements; (v) competition for new producers of 

electricity; (vi) coexistence of captive customers and free customers; (vii) free 

negotiation of electricity between producers, traders and free customers; (viii) 

regulated auctions for the purchase of electricity by suppliers; (ix) price of electricity 

separate from the cost of its transport (tariff for use of network); and (x) different tariffs 

for each concession area of suppliers. This way, the regulatory interventions in the 

electricity sector has been successful in correcting market failures.  

Contrarily, water services and sanitation are rendered by vertically integrated 

monopoly firms mostly under the control of state government which have entered into 
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concession agreements with municipalities. Natural monopolies are a typical case of 

market failure, but when it is under public control there are additional challenge due to 

conflicts of interests. The state is the shareholder of the utility and the regulator. There 

are many issues around regulating government owned utilities: governments may 

represent interests of one group; short-term political interests drive government to 

keep low tariffs; capture of the utility for personal end and fiscal ends (Baldwin, Cave 

and Lodge, 2012). Brazil’s water services and sanitation sector is marked by low tariffs 

(most of which do not cover the costs of services) and very high levels of inefficiency. It 

currently lacks a robust institutional and regulatory framework to attract investments 

and minimize risks. For the purpose of synthesising the Brazilian WASH regulatory 

framework, the following are its main characteristics: (i) no unbundling; (ii) no 

liberalisation; (iii) predominance of public companies over private ones; (iv) regional, 

micro-regional or municipal WASH utilities; (v) regulation of the activities under the 

regulatory regime of incentives according to the national sanitation policy; (vi) regulated 

tariffs for WASH, which in most cases do not cover the costs of services; and (vii) captive 

customers. This explains in part why there is such different levels of supplies between 

water and electricity. 

Although the supply of electricity is also a natural monopoly, it is very different 

from water services and sanitation, because it has been privatized and counts with a 

strong regulation based on economic rationales. However, the main difference between 

the two is not only this one. It has less to do with the fact that they are both natural 

monopolies dealt in distinct ways, and more to do with the non-economic feasibility of 

WASH projects (especially considering the high rates of inefficiency) when compared to 

electricity. Almost everyone has access to electricity services, while in urban centres 

there are many people, usually the poor, without water for human consumption or 

sanitation services. The WASH sector still needs to give the first steps to universalise its 

essential services. However, the business is not very clear and there is no profitability, 

so the existing regulation has only created additional challenges. There are 49 regulatory 

agencies, of which 23 are municipal agencies, 23 are state agencies and the remaining 3 

are inter-municipal agencies (CERI and BID, 2018). Their regulatory approaches are not 

aligned and those rendering services at regional level sometimes are subject to different 
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rules of more than one agency, like in the case of CAGECE that is regulated by ARCE an 

ARFOR (ibid.).  

Nevertheless, a problem that comes before this pulverized and heterogenous 

regulatory approach is related to lack of an economic value for water and WASH, which 

has nothing to do with the fact that latter is a natural monopoly. It is true that if there 

were competing suppliers, they would try to reduce losses, reduce costs and make the 

necessary investments to raise efficiency. However, it is unlikely that anyone would 

invest in a business that lacks profitability and a robust regulatory framework to mitigate 

risks. Today, the regulator is far more worried about attracting investment than in 

tackling all the market failures connected to natural monopolies. The provisional 

measure 868 of December 2018 tries to fill this gap by centralising the regulatory 

competence under ANA at national level, which would help mitigate the issues related 

to the conflicts of interest that exists in regulating government-owned utilities.  

In general, in Brazil an independent regulatory approach is something quite 

recent in its history. Before ANEEL there was no independent regulator for electricity 

and until today it is a work in progress. Market failure was the initial dominant rationale 

for electricity regulation, but with time other rationales beyond the economic have also 

gained importance, such as environmental protection and security. However, the non-

economic basis for regulating in the public interest suggested by Sunstein (1990) - such 

as public interest redistribution, social subordination, collective desires and aspirations, 

interests of future generation - are still far from serving as main objectives of the 

regulation of electricity and WASH. The environmental output of the electricity sector is 

exogenous. There is separate governance structure for environmental matters under 

the different federative scales which is responsible for regulating and supervising 

environmental aspects. Today, the regulation of electricity does not include the 

environment, which is also evidenced under the interviewees with a relevant 

stakeholder of electricity:  

 

“In general, there is a distance between the electricity sector and the different 

levels of environmental management, which is highly detrimental for the 

adequate expansion of the electricity sector.”  
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The regulatory bodies responsible for overlooking the environment are neither 

within the electricity sector, or water services and sanitation. It has its own structure 

and multiple issues connected to the distribution of different competences and 

efficiency. 

On the other hand, the regulation of water resources under national and state domain 

is the closest Brazil gets to a regulatory approach rooted on non-economic values. It is 

primarily informed by inter and intra-generational equity, deliberation and public 

participation. The regulator should guarantee through decentralised and participative 

management that multiple users, including electricity, WASH and riverside communities 

will have access to water resources at adequate levels of quantity and quality. The 

decision about resource allocation should happen through deliberative and democratic 

settlements under basin committees at the water catchment area. The role of the law is 

to facilitate the democratic process by establishing procedures that supports greater 

dialogue amongst stakeholders that share the resource.  

The fragilities of the thin deliberation processes explained by Black (2008) under 

watershed committees were made evident when the severe drought of the São 

Francisco started in 2013. According to the water regulator: “in situation of scarcity, 

other procedures that are not formalised under the national hydro resource law were 

necessary to guarantee the access to water resources.” The decision-making processes 

was shifted to a Critical Events Room. The deliberation was mediated by the water 

regulator. It was successful to the extent that it avoided complete depletion of 

reservoirs, but the capacity of the regulator to mediate the deliberation needs to be 

analysed. In the words of one interviewee neutral to both sectors: 

  

“ANA gets the information from ONS to make the decisions. Everything came 

from the electricity sector. ANA did not change, if ONS said discharge 500 it would 

discharge 500. ANA only replicated what ONS said. Anyone from ANA is welcome 

to come have a conversation with me to say this isn’t true, but all one has to do 

is listen to all meeting thus far to see that this is exactly what happened.”  

 

Consequently, it is questionable the extent in which these deliberation processes 

were able to balance the interests of different groups or helped determine the 
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appropriate outcomes and served as a mechanism to promote a form of ‘democratic 

oversight’. Nevertheless, in the view of the electricity sector, the Critical Events Room 

“levelled out the existing knowledge and promoted democratic oversight of relevant 

information”.  

If considering a strictly pragmatic scale approach to the regulatory developments 

of electricity and water in Brazil, where a first step would be to secure minimum access 

to resource and services, the second step is regulation based economic rationales, and 

a third step, regulation based non-economic rationales. None of these sectors have 

guaranteed all three steps at once yet. In the case of WASH, it has the longest regulatory 

way to go when compared to electricity and hydro resources. The access to WASH are 

low, inefficient and very unequal, with the poor and disadvantaged areas struggling the 

most. There are several regulatory uncertainties and the existing agencies have a 

fragmented regulatory approach that raises many risks. This helps explain why there are 

so many discrepancies between the services of electricity and water services and 

sanitation.  

The electricity sector is the closest to providing all three steps. It provides the 

most universal service of all public services in Brazil and counts with the most robust 

economic regulation of both sectors, but the non-economic bases for regulating in the 

public interest plays a subsidiary role. Its main concerns are still related to the second 

step and guaranteeing an efficient economic regulation, which will not be subject to 

governmental intervention like the ones in 2012 and 2014. Contrarily, water resources 

regulation has advanced mainly on the basis of non-economic rationales, while it still 

lacks advances on the first (universal access) and second (economic regulation) steps. 

Finally, water services and sanitation still need to advance in all three steps.    

In terms water and electricity interlinkages the main regulatory challenge is to 

allocate common-pool water resources in a rational way, especially under basins facing 

scarcity such as the São Francisco.  Economically efficient hydro resource use by the 

electricity sector does not necessarily result in desirable outcomes in the view of other 

social (river side communities) and environmental aspects (environmental flow). While 

guaranteeing the multiple uses of water in benefit of inter-generational equity and 

protecting the environment may not result in desirable outcomes in the view of the 



 

 

251 

electricity sector, especially in terms of affordability, which is the biggest regulatory 

challenge of the electricity sector today 

6.6.3 Electricity and water planning asymmetries  

The multi-levelled approach to hydro resource governance has resulted in 

multiple plans. There are hydro resource plans at national, state and watershed levels. 

They have different timeframes, objectives (general vs. specific), overlapping areas of 

implementation, distinct funding streams and different management bodies that count 

with different administrative, financial and technical capacities. With little coordination 

existing between them it is hard to coordinate these plans with any other sectoral plans, 

such as electricity (national level) and water services and sanitation (local level). 

Whereas the national hydro resource plan follows a general approach, the state and 

watershed plan usually lack funds and stakeholder engagement to execute them (OECD 

2015). This is also aggravated by states and watershed committees having different 

capacities to develop plans and implement them. Moreover, national and states 

governments have different urgencies and priorities, which are frequently different 

from the issues and priorities at watershed level.  

This way, there are multiple plans which are hardly result oriented and a lot of 

times lack coherence with cross-cutting national objectives (ibid.). This silo approach has 

resulted in multiple uncoordinated plans with multiple generic goals under intersecting 

areas, that are hard to implement in an integrated manner. Under the São Francisco 

watershed, for example, the different states have their hydro resources planning at 

completely different stages (Table 24). There is also a plan at watershed level, and both 

should be in line with the objectives of the national plan for hydro resources. The states 

also have to manage the hydro resources under their domain, which in many cases 

involves rivers that connect to the São Francisco. They also have to implement 

watershed committees at state level and develop their own watershed plans. Most of 

them still need to implement most of their water committees, while others that have 

committees in place, but lack planning.  

 

Table 24. Hydro resources plan of the states composing the São Francisco basin 

States % São 

Francisco 

Mismatching time frames Watershed 

Committees 
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Watershed 

area 

Minas Gerais 38.2% Plan of 2011 35/35 
Bahia 47.2% Developing updates 14/22 
Pernambuco 10.6% Plan of 1998 

 
6/23 

Alagoas 2.3% First plan approved in 2011 5/16 
Sergipe 1.1% Developing updates 3/7 
Goiás 0.4% One plan for 1995-98 8/11 
Distrito Federal 0.2% First plan approved in 2006 

and latest update in 2012 
3/3 

(Sources: ANA, 2002)  

The national hydro resource policy determines that the watershed should serve 

as the management unit, so the watershed plan (federal or state) is the main instrument 

for hydro resource allocation. However, today, it does not include any of the relevant 

aspects related to the use of water by the electricity sector. The two main plans for 

electricity are not incorporated into the initial steps of watershed planning. This is a 

barrier to more sustainable and integrated management of resources.  All decisions with 

regards to electricity and hydropower expansion is centralised under the national 

government under short and long-term electricity planning instruments. Every year, the 

Ministry of Mines and Electricity (MME) approves a 10-year expansion plan, which 

currently follows the guidelines of the 2050 long-term electricity plan. These plans do 

not consider hydro security and restrictions that may impact on the operation of 

hydropower plants and thermal power plants. The current goals and targets of 

electricity planning are not linked to overall water demand, or their implications for 

water allocation and quality. In terms of biomass, for example, the electricity plan 

recognises that one of the main issues involving sugar cane growing for biofuels and 

biomass has to do with water availability (EPE, 2024). However, it has historically been 

the case that crops are all rain fed in Brazil and require no water for irrigation.  

The problem is that crops even when the expansion of biomass/biofuel crop 

cultivation are predicted to happen in areas with less rainfall estimates, the electricity 

plan still assumes irrigation will be dispensable. The plan determines that the final 

decision of where to install plants should consider only the proximity to fuel source but 

makes no reference to water availability. This is problematic in the context of climate 

variability and shift in rainfall patterns. Considering that most thermal powerplants are 
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planned to be developed in the Northeast electricity subsystem, it is important to 

consider water availability. The Northeast region of Brazil has the lowest quantity of 

water resources (Figure 45). In the state of Ceará, water scarcity compromised the 

operations of thermal power producers and led to unbearable costs that threatened 

their operation. The state of Ceará has a roust water framework at state level and water 

costs increases according to water availability, so in times of scarcity it becomes more 

expensive.  

 

 

Figure 45. Distribution of water resources per geopolitical region in Brazil for 2015 
(Data source: ANA, 2015) 

 

According to the extracts from the interviews, at an institutional level, the 

national electricity research company (EPE) responsible for electricity planning has 

entered into multiple agreements with different technical bodies from the electricity 

sector, such as Chamber for Electricity Trading and National Grid Operator. However, it 

has not entered into any agreements with environmental bodies or hydro resource 

institutions. There are some attempts in trying to build bridges between EPE and the 

water regulator, but there are many uncertainties about the best way to formalise an 

integrated agenda, including the level of government. Today, the water regulator steps 

in at much later stage when the powerplants are almost at their operational phase. This 

siloed approach to planning compromises the sustainable management of the water-

electricity nexus. This is confirmed under the interviews - extracts Box 10. 
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As discussed above, under the questionnaire, there are split views in relation to 

the integration and non-integration of electricity and water planning. Nevertheless, 

most respondents confirm that planning is one of the most pressing issues. For those 

who think the sectors are integrated, 71% agree that water and electricity planning have 

some level of integration. They classified its problems as fairly serious (75%), very 

serious (17%) and not very serious (8%).  For those who consider the sectors are not 

integrated, 56% agree that electricity and water planning lack integration. The majority 

classified its problems as very serious (89%) and the rest as fairly serious (11%).  

Public authorities also confirmed that one of the main problems is that planning 

lacks integration and one sector is more developed than the other (Box 11). Other 

interviewees raised other general problems, such as the lack of economic planning and 

the non-binding characteristic of existing plans (Box 11).  Nevertheless, in practice, when 

there is a situation of scarcity like in the São Francisco the decision about hydro resource 

allocation does not follow any plans. It is defined through emergency-driven 

deliberation processes under the CER. The decisions under the CER usually consider 

emergency-driven supply side solutions. Soft-path solutions in benefit of sustainability, 

with fewer impacts to the environment require better integrated planning and 

deliberation processes that include state and non-state actors at the initial stages of 

Box 10 Siloed approach to planning in the view of interviewees 

“EPE works on demand with environmental and hydro resource bodies, because there is no 
permanent agenda. We are in the very initial steps of trying to create and build this, but 
unsure of how it would work in terms of governance. Would it be at ministerial level, or EPE? 
I don’t know and I cannot tell you with precision what would be necessary.” 
 
“ANA seeks to come closer to the electricity planning, especially with respect to inventory 
studies where the priority of different hydropower plants is defined. Hydro vulnerabilities 
should be considered at this very initial step, which is not how the system for management of 
hydro resources currently works.”  
 
“Today, the water regulator steps in at stage when the hydropower development is nearly 
implemented. It is important to look at an earlier stage in the moment of planning, so that 
when looking at Brazil and its main basins one can define its main capacities. The decision-
making process in which it is defined which electricity developments should be prioritized 
there should be greater proximity with EPE so that key information regarding vulnerability 
and hydrological stress can be considered in the planning phase.”  
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planning and decision-making. Accordingly, many proposals on how to advance the 

rational and fair allocation of resources in Brazil were connected to planning (Table 25). 

 

 Accordingly, several proposals to advance the rational and fair allocation of 

resources in Brazil were connected to planning. They are all in line with the water-

electricity nexus literature that recommends better integrated planning between 

sectors (Table 25).  

 
Table 25. Advancing rational and fair allocation with better integrated planning 

Tackling 
Asymmetrical 

Planning 

“I would like to see a discussion in relation to the planning of the electricity 
sector with ANA, which has advanced very little and only through a bottom-up 
approach between areas that have felt a need for a greater dialogue.” 
“We need to have better established protocols for moments of crisis. We need 
to be able to anticipate. What happens today is that most solutions are built 
under emergency and crisis scenarios.” 
“Planning is the key instrument to promote advances in benefit of rational and 
fair allocation of water resources.” 
“The electricity plan should consider transport, environment and land issues.” 
“The two existing plans of electricity should be incorporated into the watershed 
planning.” 
“The different water resource users should have their long-term planning and 
publicity to other sectors of the economy at the moment of elaboration of the 
watershed plans. These plans should not be fixed because they would need to 
do from time to time.” 
“There is an initiative under ANA to develop a national hydro security plan. It 
does the diagnosis of areas that present hydrological vulnerability and 
proposes measures to rank the portfolio of infrastructure projects accordingly.”  

Box 11. Problems of siloed planning in the view of interviewees 

“The lack of integration between planning instruments have led hydropower developments 
to cause serious conflicts around the multiple uses of hydro resources.”  
 
“In short, we have not accomplished an integrated management or planning within 
government structure. Sanitation does not connect well with the hydro resources which does 
not connect well with the environmental aspect.”  

 
“One sector is more developed and has a longer period of planning than the other.”  

 
“The problem is that a lot of the times planning is not legally binding. It should be binding so 
there is due application of financial resources in hydro structures or sanitation.”  
 
“The greatest challenge is the fact that we don’t have an economic planning for the country 
that identifies how each region can best contribute for the economy. What happens is that 
big infrastructure in Northeast exist for irrigation, but the soil is not appropriate for all kinds 
of crops. It would important to define what crops are more suitable for that specific area. If 
there was socio-economic study in place the water would follow it. In reality, the water is 
what would make it feasible, right?” 
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6.6.4 Electricity and water information and knowledge asymmetries  

There are diverging views arising from the questionnaire in relation to the 

integration/non-integration of water and electricity information and knowledge. 50% of 

respondents that found water and electricity to be non-integrated consider information 

and knowledge a siloed area, which they classify as a fairly serious problem, or very 

serious problem. On the other hand, of those that see water and electricity as 

integrated, 41% consider that information and knowledge to have some level of 

integration. Different from the first group, there were opposing views in relation to its 

problem perception, because even though most of them think it is a fairly serious or 

very serious problem, there were 29% of them that do not see it as a problem at all. 

Nevertheless, those that consider this area as problematic in both cases agree on two 

main points: there is a lack of data for the water sector and a lack of integrated 

databases for electricity and water (Table 26).  

 

Table 26. Information and knowledge asymmetries in the view of stakeholders of 

water and electricity 

Views of water sector stakeholders Views of electricity sector stakeholders 

“There is a lack of organised data.” “There are difficulties in keeping an isonomic 
quality of the data for all electricity 
developments.” 

“Most watersheds have more than 1000 km2 
and the management of water resources 
require very detailed and dense 
classification. However, this is hard to be 
done because hydrology is non-linear. A 
small basin has a completely different 
hydrology than a big one. In the monitoring, 
one cannot extrapolate from the small to the 
big, and even less so from the big to the 
small. The result is the lack of detailed 
information.”  

“The main problem is the lack of data with 
regards to multiple consumptive uses of 
water and operational restrictions.” 

“The issuing of water permits is done 
without information of water availability in 
the required geographical cut. As a result, 

“There is a lack of integrated databases in 
terms of consumption, evaporation and 
planning of new plants.” 

“The electricity sector defends the planning and development of new 
hydropower with dams to secure multiple water uses and hydro security. 
Considering they haven’t been able to develop hydropower dams in the last 
years due to environmental and social factors, they use these same reasons to 
justify the need for new reservoirs.” 
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there are miscalculations when attending 
demand according to water availability, 
which can be under or overestimated. The 
main issue is not with regards to exiting 
water permits, but to current uses without 
any permits. Today, there are many uses 
that lack of representation, so the estimates 
of demand cannot be done by considering 
existing water permits.” 

 

It is unquestionable that the electricity sector in Brazil has better developed 

databases, knowledge and information than the water sector. Since the start of 

industrialisation, the national government focused its administrative, technical and 

financial resources to develop the electricity sector, which led to the gradual 

construction of a national database for electricity. For many years, there were regional 

water division districts studying water regimes on the grounds, with a focus on its use 

for hydroelectricity. It is common for watersheds to have most of its hydrometers in 

strategic points for electricity, instead of taking a whole-basin approach. The electricity 

sector counts upon a special committee to manage information of the electricity sector, 

aimed at guaranteeing integration, coherence and quality of information and statistics 

for electricity policy formulation. There is nothing similar for water and interviewees 

identified this as one of main issues: “There are not that many measuring stations with 

reliable and long-term data series, so it limits hydrological and hydrometeorological 

measuring.” 

It was only was only after the water policy of 1997 that an information system 

figured as key policy instrument for the management and planning of water resource 

uses. National and state information systems should collect and store all information 

about the quality and quantity of hydro resources and the levels demands. At national 

level, the water regulator is responsible for implementing and managing the information 

system, while at state level it varies – in some cases it is under the competence of a state 

regulator or under the secretariat of environment. However, the information systems 

are not well developed at state level and there are yet desired levels of transparency of 

available data (OECD, 2015).  

Consequently, the current state of art does not support the consistent and 

robust development of knowledge and information about the actual state of water 
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resources. This has direct impact on the electricity sector as described by one of the 

interviewees from electricity sector:   

 

“For example, the physical guarantee of hydropower developments which represents the 

maximum amount of electricity they can sell is calculated according to operation 

simulations of that development under the national interconnected system of electricity. 

The conditions related to the operation of such a development is directly influenced by 

possible restrictions, which in the case of hydropower it is based on water catchments 

for the horizon of the study. The electricity research company needs updated information 

about water demands by multiple users which may impact on the operation of the 

hydropower for the whole period, which can be up to 30 years for concession 

agreements. The information provided by the national water regulator for federal 

watersheds is better organised than those related to state watersheds, which in vast 

majority lack data and organisation. This explains why there is a lack of isonomic 

treatment in terms of quality of data for all electricity developments.”  

 

Nonetheless, a prerequisite to manage water resources is to have information 

about the real state of the art in relation to quantity, quality and allocation. The lack of 

information about real state of resources is an accountability gap (ibid.). Considering 

there are less developed databases for water sector than for electricity, it has direct 

impacts on water-electricity nexus decision making processes. Under the CER, for 

example, the electricity sector showed a strong capacity to influence decision-making 

through better developed information and knowledge than other participants. This way, 

there are several risks of perpetuating procedural injustices because of the lack of 

information and knowledge of other users.  

6.6.5 Electricity and water policies asymmetries  

Whereas for water resources there is a national hydro resource policy and a 

policy per state (Table 27), for water services and sanitation there is a general policy at 

national level (Table 27), while municipalities are responsible for sanitation policies at 

local level. However, the majority of municipalities are not able to develop or implement 

their policies due to lack of funds and capabilities. For example, the state’s part of the 

São Francisco watershed have a total of 1,878 Municipalities (Table 27), with 505 of 
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them located within the perimeters of the watershed area. They all have asymmetrical 

institutional, administrative, technical, regulatory and planning capacities to develop 

and implement policies. At national level, the sanitation policy was enacted in 2007 and 

the solid waste policy enacted in 2010, but both have very general guidelines, because 

the competence of these services is local. There are discussions under the Congress 

House to change to the water services and sanitation policy by centralising the 

regulatory competence under the national level and expanding the role of the national 

water regulator.  

 

Table 27. Asymmetrical water policies, management bodies and watershed 

committees 

 National Policies related 
to Water 

Management 
Bodies  

National 
Watershed 

Committees 
Law 9.433, 1997 – 

national hydro resource 
policy 

Law 11.445, 2007 – 
sanitation policy 

Law 12.305, 2010 – solid 
waste policy 

National Water 
Regulator 
National 

Committee for 
Hydro Resources 
Ministry of Cities 

and Ministry of the 
Environment 

9 

States/ Total no. of 
Municipalities 

State Hydro Resource 
Policies  

Management 
Bodies  

State 
Watershed 

Committees 
Minas Gerais/853 Law 13.199, 1999 – 

policy and management 
system 

Decree 41.578, 2001 – 
regulates the above 

policy 

Law 7.354, 1998 - 
creates state 

council and Decree 
12.120, 2010 – 

regulates  

35/35 

Bahia/417 Law 11.612, 2009 – 
State hydro resource 
policy and system for 
management of water 
resources (before this 

Law 6855, 1995 and Law 
10.432, 2006) 

Environmental and 
hydro resource 

institute crated by 
Law 12.212, 2011 

14/22 

Pernambuco/185 Law 12.984, 2005 – 
State Hydro Resource 
Policy and Integrated 

System for Management 
resources 

Secretariat of 
Infrastructure  

Agency for Water 
and Climate  

6/23 
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Alagoas/102 Law 5.965, 1997 -  Secretariat of 
Environment and 
Hydro Resource 
crated by Law 
6.126, 1999 

5/16 

Sergipe/75 Law 3.870, 1997 – policy  
Law 4.600, 2002 – 
creates system for 

management of state 
water resources 

Secretariat of 
Environment and 
Hydro Resources 

3/7 

Goiás/246 Law 13.123, 1997 – state 
policy, information 

system and conservation 
and preservation of 
underground water 

resources 
 

Resolution 9, 2005  
CONERH – regulates 
state system for 
provision of water 
permits  

Secretariat of 
Environment, 

Hydro Resources, 
Infrastructure and 

Metropolitan 
issues crated by 

Law 18.687, 2014 

8/11 

Distrito Federal Law 2.725, 2001 – policy 
and information system 

Regulatory Agency 
for Water, 

Electricity and 
Sanitation created 

by Law 3.365 of 
2004 

3/3 

 

Contrarily, for electricity there is not one general policy, but multiple scattered 

laws at national level, including the energy policy (1997), energy conservation policy 

(2001) and a biofuels policy (2017). The national energy policy applies mostly to oil and 

gas and contains the general principles and objectives applicable to the electricity sector 

more generally. Other relevant policies are Brazil’s environmental policy and climate 

change policy. There is a lack of coordination between all these different policies 

horizontally and vertically. This is noticeable in the asymmetries analysed in the next 

subsections in relation to water and electricity policy objectives, instruments and 

implementation. Policy coordination challenges are also connected to the disparate 

institutional capacities of each scale and sector. Moreover, considering that earlier 

policies were not designed to deal with problems such as climate change it may also 

help explain the little coordination amongst them.  
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In the context of policy analysis Nilsson et al., (2012) developed an analytical 

framework to assess policy coherence between policies (Chapter 2, Section 2.2.2) which 

the rationales have been adapted to this study (Table 28; Table 29 and Table 30). 

However, a more detailed investigation of horizontal and vertical asymmetries involving 

a single policy domain, part of their framework, was purposefully left out of the analysis. 

The main objective is to examine the policies of the two sectoral domains (water and 

electricity), so that policies asymmetries, conflicts and gaps are identified. This was done 

following the steps informed by the questions detailed under Table 29. 

 

Table 28. Framework for assessment of water and electricity policies asymmetries 

Policy 
Dimension 

 Scale Dimension 
Horizontal Vertical 

External 
(different 

policy 
domains) 

Water-
electricity 

nexus 

National electricity 
policies in relation to 

national hydro resource 
policies and vice versa 

National electricity policy in 
relation to state hydro resource 
policy and municipal policy for 
water services and sanitation 

Internal  

(single 
policy 

domain) 

Water National hydro resource 
policy in relation to 

national sanitation policy 
and national solid waste 

policy  

National hydro resource policy in 
relation to state hydro resource 

policy  

Electricity National electricity policy 
in relation to national 

electricity efficiency policy 

Not applicable 
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Table 29. Steps to assess water and electricity policies asymmetries 
WE Policy 

Interactions 
STEPS 

Objectives 

1. Are there any water-related objectives under the national 
electricity policies? 

2. Are there any electricity-related objectives under the national 
hydro resource policy, or national sanitation policy, or solid 
waste policy? 

Instruments 

3. Are there any key instruments under the hydro resource 
policy that supports the objectives of the national electricity 
policies? 

4. What key instruments of the national electricity policy 
supports the objectives of the national hydro resource policy? 

Implementation 5. What does the triangulation of the following datasets: (i) 
interviews, (ii) institutional historical linkages and (iii) metrics 
provide in terms of conclusion about electricity and water 
policy implementation?  

 

 The questions were developed considering the layers of analysis provided under 

the Nilsson’s framework – objectives, instruments and implementation – and the 

research questions. The steps described in questions 1-5 provide conclusions and 

answers to the general research question about the consequences of water and energy 

operating under two silos and multiple scales, as well the specific question on the critical 

interlinkages or silos between water and electricity in Brazil. This exercise highlights 

important gaps from the perspective of policies, such as the lack of clear water 

objectives under the electricity policies and vice versa. The latter addresses the specific 

research question about the water-energy nexus conflicts and gaps in Brazil from the 

perspective of policies and governance. There are multiple silos with regards to the lack 

of water related objectives under the electricity policy objectives and instruments. The 

inverse is also true. The main instruments that support the rational and fair allocation 

of hydro resources (water charges) does not apply to the electricity sector.  In terms of 

the implementation, the fieldwork data was key to provide conclusions about the 

discrepancies between how policies of both sectors have advanced their specific policy 

objectives on the ground.  

6.6.5.1 Water and electricity policy objectives: asymmetries and conflicts 

The current framework for electricity does not include water conservation, 

multiple uses of water, or the rational use of hydro resources in the government’s 

electricity policy objectives. The expansion of water intensive sources of electricity 
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without including water-related objectives is an asymmetry that compromises water 

and electricity securities (aggravated by climate variability, population growth and 

development needs). It can also put at stake national and state policies objectives 

regarding the multiple uses of water, specially under basins marked by water scarcity 

such as the São Francisco. Without water-related objectives or a clear mandate to 

safeguard water it for multiple uses, the electricity sector will enter discussion about 

resource allocation protecting its exclusive interests above all others. As a better 

organised sector in Brazil than water, with more robust historical databases, larger 

technical body and capacity to guide discussion and influence its results, it will continue 

to give the cards on how resources should be allocated in its interest. To some extent 

this was what happened in the São Francisco, which has been confirmed under the 

interviews: 

 

“The main reason the electricity sector wanted to reduce water discharge levels of 

hydropower was to safeguard water under reservoirs. They were thinking only about 

their interests, their needs and ways of keeping water levels for their use. This was their 

original interest.” 

 

“The water regulator got people around a table, but the electricity sector brought its 

demands to reduce discharge levels based on its planning and management of its own 

risks. The electricity sector is way more organised than other water users.” 

 

The hydro resource policy requires that in situation of scarcity the priority in 

water allocation should be given for human and animal consumption. However, there 

are gaps in the policy with regards to all other users, including electricity. One of the 

interviewees from water sector has confirmed that: 

 

“It is a bottleneck of our policy which we have pointed out in planning documents. There 

is a need to advance in this issue of setting priorities in the use of resources. The law says 

the priority should be human consumption and animal consumption. We need to 

advance because there is an open question: what about the other uses?”  
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This creates legal insecurities and raises conflicts between users. Again, the 

strongest, best organised and most influential of the sectors, specially from an economic 

perspective, is more likely to win the discussions and take precedence in the use of 

disputed resources. This is a gap that needs to be addressed by the law. A representative 

from the electricity sector has provided the rationales that would need to be considered 

in doing so:    

 

“In the specific case of the São Francisco there is an initial demand which is human 

consumption, followed by animal consumption. For all other users, one needs to 

consider the probability of having water in the river until the next rainy season. There 

are limitations involving water quality. Discharge levels need to guarantee 

environmental flows. It should also guarantee that cities will not be consuming salty 

water because of ocean water intrusion. Using this logic is how one should calculate.” 

 

Nevertheless, in a situation of scarcity, the water plans that set water use 

priorities and disciplines its multiple uses are not followed. Combined with this gap of 

the water policy, it results in conflicts and asymmetries when comes to scarce water 

resource allocation. Increasing risks of allocation happening on ‘first come first served 

approach’ (OECD, 2015). Under the São Francisco, for example, the solutions were 

usually supply-driven, emergency-driven and industry-driven. Torres (2015) argues that, 

in practice, electricity generation was prioritised (confirmed in interviews), which 

impacted negatively on local communities and water services and sanitation companies. 

It is clear that the lack of effective cross-sectoral policy objectives does not support a 

fair and rational allocation of hydro resources, especially in times of scarcity, affecting 

supply and the ecological flow. It also results in environmental injustices from both 

distributional and procedural aspects. Small riverside communities and water services 

and sanitation companies are not getting the resource in adequate quantity and quality 

levels, while their voices are underrepresented under the CER. Small riverside 

communities have been excluded from the decision-making processes. 

When advancing the objectives of water policy one the main conflicts with the 

electricity policy objectives is in relation to the expansion of biomass and biofuels. 

Securing that current and future generations will have water at adequate levels of 
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quality and quantity may restrict the use of water for the growing of biomass crops. 

Other conflicts are raised between the water policy objectives and the need to protect 

electricity consumer interests in relation to price and quality of electricity. Hydropower 

is the cheapest and one of the most secure sources of electricity generation in Brazil. 

However, reservoirs are increasingly used to safeguard multiple uses of water, so the 

rational and integrated use of hydro resources may restrict the electricity’s sector 

capacity to safeguard water under dams at the levels it wishes to secure electricity 

supply and affordable tariffs. In general, the policy objectives have little coordination 

between them, which raises risks of implementation at different scales and spill over 

effects that one-dimensional sectoral policies usually have. This is aggravated by the fact 

that managing institutions do not count with a specialised technical body and different 

resource users have diverging views that challenge the governance of policy objectives 

(Jacobi and Barbi, 2007). 

6.6.5.2 Water and electricity policy instruments: asymmetries and conflicts 

There are no explicit instruments under the national electricity policy to support 

the rational and fair use of water resources by the electricity sector, or water 

conservation. Nevertheless, the electricity sector is highly dependent on water for 

electricity generation, which has a direct effect on drinking water availability (Mercure 

et al., 2019). On the other hand, the water charges which are the main instrument of 

the national hydro resource policy to support the rational use of resources does not 

apply to hydroelectric power producers. However, it applies to all other hydro resource 

users, including water services and sanitation. One of the main drivers for implementing 

the national hydro resources policy instruments is the desire of federal and state 

governments to apply water charges. It necessarily involves the rectification of water 

uses (register, revision and grants), drafting of water basin plans and the creation of 

water agencies. The funds return to the basin to support the execution of basin plans 

and help fund the water sector. However, the lack of its implementation in most 

watershed areas compromises sustainability, water plans, funding, control of pollution 

and the coordinated and harmonic actions between different users.   

Asymmetry and equity issues are raised to the extent that electricity is the only 

user sector that does not pay water charges. The three main users of the São Francisco 
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are electricity, irrigators and water services and sanitation, but not all of them pay the 

water charges, and interviewees from water sector see this as a problem. The electricity 

sector pays a flat fee of 6.75% as a royalty that serves as compensation for the use of 

hydro resources. However, the funds do not return to the basin. The latter is managed 

by the national government and part of the funds are transferred to National Water 

Regulator, while the rest is shared between municipalities and states with no track of its 

use. This way, there are asymmetries not only in relation to the different types of 

economic instrument applicable to users of the same water resource, but also in relation 

to the destination of the funds. From a water management perspective, the flat fee paid 

by hydropower should be revised to consider better issues of water availability, 

competition and destination of funds.  Between 2001 and 2018, hydropower producers 

have paid a total of R$ 2,559,297,427 as means of compensating for their use of hydro 

resources. In the words of one interviewee: 

 

“These funds do not return to the basin and no one knows how or where they are used. 
This is very different than what happens to irrigation and water projects such as the 
inter-basin transfer of the São Francisco. The latter pay for electricity and pays for water 
- 12 million reais. This amount returns to the basin, but the royalty paid by electricity 
does not. It is a foggy instrument that needs greater clarity.”  
 

Other relevant instrument of the national water policy that supports the 

objectives of the electricity policy is water permits. However, interviewees have 

identified a variety of problems that are connected to water permits, which are 

detrimental to the policy objectives of both sectors. There are many problems to 

estimate the correct amounts of resource use or needs based on existing permits. In the 

words of a representative from the water sector:  

“When permits are requested, they commonly ask to reserve a greater amount of hydro 
resource than what will actually be used. Depending of the sector this can makes sense, 
because in basins with water charges in place users pay for what they consume, even 
though they reserved for a greater demand. Where there are no water charges, the 
amounts of hydro resource reservation requested under the permits are extremely high.”  

6.6.5.3 Implementation asymmetries of water and electricity policies 

Water and electricity policies are implemented in different capacities, rhythms 

and scale. Whereas for electricity it follows the top-down approach and is implemented 

at national level, with supply levels of electricity reaching almost 100% of the 
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population. For water, the national and state hydro resource policies have similar 

objectives and instruments, but they are implemented at watershed level in very distinct 

ways. In general, the majority of watershed committees (at national and state level) 

struggle to implement the instruments set under the hydro resource policies. Only 40 

out of 204 state watershed committees have implemented all policy instruments (ANA, 

2015b). While 4 out of 9 federal watershed committees have implemented all of the 

policy instruments, including the São Francisco (ibid.). 

However, under federal basins such as the São Francisco there are additional 

challenges to implementation because of the asymmetrical management systems that 

coexist within the same watershed area. The São Francisco counts with the national 

management system and the management systems of all states part of it: Minas Gerais, 

Bahia, Pernambuco, Alagoas, Sergipe, Goiás and Distrito Federal. These states have their 

own watershed committees for the management of its resources and implementation 

of policy instruments at state level. However, many areas of these states still lack the 

required watershed committee and those that have committees have not implemented 

all of the water policy instruments. The National Council of Hydro Resources has 

approved the water charges for the São Francisco watershed. However, none of the 

states that are part of it, with exception of some areas of Minas Gerais, have 

implemented water charges. This kind of asymmetry raises risks to the entire system 

(Braga et al., 2008).  

On the other hand, water services and sanitation policies are to be implemented 

at local level by municipalities. However, with 5.500 municipalities it would be inefficient 

to develop and implement policies their individual water services sanitation policies. at 

local level, especially considering there are metropolitan regions. In 2010, there were 4 

million permanent homes in the São Francisco watershed (CBHSF, 2016). Whereby 84% 

had access to services of water. While in most areas (except the Alto do São Francisco) 

less than 20% of the homes were connected to sanitation systems and more than 10% 

lacked toilets in their houses (ibid.). The main policy challenges of managing hydro 

resources in Brazil is with regards to the implementation of policies at basin level, while 

increasing supply security to areas with low availability of water and improving quality 

by reducing pollution (Kelman and Kelman, 2002). Although there has been advances in 

the water sector since the edition of national hydro resource policy, there are challenges 
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to implement them, because of restricted budget and lack of capacity building at local 

level.  

In light of the issues analysed in this Chapter, the following Chapter 7 will analyse 

different strategies to better integrate water and electricity in Brazil and promote a 

fairer and rational allocation of resources.  
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Chapter 7 Advancing co-governance of water and electricity in the view of 

different stakeholders 

7.1 Introduction 

Around half of the stakeholders responding the questionnaire provided insights 

about possible strategies to address the water-electricity nexus issues in Brazil and 

promote a more rational and fair allocation of resources. Together they provide 

important information to answer the third research question on the possible ways to 

promote greater integration between water and electricity in Brazil and support 

advances to the SDGs holistically. This chapter starts by analysing how different 

participants of the questionnaire assessed different pre-chosen strategies from 

governance, policy, regulatory, infrastructure and efficiency measures. These strategies 

were listed under the last closed-ended section of the questionnaire. They were based 

on different strands of literature, which includes water-electricity nexus, better 

governance, regulatory theory and decentralised electricity systems. Discussions will 

follow about the strategy that was considered a top priority but with lowest feasibility 

and vice-versa.  

The second part of this chapter will bring forward the most recurring strategies 

proposed by participants under the semi-structured interviews. They address what 

participants consider as the best way to promote a more rational and fair allocation of 

resources. The results show that most participants consider governance and 

institutional changes as the necessary measures, but many of them raised important 

doubts about the best ways to proceed with them. Their different proposals have 

informed the institutional dimension brought forward under Chapter 8. In this way, the 

next subsections are is split as follows: (i) assessment of strategies to better integrate 

electricity and water in Brazil according to the participants of the questionnaire; and (ii) 

analysis of the results of the semi-structured interviews to advance the rational and fair 

allocation of resources. Different connections will be drawn to the literature, including 

regulatory theory, governance, water-electricity nexus and sustainability.  

7.2 Strategies to improve and better integrate electricity and water regimes  

The question on strategies was the last section of the questionnaire whereby at 

least 60% of the participants responded all the questions, while the rest skipped.  The 
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14 strategies (Table 30) they assessed are related to the implementation of meta-

governance principles in Brazil, overarching nexus goals, public participation, total 

transparency, regulatory fitness checks, vertical and horizontal policy integration, 

network of regulators, integrated efficiency, joined-up infrastructure and removal or 

regulatory barriers to promote this, enhancement of regulatory practices and 

instruments for efficient water distribution and recycling programmes, decentralised 

electricity systems and a national infrastructure plan. Participants classified them in 

terms feasibility (low to high), priority (low to high) and timeframe (2020, 2030 or 2050).  

 

Table 30. Strategies to address water and electricity issues in Brazil in an integrated manner 

Metagovernance 

1 

Use metagovernance principles as foundation of water-
electricity governance processes: inclusiveness, 
transparency and accountability to stimulate bottom-up 
and more participatory approach to electricity  

2 

Govern by overarching nexus goals, instead of sector by 
sector basis, which are measurable, attainable, relevant and 
time-based, using performance-based indicators as tool to 
encourage coordination 

3 

Include a broad range of stakeholders, including commercial 
and non-commercial water and electricity non-state actors 
to strengthen integration at the agenda-setting, problem 
definition and decision-making stages of policy making 

Policies, 
regulation and 

decision-making 
processes 

 

4 

Total transparency (total openness at all levels of 
information dissemination) of all stages of decision-making 
of water and electricity related policies, including 
monitoring and evaluation, sharing results with public and 
producing update, consistent, comparable data and 
information.  

5 

Implement regulatory fitness checks to systematically 
identify excessive burdens and inconsistencies, relevance, 
coherence, effectiveness and efficiency of policies 
connected to water and electricity 

6 
Vertical and horizontal integration of water and electricity 
policies in terms of shared objectives, principles, education 
and informational instruments 

Joined-up 
institutions, 
efficiency, 

programs and 
projects  

7 

Develop Network of Regulators for collaborative work and 
information flow within and between government and 
private sectors interested in cross-cutting regulatory issues 
of water and electricity 

8 
Develop integrated water-electricity efficiency programs, so 
that utilities share knowledge and co-develop educational 
water-electricity programs for consumers 

9 Promote joined up infrastructure projects for water and 
electricity, with on-site renewable and multi-use reservoirs 
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In terms of priority, the top two strategies (Figure 46) were regulatory practices 

that incentivise efficient water distribution and water recycling programmes (strategy 

11); and shifting current approaches to water and electricity scarcities focused on supply 

side, using infrastructure based solutions to soft-path solutions and instruments to 

increase decentralised electricity systems and efficiency (strategy 13). However, both of 

these strategies were not considered to have the highest feasibility. Strategy 11 is in the 

fifth place in order of feasibility, while decentralised electricity system is under the tenth 

(Figure 47). The top two strategies in terms of feasibility were public participation 

(strategy 3) and integrated efficiency programmes (strategy 8). As priority they figured 

in sixth and fourth places, correspondingly. In general, the strategies considered to be 

top priorities were not ranked at the top in terms of feasibility, while the contrary is also 

true. Those that were considered the most feasible strategies are not amongst the top 

priorities. The next two subsections will analyse the different strategies, so that further 

conclusions can be drawn about the barriers to advance each of them.  

 

Regulatory 
instruments 10 

Develop overarching Programme and key instruments to 
remove regulatory and investments barriers to joint 
considerations of development of critical water and 
electricity infrastructures 

11 
Regulatory practices that include economic instruments and 
incentives for efficient water distribution and water 
recycling programs  

12 

Revision of the financial compensation for water use paid by 
hydropower to consider better issues of water availability, 
competition and destination of funds 
 

Decentralised 
systems and 

national 
infrastructure 

plan 

13 

Shift current approaches to water and electricity scarcities 
focused on supply side, using infrastructure-based solutions 
to soft-path solutions and instruments to increase efficiency 
and decentralised systems 

14 
Develop National Infrastructure Plan to consider barriers 
that hinder join infrastructure projects 
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Figure 46. Strategies ranked in terms of priority 

 

Figure 47. Strategies ranked in terms of feasibility 
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7.2.1 High priority strategy with lowest feasibility: decentralised electricity systems  

From the total of participants under the questionnaire, 63% assessed the 

strategy 13, which proposes shifts from supply-side solutions to resource scarcity to 

soft-path solutions with decentralised electricity systems and greater efficiency. From 

this 79% considered it to have a medium-high to high priority, which compared to other 

strategies, it ranked in second place. In terms of timeframe for its implementation, 

excluding those that skipped, the majority of respondents chose 2030, followed by 2050 

(Figure 48).  

 

Figure 48. Timeframe to implement Strategy 13 - Decentralised Electricity Systems 

However, it is the split views in relation to feasibility that draws the greater 

attention. 54% of respondents considers it to have medium-high to high feasibility, while 

the remaining 46% classified it as low and medium-low. In relation to other strategies, 

it figures in 10th out of 14 in order of feasibility. There are many reasons that help explain 

why the feasibility is not considered so high by different stakeholders.  In Brazil, some 

argue there is a limited access for decentralised electricity systems, because only high 

income consumers are adopting distributed solar photovoltaic (Losekann and Hallack, 

2018). Around 79% of all distributed solar generation in Brazil belong to residential 

consumers followed by commercial sector (ibid.). The former mostly includes high-

income class of consumers who usually own the property and have energy bills over 

R$200 reais per month (ibid.). There are timid regulatory advances, including with 

respect to smart meters, currently under the exclusive scrutiny of ANEEL (Carvalho, 

2015). Technical, commercial and regulatory barriers (Lopes et al., 2007) can also help 

explain the low levels of feasibility considered by participants. For example, from a 

8%

34%

16%

42%

2020 2030 2050 Skipped
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technical perspective there are challenges related to the multi-directional flow of 

electricity under a system originally unidirectional, electricity quality issues and tension 

variations; from a commercial perspective, the challenges are greater for electricity 

suppliers, because they would have less consumers dependent of their electricity which 

can risk their business model (ibid.). Finally, from a regulatory perspective, the lack of a 

robust regulatory framework for decentralised electricity systems and cost-benefit 

analysis limits its success in the long run and eventual gains in efficiency (Carvalho, 

2015).  

The implementation of decentralised electricity systems requires not only 

technical changes, but also changes in the structural electricity market designs, policy 

and regulation (Swora, 2010). In the US and EU, existing public policies and regulation 

are directly linked to goals towards low-carbon economies and to the achievement of 

the envisaged outcomes expected from the smarter electricity system. The latter 

includes increased efficiency enhancement and use of renewable electricity generation, 

transport electrification, use of and consumer participation, with distributed generation 

and demand-efficiency (Giordano and Bossart, 2012). Under both cases, smart grid 

deployment is market-driven and an assessment of each particular framework to 

measure the progress in implementation has been conducted (ibid.).  

The policy drivers behind decentralised electricity systems share a number of 

similarities and differences. For example, most countries agree on issues such as 

efficiency enhancement, increasing renewable electricity production, adopting storage 

technologies and empowering consumers to become active players of the industry. 

However, they differ with respect to other core objectives. For example, in Brazil, it is 

very much related to reducing electricity theft (Leite et al., 2012); in USA and EU 

reduction of CO2 emissions with potential cross-border electricity transactions 

(Giordano and Bossart, 2012). One of the major challenges consists in identifying the 

regulatory paradigm shift in which the balance between the independent economic 

regulation and command and control is met to guarantee electricity efficiency, security 

and reductions in carbon emissions (Woodman and Mitchell, 2011).  

Decentralised electricity systems have the potential to reshape current resource 

nexus conflicts between electricity and water. To the extent that it can help the 

electricity sector become less water dependent, and consumers less dependent of 



 

 

275 

centralised electricity supply, it can mitigate existing conflicts between electricity and 

water. This way, an effective way to tackle water-electricity nexus issues is to find 

alternatives that can avoid or reshape the existing conflicts arising from the trade-offs. 

In Brazil, there are decreasing levels of hydroelectric generation and of the capacity to 

store water under hydro dams, which raises electricity security issues and tensions with 

other resource users (Bajay et al., 2018), especially downstream of dams. The trade-off 

is between storing electricity to secure electricity supply and electricity affordability, or 

to dispatch water to guarantee multiple water uses but reduce electricity generation 

using hydropower.  

In Brazil, thermal power plants are increasingly needed to secure supply, even 

during favourable hydrological periods to help recover part of reservoirs storage 

capacity. Consequently, there are rising challenges to plan and operate Brazil’s 

electricity system, which is becoming more diversified and relying less on hydropower 

generation and hydro dam storage capacity to secure supply. According to Brazil’s 

national grid operator electricity operations plan 2014/2018 there are a need to shift 

the paradigm and consider a new role for reservoirs (ONS, 2014). Romeiro (2016) 

suggests that dams should provide the flexibility that is needed to support the expansion 

of intermittent sources such as solar and wind but be paid for it. This way, instead of 

compensating the loss of revenue by paying them for the storage capacity, they could 

be paid according to the flexibility they offer to the system, which is needed for the 

uptake of renewable intermittent sources (ibid.).  

In the last years, renewable solar electricity in Brazil grew mostly with 

decentralised electricity systems (Bajay et al., 2018). Today’s pressing environmental 

challenges will likely push for its further development. However, decentralised 

electricity systems are in its infancy in Brazil. It currently counts with the following 

technologies: co-generation installations, oil and diesel motors for emergency supply or 

in peak hours, small hydroelectric powerplants and photovoltaics (Bajay et al., 2018). 

The investments required to expand them further are quite high and the lack of 

financing aggravated by current economic recession, makes their feasibility 

questionable. Despite the regulatory advances listed under Table 31 there are 

knowledge gaps with regards to the adequate policy and regulatory approaches to 

promote decentralised electricity systems. The barriers are related to technical issues 
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due to increased tensions and bi-directional flow of electricity that bring instability to 

the grid, and commercial aspects due to effects on supplier business (Lopes et al., 2007). 

Moreover, high levels of investments and long-term rates of investment return and lack 

of financing bodies challenge its expansion. This also helps explain why participants 

consider it to have low feasibility. Even though it is considered a high priority strategy 

to address the water-electricity nexus in better integrated manner because of its 

potential to reduce conflicts between hydroelectricity and multiple uses of water. While 

addressing from an environmental perspective the expansion of renewable sources 

under decentralised electricity systems would help reduce carbon emissions. 

   

Table 31. Developments of legal framework for decentralised electricity systems: laws, 
regulation and programmes  

Year Norm Description 
1995 Law 9.074 Creates the figure of an independent producer of electricity, which is able 

to produce and trade electricity at its own account and risk. 
Decree 
2.003 

Regulates the electricity production by independent power producers 
and self-producers. Independent power producers should get 
authorisation or concession to produce for the market, while the self-
producer only requires an authorisation to produce electricity for its 
exclusive use. Disciplines the access to distribution lines.  

1998 Law 9.648 Establishes the incentives for electricity generation by small hydropower 
plants, with hydraulic potentials above 1 MW and below 30 MW that are 
used for independent electricity generation, or self-production being 
authorised by ANEEL without costs. Moreover a 50% discount should be 
applied on the use of transmission lines and distribution lines.   

1999 Resolution 
112 

Established the minimum requirements for obtaining a registry or 
authorisation for the implementation, expansion and re-powering of 
thermal, wind and other alternative sources of electricity, with capacity 
below 5.000 kW, which should only be registered under the electricity 
regulator.  

2002 Law 10.438 Creates the Programme of Incentive of Alternative Sources of Electricity 
– PROINFA and the Charges for Electricity Development. Wind generators 
were granted 50% discount in the tariff of use of transmission and 
distribution lines. In 2003, this discount was extended to solar generators 
with capacity equal to or below 30.000 kW. 

2004 Resolution 
77 

Establishes the rules and procedures to reduce the Tariff of Use of 
Transmission and Distribution Systems for hydropower with capacity 
below 50MW, solar, wind, biomass and qualified cogeneration. Different 
reduction rates were considered in for the different generation plants.  

2012 Resolution 
482/2012 

updated by 
687/2015 

Distributed generation that uses photovoltaic technology stood out after 
the publication of this resolution which incentivises self-generation using 
renewable sources of electricity or qualified co-generation. It established 
different capacities for decentralised generation, split into micro and 
mini generation, it required access to supply lines and set electricity 
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compensation rules - net metering. The exceeding electricity was thrown 
back to the system and converted into credit for later compensation. 

2015 Resolution 
687 

Updates and revises Resolution 482/2012 to include the following new 
terms: new installed capacity limits, with micro and mini generation 
between 75kW and 5MW, with 3 MW for hydro source; extension of the 
term for compensation of electricity credits, from 36 to 60 months; 
standards for request of access to transmission and distribution systems; 
possibility of decentralised electricity in condominiums; creation of a 
sharing electricity concept between groups of people, consortium or 
cooperative.  

2015  In the end of 2015, the Ministry of Mines and Electricity launched a 
Programme for Development of Distributed Generation of Electricity 
using solar. The aim is to make available funding streams to incentivise 
the industry and the development of its components and equipment in 
Brazil to foster product development, technology and innovation.  

7.2.2 Highest feasibility strategy with lowest priority: public participation 

From the total of participants under the questionnaire, 66% assessed the strategy 3, 

which proposes the inclusion of commercial and non-commercial non-state actors to 

strengthen integration at the agenda-setting, problem definition and decision-making 

stages of electricity and water policies. From this total, 80% considered it to have a 

medium-high to high feasibility, which compared to other strategies, it ranked in first 

place. However, in order of priority it ranks in sixth. In terms of timeframe for its 

implementation, excluding those that skipped, the majority of respondents chose 2020, 

followed by 2030 ( 

Figure 49).  

 

 

Figure 49. Timeframe to implement Strategy 3 - Public Participation 
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Public participation is a key aspect of the governance of water. It is only through 

strong public participation that different interests can be represented and advance the 

democratic management of water (Jacobi and Barbi, 2007). In this way, water 

management depends of the participation of communities to be consolidated. It is a 

principle of good governance rooted on freedom of association and speech, which 

requires that everyone should have a voice directly or through legitimate representation 

(Graham et al., 2003). It is also a sub-principle of integration (procedural dimension), 

and a vital component of sustainability. There is no doubt that people should have a say 

on decisions that affect them, and more democracy is the best way, including its 

representative and participatory forms. According to the three pillars of the Arhus 

Convention, participation involves ‘access to information and post-decision review as 

well as a more specific public engagement in the decision-making process itself’ (Lee et 

al., 2013, p. 47).  

The results (Figure 40 and Figure 41) and the above extracts also indicate there 

is a high level of citizenship deficit when it comes to both electricity and water. Civil 

society and citizens are considered by more than 70% of participants to have moderate 

low to no influence on water and electricity management and policies. In the words of 

one interviewee:  

 

“Consumers are not sufficiently informed or prepared to give support for an 

institutional change that would allow a better management of resources.  

(…) 

There is citizenship deficit and the main problem is that those are the people that 

need water the most. It is a complex paradox that emerges from the problems of 

inequality, which influences everything else.”  

 

Under the literature, Jacobi and Francalanza (2005) have identified that in Brazil 

the population lacks relevant information about the existing ways in which it can 

participate, frequently meaning that structures and mechanisms for public participation 

are under used because of the lack of education, capacity building and consciousness 

about the needs of social change. Procedural justice issues are critical, because those 

that are not being heard are usually the ones that need the resource the most for 
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subsistence. In the case of São Francisco, with resource management being shifted to 

an environment other than the water committee, civil society and riverside communities 

lost their forum for discussions. This way, frustrating one of the main objectives of the 

water policy, which is to guarantee a participative resource management at watershed 

level, bottom-up and inclusive. Considering the watershed committee was not able to 

deal with the situation of resource scarcity, the law in Brazil needs to address this. The 

questions are about which stakeholders, under which institutional structure, following 

what procedures and principles should inform resource allocation results. This thesis 

answers each of them under Chapter 8. 

There are several approaches to participation. The simplest way is providing 

knowledge and expertise to increase the information available to decision-makers and 

support better-informed decisions (Black, 2001). Steele (2001) consider deliberation 

and rational reasoning a more ambitions approach to advance collective problem-

solving forums. Regulatory decision-making can also be enhanced by public 

participation. However, Black (2008) argues that calling for deliberation alone is 

insufficient, because ‘proceduralisation’ of regulation needs to be considered within 

broader and substantive concerns. To explain this, she splits proceduralisation in two: 

(i) ‘thin’ which is based on the democratic theory or liberalism; and (ii) ‘thick’ which is 

based on the theory of deliberative democracy. Under thin proceduralisation the 

aggregation of individual preferences is what makes for optimal decisions, which is 

similar to the economic version of public interest theories of regulation. On the other 

hand, under thick proceduralisation the law and the exercise of political power is 

legitimate to the extent that is has been agreed upon by citizens in a process of 

deliberative opinion and will formation. Whereby it is important to consider the 

character and nature of the discourse between participants (ibid.).  

The unequal communication capacities of individuals require that deliberation 

be done using a mediator to safeguard individuals against possible inequalities (Black, 

2008). Whereby the capacity of the regulator to mediate effectively needs to be taken 

into consideration. In practice, there are a number of positive aspects that can be 

identified in connection to deliberative processes. It has the potential to balance the 

interests of different groups and help determine appropriate outcomes and provide 

information to regulator (Prosser, 2010). Ultimately, this can serve as a mechanism to 
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promote a form of ‘democratic oversight’ that can enhance the legitimacy of regulation 

in the public interest and accountability of policy actors.  

There are several mechanisms of public participation, which can be split between 

formal government-based (direct and indirect forms) and less formal approaches. Given 

the high level of government involvement and control of electricity and water related 

matters in Brazil, the direct and indirect forms participation under state decision-making 

processes will be explained further. A summary of the formal consultative processes 

analysed under the literature include: public hearings, public meetings, multi-

stakeholder committees/councils, citizen’s panel, juries, discourse-based valuation and 

multicriteria evaluation/multi-attribute decision analysis (Perkins, 2011). Public 

hearings and public meetings are direct forms of public participation that have a 

consultative character and rely on the interested public to take part by going towards 

the information, instead of the other way around (Rowe and Frewer, 2005). The 

procedural rules, timeframes, information asymmetries and biased public which are 

most proactive and interested represent barriers to an effective participation (Rezende, 

2014). 

As an indirect form of participation, multi-stakeholder committees/councils 

count with representatives of society that should have access to all relevant 

information. They are different from citizen juries to the extent that there is no one 

moderating or facilitating the information elicitation process (Rowe and Frewer, 2005). 

In citizen juries the information is brought forward to the group of citizens forming the 

jury for them to listen to the views of selected people and experts about the particular 

issue (ibid.). Usually formed by groups of randomly selected people they deliberate 

among themselves to reach a decision and provide recommendations about the ways 

forward (Rezende, 2014). Discourse-based evaluation is rooted on fair and open 

procedures for deliberation and consensus-based judgements between small groups of 

citizen-stakeholders about the value of public goods (Wilson and Howarth, 2002). The 

discursive process may not lead to converging values, but legitimacy is based on the 

dialogue between opposing judgements.  

 Brazil’s Constitution requires that all levels of power should secure participation 

under the decision-making processes of the state. This way, public policies should count 

not only with indirect form of representation through elected officials, but also with 
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direct participation (article 14, I and III of Constitution, 1988). When disciplining certain 

policy areas, such as health, agriculture, education and social security, the Constitution 

expressly requires public participation (articles 10; 29, XII; 187; 194, VII; 198, III; 204, II; 

206, VI; 2016-A, X). Even though electricity and water are not expressly mentioned in 

this sense, the Constitution has secured the general approach which requires 

participation.  Also, Perez (2004) defends that the principle of participation is implicit 

under the Constitutional rules that apply to the state and the modes of interactions of 

citizens and the public power, specially under the process of the state’s will formation. 

Since its edition, multiple participation instances such as multi-stakeholder 

councils and committees, conferences, and public hearings were developed under the 

electricity and water sectors. However, many times the effectiveness of these bodies 

are questioned, because of the capture by interest groups. In the case of multi-

stakeholder councils, for example, Rezende (2014) has flagged out that the main issues 

are connected to their overtaking by the government officials;  deficit of representation 

of its members, including for reasons related to capture by the most powerful groups; 

and their dependency on members to work regularly. There are no general standards 

with regards to the processes involved in public participation and each sector 

establishes its own structures and ways (Romão, 2016). This way, arenas for public 

participation have been implemented in disparate ways, with little articulation (ibid.). 

Many times, the apparent legitimacy provided by public participation hides the capture 

by the public power of sectoral interests in detriment to the other interests and groups 

of society. The water-electricity nexus challenges this even further, because there are 

more interests that need to be accounted for in a cross-sector manner, but there are no 

institutional environment or procedures on how this could be done in integrated and 

fair ways.  

This explains why under the São Francisco the decision-making environment was 

created through an emergency-driven approach without any pre-stablished rules to 

guide how decisions and cross-sectoral regulation should be developed. The live 

recording of the meetings provided transparency to decision-making processes, but 

there are questions about the inclusiveness and fairness involving the procedures and 

results. With less stakeholders than the existing governance structure managing the 

river at basin level, there are important interests which are not accounted for, including 
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riverside communities. There is also a lack of detailed reasoning about which principles 

took precedence in each decision, or which measures compensate those worse off by 

the decision. Acknowledging the nexus and rectifying the more complex power issues 

emerging from has the potential to support advances to public participation as discussed 

in Chapter 8. However, it is unlikely this will be a priority in Brazil due to the recent 

extinction of relevant councils, committees and commissions for public participation 

through Decree 9759 of 2019. The current government has given clear signs it will not 

work towards relevant aspects that would foster public participation by repealing the 

national policy on public participation.  

In general, the literature discusses several challenges, complexities and 

contradictions related to public participation. Perkins (2011) raised issues related to the 

structure and place for public participation (e.g. within or parallel to state structure); 

who really has a voice and access to policymaking; and the high costs of involving people 

in all stages of the policy cycle. While Abers (2003) delves into the difficulties of getting 

people to engage, especially if it is based on voluntary procedures. Others have 

highlighted that better organised groups, with more resources and better knowledge 

and information (e.g. industry lobbies) have many advantages in relation to common 

citizens. Those with the highest interest, time and energy are more likely to participate, 

but they are usually not representative of the public interest (Perkins, 2011). There are 

important ‘distributive issues around particular groups bearing burdens in the broader 

public interest’ (Lee et al., 2013, p. 43). It is common for marginalised communities to 

experience the highest socio-environmental burdens while having very little or no 

participation in the decision-making processes that affect them. There are many 

participatory restrictions faced by people because of class, gender and ethnicity 

(Perkins, 2011). Consequently, from an equity stance there are many authors that 

highlight the complexities and challenges of participation, because current approaches 

are likely perpetuating inequalities and accentuating the power and influence of social 

and economic elites (Jessop, 2002; Swyngedouw, 2004; Kapoor, 2005, 2008). 

In the case of the São Francisco watershed the equity issues involving 

participation were very clear. Brazil has an advanced decentralised governance 

approach to water governance requiring broad participation of civil society and citizens. 

However, the existing structure proved insufficient to deal with issues of resource 
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allocation during the periods of severe water stress. This way, the decision-making 

process was shifted from the existing participatory bodies to an environment with only 

less stakeholders. Mainly those with the highest interests, such as the electricity sector 

and large-scale agricultural players, and sometimes water services and sanitation 

companies. One of interviewees working with electricity related matters flagged out the 

challenge: 

 

“When comparing electricity with the others, is that it has less actors and is easier 

to organise, because in the case of water how can the interests of everyone and 

animals, fishing and local communities be represented? It is way too hard to 

organise that.”  

 

There are proposals under the literature to enhance the role of public power, so 

they serve as better mediators and representatives of the interests of people with 

limited capacity of participation (Abers et al., 2009). Others have suggested that 

organising the community and grassroots environmental education could support 

greater public involvement in the  watershed decision making processes (Perkins, 2011). 

Environmental education at the community level, ‘increases their knowledge of 

watershed issues, understanding of basic political and ecological principles, and 

confidence to express their views can serve as the basis of an intervention approach 

which is progressive, constructive and democratic’ (ibid., p. 209).  In India, the Upper 

Lake had its ecological conditions improved due to a series of preventive and restorative 

measures, which included environmental education that ensured stakeholder 

participation in the project implementation (ITTC, 2005). In Japan, the Akanoi-Bay sub-

basin of the Lake Biwa is a good of example of improving water quality through higher 

awareness and participation of citizens promoted by grassroots environmental 

education (Toshio et al., 2005).  

Environmental education has been framed in terms of both ecological 

sustainability and environmental justice to advance the education for sustainable 

development (Holder, 2012). Such a framing can also help advance environmental 

education at the basin, or community level. Its eco-centric component support learning 

about watershed issues and ecological principles in ways that could make sustainable 
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development a more operational concept. It considers the long-term and non-

detrimental use of natural resources by recognising planetary ecological boundaries 

(ibid.). The basin level would be the site of concern in the context of equity, and 

calculation of natural resources according to ecological thresholds. Seeking out the 

critical interlinkages between elements of ecological sustainability and environmental 

justice provides an important local agenda for environmental education which the São 

Francisco can benefit from. This frame can improve one of the most critical aspects of 

environmental education in the country, which is related to need of building capacity of 

hydro resource management institutions and those participating of decision-making 

processes and planning about hydro resource management (José Leomax dos Santos, 

2007).    

7.2.3 Other relevant strategies in terms of priority and feasibility: 8 and 11 

Another two relevant strategies discussed herein fosters (i) better techniques 

and regulatory approaches for efficient water distribution and water recycling 

programmes (strategy 11); and (ii) better integrated efficiency programmes between 

electricity and water, so utilities share knowledge and co-develop educational programs 

for consumers (strategy 8). Both of them have great potential to reshape and tackle the 

existing nexus conflicts in Brazil. Strategy 11 was considered the top priority by 

participants and figured in fifth place in terms of feasibility. While strategy 8 was 

considered the second most feasible proposition, and in terms of priority it is in fourth 

place. Compared to the two strategies discussed under 7.1.1 and 7.1.2, they have a 

smaller gap between their priority and feasibility rankings. Both strategies are focused 

on improving efficiency. In terms of timeframes for implementation, Figure 50 and 

Figure 51 shows that most participants think that both strategies should be 

implemented between 2020 and 2030.   
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 Figure 50. Implementation timeframe for Strategy 11 – Regulatory Instruments 

 

 

Figure 51. Implementation timeframe for Strategy 8 - Integrated Efficiency 

The main points raised by the participants in relation to efficiency under the 

questionnaire and interviews suggest Brazil’s allocation of multiple uses is inefficient. In 

the words of one representative from a renowned professional consultancy:  

 

“Efficiency is mostly inexistent, because the state does not develop public policies 

that are well defined to support investments, while it also lacks preparation and 

planning to deal with water crisis.” 
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Accordingly, a government representative answering the questionnaire raised 

the problem of “consumption of hydro and electricity resource without optimisation and 

excessive losses”. These excessive losses were considered the first problem that needs 

to be addressed by a government representative working under the São Francisco:  

 

“First one needs to work at the supply side, making water distribution more 

efficient by reducing technical and non-technical losses.” 

 

Another recommendation was to: 

 

“Improve efficiency of water distribution through technology that allows water 

providers to capture water using fluctuating pumps, so that resource restrictions 

are not in relation to the levels of water as it today, but in relation to the water 

flow. This results in better use of the resource, like it happened in the Paraíba do 

Sul that borders the sates of São Paulo, Minas Gerais and Rio de Janeiro.”  

 

In general, both strategies 8 and 11 are important to tackle and redesign 

resource disputes between users. More efficient electricity and water systems can help 

reduce pressure on resources. Different techniques, operational strategies, 

technologies and demand-side management can foster greater water-electricity nexus 

efficiency. The nexus literature provides analysis of integrated efficiency options for 

electricity and water that are useful to inform both strategies 8 and 11. There are 

opportunities to reduce overall electricity demand of water suppliers by recovering 

electricity in the wastewater treatment systems in the form of biogas or waste heat (Lee 

et al., 2017). Others have advocated in favour of digital tools (amongst others, hydro-

informatics) to optimize the pumping schedule of water and improve electricity 

efficiency (Luna et al., 2019). The results show an average increase of up to 15% when 

compared to normal operations (ibid.). Another study advanced the conventional 

optimisation techniques of power systems to consider a power-water co-optimisation 

involving real-time economic dispatch (Santhosh, Farid and Youcef-Toumi, 2014). ‘Total 

costs as a function of power and water generation subject to the demand, capacity and 

process constraints were minimized’ (ibid., p. 49). In terms of demand-side 
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management, Cominola et al. (2018) have conducted a customer segmentation analysis 

to propose customised water-electricity DSM interventions in benefit of conservation 

and peak shifting in Los Angeles.   

On the other hand, the participants of the semi-structured interviews working 

with environmental, electricity and water-related matters provided examples of 

regulatory instruments that can inform strategy 11. One of the regulators explained that 

during the crisis they had to make use of other instruments that are not formalised 

under the law.  In line with this, a representative from the electricity sector 

recommended the creation of a formal regulatory instrument that is able to overlap 

existing licenses during a crisis period. According to the same interviewee the “licenses 

I work and follow for several hydropower plants does not have enough instruments to 

manage these periods”. From a water perspective, one interviewee flagged up that “the 

problem does not lie on the licenses, but on the those that currently use resources 

without licensing.” In general, this limits the capacity to plan and estimate the demand 

properly. A representative from the Congress house suggested to include “under the 

environmental licensing the strategic environmental assessment” (SEA) to ameliorate 

the horizontal management of resources. The same interviewee raised the issue that “in 

Brazil there is a tendency to misuse instruments, so they would not wish for this to 

become one more of them.”  

However, if well developed, SEA can also promote advances to Strategy 8. By 

raising awareness of risks to the environment beyond individual activities and projects, 

it can guide integrated efficiency programmes, promote exchange of knowledge and 

support the co-development of educational programmes. To the extent that this 

instrument brings these sectors closer to the environmental governance, it forces 

explicit consideration of the potential effects of its activities on resource use. SEA has 

multiple roles, discussed in international environmental law and regulatory literature. 

Many places use this instrument as an EIA-based tool, while others have shifted into a 

more proactive process to integrate sustainability horizontally.  

SEA initially emerged as an instrument to tackle the limitations of environmental 

impact assessments (EIA) in terms of planning and decision-making processes 

(Fundingsland Tetlow and Hanusch, 2012). It provides opportunities to enhance 

dialogue, environmental knowledge and transparency of decision-making by serving as 
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a checking mechanism to certify that environmental aspects are taken fully into 

consideration under policies, programmes and planning. Bina (2007) identified 

important shifts in the development of SEA throughout time; initially, it followed an EIA-

based approach and served more as a responsive mechanism. Throughout time, SEA 

shifted into a process that actively helps shapes strategic initiatives (ibid.). Since 2001, 

it has been spreading quickly around the globe (e.g. EU-wide, China, Australia, USA) with 

the support of donor agencies (World Bank), the EU SEA Directive and SEA Protocol to 

the Espoo Convention (Fundingsland Tetlow and Hanusch, 2012). It has become a 

capacity building tool that also supports the promotion of public participation. Some 

authors flag up that more than environmental knowledge, it also depends upon 

collaborative dialogue (van Buuren and Nooteboom, 2009). Its successful 

implementation is conditional upon the integration of its results into planning and 

decision-making processes (Fischer, 2007).  

Brazil’s Constitution (1988) includes environmental impact assessment under its 

article 225, paragraph one, IV, p. 177: ‘according to national legislation, the installation 

or any activity that can be potentially harmful to the environment should be preceded 

by previous Studies of Environmental Impact.’ It is found in the national legislation under 

the Decree 99.274/90, which requires that governmental donors must condition their 

funds to the proof environmental licensing, which usually requires EIA; and the Law 

6938/1981, which is the National Environmental Policy that expressly has EIA as one of 

its instruments. In Brazil, the SEA has not been formalised as a regulatory instrument of 

environmental law, as has the environmental impact assessments and reports of 

environmental impact.  

Different countries are at different stages of SEA development and uptake. There 

are inherent difficulties to apply the SEA and understand its real effectiveness. In Brazil, 

there are several cases in which it was done on a voluntary basis (Sánchez, 2017). 

However, the literature and practitioners considered it to be a complete failure, with 

specific cases where not a single recommendation of the SEA was adopted (ibid.). Other 

studies show it has only led to minor substantive changes to planning processes. This 

was the case, for example, in Portugal, UK and Poland (West, Borzuchowska and 

Ferreira, 2011). In South Africa, a study concluded it has not influenced decision-making 

(Retief, 2007). West, Borzuchowska and Ferreira (2011)	explain that under their review 
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of the SEA literature, it was found that SEA fails to capture in a systematic way the 

rational motivations behind why a certain decision took precedence over others; and 

fails to consider alternative planning process. Consequently, SEA has been considered a 

purely procedural formality that decision-makers undertake to comply with the law, but 

that from a substantive perspective it does not add much value to the planning process 

(ibid.). However, it is important to consider that environmental assessments shape and 

influence the substance of decision, but does not regulate their substance (Holder, 

2010). 

This research thesis recommends a normative-institutional framework in 

Chapter 8 for the management of the water-electricity nexus in Brazil, which can help 

advance environmental assessments. The normative-institutional framework considers 

the variables that should be analysed before the outcome or any solution to nexus 

conflicts based on the balancing of different legal principles. These variable are found in 

the balancing formula developed by Alexy (2014b), which has been adapted to this study 

and includes: (i) the intensity of interference of a decision or measure in the compliance 

of different (environmental) legal principles; (ii) the abstract weight of these different 

norm; and (iii) the reliability of the empirical and normative assumptions that supported 

the understanding of different degrees of interference of (i) and the hierarchy of norms 

of (ii). Every decision-making about relevant nexus conflicts involving resource allocation 

under different water-electricity nexus circumstances should consider these three 

aspects, which are further explained in 8.1. All them are useful for environmental 

assessments.  

Chapter 8 establishes inclusive, fair and participative procedures that should be 

applied in all institutions contexts where there is decision-making about any dimension 

of the water-electricity nexus. However, there are risks that under the existing 

institutional context of reduced integration between water and electricity, the result will 

end up subordinate to the pragmatic imperatives of the short-term objectives and 

mandates of the strongest of the two sectors, which results have shown to be the 

electricity sector. Consequently, section 8.2 recommends an institutional design that is 

flexible and capable of addressing the water-electricity nexus in better integrated ways.    

The most recurring theme under the semi-structured interviews about ways to 

advance the rational and fair allocation of electricity and water common-pool resources 
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in Brazil were connected to governance and institutional aspects Table 32. They confirm 

the importance of the institutional approach discussed under the next Chapter 8 to 

advance a more holistic comprehension of the legal framework and promote the co-

governance of water-electricity nexus resources.  

 

Table 32. Stakeholder recommendation to advance WE governance 

Asymmetrical 

Governance  

 

“One of the things that gets in the way of decision making is that the 

characteristics of different regions needs to be taken into consideration and 

consequently there isn’t a one-size fits all solution, because management 

needs to respect the characteristics of the basin.” 

“Decision of watershed committees needs to have a stronger weight. I am not 

sure if this should be done by transforming their decision into resolutions of 

ANA in case of federal basin, or approval of the National Council of Hydro 

Resources. Parallel to this promote capacity building.” 

“It is key to strengthen the role of water committees because it is over there 

that discussions of this kind should happen. It is about strengthening their 

capacity and also operations.” 

“Better coordination of different scales. Municipality-municipality and 

municipality-states.”  

“It is important to develop new structure and centralise some aspects and 

decentralise others. The question is how to decentralise in harmony with 

centralising? This is the problem.” 

“The different scales need to be strengthened and people need to work well 

within their responsibilities. It is not only about infrastructure, there are human 

resources, institutional and capacity building that needs to happen.” 

“Management needs to be split between sectors, because it is not possible to 

have hyper-governmental body, right?” 

“Strengthen management bodies. Many places don’t have watershed 

committees, so state bodies many times composed of 2-3 people are 

responsible for managing hydro resources at state level and guarantee 

multiples uses in fair rational way.” 

Institutional 

Asymmetries 

“I don’t think another institution is necessary. It should follow more an avenue 

of inter-ministerial collaboration.”  

“I think there should be a new institutional arrangement, because it should not 

be under auspices of ANA. It only replicates what ONS says.” 
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“What is the macro thing that all policies will fit into? Electricity, sanitation, 

agriculture.” 

“A platform is necessary where the existing law from different sectors are in 

place and the objective is to make them communicate with each other. Find 

what will make share the same language and coherence. Today we can’t have 

a common conversation with the electricity sector.”  

“It could be the case of creating within the secretariat of hydro resources the 

department for expansion of transmission, expansion of water generation and 

development studies to identify where this can happen.” 

“It is an institutional question and should not be within the regulatory agency.” 

“There should be an institution platform underneath these sectors that would 

be able to make them work together and also align the language.” 
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Chapter 8 Recommendations and conclusions for Brazil: legal responses to the 

water-electricity nexus in the context of existing asymmetries  

 In light of the assessment in Chapters 5, 6 and 7, there are two fundamental 

points for discussion: (i) the critical interlinkages stemming from the water-electricity 

nexus in Brazil occurs in the context of relevant asymmetries in the use of common-pool 

resources, which raises the complexities and conflicts between water and electricity; (ii) 

the concept of the water-electricity nexus currently lacks a normative-institutional 

approach, and adding such dimension can potentially offer a flexible and adequate 

treatment to the water-electricity nexus in Brazil in light of the existing asymmetries and 

resource conflicts. 

 In relation to the first point, the analysis has shown there are relevant 

asymmetries resulting from the historical institutional evolution, the disparate access to 

regular services by consumers, institutional arrangements, policies, legal approach, 

planning, regulation and technical expertise. There has been a precedence of (the 

services) electricity in relation to these aspects, as well as in relation to the historical 

trends of these sectors. In reality, the institutional organisation, the allocation of 

competences, the legal aspects and economic regulation that could support the 

universal access to water services and targets under the SDG6 are still under 

construction and are not as solid as those existing for electricity.  

 This way, these relevant asymmetries between both sectors create further 

conflicts in the allocation of multiple uses of water and electricity resources. To a high 

extent it also hinders the possibility of exposing and problematising the real reciprocal 

effects between water and electricity. This way, recognising such asymmetries requires 

that potential solutions will need to address the historical precedence of electricity over 

water. The deeper knowledge and the need to overcome the tensions between water 

and electricity in the context of these asymmetries requires new legal methods, which 

brings this discussion to the second point raised above related to the deficit of a 

normative-institutional approach under the resource nexus literature. It is not just about 

aligning or integrating the policies and objectives of these sectors, but ultimately about 

creating a legal environment where they will come together for integrated normative 

decisions about resource nexus conflicts in ways that are legitimate, fair and considers 

rational and participatory procedures to balance legal principles.   
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Multiple legal principles apply to the water-electricity nexus in Brazil, which have 

been analysed in Chapter 5 (section 5.2 and section 5.3) and are included in (Table 33) 

for further reference. These principles are not an exhaustive list of legal principles that 

would apply to every water-electricity nexus conflict in Brazil, but an indicative list of 

principles. They are relevant to the substantive dimension of decision-making processes 

involving resource nexus conflicts (explained in section 8.1). All of these principles 

should serve as basis for decisions involving water and electricity resource nexus and 

services in Brazil. When multiple legal principles concomitantly apply to address water-

electricity nexus issues and conflicts, they inevitably collide and require balancing (the 

laws of balancing principles are explained in section 8.1.1). The balancing of legal 

principles through rational and transparent procedures is very important to address the 

water-electricity nexus conflicts in fairer ways. The balancing is made up of elements of 

proportionality and weighing of principles. This approach is rooted in the principle 

theory developed by Alexy (2014a) and informs the substantive dimension of the 

proposal brought forward in this Chapter 8.   

 

Table 33. Non-exhaustive list of legal principles in Brazil applicable to the water-electricity 
nexus 

Legal Principle Description and source 
Integration It requires that policies integrate into them a high level of environmental 

protection from initial steps of decision-making procedures. Integrating 
environmental concerns and considerations of human wellbeing into 
development processes in under (Constitution, Art. 225). Through its two 
dimensions internal and external (at general level) it requires integrated 
approach to the regulation and management of electricity and water, 
making sure that electricity and water policies are developed together 
with environmental policy. 

Sustainability The use and management of resources in a way that promotes economic 
and social development without over-exploiting natural resources or 
causing irreversible environmental harms. Any citizen in Brazil has 
standing to bring a popular action to annul an act injurious (…)  to the 
environment; except in a case of proven bad faith, the plaintiff is exempt 
from court costs and from the burden of paying the prevailing party's 
attorneys' fees and costs (Constitution, Art. 5, LXXIII). 

Equity Inter-generational equity refers to equity issues and access to resources 
between current and future generations. While intra-generational equity 
is the term used to refer to the equities between different community 
groups and stakeholders of a region, distributing the benefits and burdens 
of nexus resource challenges (Constitution, Art. 5) 

Polluter-pays Any action or activity of a person or a corporate entity that is considered 
harmful to the environment will result in criminal and administrative 
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sanctions, despite the obligation to repair the damages (Constitution, Art. 
224, §1 and §2) 

Precaution Scientific uncertainty should not preclude environmental protection 
measures (Climate Change Law and Biodiversity Law) 

Participation The right to participate of decision-making processes in environmental 
matters. The law shall regulate the participation under the direct and 
indirect public bodies, regulating access to information about 
governmental acts (Constitution, Art. 37)  

Access to 
information 

Everyone is assured the access to information, protecting the 
confidentiality of sources when necessary for professional activities (Art. 
5, XIV); all persons have the right to receive from public agencies 
information in their private interest or of collective or general interest; 
such information shall be furnished within the period established by law, 
under penalty of liability, except for information whose secrecy is 
essential to the security of society and of the National Government 
(Constitution, Art. 5, XXXIII). 

Access to courts The law will not exclude from the review of the Judiciary any injury or 
threat to any right (Constitution, Art. 5, XXXVI). 

Proportionality The State cannot impose obligations, restrictions and sanctions to 
individuals which are higher than those strictly necessary to attend the 
public interest. 

Effectiveness Requires that any measure or decision selected (amongst the opposing 
measures or other alternative ones) is proven objectively effective (in 
other words, is able) to satisfy the norm. 

Efficiency Any chosen measure or decision should be the least restrictive, onerous, 
or severe when complying with norms (Constitution, Art. 37). 

Proportionality 
strict sense 

Requires that a measure or decision that is proven adequate and 
necessary (in other words effective and efficient) produces a gain in the 
fulfilment of the principle with a higher weight in a concrete case 
(Constitution, Art. 37). 

 

According to Alexy’s principle theory, legal principles are optimisation 

commands that are fulfilled to different degrees according to the facts and evidence of 

a given case, and the legal possibilities (Alexy, 2003). The ‘field of legal possibilities is 

determined by countervailing principles and rules that apply in each case’ (Alexy, 2003, 

p. 298). Given that resource nexus conflicts also translate into conflicts of principles, 

they should be managed according to the facts and evidence, and the countervailing 

principles and rules that apply in each case. Alexy’s theory is extremely useful to address 

the substantive dimension of decision-making processes that address resource nexus 

conflicts. His laws of balancing and weighing legal principles demonstrates how the 

collision of legal principles are dealt with (section 8.1.1.2). Accordingly, the balancing 

law informs how the inherent collision of legal principles underlying every nexus 

discussion should also be dealt with. The legal framework needs to establish the legal 
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structure in which these decisions should take place, the elements for rational decision-

making and the legal procedures to promote equitable outcomes. In other words, the 

law needs to establish the institutional-normative framework to manage the 

interlinkage and trade-offs between water and electricity, including as many resource 

nexuses as needed, so that arbitrary decision-making can be avoided to the greatest 

extent possible. 

Considering the water-electricity nexus is a complex problem, which requires 

constant assessment and revision of trade-offs, with no pre-stablished hierarchy 

between sectors, the challenge is in developing a normative-institutional response that 

can be flexible enough to deal with nexus conflicts and their constant changing nature. 

In general, a normative perspective defines what ought to be done in pretty binary ways 

- either something is valid or not, can or not be done, according to the terms of the law. 

It is not the nature of the law to deal with wicked problems, which by definition, do not 

accept definite answers and should be constantly revisited in light of constant changes 

of circumstances and conflicts emerging from shifting and opposing interests. This way, 

recommendations developed in this Chapter 8 addresses the normative-institutional 

gap found under the water-energy nexus literature, but in a way that is flexible enough 

to address the changing nature of the problem through balancing of principles. No other 

legal scholar provides a better basis for the normative dimension than Robert Alexy.  

Compared to other authors like Dworkin who also had a similar understanding 

about the possibilities of balancing of legal principles, Alexy has a more a more extensive 

view about what kinds of principles can be balanced. For Dworkin (1967), principles are 

only those related to individual rights, which would limit the balancing exercise only to 

these kinds of principles. Given that the water-energy nexus and the SDGs usually 

involve collective rights and policies issues that affects society more generally, the 

balancing exercise and consideration of principles must be broad enough to support the 

inclusion of the latter. This way, Alexy’s principle theory is a more adequate framework 

for this purpose than Dworkin’s, because it accepts the inclusion of a broader spectrum 

of principles and policies under his balancing formula. From a normative perspective, it 

is not possible to exclude any of the equally valid legal principles that would apply to 

different nexus conflicts from the balancing exercise. Given that Alexy does not establish 
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any precedence of individual rights like Dworkin does, it serves as a better framework 

to manage nexus issues in benefit of the SDGs.  

Moreover, Alexy’s rational legal method of balancing principles reserves a space 

for scientific evidence like no other author discussing the balancing of principles has 

considered thus far. Accordingly, evidence is an element that should be extensively 

analysed together with the applicable norms of each case, accounting for a reliability 

element that provides for the thorough consideration of both normative and scientific 

assumptions. As a rational method for decision making that balances principles in 

connection to evidence, it is an appropriate method to manage the complex nature of 

water-nexus problems by considering norms, facts, normative reasoning and justice 

aspects. Under certain conditions, a given legal principle can have greater weight and 

take priority in the resolution of the nexus issue, but in different conditions, precisely 

the opposite may happen. The relations of conditional priority between principles of a 

system are central to Alexy’s thesis and serves well the purpose of the nexus. 

Establishing any kind of priority between water and electricity in the use or allocation of 

resources, for example, can only happen relative to the conditions of a specific case, 

facts and norms, which upon changes, can lead to an opposite solution.  

To the extent that managing the nexus is a balancing exercise and Alexy’s theory 

provides the rational steps of how this is done, it provides the specific elements and 

steps that can help avoid voluntarism when allocating disputed common-pool 

resources. Accordingly, decision-making processes involving nexus wicked problems 

should consider all of the existing evidence, all of the applicable norms and all of the 

relevant views of those that are directly or indirectly affected or likely to be affected by 

the decision. The lack of consideration of any of these elements, like it has happened 

thus far in the São Francisco raises risks of perpetuating decisions that lack due 

reasoning and due legal process. From an institutional organisational perspective, the 

rationale is to keep the existing water and electricity structures working towards 

solutions they can promote individually, but also develop a new second-degree 

environment to act in selective and subsidiary ways to manage relevant nexus conflicts. 

This new institutional environment builds on the strengthens of the ‘nestedness’ 

approach of polycentric discussed by Ostrom in which multiple authorities and 

stakeholders would manage the conflicts involving water and electricity common-pool 
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resources (Chapter 3). The methods proposed for decision making under this 

environment are based on the laws of balancing principles due to the nature of wicked 

problems, which do not accept definite solutions and by definition require constant 

balancing.     

In addition to the gaps in the literature in relation to the institutional-normative 

aspects of the water-electricity nexus, there are explicit rejections or subordination of 

the normative-institutional aspects to the orientation of experts and techno-scientific 

approach. As an example, Mercure et al. (2019) suggest ‘an enhancement of the science-

policy interface for all governance institutions in order to make it Nexus-savvy’ through 

a ‘scientific board of Nexus experts’ (or ‘similar networks of Nexus experts’) ‘to design 

policies based on knowledge of Nexus feedbacks’ (ibid.). This proposal clearly supports 

a scientific precedence that would provide empirical evidence and qualitative studies on 

the coherence of new and existing regulations and law to adjust their requirements and 

strategies (ibid.). There would be supposedly ‘evidence-based’ and ‘targeted policy’ that 

does not require administrative reorganisation or any substantial integration (ibid.). 

Even more intriguing is the fact that the same authors recognise ‘the Nexus’ as a ‘wicked 

problem’, about which knowledge is incomplete and for which optimal solutions can by 

definition not be identified (ibid). Even though they recognise there is no optimal 

solution or an integral and definite technical-scientific knowledge about nexus issues, 

they still suggest there is a primacy in the judgements that would be developed under 

an expert panel, or groups and network of para-institutional structures in defining the 

public policies involving nexus issues in Brazil. Consequently, many issues could be 

raised about the legitimacy of such decisions and judgements provided by experts.  

Although the PhD analysis admits based on regulatory theory (Chapter 4) that 

the negative aspects of a drastic ‘administrative reorganization’ could effectively be 

counter-productive and should be avoided (as discussed below), there are other 

normative-institutional alternatives which can tackle the conceptual, normative, 

organizational and procedural deficits of nexus discourse. This way, this study could help 

overcoming some shortages of the technical-scientific approaches to the water-

electricity nexus and would address the insufficiencies of current discourses and their 

deficits in legitimacy. These aspects are discussed in the following sections, split in a 

substantive dimension, institutional dimension and procedural dimension. Considering 
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there are multiple resource nexuses within the SDGs and legal principles that are 

extractable from the Constitutional norms relating to each goal (section 5.2), the 

method proposed herein could also be useful to advance the governance of other critical 

resource interlinkages. The method includes the laws of balancing and weighing 

principles, institutional inductive reasoning, double mandates and fair, open, inclusive, 

transparent procedures that should guarantee due representation of the multiple 

affected stakeholders. This research thus asserts the strengths of a legal approach to the 

debates about the nexus and SDGs; the following section is based on the empirical 

analysis but seeks to broaden perspectives. 

8.1 Substantive Dimension: water-electricity nexus implications require a 

normative-principled approach  

The questions of who and what should be prioritised in terms of water and 

electricity resource allocation or services under different circumstances of resource 

stress and conflicts raise normative-institutional enquiries. The latter should be 

answered in light of indicators, metrics, tools and instruments, but – as this PhD confirms 

– also in light of norms that apply in each water-electricity nexus circumstance and serve 

as basis for decisions about resource allocation and those affected by it. If there was 

only one valid principle under Brazil’s legal system that would apply to the water-

electricity nexus, all decisions and solutions would have to be taken in ways to comply 

with that one principle. For example, if there was only the principle of precaution, in all 

emerging resource conflicts the solution would always have to give precedence to the 

principle of precaution. However, this will never be the case, because there are typically 

multiple principles that apply to water and electricity resources in the context of 

sustainable development in Brazil (Table 33). Our legal perspective, in line with Alexy 

suggests considering them as optimisation commands (Alexy, 2014b) that collide in 

different water-electricity nexus contexts and conflicts in Brazil. Consequently, 

principle-based solutions provide the appropriate ways of managing the water-

electricity nexus in Brazil.  

The normative-principled approach to the water-electricity nexus is relevant and 

novel to advance the literature and close some gaps with respect to the theoretical 

assumptions of the water-electricity nexus. Even though on the one hand they are 

intrinsically connected to empirical evidence, on the other they are intrinsically 
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connected to the nature of wicked problems, which ultimately requires resource 

allocation solutions based on decision-making processes. The solution to water-

electricity nexus wicked problems resulting from these decisions is the same as 

developing a norm each concrete case. In other words, the process in which binding 

decisions are developed to determine how resource should be allocated in a given case, 

is a process of developing a norm for that case. Consequently, the normative discourse 

is not an optional approach, but one that is extremely necessary because of the 

characteristics of water-electricity nexus problems. Considering there are certain 

situations where binding decisions will need to be taken to determine who, what and 

how a given resource should be allocated, it pushes the nexus beyond technocratic 

approach into a legal sphere.    

Norms are only valid to the extent that they follow the law that sets the formal 

requirements for them to be considered valid and binding (Nou, 2015). In the same way 

that a sentence of a judge is valid because there is a law that regulates how sentencing 

should happen, the decisions of public power authorities (e.g. about resource allocation) 

also need to observe the laws’ formal requirements for them to be valid and binding. 

However, our PhD reveals the contrary has happened in the case of the São Francisco in 

Brazil. The public power invested in authority shifted the existing institutional 

environment for decision-making about resource use and planning set under the water 

policy (water committees) into a temporary, emergency-driven institutional 

environment (critical events room), which has been in place since 2013 and counts on 

the participation of only a few stakeholders taking decisions about scarce resource 

allocation. During the most severe periods of the drought the decisions were being 

taken on a weekly basis by these stakeholders, with electricity leading and guiding 

discussions about discharge level reductions to safeguard water. This shows well why 

the water-electricity nexus needs a normative discourse. It is only through a normative 

approach that certain aspects of the ‘wicked problems’ emerging from water-electricity 

nexus can be solved.   

On the other hand, the principled approach is also relevant. The different legal 

principles that apply to the water-electricity nexus are optimisation commands that give 

guidance and direction to the decisions, which can be fulfilled in different degrees, to 

solve different resource allocation disputes. Unlike rules, which are definitive 
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commands (Alexy, 2003) and need to be complied exactly in the way it demands, 

principles are optimisation commands, which can be fulfilled to different degrees (ibid.). 

Optimisation means that avoidable costs should be avoided to the greatest extent 

possible relative to the factual and legal possibilities. However, when principles collide 

there will always be unavoidable costs emerging from the conflict of principle, so 

balancing becomes extremely necessary (Alexy, 2014b). The normative dimension is 

what gives sense to the laws of balancing principles. Whereby a problem, such as 

resource dispute between water and electricity, will be solved by determining a 

conditional priority of one principle over others under the specific circumstances of the 

case.  

Ultimately, the water-electricity nexus can be translated into manifold conflicts of 

principles. There are no definite and pre-established solutions, and every case requires 

a thorough assessment and raise multiple discussions that can be solved in different 

ways by applying different principles to different degrees. Every time an administrative, 

regulatory, judicial or legislative decision about any nexus issue can be justified by 

applying different principles, there is a conflict. Whereby one principle would result in 

decision ‘A’ and another in decision ‘B’, or in little bit of A and little bit of B. More than 

one principle can provide a legitimate and valid basis for different and opposing 

decisions on a same issue, like it generally happens under most water-electricity nexus 

disputes. This way, legal principles are fundamentally malleable concepts (Scotford, 

2017) that serve well the purpose of the nexus. There is no doubt that the water-

electricity nexus also needs to be addressed taking into consideration its normative-

principle dimension. Whereby the principle taking precedence on the resolution of any 

water-electricity nexus resource dispute will not exclude or revoke the other principles. 

This is ultimately what differentiates principles from rules. The cases of conflicting rules 

can only be solved by either introducing an exception to one of the rules or revoking one 

of them (Alexy, 2003). The logic behind the conflict of principle is that both of them 

continue valid, despite their conflict and despite one of them taking precedence in a 

given case. 

For instance, if a decision about the allocation of disputed resources between 

water and electricity based on inter-generational equity provides conflicting and 

concurring results in relation to those based on other equally valid principles, such as 
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precaution, prevention and proportionality, there is a collision of principles which can 

only be solved through weighing rationales and on a case-by-case basis. The malleability 

of legal principles (Scotford, 2017) enhances their importance to the water-electricity 

nexus discourse. They have the necessary flexibility to solve resource nexus disputes like 

no other norms within a legal system. They accept that different levels of fulfilment and 

priority can be given to each of them, with one taking precedence over the others under 

certain circumstances (e.g. nexus), but that this is can only change to the extent that 

circumstances change too. When circumstances changes and discussions are re-opened 

it is possible that a principle that had initially taken precedence would have less weight 

and no longer take priority reaching an opposite result.  

The main assumption is that under different water-electricity nexus cases there 

will always be some kind of interference, which will be more or less intense depending 

of the circumstances. Where there are critical interlinkages and disputed interests, there 

is an interference on principles to the extent that fulfilling the objectives of electricity 

affects the fulfilment of the objectives of water and vice versa, so meeting both of them 

fully would be impossible. Given it is not possible to meet all of their objectives fully, the 

procedures and rationales of weighting legal principles are key to address the water-

electricity nexus. The allocation of disputed resources between water and electricity 

needs to be based on the conditional priority of one of the colliding principles over the 

others, which will result in a norm for that given case that will be provisional and specific. 

The legitimacy of such decisions is dependent upon the participation of the multiple 

affected stakeholders and observe due legal process, so it can be fair, inclusive and 

transparent.  

Under the São Francisco case in Brazil none of this happened, which made evident 

the need of a normative-principle approach to address the water-electricity nexus. The 

norms developed to allocate the stressed water resources between different users was 

done ad hoc, under a temporary institutional environment, without due representation 

of all affected interests and no transparent, detailed reasoning of how they reached the 

different results. In light of the assessment of the water-electricity nexus in Brazil and 

most specifically under the São Francisco basin, it is evident that the normative-principle 

approach is not a choice, but one that is extremely necessary not to perpetuate arbitrary 

decisions about resource allocation. This way, it is important to institutionalise and 
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develop clear and transparent procedures of evaluation and legal rationales of these 

decisions. 

8.1.1 Decision-making techniques: principle of proportionality, laws of balancing, 

collision and weighing legal principles  

The laws of balancing and weighing principles developed by Alexy (2014b) 

provides the important variables that should be considered by decision-makers 

managing the water-electricity nexus and the multiple colliding principles therein. It is 

extremely relevant for the São Francisco case in Brazil, because decision-making is 

currently happening without pre-stablished guidance, rational steps and consideration 

of important variables and due reasoning that addresses all relevant viewpoints and 

affected interests, including the poor and riverside community. Even though decisions 

have been successful in preventing important dams from total water depletion, they 

have been taken without due consideration of important legal principles, such as equity, 

public participation, integration and proportionality (amongst others). Consequently, 

there are substantive and formal defects and legal flaws that raise legitimacy issues. 

Different principles apply to resource nexus conflicts and should be considered in every 

solution to them, so that verified cases of collision of principles, a balancing method of 

principles can be used to overcome the conflict. The latter has been developed by Alexy 

as way of making explicit the rationality behind the decisions of judges confronted with 

equally valid principles to solve different cases. The rational steps rooted in the principle 

of proportionality and the laws of weighing and balancing principles are useful to the 

water-electricity nexus issues, so they are further elaborated in the next subsections.   

8.1.1.1 Proportionality and the Laws of Balancing and Collision of Principles 

Considering that legal principles are optimisation commands (Alexy, 2014a) that 

should be fulfilled to the highest degree possible depending of the facts, and the 

counteracting rules and principles applicable in a given case, they are intrinsically 

connected to the proportionality analysis and vice-versa (Alexy, 2003). The 

proportionality analysis ‘is a doctrinal construction that emerged and then diffused as 

an unwritten, general principle of law through judicial recognition based on decision-

making procedures and an analytical structure that judges use to deal with tensions 

between two pleaded constitutional values or interests’ (Stone Sweet, Alec and 



 

 

303 

Mathews, 2014). The latter developed from the rationalisation of what judges do when 

confronted with a situation where two or more principles apply to solve a given case, 

but each of them provide very different and opposing solutions to the same conflict. 

Different from rules, which in case of conflict can only be solved by introducing an 

exception to the rule or declaring one of them invalid; a conflict of principle is solved by 

hindering part of their total fulfilment, but only to the extent necessary to satisfy the 

countervailing principle (Alexy, 2003).  

This way, the three sub-principles of proportionality (suitability, necessity and 

proportionality in strict sense) are key to define the appropriate degree of satisfaction 

of different principles that are relevant to the water-electricity nexus in the context of 

sustainable development. They help make principles operational in relation to the legal 

possibilities and facts of different water-electricity nexus conflicts. Drawing a parallel to 

the nexus these sub-principles can be translated into effectiveness, efficiency and cost-

benefit. The first two sub-principles of suitability (effectiveness) and necessity 

(efficiency) ‘stem from the obligation of a realization as great as possible relative to the 

actual/factual possibilities’ (ibid., p. 298). In other words, avoidable costs should be 

avoided to the greatest extent possible but given that when principles collide there will 

always be some costs, balancing is extremely necessary. Which in turn is the subject of 

the proportionality narrow sense that requires the realization of principles to the highest 

degree possible in relation to the legal possibilities. The latter is translated into what 

Alexy (2014b, p. 513) calls balancing law: ‘the greater the degree of non-satisfaction of, 

or detriment to, one principle, the greater must be the importance of satisfying the 

other.’ For example, the higher the interference of a resource allocation decision on the 

principle precaution, the more important it becomes the realisation of its other colliding 

principles, such as inter-generational equity. 

For example, in a hypothetical case where reducing 30% of resources to water 

would result in a 10% gain to electricity, it would have to mean that the latter 10% need 

to be more significantly and more important to outweigh the costs related to water and 

those experiencing rationing and/or getting compensation for such a reduction. In other 

words, satisfying the principle which result in the 10% gain to electricity would have to 

be considered more important than the 30% loss for water. However, this judgement 

usually goes beyond facts and requires a decision based on norms. Consequently, these 
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decisions have to be well explained and well rationalised under procedures that are fair, 

open, inclusive, and that counts with the participation of multiple stakeholders under a 

pre-defined institutional environment and with pre-defined rules of balancing 

principles. Otherwise, there are very high risks that purely subjective decision-making 

will perpetuate environmental injustices and the regulatory capture by the most 

powerful interests assessed under Chapter 6 (section 6.5).  

It is only acceptable to restrict the realisation of a legal principle applicable to the 

water-electricity nexus if it is to achieve another principle recognised to have a higher 

weight relative to the actual and legal possibilities in given case. To restrict an objective 

of water or electricity in any degree that is not strictly necessary to achieve the 

objectives of electricity, water or the environment, is considered an excessive measure 

because of the high cost imposed to one of them in unnecessary ways. However, the 

proportion in which this will happen has to be defined on a case by case basis. In 

different circumstances, the same principle could have a higher or lower weight.  

The priority given to one principle over others under specific conditions (e.g. 

water-electricity nexus), or conflict, means that it can only be a conditional priority. If 

the facts, or legal possibilities change, even if very little, the reverse may happen and 

the principle that had taken priority could give precedence to the one that initially had 

less weight. Alexy (2003, p. 297) formulated a general collision law to express this: ‘the 

conditions under which one principle takes priority over another constitutes the 

operative facts of a rule giving legal effect to the principle deemed prior.’ In his other 

words, ‘if principle P1 takes priority over principle P2 under conditions C, and if P1 under 

conditions C implies legal effect R, then a rule is valid that comprises C as the operative 

facts and R as the legal effect’ (ibid., p. 297). In which case, if the operative facts of 

conditions C repeat themselves, R should be the legal effect.   

8.1.1.2 Weight Formula: enhancing rationality of water-electricity nexus decisions 

The variables and essence of balancing are expressed under what Alexy (2014b) 

calls a refined and complete weight formula developed for balancing principles. The 

overall weight of a principle (P1) in relation to its colliding principle (P2) is assessed by 

considering three main variables: (i) intensity of interference (I); (ii) abstract weight 

(AW) and (iii) reliability of the empirical (Re) and normative (Rn) assumptions. In this 
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research thesis the variables of the refined formula has been slightly renamed to 

facilitate their differentiation, where it reads p1 and p2 in its original version was ‘I' and 

‘j’ and where it reads AW, in the original version was only ‘W’, which at certain points 

could cause confusion with the ‘W’ that represents that overall concrete weight.  

 

!!",!$ =	
		&!"×	()!"×	*!"# ×	*!"$
		&!%×	()!%×	*!%# ×	*!%$

  

 

The first two variables ‘I’ and ‘AW’, which respectively stand for intensity of 

interference and abstract weight are the substantive dimension of balancing, while the 

third variable, reliability (‘Re’ and ‘Rn’) has a completely different character (ibid.). It 

refers to the reliability of the main empirical and normative premises underlying how 

intensive the interference is, and they can also relate to the classification of abstract 

weights (ibid.). Whereas the substantive dimension of the balancing refers to the ontic 

factor, the reliability refers to the knowledge of things, which is the epistemic factor. 

This research proposes the use of Alexy’s formula as a method for legal reasoning and 

rationalising decisions about water-electricity nexus resource allocation and conflicts in 

more objective ways. On one hand, it reserves a place for scientific evidence, but on the 

other it includes important variables which are also relevant to the nexus, especially 

considering its nature of wicked problem and recognition of the limitations involving the 

existing evidence about trade-offs. Under the above formula, the overall weight of P1 in 

relation to its colliding P2 defines the principle that should take precedence as a result 

of the quotient of all three factors that together define the weight of each individual 

principle. In other words, the weight of P1 is given by 	"!" × 	$%!" ×	&!"# ×	&!"$ ; while 

the weight of P2 is given by 	"!% × 	$%!% ×	&!%# ×	&!%$ ; and the concrete weight is the 

quotient of these factors on each side of the balancing (ibid.).  

Consequently, these variables need to be assessed for each individual principle 

before balancing them. 	"!"  and 	"!%  represent the intensity of interference (e.g. 

reducing discharge levels) with P1 and P2, respectively. The importance of satisfying P1 

and P2, when reducing discharge levels, for example. This way, if we consider that P1 is 

hypothetically the principle of preservation of human consumption, the question would 

be to what degree this principle would be affected by the decision of reducing discharge 
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levels of hydropower to preserve water for electricity generation, for example. The 

conclusion may hypothetically be that human consumption is very low where this 

decision would be implemented, because it is an area used of agricultural purposes 

instead of being an urban area where human consumption is high. In this case, balancing 

would be needed more in relation to irrigation than human consumption, because the 

latter would have been guaranteed for the small amount of people. Consequently, the 

intensity of the interference with P1 would be considered light, because the reduction 

in discharge levels in benefit of electricity production would not have a serious 

interference with human consumption. Klatt and Schmidt (2012) use a triadic model to 

determine the values for the intensity of the interference of principles based on light (L), 

moderate (M) and serious (S) interreferences. They assigned the following values of an 

ordinal scale to the intensities of interference: L = 20; M = 21, S = 22” (ibid.). 

 On the other hand, AWp1 and AWp2 refer to the abstract weight of P1 and P2. It is 

abstract to the extent that it has nothing to do with the circumstances of the case, 

because the hierarchy is given by the norm. Constitutional norms and/or fundamental 

rights have the highest weight under the legal systems. This way, if the balancing is 

between two principles that have constitutional weight, for example, it means that they 

cancel each other out, as they have exactly the same hierarchy under the legal system, 

same source and no distinction between their abstract weight. When balancing 

principles, the aim is to consider the variables that can differentiate them, so it can 

support distinguish them in terms of importance under a given case. Equal abstract 

weight does not help in this sense, because they cancel each other out and do not affect 

the end result in terms of concrete weight. To assess if principles have different weights 

it is important to identify where they are enshrined under the legal system. Some groups 

of principle will be under the constitution, while others will be found under infra-

constitutional norms. Those under the former are usually better known and will always 

have a higher weight than those under the latter, but in general, the constitutional 

principles are more open, general, and their formulation is pretty generic.   

 In this research the SDG agenda is the normative framework, so the first step 

was to extract from it the principle of integration and its sub-principles and combine it 

with the nexus analytical framework under Chapter 2. Both of which were later analysed 

at the level of the case study in Brazil in Chapter 5, so that from a legal perspective it 
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could be understood where they lie under the legal system and what other principles 

would potentially collide with them under any water and electricity resource allocation 

discussion in Brazil. All the principles that were considered under the case study are 

under Brazil’s Constitution, so for the purpose of the weight formula, their abstract 

weight would be the same. However, given they are not an exhaustive list of principles, 

it is important to consider that in different circumstances other principles, including 

those outside of the Constitution would enter the balancing formula with other relevant 

Constitutional principles. This does not mean that the latter would necessarily take 

precedence because it has a higher abstract weight. All other relevant factors under the 

equation that may lead to a result where the infra-constitutional principle takes 

precedence.  

 The last factor which is reliability is about the trustworthiness of the normative 

and empirical assumptions. They can be classified, according to Alexy, as ‘reliable’ or 

‘certain’ (r), ‘plausible’ (p) and ‘not evidently false’ (e), to which the numbers 20, 2-1, and 

2-2, that is, 1, ½, and ¼ are to be assigned (ibid.). When the epistemic value is 1 it does 

not affect the other two variables, but when it is lower than one it reduces their values 

accordingly. The reliability factor is extremely important to the analysis of the intensity 

of the interference with P1 and P2, and how intense the interference would with P2 if 

the interference with P1 was omitted. In other words, when the conclusion provided 

under the above example was that the intensity of interference of a decision to reduce 

discharge levels with the principle of preservation of human consumption was light, 

under the reliability factor the trustworthiness of this conclusion is confirmed. While the 

reliability of the normative assumption also needs to be confirmed, which is about 

confirming if the hierarchy considered for the value of abstract weight is correct, and to 

consider if the interpretation of the norm is reliable, or if the norm really exists within 

the legal system. ‘The lowest epistemic value occurs when the reliability of the empirical 

and normative premises are no higher than not evidently false’ (Alexy, 2014b). 

Accordingly, it would receive the value of 1/16 and would interfere significantly on the 

substantive dimension of the balancing.  

In general, the reliability factor serves to check the degree of certainty about the 

assumptions involving the facts, and the assumptions related to the existence, validity, 

meaning and extension of the norms. From latter perspective, it would mean assessing 
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the basis in which the normative judgement is being made. It can include a series of 

judicial decisions about the norm, the common understanding under the literature 

about the norm, and the common use and interpretation of the norm by lawyers. For 

example, the principle of proportionality has emerged as a doctrinal construction based 

judicial decision-making procedure and choice when dealing with two constitutional 

values, or interests, which has been widely diffused and today is an overarching principle 

of constitutional adjudication (Stone Sweet, Alec and Mathews, 2014). In Brazil, despite 

not being directly included under the Constitution, it can be said to have constitutional 

hierarchy, because the Supreme Court has repeatedly decided that it is implicit under 

the articles of due legal process, and democratic state. It is a common understanding 

under the literature, courts and lawyers. Consequently, the normative assumptions 

about the existence and validity of the principle of proportionality under the equation 

would be certain.  

On the other hand, the reliability of empirical assumptions is the degree of 

certainty related to the scientific evidence and facts informing the intensity of 

interference. Whereas ‘I’ is the assumption per se, the Re is how reliable these 

assumptions are, which can be classified as either certain, plausible or not evidently 

false. When decision-making is based on the factual information about, for example, the 

‘light’ intensity of reducing discharge levels to the ecological flow and ecological 

integrity, or preservation of human consumption, the reliability of this information 

needs to be assessed under Re of the weight formula. It supports corrections of the value 

judgement about the knowledge of things. Both dimensions of the epistemic factor of 

the formula are extremely important for the second law of balancing: ‘the more heavily 

an interference with a constitutional right weigh, the greater must be the certainty of 

its underlying premises’ (Alexy, 2014a, p. 514). The second law of balancing is relevant 

for Brazil’s case study, because all principles considered under this research thesis are 

Constitutional.  

The first step would be to assess the intensity of interference of a given decision 

about water and electricity resource nexus allocation on the colliding principles that 

apply in a given set of circumstances, based on expert views, open consultation and 

public participation. Taking into consideration the multiple views the best evaluation 

may be that the intensity of interference with the preservation of human consumption 
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and protection of life is low, because the information (empirical evidence) provided that 

human consumption is very low when compared to electricity, so even in case of 

rationing and reduction of discharge levels, there would be enough water to attend 

human consumption. From a constitutional perspective, protection of life (preservation 

of water for human consumption) has a constitutional weight. In terms of reliability, 

which is split in two, the empirical evidence about sufficiency of resources to preserve 

human consumption is certain, while the knowledge about the norm validity, hierarchy 

and interpretation are also certain.  

In terms of electricity, let us hypothetically consider that the intensity of the 

interference is high because, without rationing for human consumption and in 

detriment to ecological flow, there would be no electricity. There is an interference with 

the principle of the right to electricity set under article 21 of Brazil’s Constitution that 

obliges the state to render the services of electricity, which creates the right of access 

to these services for citizens. There is no doubt about the Constitutional status of this 

right, and of the obligation of the state to render services directly, or through 

concession. Finally, in relation reliability, let’s also suppose that it is certain from a 

technical perspective because without reducing discharge levels it will not be possible 

to generate any electricity. Moreover, it is also certain in terms of its abstract weight, 

because it is under the Constitution.  

Given they are both constitutional norms, they have the same abstract weight 

and cancel each other out. They also have the same value in terms of reliability because 

they have the same values of certainty for both dimensions: empirical and normative. 

Consequently, the difference that remains is in between the intensity of interference, 

with preserving human consumption having a weight of 2 and right to electricity services 

a weight of 4. The weight equation would be 2/4, resulting in concrete weight of 0.5 

which means that P2 would take precedence. However, taking into consideration the 

principle of proportionality it would only be satisfied to generate the indispensable 

amount of electricity to avoid major issues as black outs, so that if any extra amount of 

electricity that is not indispensable represents an excess. The end result is that P2 took 

precedence over P1under the circumstances C, which resulted in the legal response 

(norm) R. Under the São Francisco basin in Brazil, different principles took precedence 

over others under different circumstances, but without due justification, or 
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consideration of any of these variables: interference, hierarchy of norms, and the 

reliability of the knowledge about the facts and the norm. It also lacked public 

participation under the emergency driven institutional environment formed by only a 

few interested parties mainly led by the electricity sector. This way, it can be argued to 

be arbitrary decisions which are ethically questionable.  

As a method for decision-making involving water-electricity nexus resource 

allocation and conflict, however, what has been considered about the weight formula is 

enough. Decision-making that considers all of the above variables will provide a more 

robust reasoning of why and how under specific circumstances a given principle is taking 

precedence over others in defining the solution for the allocation of resources or nexus 

conflict between them. The idea of enhancing the rationality of law and legal decision-

making about water-electricity nexus wicked problems is not to develop a legal metric 

where there already exist scientific ones, so this is not what is being proposed under this 

research thesis. The proposal behind the use of Alexy’s balancing laws and weight 

formula is to introduce a rational procedure for decision-making around resource nexus 

issues. In this way, those involved in the decision-making process are forced to confront 

and explain the variables being balanced in the developing solution to resource nexus 

allocation conflicts between competing users.   

Allouche and Middleton (2015) explain that, ‘if the nexus is to be a useful 

framework for exploring alternative pathways rather than a narrative that legitimises 

existing dominant pathways, the political economy of the nexus must be more explicitly 

addressed’, they also emphasise a focus on ‘bottom-up ways of knowing the relationship 

between water, food and electricity’. Identifying winners and losers in WEF nexus 

decision-making and giving explicit attention to justice and equity concerns are central 

for nexus agendas to be socially progressive (Dupar and Oates, 2012; Stringer et al., 

2014). Hence the importance of the balancing of principles proposed herein. The latter 

is the best way in which the law can address the multitude of facts and interests 

concerning the water-electricity nexus. The closeness of the legal principle of integration 

with sustainable development and the principles of equity/justice means that a 

principled approach can offer more progress in terms of both inter- and intra-

generational equity.   
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8.2 Institutional Dimension: Integration through a second-degree institutional 

structure with competence to act in subsidiary and selective ways 

The above considerations evidence the material and normative aspects that 

requires a new interpretation and application of law that currently disciplines the use of 

water and electricity resources, so it recognises the water-electricity nexus in light of 

their reciprocal implications, associated risks and multiple, disputed uses of water. This 

should be done through methods and techniques that allow the compatibility, 

ponderation (explicit criteria and objectives of precedence in light of factual conditions 

of respective case-study) and realization, in a higher or lower degree, of the principles 

that guide the use of water and electricity production. These new practices and 

interpretation of the law should be observed in all institutional contexts where there is 

decision-making about any dimension of the water-electricity nexus, including in the 

context of each regulatory agency (ANA and ANEEL) and of other institutions 

overlooking water and electricity sectors, such as the Ministry of Mines and Electricity 

and the Ministry of the Environment.  

However, there exists a risk that under the existing institutional context (reduced 

integration between the regulatory approaches and policies of water and electricity and 

multiple asymmetries) a new interpretation and application of the law that is in line and 

recognizes the water-electricity nexus will end up subordinate to the pragmatic 

imperatives of the mandates and objectives in the short-term of the most specialised of 

the water and electricity sectors. This way, frustrating the eventual gains in the holistic 

comprehension of the legal framework. This risk requires that the multiple and eventual 

conflicts between the normative principles have an institutional environment that 

favours the recognition of the nexus between water and electricity and promotes a 

regulation which is applied in accordance to a double mandate.  

The first intuitive alternative would be to integrate institutionally the authorities 

and activities involving the formulation of public policies, regulation and monitoring that 

currently exist for both sectors. This approach is based on the premise that the double 

(or multiple) ends and interests of the substantive law would have greater enforcement 

if its interpretation and application happened under an institutional arrangement that 

would be legitimized and devoted in pursuing this double mandate. More than merely 

intuitive approach there is an agreement under the water-electricity nexus literature 
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that supports the institutional integration in the development of nexus activities. The 

next section will discuss in light of the Brazilian context some of the relevant questions 

about the adequate, efficient and eventual institutional integration of both sectors. This 

way, offering and institutional integration between both sectors that is flexible and 

capable of responding to the complexities of the Brazilian case study.  

8.2.1 Costs, benefits and risks of institutional integration of water and electricity 

Eventual alternatives for the fusion and the direct and immediate binding of the 

regulation of both sectors, or parts of this regulation that relate to aspects of the water-

electricity nexus face several obstacles from practical and normative perspectives, as 

well as costs, risks and negative externalities. First and foremost, the fusion or direct 

linking of regulatory bodies of both sectors would have to accept the risk of supressing 

the evolution or even the devolution of the regulation of water. Under Chapter 6 it is 

clear that the regulation of water and the activities of water services and sanitation are 

still under construction. The water sector is in search of normative model that is able to 

secure universal access, efficiency and quality of services, legal security to attract 

investments, and guarantee financial-economic feasibility of services and sustainability 

(economic and environmental) in the long-term. The Congress House is currently 

discussion a new guidance for the consolidation of these aspects are based on a 

centralizing approach through “national reference norms” in connection to bodies 

under the national government. This way, an eventual linking of both regulatory bodies 

for electricity and water could compromise the development and consolidation of the 

regulation and the use of water currently under development.  

Secondly, the fusion and direct linking between the regulatory bodies of water 

and electricity would have an additional risk of representing, different from integration, 

a subordinate relationship between the multiple public interests associated to the 

multiple uses water and the pragmatic imperatives and financial-economic robustness 

of the electricity sector. In fact, the asymmetries analysed in Chapter 6 would tend to 

result in the subordination of the regulation to the interests associated with electricity 

production, because the industry and market are better developed, more mature, 

consolidated and profitable. In this sense, the historical institutional analyses proved 

that when treated indistinctively under the Water Code and institutionally under the 
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National Department of Water and Electricity, the normative and practical results were 

subject to the hemogenic imperatives of electricity production instead of recognition of 

the nexus between activities or equilibrium between multiple ends of both sectors.  

Third point is connected to the imposition of costs and potential losses of 

efficiency resulting from the eventual fusion and direct linking water and electricity 

regulatory bodies. This warning is not saying there should be no joint regulation in 

certain topics, which is something that has already occurred between both agencies. 

The caution suggested here is rooted on the inconvenience that concentrating all in one 

regulatory agency would have. It would be extremely hard for one agency to regulate 

such a vast topic under a country of continental size as Brazil. The requirement of 

overlapping the positions expressed by distinct regulators could result in slow 

procedural bureaucracies or impasses on decision-making processes. In a national 

context where there is a high deficit in the implementation of water services and 

sanitation and there are still high amounts of continued investments in the electricity 

sector in the house of billions (which will likely increase with new cycles of economic 

development), the eventual paralysis or slow process in decision making would have a 

social cost that would be unbearable. This way, it would de-legitimise and compromise 

the integrated actions of regulatory bodies.  

In light of these above-mentioned risks and negative externalities, this research 

thesis proposes an institutional design model that is flexible and capable of addressing 

the need of an integrated interpretation and application of the law that recognises the 

water-electricity nexus. However, without necessarily involving the fusion, suppression 

or substitution of the existing regulatory structure and the one being developed.  

8.2.2 Proposal of a second-degree institutional structure for integration of water and 

electricity 

The recommendation is to develop an institutional and organisational structure 

of second degree. This means it is distinct and autonomous from the existing water and 

electricity institutions in which authorities are currently invested in power to manage 

and regulate water and electricity. It would operate in selective and subsidiary ways 

when a given matter or conflict involving water-electricity nexus is relevant and not 

possible to be considered by individual institutions of water and electricity. Although 

this second-degree institutional body should exist in a permanent capacity (with its 
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existence, composition and functioning aspects disciplined by the law to avoid ad hoc 

solutions like the one in the São Francisco), it is recommended that it acts in selective 

and subsidiary ways. Only the relevant water-electricity nexus cases would be submitted 

to this body always under the assumptions of relevance and insufficiency of being 

treated in isolation by the competent authorities of each sector.  

 The proposal herein is for this body to act in selective and subsidiary ways. The 

existing institutional structure would be kept unchanged and would continue to act 

according to their competences, capacities and mandates of each sector. However, 

when demonstrated that the nexus between water and electricity is specially affected 

by a certain matter, conflict or concrete case that cannot be adequately considered by 

the autonomous institutions regulating water and electricity and ordinary procedures, 

instruments and norms, it would trigger the action of this autonomous body. The 

assumption for the operation of this selective and subsidiary institutional body is not 

the malfunctioning or ambiguous sectoral regulation of water and/or electricity, but 

above all the insufficiency of the existing regulation in light of the interdependency 

imposed by the resource nexus between water and electricity. A regulation that may 

seem efficient and adequate for water and/or electricity, when considered in isolation, 

may ignore and prove itself inefficient and iniquitous when considered in light of the 

nexus. This gap is what should trigger the institutional bridge between both sectors by 

submitting that specific matter to be analysed under this second-degree body operating 

in selective and subsidiary ways. 	 

8.2.2.1 Assumptions for the operation of the selective and subsidiary second-degree 

structure 

Considering the selective and subsidiary role of the institutional approach 

proposed herein, first, it would be necessary to qualify the cases and assumptions that 

would trigger its functioning. The first assumption will always be based on the evidence 

showing it is a case of a water-electricity nexus ‘wicked problem’ due to the peculiarities 

of a given matter, conflict or concrete case which requires a decision taking into 

consideration the inseparable nexus between water and electricity. Wherein a decision 

that lacks doing this would be insufficient discourse wise, regulatory wise and iniquitous 

from a legal perspective.  
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The second assumption consists in demonstrating the insufficient capacity of the 

individual regulatory bodies of each sector to deal with the matter. This insufficiency 

may be a consequence, amongst other things, of their existing mandates and 

competences, budget restrictions, technical and expertise limitations, or even the 

restricted access to data. In all these cases it would be important to have a structure 

endowed with key attributes that transcend the limits of each sectoral regulator 

considered in isolation. The third and last consists in identifying the instruments and 

procedures that are sufficiently flexible, so that once confirmed the insufficiency of an 

isolated regulation about a given nexus matter, it would be possible to trigger action 

and reflections from this second-degree institutional structure. 

8.2.2.2 Competences distinct from those of specialised and existing regulators 

The subject matter jurisdiction of the second-degree institutional should not be 

to reproduce or repeat those of existing regulatory bodies of water and electricity. 

Contrarily, its competences should be diverse and reside exactly on the recognition (in 

light of the nexus matter, conflict and concrete case) of the water-electricity nexus and 

the search and need of more efficient and equitable decision-making processes and 

solutions. All of which are unlikely or impossible to be achieved by the individual sectoral 

institutions of electricity and water. For these reasons, the decisions of this second-

degree institution should not be an exercise based on the primary competences of the 

original cognition about a certain topic. It should be based on a competence of second-

degree, which requires demonstration of the insufficiency of an isolated regulation 

about a given matter by the institutions of water and electricity.  

At the same time, this competence needs to transcend the individual sectors of 

water and electricity and its decisions should be binding to all sectoral authorities. This 

selective, subsidiary, transcendent and binding competences should count with 

resources and have the extent and intensity that are necessary for it to solve nexus 

conflicts. Likewise, mobilize resources and information from the public power and be 

directed at decision of matters and conflicts specific to water-electricity nexus, or other 

relevant resource nexus cases. These specificities are what legitimises its action, without 

implying in the uselessness or dismissal of permanent and autonomous capacities of the 

specialised and isolated institutions of water and electricity.  
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8.2.2.3 Incidental operations: Distinct character than an appealing or monitoring 

body  

Distinguishing the competences of this second-degree institutional body from 

the existing autonomous regulatory bodies of water and electricity, without substituting 

or dismissing the latter, requires the former to act and operate incidentally. In other 

words, it should be triggered by specific incidents based on inductive orientation that 

demonstrates the insufficiencies of isolated regulatory approaches of water and 

electricity sectors in relevant matters pertaining to the nexus between. The inductive 

and incidental approach that will trigger its actions. They will also characterise them for 

being of second-degree to the extent that they make up for the insufficiencies of the 

decisions of first degree of water and electricity.  

However, it should not be characterised as an appealing or monitoring body. It 

should not be responsible for discussing the correction or adequacy of the regulation of 

water and electricity taken by their competences. Even less so a way of evaluating the 

performance of the regulators in each sector. This institutional approach of second-

degree is aimed at overcoming and supplementing the limitations of the individual 

regulatory bodies for water and electricity. Including the limits imposed by their 

competences, access to material resources, expertise and access to knowledge and 

information.  

 This way, the law needs to discipline the possibilities in which the regulators of 

water and electricity sectors, or any interested party duly qualified  - either because of 

its direct interest in a given resource nexus matter, or conflict, or because of institutional 

representation based on data or technical-scientific evidence – can submit requests to 

this second-degree institutional body. However, with the caveat that any matter, 

conflict, or concrete case should be relevant to the water-electricity nexus if also based 

in the insufficiencies of existing bodies, contradicting matters and collision of principles. 

This way, relevant nexus incidents under concrete cases would give rise to an answer 

from the second-degree body recommended herein.  

8.2.2.4 Double mandate of the second-degree institutional structure 

To overcome the limitations related to the competences, resources, information 

and expertise of existing institutional bodies, it will be important for the second-degree 
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body to have a double mandate. This means it would have to exercise its double 

mandate to provide decisions that, to a higher or lower degree promote the efficient, 

sustainable and equitable weighing of the different and conflicting interests associated 

with the water-electricity nexus. The operation and functioning of the second-degree 

institution will be satisfactory to the extent that it can transcend the concrete siloed 

context of existing institutions regulating water and electricity. Those integrating the 

second-degree committee would need to find and promote decisions that meet the 

requirements to adequately balance opposing principles by taking into consideration 

the requirements and rationales of equity inherent to the laws of balancing formulated 

by Robert Alexy (Section 8.1).  

This double mandate consists to the greatest extent possible in the protection 

and fulfilment of the interests associates to both water and electricity through equitable 

and efficient balancing and consideration of reasons. Whereby if balanced and 

considered by only one of the specialised regulators it would provide monologic and 

non-sufficient decisions. This way, the legal formulation of this second-degree body 

should be designated by the Executive Federal Power and approved by Senate House. It 

should count with members that are able to understand and materialise the imperatives 

of the balancing law intrinsic to their double mandate and dimension of the complexities 

imposed by the nexus between electricity and water.  

8.2.2.5 Cognitive approach of the second-degree institutional structure 

Considering it is considered a wicked problem, the water-electricity nexus does 

not have definite solutions. It can only count with balanced decisions relative to the 

actual conditions of a given case which are contingent, inductive, incidental and 

provisional. The results of balancing should give rise to a cumulative catalogue of topics 

and precedents that in each case a certain orientation, construction of intermediary 

solution or even a determined solution of compromise took place. In this sense, the 

operation of this second-degree body should count with an open cognitive approach 

that will support the revision of the premises and results of any previous balancing. 

Results which by definition can only provide solutions which are contingent or 

provisional for lasting nexus problems that do not have abstract definite solution.  
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This open cognitive approach is in line with the methods of balancing developed 

by Robert Alexy. It is also in line with the selective, subsidiary and incidental functioning 

of the second-degree institutional structure. Finally, it is this open cognitive approach 

that will support procedural justice. The latter is based on the open and extensive 

participation of those interested and the effective consideration and revision of 

precedents, including its assumptions and conditions in which decisions were based in 

light of reasons presented by those directly affected by it. 

8.3 Procedural dimension: inclusive, in-depth, transparent and fair   

The procedures for decision-making under the above described institutional 

environment should be inclusive, in-depth, transparent and fair by following a multi-

level, cross-sectoral and multi-stakeholder engagement. The legitimacy of its results is 

dependent upon the effective consideration of all the points of view of those impacted 

by the decision, or those that influence, or can influence a decision (Chopitea, 2019). 

Participation is important to guarantee the legitimacy of decisions, and its binding effect 

on those affected by it. It is only through broad participation of multiple stakeholder 

that a fair and equitable process can be guaranteed by observing due legal process, full 

defence and equity principles. A decision that does not consider all points of views of 

interested parties is questionable from ethical and legal perspectives due to its deficit 

of opinion. These relevant opinions go way beyond empirically evidenced based findings 

about trade-offs. They should include the views of multiple stakeholders and follow the 

rationales of stakeholder democracy. Due to the wicked nature of water-energy nexus 

issues, they cannot be decided or advanced exclusively on the basis of technical or 

scientific knowledge. The latter cannot provide definite solutions because of the 

constantly changing nature of nexus issues, so the legitimacy of decisions is entirely 

dependent upon participation of all affected stakeholders.  

The more participative and transparent the broader will be the discussions and 

the better informed will be decision. The arguments that are false, partial and biased 

tend to lose its strength when discussions are public, inclusive and transparent. The best 

way is to compare multiple views, before any of them can be rejected or accepted by 

the majority. In the case of water-electricity nexus in Brazil, it should include the views 

of riverside communities, non-governmental agencies, water services and sanitation 



 

 

319 

companies, small and large scale farmers, fisherman, transport sector, hydropower 

producer, governmental representatives from all scales, environmental body 

representatives, environmental activists, women, youth, workers and trade unions, 

business and industry, science and academics.  It is the participation of all these different 

stakeholders that can ensure a fairer allocation of resources across water and electricity 

sectors in Brazil, respecting the limits of ecosystems.   

The decision-making processes are in-depth to the extent that they should 

consider several principles. Not only those which one regulatory body is bounded to 

comply and is usually informing their decision-making processes. It goes beyond to 

include all of those that are relevant to the nexus in the view of all stakeholders 

participating of decision-making process. After the mapping out of relevant 

stakeholders, the second important step would be to map out of the norms relevant to 

the given water-electricity nexus conflict at hand. The principles considered under this 

research thesis is a good starting point for water-electricity nexus cases in Brazil. Other 

principles should be added according to the nexus issue. When looking at each 

dimension of the nexus the questions would be about what norms are applicable to 

electricity, what norms are applicable to water, and what norms are applicable to both 

The norms related to the environment (5.2.1) have to be part of every single water-

electricity nexus discussion in Brazil to advance the SDGs.  

All stakeholders should participate of the selection of the norms that will apply 

to each given case. The selection of norms is inevitable, because it defines what should 

be examined. However, this selection is not a neutral process. When certain norms are 

chosen, others are left out. The norm that a regulator of a single sector would leave out, 

for example, can be exactly the norm that is considered the most relevant in the view of 

other stakeholders interpreting the issue and its impacts. This way, the selection of 

norms is important to set the boundaries and define the circumscription of the 

discussion. Once the norms are selected, it will be possible to drive conclusions about 

the conflicts existing between them (rule or principle). It can either be a conflict of rules, 

or a conflict of principles. The ways in which these types of conflicts are solved is what 

fundamentally differentiates rules from principles. If it is a conflict of rule, then only one 

of them can solve the nexus conflict at hand, and all other conflicting rules will either 

need to be revoked or be considered an exception to the rule being applied to solve the 
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case. If it is a conflict of principle, balancing is necessary. The proposed method of 

balancing in this research thesis follows the formula developed by Robert Alexy 

explained in Section 8.1.  

Despite which kind of conflicting principles that a nexus case may reveal, these 

formal requirements should be followed: participation of all relevant stakeholders, 

consideration of all relevant elements (facts and norms), views and standpoints, double 

mandate of those participating in the capacity of public authorities and balancing of 

principles. The higher weight that will be given to the principle taking precedence to 

solve each nexus conflict needs to be a voluntary act of the majority, instructed by all 

these aspects: cross-sectoral facts, interpretation of norms, expert views, scientific 

evidence, multi-stakeholder interests, multi-levelled views of authorities, manifestation 

of communities, resistance of local and cross-sectoral authorities and representatives, 

etc. The questions arising from the procedural dimensions are: Did it include all 

interested and affected parties? Were all relevant points given the weight and included 

in the decision-making process?  Did it base itself in the most robust, updated, reliable 

and transparent information? Were those participating exempt of any kind of self-

interested encouragement? Were they pursuing a double mandate when taking the 

decision? In general, the more transparent, in-depth, inclusive and open the discussions 

can be, the fairer will be its result. The resulting norm from these procedures will always 

follow that under the water-electricity nexus conditions/conflict ‘X’ the principle ‘A’ took 

precedence over principle ‘B’. When the conditions ‘X’ repeats themselves throughout 

time, it is given that A takes precedence over B. The discussions that could follow would 

be more about the factual and normative elements of ‘X’ and if they are actually the 

same or not, because it is only if they are considered in all its aspects to be the same 

that ‘A’ should take precedence.  

When answering the above questions about participation, it is important to bear 

in mind the many challenges that have been raised by the literature and discussed in 

Chapter 7 (section 7.2.2). For example, the unequal capacities of individuals to 

communicate effectively, the deficit of representation and capture by the most 

powerful groups under participatory environments. In terms of representation, it is 

important to define some qualifying parameters to establish who should participate 

based on whether the direct or indirect impacts of the nexus issues affects their lives, 
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work, health and income. In both cases of direct and indirect impacts, people should 

have legitimacy to participate, individually or through representation.  
The state should have the statutory obligation to support these affected 

individuals by providing information and guaranteeing the means for people to be 

mobilized and brought into these decision-making environments. In the latter case, it is 

not about teaching people about what is important to them, but more about providing 

them with the necessary instruments to advance what they know is important for their 

lives. This way, the state should recognise people’s needs that are being affected by the 

relevant resource nexus conflict and inform these impacts through accessible 

information, while assuming the role of a social mobiliser, empowering people and 

supporting built their capabilities to participate. This involves costs, which includes 

those related not only to the organisation of conferences, debates and public hearings 

in different localities, but also those of mobilising people to participate by covering their 

costs of doing so.  

The above considerations require a more proactive approach by the state. 

Similar rationales of Brazil’s electricity regulator in its approach to the electricity council 

of customers are useful. The state organises and finances the council, sending 

communications about the public hearings and mobilising people to participate by 

covering their costs and providing them with the necessary information and tools to 

participate. For example, by supporting consumers to organise themselves under 

associations or through election of representatives, while incentivising people to report 

about what is happening and how the impacts affect them. Similarly, a resource nexus 

council could help mobilise the affected people and concessionaires could secure 

through tariff funds the creation and maintenance of the council. To avoid that the 

electricity sector continues to enjoy overriding powers due to its stronger technical 

capacities and information asymmetries, it is important to promote objections from a 

discourse point of view. Technical and independent advisors should be hired to counter-

argue the points raised by the electricity sector in light of other opposing interest and 

views. It is important to consider the costs and who should bear them. If necessary, the 

electricity sector should take the responsibility of hiring these independent views to 

demonstrate the facts and inform to the public power and interested communities and 

families. Information should be developed and circulate under these decision-making 
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environments in ways that can challenge the views of experts and demonstrate the 

diverging views from a technical perspective as well. This is key to show the lack of 

unanimous position. 

In relation to the decision-making processes, there are some strategies that 

could potentially be developed to hinder the capture of the interests by the strongest 

of the sector. In the case of the São Francisco the procedures could distinguish between 

those that represent each sector and each stakeholder segment under the debates from 

an independent group of elected advisors that would effectively take the decision. The 

latter group would not represent any of the specific sectors or individual stakeholder 

interest. In this way, the national grid and those that were under the Emergency Room 

of the São Francisco would assume a different role, as consultants and providers of the 

information to an independent body of elected advisors that would effectively take the 

decision. On one hand, this approach could protect people’s right of participation, while 

creating a mechanism for decision-making through delegation with potential to limit the 

capture of interests. Everyone affected by the decision or likely to be affected by the 

decision are entitled to participate of the debate and discussions under what could be 

established as a permanent nexus assembly. Within the latter environment, People 

would be entitled argue whatever points they wish, supporting with evidence what is 

shared, and requesting others to provide evidence for what they argue, combining 

information that should be made available to all, including those that would be contrary 

to any of the affirmations provided under the discussion environment. Even in light of 

these optimal discursive aspects, the decision-making could still be delegated to the 

independent group of advisors, which in turn should be elected by those participating 

under the assembly.  To the extent that these processes are made public and are 

scrutinised and discussed there are chances of enhancing accountability. These 

recommendations are provided as general guidelines to establish a different procedure 

to the one currently in place that has failed to provide legitimate and fair outcomes in 

the São Francisco. However, it acknowledges that experience and time would probably 

show new requirements to improve procedures on the ground. The main point is to 

acknowledge the need of establishing the rules about the organisation and procedures 

that can manage the nexus more effectively, so that emergency-driven solutions like it 

happened in Brazil can be avoided in the future through effective participation. The 
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latter depends of information and instruments that are able to explain the problem and 

the multiple equally valid answers provided by those involved the discussion.    
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Chapter 9 Conclusions 

9.1 Introduction  

This chapter concludes the thesis, bringing together the various aspects of water-

electricity nexus challenges. Our PhD proposes to reframe the water-electricity nexus in 

Brazil as an issue of conflicting normative principles. According to our analysis, the 

ongoing lack of attention this has been given by academics and practitioners raises risks 

to a new interpretation of the law that recognises the water-electricity nexus and 

supports the sustainable management of resources – and this PhD suggests a normative-

institutional approach to counter those risks and use legal tools as a means to meet 

SDGs. The first part of this chapter contains a summary of the key concerns that emerge 

as consequences of water and electricity operating under two silos and different scales, 

highlighting the empirical findings that evidence important challenges in Brazil. It then 

builds on these conclusions to put forward practical suggestions which could overcome 

these challenges and water-electricity nexus trade-offs through a normative-

institutional approach. In this way, supporting a more holistic approach to the SDGs and 

application of the law governing resource use in Brazil is an ambitious aim of this PhD. 

These suggestions are rooted in three normative-institutional dimensions: substantive, 

institutional and procedural. The concluding remarks about these dimensions will be 

followed by observations about the replicability of this approach to other resource 

nexuses in Brazil, and in other places, with the caveat that solutions to WE nexus issues 

can only be provisional, and context based. Furthermore, it ends up with a proposal of 

future avenues of research.   

9.2 Consequences of WE siloed operations and scales 

The main research question which this thesis seeks to answer is: what are the 

consequences of water and electricity operating under two silos and different scales? 

Broadly from the literature review it was concluded that cross-resource use between 

water and electricity raises tensions and trade-offs that challenge the fair and rational 

allocation of resources in the context of their operational silos, mismatching scales, 

climate emergency, population growth, development needs, and more frequent and 

severe disasters. Quantifying the trade-offs for definition of where the resource conflicts 

lie is as important as assessing the critical sectoral interlinkages and silos in terms of 



 

 

325 

institutional arrangements and governance. The vast majority of authors recommend 

that water and electricity should be better integrated to advance the sustainable 

management of natural resources and the SDGs.  However, there is a lot to be learned 

about the different ways that this can be done in practice and a gap in the literature in 

relation to the normative-institutional dimensions of the water-electricity nexus.     

Brazil was chosen as case study because of the criticality of water for electricity 

supply, security and affordability, and the high impacts arising from water stress on both 

electricity and water sectors.  The research questions developed to analyse the water-

electricity nexus at case study level were: What are the critical interlinkages and risks of 

separate silos of water and electricity in Brazil? What are the main water-electricity 

nexus conflicts and gaps from governance, policy and regulatory perspectives? What are 

the possible ways to promote greater integration between water and electricity in Brazil 

from a legal perspective to support advances to the SDGs holistically? The research 

conducted encompassed a review of the literature and empirical fieldwork. The former 

included the literature on resource nexus and metrics, sectoral governance and resource 

management, policy integration, regulatory theory, sustainable development and 

indicators, environmental law and governance, and legal principles. The field work was 

done between February and April of 2018 and encompassed a questionnaire and in-

depth interviews with water and electricity experts working in the private and public 

domains. From the combination of different theories and methods, my conclusions 

about the consequences of electricity and water operating under two silos and different 

scales in Brazil can be split into six main points, as follows (summarize key words here): 

asymmetries, water and electricity are critically interlinked, environmental injustices, 

normative questions, laws of balancing principles and normative-institutional approach. 

(1) There are multiple asymmetries in relation to water and electricity governance 

approaches; access to services; planning timeframes, objectives and implementation; 

information and knowledge; policy objectives, instruments and implementation levels; 

stakeholder influence on water and electricity management and policies; and regulatory 

capture, rationales, instruments and levels of maturity. By and large, water governance 

seems subordinated under electricity. 

(2) Despite operating under two silos, different scales and in the context of many 

relevant asymmetries in Brazil, water and electricity are critically interlinked in terms of 
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resource use, raising many challenges to sustainable resource management and water 

in particular. Brazil relies on hydropower generation in proportion to 65%, but 

hydrological and non-hydrological factors impact the water availability under reservoirs, 

reducing hydropower generation and its contribution to supply. Furthermore, several 

reductions of dispatch levels of major hydropower plants were necessary to safeguard 

water and electricity security. Even though hydropower producers do not withdrawal or 

consume water, by reducing their out-flow discharge levels it impacted on river flow and 

water quality. Consequently, neglecting of the nexus affects multiple water users 

downstream of major hydropower developments, including the poor riverside 

communities. Without this measure in São Francisco basin, for example, there would 

have been a complete depletion of important reservoirs, with even more disastrous 

affects to electricity and multiple water users. Thermal power plants are consistently 

increasing their share to electricity supply to attend the growing demand. However, they 

are a more expensive source of electricity than hydropower and, in many cases, 

polluting. All of this in connection to misconduct in planning and regulatory issues have 

resulted in rising electricity bills, compromising electricity affordability. The water sector 

saw its costs of electricity double at the same time it struggles with lowering water and 

quantity and quality for the rendering its services, so more electricity-intensive methods 

of water extraction are needed. The nexus thus drives a spiral of supply crunches for 

water and electricity that affects in particular the poorer part of the population in Brazil. 

The challenges related to both points explained above are specially aggravated in 

Brazil by weak governance; recurrent and more severe droughts; development needs in 

the context of rising inequalities; and high levels of resource contamination and 

degradation.  Altogether, this leads to another main point: 

(3) In circumstances of resource stress, the consequences of electricity and water 

operating under two silos and different scales in Brazil are accentuating and 

perpetuating environmental injustices. It is increasingly hard to allocate water and 

electricity common-pool resources fairly in the context of sectoral operational silos, 

scales and opposing interests. In the São Francisco, the poor and riverside communities 

were highly affected by the reductions in river flow. However, they were not part of any 

decision about reduction of discharge levels that affected the quantity and quality of the 

resources they need for a living. These communities were not compensated or given any 
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kind of support to cope with the environmental harms they are experiencing as a result 

of such decisions in the context of the longest-lasting drought in the São Francisco.  

(4) Normative questions arise from the water-electricity nexus issues explained in 

the previous three points, which cannot be answered exclusively on the basis of 

efficiency and effectiveness dominant in the nexus literature. For example, the 

questions about how WE nexus disputes and resource allocation challenges should be 

solved to guarantee intergenerational equity, ecological integrity, and electricity 

security. These questions need to be answered in light of normative criteria, such as 

intergenerational equity and other environmental legal principles explained in Chapter 

5.  The legal principle of integration and its correlated principles need to be considered 

in every decision-making about resource nexus allocation or solution to any water-

electricity nexus issue. Even though in many cases, the solution will end up following the 

most efficient and cost-effective result, this will not be true for all water-electricity 

nexus circumstances. Nevertheless, many parts of the resource nexus literature do not 

consider at any point that, counterfactually, for normative reasons, a good solution to 

WE nexus issues can be different compared to the most effective and cost-efficient ones 

as long as standard monetarisation criteria would be applied.  

The above conclusion leads to another point, which is  

(5) Multiple legal principles apply to the resource nexus between water and 

electricity (Chapter 5) and they almost inevitably collide under every resource nexus 

conflict. The laws of balancing explained in Chapter 8 are very important for defining 

which principle should take precedence to solve the resource nexus issue at hand, as 

well as identifying who are the winners and losers as a result of that. When legal 

principles collide, there will always be inevitable costs and burdens to be assumed by 

different stakeholders, so this should be defined through fair, rational, inclusive and 

transparent decision-making processes. The latter should consider all the variables in 

Alexy’s formula explained in section 8.1 and the values of stakeholder democracy and 

environmental legal principles to promote legitimate the fair and rational allocation of 

disputed resources.   

(6) Our key proposition on a normative-institutional approach to the water-

electricity nexus split in substantive, institutional and procedural dimensions is essential 

to support these decision-making processes. The latter will address the consequences 
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of water and electricity operating under two silos and different scales in Brazil by also 

advancing cross-sectoral coordination and cross-resource governance in fair and 

rational ways.  

9.3 A normative-institutional approach to the water-electricity nexus in Brazil 

Better integrated WE resource management, policies, planning and regulatory 

approaches are considered important elements to tackle WE nexus trade-offs and 

advance the SDGs. Most authors defending that water and electricity should be better 

integrated recognise there are many complexities and limitations to do this in practice. 

The mismatches between water and electricity spatial, temporal and scale dimensions 

represent different challenges to integrative approaches (Oliver and Hussey, 2015). For 

example, the challenges of fragmented water and electricity planning under overlapping 

areas, disparate governance mechanisms and single-mandate authorities that do not 

serve well the purpose of co-ordination between both sectors. In the literature of 

environmental policy integration, these challenges are considered hard to overcome 

because of rising policy complexities, institutional inertia of single-focused systems, and 

lack of authority directing cross-sectoral co-ordination (Ross and Dovers, 2008).   

This research thesis advances the resource nexus literature and addresses existing 

challenges through a normative-institutional approach that has replicable lessons from 

Brazil to other contexts (further discussed in section 9.4.). This way of addressing the 

water-electricity nexus supports better integrated resource management, but it also 

recognises the importance of keeping these sectors under distinct institutional and 

regulatory frameworks. 

In Brazil, there is lack of rational, clear, transparent and inclusive legal procedures 

to manage the water-electricity nexus. Consequently, in the case of WE resource nexus 

stress like it happened in the São Francisco, decisions about resource allocation were 

taken through emergency driven, ad hoc, accidental procedures under provisional 

institutional environments that are in place since 2013, so they can hardly be seen as 

temporary. The results of these decisions avoided the complete depletion of important 

reservoirs, but they lack legitimacy because it violated important environmental legal 

principles, such as intergenerational equity and participation. In general, these decision-

making processes confirmed the historical primacy of the electricity sector in relation to 
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the management and use of water resources. The empirical evidence also depicts an 

institutional gap in Brazil to advance the rational and fair allocation of water-electricity 

nexus resources.  

The three dimensions of the normative normative-institutional approach 

(substantive, institutional and procedural) will help fill this gap and also tackle the 

historical capture of water resource management by the electricity sector. The 

concluding remarks involving each of these dimensions will follow next sections 9.3.1 

and 9.3.2. While the general lessons of this approach that may apply to other contexts 

are in section 9.5. 

9.3.1 Substantive dimension 

The underlying assumption of the normative-institutional approach is that not all 

WE nexus conflicts should trigger its qualified procedures for decision-making. One of 

the most important aspects that qualifies a water-electricity nexus issue as a conflict 

that should trigger the normative-institutional approach is the collision of legal 

principles. Building on the rationales of Alexy’s theory, the latter happens every time 

there are multiple norms that apply to address a specific water-electricity nexus issue 

but giving precedence to one of them to solve the issue would not revoke or serve as an 

exception to the other applicable norms. In these cases, the balancing of norms is 

required. Consequently, there should exist pre-established rules in the legal framework 

to guide how this balancing should happen. These rules should guide decision-making 

through rational steps and procedures that will consider the minimum set of variables 

that should be taken into consideration to avoid arbitrary decisions about disputed and 

conflicting WE resource nexus allocation. These variables are found in the laws of 

balancing developed by Alexy explained in Chapter 8. These are important variables 

from both normative and factual perspectives that will need to be considered to support 

a more fair and rational allocation of resources in light of disputed interests. They 

provide the rational steps that should guide how decision-making involving resource 

nexus conflicts should be taken and consequently should be clear, transparent and 

support the inclusion of all affected stakeholders by the outcomes of the balancing 

exercise.  
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Environmental legal principles should be considered in every balancing procedure 

that will define the norm taking precedence to solve a given water-electricity nexus 

conflict. This normative-principled approach to the water-electricity nexus will help 

enhance the understanding of the content of different legal principles by multiple 

stakeholders, including public authorities. Considering that all interviewees in Brazil did 

not choose environmental legal principles as the main value guiding how they carry their 

work; it will be important to have a substantive dimension under decision-making 

procedures that will include these principles according to laws of balancing developed 

by Alexy. In this way, it will force different stakeholders to confront the core meaning 

and conflicting aspects of different legal principles that apply to different water-

electricity nexus conflict. Ultimately, what solves conflicts are norms. The decision 

defining how the allocation of WE nexus resources should happen in a given water-

electricity nexus conflict involving disputing interests is the same as producing a norm 

for that case.   

In Brazil, the main norms addressing the water-electricity nexus issues in the São 

Francisco were the resolutions determining the reductions in dispatch levels by 

hydropower power producers. However, the lack of pre-stablished procedures means 

that very little is known about all the rational steps that were taken to reach every 

decision. Interviewees from the electricity sector did not wish to provide the reasoning 

and variables behind the decision that reduced discharge levels to the lowest levels of 

550 m3/s, arguing it was out of the scope of the present research. Hence, we conclude 

on the importance of having clear legal specifications about rational steps that should 

guide these decisions, favouring a new interpretation of the law that recognises the 

resource nexus and includes everyone affected under decision-making procedures in 

which these variables should be considered before any action can be taken.   

9.3.2 Institutional and procedural dimensions 

In general, to advance the legal principles (sections 8.1 and 9.3.1), the institutional 

and procedural dimensions of the normative-institutional approach should consider the 

values of stakeholder democracy (Dodds, 2019) and be guided by the rationales of 

polycentric resource governance (Bleischwitz et al., 2018). The former is based on the 

rationale that any stakeholder affected by a WE resource nexus decision or that can 
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impact the WE resource nexus decision should come together to direct action.  While 

the latter supports a mixture of institutional types, considering all levels should 

contribute to common-pool resources management: states, private associations, 

associations of individuals and complex multi-sectoral arrangements. The 

recommendation for Brazil is that a second-degree institutional environment brings all 

interested stakeholders for a democratic deliberation about the resource nexus issue at 

hand. In this way, advancing the multi-level, multi-sectoral and multi-stakeholder 

approaches that are needed to deal with resource nexus and the increasing tensions 

involving their allocation in fair and rational ways.  

Throughout time, most institutional efforts in Brazil were devoted to the 

development of electricity, because it was the main driver of industrialisation and 

growth. It is not a surprise that it counts with a better developed regulatory framework 

than water, and a competitive market in electricity generation and commercialisation 

that water is unlikely to ever have, because it is informed by different regulatory 

rationales. Despite the many issues connected to the escalating prices of electricity and 

the regulatory reforms needed to enhance electricity security in context of decreasing 

reliability on hydropower and necessary uptake of intermittent renewable sources – 

Brazil attends almost 100% of its population with electricity services. Electricity is the 

most developed infrastructure sector in the country, counting with one of the largest 

interconnected systems in world. Considering that hydrological conditions change 

throughout the country, the interconnected system and centralised operation of 

electricity supports the optimal use of resources from the different regions for electricity 

generation and maintenance of affordable tariffs. While the centralised institutional 

arrangements for electricity is considered to enhance the security of supply. However, 

the regulatory capture of electricity by the federal government analysed in the 

assessment in Chapter 6 makes evident the risks to the public interest with regards to 

electricity affordability.  

Contrarily, the main rationales of the water institutional arrangements in Brazil 

are decentralisation and participation. However, in a situation of resource stress and 

expectations about future stress the existing institutional structures at basin level needs 

to be strengthened, because it proved insufficient to deal with the challenges of 

resource allocation during the severe drought period. As consequence, the 
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competences of the existing water committee in São Francisco were shifted to an 

emergency-driven room for decision-making about resource allocation that many 

stakeholders out the discussion, which resulted in environmental injustices. The 

institutional arrangements for water beyond its use for electricity purposes are still in 

its infancy, especially for water services and sanitation. The latter does not count with 

any robust regulatory framework, so it continues to be a natural monopoly under state 

control, with less than 50% of the population having access to sanitation services. The 

levels of efficiency of water services and sanitation are very low. In some places in the 

North region of Brazil, the losses in the distribution of water services reach as high as 

70%. By definition, the embedded electricity in this water is also lost. Furthermore, 

water tariffs rarely cover the costs of services. From all infrastructure sectors, it has 

historically received the lowest amounts of public funds for its development. 

Considering that water is not a commodity as electricity is, by definition, there is less 

economic interests in this sector. 

Electricity is currently in the quest to keep affordable tariffs and guarantee 

electricity supply and security with expansion of renewables. While for water services 

and sanitation there are ongoing discussions about the appropriate regulatory 

framework that can support the necessary expansion of services and guarantee the 

minimum set of national standards in terms of quality and efficiency of services. In 2018, 

the executive power edited two provisional measures (884/18 and 868/18) to fill this 

gap by centralising the regulation under National Regulator for Water and establishing 

its competence to create national parameters. Brazil has more than 5.000 Municipalities 

and the vast majority does not count with a regulatory body for water services and 

sanitation, so they could choose to rely on national regulatory rules and standards. It is 

unrealistic to imagine that every Municipality in Brazil has the financial, technical and 

monitoring capacities to implement a regulatory body at local level for water services 

and sanitation.  Both provisional measures were not voted by the national Congress, so 

none of them were turned into law, so many regulatory gaps are still in place. Today, 

there is a law project being discussed in the Congress house to fill this gap, but in general 

the levels of support are still low.  

Water, electricity, and water services and sanitation represent institutional 

systems and arrangements that have their specific rules, planning, policies, instruments, 
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regulation, information and knowledge, formal and informal practices, diverging 

stakeholder interests, cultures and legal requirements. These sectors have their own set 

of governmental authorities and non-state stakeholders operating in different capacities 

and scales, with different aims, favouring different interests under different regulatory 

frameworks, with very distinct levels of maturity. Hence the importance to consider with 

care the recommendation in the resource nexus literature of integrating WE sectors to 

promote more sustainable outcomes. On one hand, it is not recommended that drastic 

administrative reorganisation of existing WE institutional arrangements takes place in 

Brazil. On the other hand, it is not enough to frame the water-electricity nexus as a 

problem of integrating institutional instruments, such as policies and planning. The 

recommendation in this research thesis is to develop an institutional and organisational 

structure of second degree for decision-making rooted in normative principles. This 

means it is distinct from the existing water and electricity institutions, without 

substituting or dismissing the existing autonomous bodies regulating water and 

electricity. This body differs from existing proposals of Mercure et al., because it would 

include and address the views of all affected stakeholders, including the poor and 

riverside communities, and not just the views of a pre-selected board of nexus experts 

aiming to make existing institutions ‘nexus-saavy’.  

The institutional dimension of the normative-institutional approach to the water-

electricity is important to overcome important limitations of the individual bodies of 

electricity and water. The existing limitations imposed by water and electricity’s distinct 

competences, limited access to material resources, expertise and access to knowledge 

and information would be addressed by bringing different public authorities and multi-

stakeholders to the nexus discussions. One of the most important aspects is to 

guarantee this second-degree body works under a double mandate. The operation and 

functioning of the second-degree institution will be satisfactory to the extent that it can 

transcend the concrete siloed context of existing institutions regulating water and 

electricity. The procedures for decision-making under this institutional environment 

should be inclusive, in-depth, transparent and fair. The legitimacy of its results is 

dependent upon the effective consideration of all the points of view of interests or 

affected stakeholders. This means that multiple stakeholders would inform and 

contribute, with better participatory approaches to resource nexus decisions that, to a 
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higher or lower degree will promote different legal principles to tackle conflicts 

associated with the water-electricity nexus. 

9.4 Replicability of normative-institutional approach to other resource nexuses in 

Brazil  

The normative-institutional approach is a method useful to deal with any resource 

nexus in Brazil. It is a rational and systematised technique for future decision-making 

suitable for resource nexus conflicts. In this way, it can be expanded to include as many 

conflicting dimensions of the water-electricity-land-food-material nexus and as many 

stakeholders affected in each circumstance. Resource nexus conflicts about the fair and 

rational allocation of resources between disputing interests and stakeholders will 

almost inevitably raise normative-institutional questions as long as the SDGs are not yet 

met, and a perception of inequalities remains. In other words, this PhD concludes that 

resource nexus conflicts require a normative-institutional response, with the caveat that 

these responses can only be casuistic. To the extent that this research thesis has 

provided what should be the general parameters to solve resource nexus conflicts in 

Brazil, it is useful for any resource nexus, such as water, land and food. The most 

important aspect in each case will be to consider what relevant parameters justifies the 

triggering of this normative-institutional approach in each case involving different 

resource nexus conflicts.  

9.5 General lessons that are useful to different contexts and case studies 

Despite the difficulties in deriving general lessons based on one case study and 

the relevance of context to water-electricity nexus assessments, this section will discuss 

the more general lessons based on two main points. The first is related to the novel 

combination of methods that were used as instruments to assess the water-electricity 

nexus and inform one of the main objectives of this research: develop a legal-based 

recommendation to manage the water-electricity nexus in Brazil. The second is related 

to other lessons extractable from legal approach itself, which is split in substantive, 

institutional and procedural dimensions. Even though the latter approach has been 

tailored to Brazil’s norms and institutions and already addressed in this concluding 

chapter in section 9.3, this section will include the broad lessons. The latter includes 

lessons on how to manage the water-electricity nexus in the context of multiple 
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symmetries; how to deal with water-electricity nexus conflicts; how to organise 

independent institutions and also support the resolution of conflicts existing between 

them. In this way, the two main points this section will cover are:  

 

(i) Replicability of the choice of qualitative methods to assess the critical 

interlinkages between water and electricity and the relevant issues 

emerging from their relationship in terms of institutional, regulatory, 

planning and policies perspectives. 

 

(ii) Replicability of the legal-based recommendation to manage the water-

electricity nexus in light of the issues identified under the assessment of 

(i).  

 

In relation to the first point, the usefulness of combining different methods were 

determined by their capacity to depict: (i) the critical interlinkages between water and 

electricity; (ii) their relevant asymmetries in terms of governance, regulation, planning, 

information and knowledge and policies; (iii) the main problems and conflicts emerging 

as a result of these; and (iv) the strategies to enhance the integration of electricity and 

water and also promote a more fair and rational allocation of their common-pool 

resources. The use of metrics, institutional-historical analysis, questionnaire and 

interviews are replicable to any resource nexus case study. The combination of different 

results provided by each of these methods supports a more holistic understanding of 

the several consequences of electricity and water operating under two silos and 

different scales.  

The weaknesses of one method is possible to be complemented by the strengths 

of the other. The metrics, for example, provided several important conclusions about 

the use of water by the electricity sector in Brazil and the use of electricity by water 

sector, including the issues of affordability due to restrictions of resource availability. 

However, the metrics do not provide understanding about the institutional 

arrangements of water and electricity throughout time and their levels of integration, 

or non-integration, which may help explain the water-electricity nexus issues beyond 

resource use. This way, a historical-institutional analysis was very important to develop 
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an understanding of how these sectors have developed throughout time, which 

provided important conclusions about the asymmetries existing between them. In 

addition, the historical-institutional analysis improves the understanding about their 

distinct regulatory and institutional frameworks in Brazil. Even though the critical 

interlinkages depicted by the metrics would naturally lead to conclusions about the need 

to integrate the sectors, the historical analysis and empirical field work make clear the 

importance of considering this with care. In the past, when water and electricity were 

under the same regulatory body the water agenda was completely dismissed. While the 

results of the questionnaire and interviews still confirm the very high influence of 

electricity on water management and policies. Despite their critical interlinkages, we 

consider it important to keep water under a separate institutional and regulatory 

framework for reasons of having its own objectives but have an institutional 

environment where they can come together for decision-making that are not possible 

to be taken through their individual mandates, competences, knowledge and 

information. 

In relation to the second point, even though the legal response to the water-

electricity nexus developed in this research thesis is tailored to Brazil – and its current 

organisational structure and norms – there are general lessons replicable to other 

places. The first one is that wherever there is a resource nexus conflict, a normative-

institutional approach is needed to deal with it. This is an observation that applies to all 

kinds of resource nexus conflicts under jurisdictions governed by democratic values.  

Considering the resource nexus is characterised as a ‘wicked problem’ by the scientific 

community, it ultimately requires a decision-making process to solve the resource 

allocation impasses arising from it. Hence the importance of a normative-institutional 

approach to guide what these decision-making processes should entail – balancing of 

normative principles under an institutional environment that transcends those of 

existing sectors and follows inclusive, in-depth and transparent procedures. 

Consequently, those affected by the decision should participate of the result that 

determines how nexus resources should be allocated under different circumstances. 

The law is responsible for setting the fundamental principles that inform such decisions, 

as well as the due legal process to promote them in fair and legitimate ways 

(Bosselmann, 2016).  The normative-institutional approach proposed herein is a way of 
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guaranteeing that those taking decision will confront the fundamental principles in 

rational and systematised ways. The essence of legal thinking is based on conflicts 

between juxtaposing reasoning, principles and decisions, which require solutions that 

are flexible and casuistic. Hence the importance of framing the water-electricity nexus 

in legal terms to overcome its tensions. 

Even though the type of resource nexus conflicts and the specificities of the 

normative-institutional response to solve it are highly context-specific, the rationales of 

balancing principles are replicable. The specific principles that should be balanced, or 

conditions in which one principle will take precedence over the other (solution to the 

nexus conflict) are all context specific. The rationality behind how this should be done 

following Alexy’s theory is abstract, conceptual and universal. The laws of balancing 

principles can be followed under any resource nexus case in which a conflict of principles 

is characterised. However, the procedures, as a structure of steps and institutional 

organisation will be different for each place and in accordance to the circumstances of 

each case.  

9.6 Future avenues of research 

The water-electricity nexus is a typical case of resource conflict between opposing 

interests, which in most cases involve different disputes about resource allocation and 

use. Consequently, one of the most relevant areas of research are those that can help 

re-define or overcome these conflicts. Research should support the identification of 

alternatives in terms of technology and shape market developments in way that could 

avoid or reduce the existing conflicts between water and electricity use. However, in 

cases where the scientific conclusions are that no alternatives or market developments 

could reduce tensions, then research should focus on developing these new 

alternatives. These are both relevant ways in which research could help mitigate water-

electricity nexus issues and also provide adequate information about the real levels of 

irreducibility of resource nexus conflicts. In the case of water-electricity nexus in Brazil, 

alternatives that could help the electricity sector become less dependent of water are 

certainly useful avenues of research to help mitigate the existing tension between water 

and electricity.   
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Considering that the normative-institutional approach should be triggered to deal 

with qualified water-electricity resource nexus issues and conflicts in Brazil, another 

important area of research is one that can help pre-define certain parameters that 

should trigger this kind of approach. In this research thesis, for example, it became 

evident that an important metric that would justify this approach is in relation to the 

discharge level of hydropower plants. The minimum discharge level is set under 

environmental permits of hydropower producers. Consequently, whenever there is a 

need to reduce discharge levels below those set in the permits, it means there are 

ecological costs and social costs which cannot be managed by a small number of 

stakeholders, or without in-depth consideration of alternatives. All those affected by the 

decision and those that are able to affect the decision need to participate of the 

decision-making process of balancing principles to reach a solution. Hence the need of 

a normative-institutional approach. For the latter approach to be useful for other 

resources nexuses conflicts, research should establish the parameters about the 

irreducibility of conflicts existing between the different dimensions, including land, 

materials and food. Where science reaches the conclusion that a certain resource nexus 

is a ‘wicked problem’ with no scientific solution or alternative to overcome its issues, 

the only way of dealing with impasses is through decision-making processes rooted in 

laws of balancing principles and multi-stakeholder democracy values.   

Other avenues of research could consider expanding the connections between 

legal research and the fields of knowledge dealing with ‘wicked problems’ as defined by 

the scientific community. More work on balancing principles and how they can be 

integrated in the solutions to these problems could potentially pave new ways for 

bridging connections between legal research and other areas. Further research on 

integrated valuation methods at the interface of law and economics can help 

counterbalance the hegemony of traditional cost-benefit analysis and should be 

integrated in the nexus body proposed by our research. Other avenues of research could 

focus on the criticality of assessments that take into account the spontaneous dynamics 

of social conflicts, such as riots resulting from water stress or electricity outages, as well 

as their drivers and role of the law. In support to the pledge of the UN Secretary-General 

of transforming natural resources into tools for development, cooperation and peace 

instead of conflicts (UN Security Council, 2018), the final recommendation of this PhD is 
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to create bridges between civil society, governments, vulnerable people, and the 

research community through transdisciplinary research, multiple stakeholder 

deliberation processes and consideration of resource trade-offs, scales, institutions, 

norms and evidence. The law should promote the fundamental legal principles 

applicable to resource use and services of provision, including the due legal process 

reflective of balancing them to manage resource conflicts.  
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Appendix A 

Ethical Approval 

 

This appendix has the documents related to the ethical approval under UCL. The below 

table has the steps taken to obtain ethical approval and the relevant documents used 

under the application. The final draft of the questionnaire and interview questions are 

under Appendix B. 

 

Steps Details and documents attached 

Inform the Department Data Protection 
Coordinator of BSEER about the research. 

(e-mail exchange attached).  

Apply centrally to UCL Data Protection 
Team (data-protection@ucl.ac.uk) to 
obtain the registration number required 
for department ethics approval. 
 

Application form to register the research 
project under the UCL Data Protection 
Services included: 

• Information sheet for 
participants of in-depth interview 

• Information sheet for participant 
questionnaire 

• Consent form for interview 
• Consent for questionnaire 
• Questionnaire final draft 
• Privacy Impact Assessment 

Apply for the ethical approval to the 
Energy Institute Ethics Coordinator.  

Application form to register the research 
project under the UCL BSEER: 

• Information sheet for 
participants of in-depth 
interviews 

• Information sheet for 
participants of questionnaire 

• Consent for interview 
• Consent for questionnaire 
• Questionnaire final draft  
• Step 3 checklist confirming my 

research is not high risk 
• Step 4 checklist confirming my 

research is low risk 
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Finance & Business Affairs 
Legal Services 
 

 
Application for inclusion of a research project 
 
All research projects using personal data must be registered with the UCL Data Protection 
Registration Service before the data is collected.  This includes projects approved by the Joint 
Research Office (a partnership between University College London, UCL Hospitals NHS 
Foundation Trust and the Royal Free Hampstead NHS Trust). 
 
UCL is required by law to comply with the Data Protection Act 1998. UCL, is the Data Controller 

under the Act, and the Council, as the governing body, is ultimately responsible for 

implementation. However, students who are intending to process personal data for research 

purposes where they are the Data Controller, are responsible for any processing under the Act, 

and UCL is not responsible for any processing of personal data where it is not the Data Controller. 

 
This form should only be completed if identifiable data is being collected and used as part of 

research because identifiable data is personal data and data protection law applies. The Act 
does not apply to data rendered anonymous (also known as de-identified), so that the data 
subjects are not identifiable. In this instances, registration will not be required. 
 

As part of registering your research, we also need to be notified of changes which effect data 

protection compliance. You can find out more about the changes you need to tell us about by 

visiting the research and data protection website. 

 
All sections must be completed before submitting this form to the data protection team. 
 

A. APPLICATION DETAILS 
A1. Project title: Water-energy nexus at multiple 

scales in Brazil: from silo thinking towards 
better governance to support the SDGs 

 

 

 

a. Proposed start date: 02/01/2018  Proposed end date: 15/04/2018 

B. CHIEF INVESTIGATOR (CI); PRINCIPAL INVESTIGATOR (PI) 
B1. (Undergraduate, postgraduate or research postgraduate cannot 

be the CI/PI for Ethics purposes).  
 

a. Full Name: Priscila Lapa Villas Boas de 

Carvalho 

b. Position held: PhD researcher  

c. School: Bartlett 

d. Faculty: Faculty of the Built Environment 
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e. Department: Energy Institute 

f. Email: priscila.carvalho.12@ucl.ac.uk  Telephone: 07845448924 

 
 Please note that if the CI/PI is not a UCL employee you should 
provide details below of a responsible UCL employee below).  

g. Full Name*:  

h. Position held:  

I School:  

J Faculty:  

k. Department:  

l. Email:   Telephone: 

C. DATA COLLECTOR (S) 
C1.  Data Collector(s) Details (if Applicant is not the PI e.g. 

student details): 
 

a. Full Name:  

b. Position held:  

c. School:  

d. Faculty:  

g. Department:  

h. Email:  Telephone: 

D. DETAILS OF THE PROJECT 
Please provide a brief summary of the project, including an explanation of the aims, design, 
methodology and plans for  
analysis that you propose to use. 
 

The Sustainable Development Goals (SDGs) provide a globally endorsed normative 

framework to guide both national and international policymaking until 2030. Formed by 17 

goals and 169 targets it contains elements of integration of economic, social and 

environmental dimensions, but the goals were addressed without reference to possible links 

between different aspects of the 2030 Agenda. The lack of recognising the interrelationships 
between SDG policy areas, characterised by resource-management challenges rooted in its 

common-pool nature can arguably reinforce unsustainable practices and hinder advances to 

the SDGs in a holistic manner. Water and energy (goals 6 and 7) are an example. With 

planning and policy processes along silos with multiple targets; seen together they have 

identifiable conflicts and trade-offs. The nature, strengths and potential impacts of trade-offs 

are largely context-specific, so Brazil was chosen as a case study, because its water and 

energy sectors are highly dependent on shared river basins. They are common-pool 

resources proving to be increasingly hard to manage in a country heterogeneous as Brazil, 
because of the disparate governance approaches of both sectors, misconduct in planning, 

administrative mismatches and policy incoherence under conditions of scarcity, climate 
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change, population growth and increasing urbanisation. A lack of integration between these 

sectors not only currently undermines efforts to create sustainable energy and water 
systems, but also underpins environmental injustices relating to low levels of water and 

sanitation services. The aim is to examine the inter-linkages (or separate silos) in the 

unfolding of water and energy in Brazil to reveal main barriers resulting from non-integrated 

regulatory frameworks and limitations in finding solutions for the empirically evidence-based 

water-energy problems, followed by attempts to remove them, now and in the long run. It 

presents a first attempt at characterizing existing trade-offs between water and energy 

sectors in Brazil, but also potential practical synergies in delivery of SDGs. 

 
The starting points to determine the relevance of assessing water and energy in connection to 

each other are the SDGs (normative framework) and water-nexus literature (theoretical 

framework). The methodology connecting both frameworks involves the following steps: 

analysis of cross-cutting targets for water and energy goals, mapping of all other connections 
that extend beyond trade-offs, followed by the assessment of the nature of these connections. 

The assessment will provide which interactions are positive, because they enable achieving 

water and energy targets, or negative, because they compromise related goals, based on 

empirically evidenced-based studies. This methodological approach is applied to a case study: 

Brazil. The data used to assess water-energy realities in Brazil were: government planning, laws 

and regulations, governmental studies and reports, budget reports, water studies, energy 

studies, nexus studies, sustainability reports and international reports from OECD and World 

Bank. A first step is to develop water-energy metrics to capture unsustainable trends resulting 
from disconnection between both sectors in Brazil. The metrics serve to tell the story of water 

use by the energy sector and of energy use by water sector to enhance understanding of 

feedback loops across temporal and spatial scales.  

 

As part of the research, survey questionnaires and in-depth interviews will support the 

assessment of the inter-linkages and separate silos in the unfolding of these sectors to 

enhance understanding and accounting of trade-offs and synergies at different scales in 

Brazil. The questionnaire will inform the “What” questions of the study. It will explore 
questions that will enhance understanding of levels of integration of these two sectors, which 

areas are integrated or not, and if this represents a problem to sustainability, including 

possible strategies to improve current situation. Example of questions are: “Do you think 

water and energy are integrated or non-integrated?” “Please choose which areas are 

currently integrated/non-integrated”; “Do any of these areas represent a serious problem?”, 

“Does non-integration compromise sustainability?”, etc. 

 
Upon analyses of initial results of the questionnaire responses, in-depth interviews will be 

structured to support analysis of the reasons why current water-energy arrangements in 

Brazil are arguably moving it away from key elements of sustainability.  The interviews will 
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help answer the “Why” questions of the study. It is under the interviews that I will test the 

explanatory powers of the theories of regulation to get to answer to questions like: are the 
identified trends just an incident of history? Is it something that can be the outcome of 

misplaced/bad functioning institutions? Is it a matter of some strong lobbies controlling the 

whole thing? Is it a matter of regulatory capture? Regulatory theories applied to the water-

energy problems will tell a different story about where the problems lie, so that legal principles 

and regulatory theories on polycentric governance can be used as a tools to point towards 

improvements, now and in the long run in benefit of sustainability. 

 

I will analyse in my case study what is the explanatory power of the regulatory theories. The 
idea is to use both positive and normative dimensions of these theories. Use positive theories 

of regulation to try to explain how Brazil got to current water-energy nexus issues and a 

normative dimension will explain what variables were behind the choices that have been 

made in regulating the water-energy nexus in Brazil. To this end, the results will support 

identification of gaps and contradictions in the current non-integrated regulatory frameworks 

of water and energy in Brazil, so that future recommendations for resolving them can be 

brought forward. 

 

E. PRIVACY IMPACT SCREENING QUESTIONS 
 

If the answer to any of these questions is ‘yes’, then a PIA is required (see Annex 1)  

Will the project collect new information about individuals? 
 
Will the project require individuals to provide information about themselves? 
 
Will information about individuals be shared with organisations or people who have not previously had 

routine access to the information? 

Will the project use information about individuals for a purpose it is not currently used for, or in a way it is 

not currently used? 

Does the project involve you using new technology that might be perceived as being privacy intrusive? 

For example, the use of biometrics or facial recognition. 

Will the project result in you making decisions or treating individuals in ways which can have a significant 

impact on them? 

Is the information about individuals likely to raise privacy concerns or expectations, eg health records or 

information that people would consider to be particularly private? 

Will the project require contact with individuals in ways they may find intrusive, eg unexpected telephone 

calls? 

Will the project use personal data, including personal data obtained from live or operational systems for 

access or transfer outside the UK (e.g. use of Cloud, Hybrid or offshore support purposes)? 

Will the project involve processing sensitive personal data*? 
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F. DETAILS OF PARTICIPANTS 
Please provide details of the potential participants for this project, including how they will be 
selected and recruited. 
 
The research involves non-vulnerable participants and non-sensitive topics. The main criteria 
for selecting participants are related to their professional experience in energy and/or water 
related fields, either at the public sector or private sector, including NGOs, consultancy firms 
and civil society organisations. 
 
There will be two separate groups of participants:   
 

(i) Questionnaire participants:  
 

• People I know and/or have been in touch at least once throughout the research, who 
currently work with energy and/or water related matters in Brazil, including 
representatives of NGO, national energy regulator, energy industry, water industry, 
professional consultancy and academia;  

 
• People I don’t know, but was able to access their professional e-mails under websites 

considered of public domain, including those of following institutions: Ministry of Mines 
and Energy, National Grid Operator, Chamber of Electricity Trade, Energy Regulatory 
Agency, National Council for Hydro Resources, Water Regulatory Agency, Water 
Committees, State Water Regulators, Energy Business Association, Water Business 
Association, Energy Consumer Association, Water Consumer’s Association. 

 
(ii) In-depth interview participants:  

 
• The interviews will be undertaken with one key individual under each of the following: 

water regulatory agency, energy regulatory agency, water and energy professional 
consultancies, academia, decision-making bodies and water and energy industry. I 
will balance to have at least 5 key individuals connected to energy sector and 5 key 
individuals connected to water sector, including any additional key stakeholder 
currently working with the intersection of both sectors (mainly academia and industry). 
Key people are located mostly in Brasília, because it is where the majority of national 
bodies connected to water and energy are located. Given Brazil is a country of 
continental size, I will restrict interviews in person to places I have contacted key 
people and have budget to travel to: Rio de Janeiro, Sao Paulo and Brasília.  

 

G. DETAILS OF THE DATA BEING PROCESSED 
Please describe the details of the personal data that is being collected, including the methods 
of data collection and analysis. 
 
Personal data includes: e-mail, name, years of professional experience and geo-political region 
in Brazil  
 
The survey questionnaire will be sent by e-mail to everyone listed under F above, including 
information sheet and a link to the online version for completion under surveymonkey. The online 
questionnaire will not have any personal identifiers, such as name and e-mail of participants, 
but will include information about which region they are based and number of years of 
professional experience. Responses will not be possible to be traced back to the individual 
answering the questionnaire.  
 
The invitation for in-depth interviews will be sent by e-mail to ten key stakeholders listed under 
F above, including information sheet. The interviews will be recorded and will most likely be 
conducted at the participants’ place of work. I will request for the respondents’ written consent 
to record and use the data obtained, assuring confidentiality and clearly stating the respondent 
can withdraw from the research at any point. When anonymising transcribed interviews, 
pseudonyms or generic descriptors will be used to edit any identifying information, as for 
example, the name of the participant.  
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H. SHARING (DISCLOSURE) 
Please describe how the outcomes of the research will be disseminated (for example 
provide an explanation as to where, and how, will the results be published, or other 
mechanisms you will be using to share the potential participants personal data).  
 

The results of the survey and in-depth interviews will inform many aspects of the PhD thesis and 
will not be presented as a stand-alone report. The results are key for the assessment chapter, 
which will most likely be part of publications connected to the research under academic journals, 
without including any personal identifiers of participants. Results will be mainly considered under 
statistical data to show general trends. 
 
 
 
 

 
 

I. CONSENT 
Consent requirements for research projects can vary widely. Whether you are intending to use 
a consent form, information sheet, or verbally, it is recommended to assure compliance with the 
Data Protection Act and with ethical requirements. 
 
Please include the information sheet and consent forms you will be using for this project, and or 
protocol. If you are not including an information sheet and consent form, please explain how the 
consent will be recorded? 
 
For the questionnaire, considering there will be no personal identifier, I will include under the 
introduction that all information provided under questionnaire will be used for research purposes 
and will not be used in a manner which would allow identification of individual responses. Please 
see attached information sheet and introductory consent draft. 
 
For participants of in-depth interviews, please see attached the information sheet and consent 
form. 
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J. DATA STORAGE 
Please describe the arrangements you will make for the security of the data, including how and 

where it will be stored. i.e. UCL network, *encrypted USB stick, *encrypted laptop etc. 
 

Questionnaire data will be stored under SurveyMonkey, with secure access exclusively 

to the researcher. Interview transcriptions will be safely stored under encrypted USB 
stick, with no access by anyone else other than researcher. 

 
*Advanced Encryption Standard 256 bit encryption which has been made a security standard 
within the NHS) 
 

Data Safe Haven – Identifiable Data Handling Solution             
 
Will the personal identifiable data collected and processed as part of this research be stored in 
the UCL Data Safe Haven (mainly used by SLMS divisions, institutes & departments)?  
NO 
 
**If no please ensure that you have explained how you will ensure that the data is held securely? 
 

Questionnaire data will safely be stored under SurveyMonkey. Responses are sent over a 

secure, SSL encrypted connection. SurveyMonkey guarantees that user data is logically 

segregated by account-based rules, so only users of account with unique usernames and 

passwords have access at every log in. All data is handled securely using most advanced 

technology for Internet security. Interview data will be safely stored under encrypted USB 

stick. Moreover, under interview transcript a person’s name will be replaced with a 
pseudonym.   

 

 

 

 
Further information on the Data Safe Haven service is available 
at:http://www.ucl.ac.uk/isd/itforslms/services/handling-sens-data/tech-soln 
 
 

K. INTERNATIONAL TRANSFER 
Will identifiable data be transferred outside the UK as part of this study? NO 
 

The eighth principle of the Data Protection Act 1998 prohibits the transfer of personal data to 
countries or territories outside the European Economic Area (which consists of the 27 EU 
member states, Iceland, Liechtenstein and Norway). 
 
At the time of writing the following countries have also been deemed adequate for the 
purposes of the 8th principle Andorra, Argentina, Canada, Faroe Islands, Guernsey, Isle of 
Man, Israel, Jersey, New Zealand, Switzerland and Uruguay. 
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The Data Protection Officer has produced guidance on the transfer of data overseas and 
particular to the United States. This is available from the Data Protection webpages. 
 
If you intend to transfer data to a country not mentioned above, please supply details of 
adequate safeguards below: 
 
 
 
 
 
Use of cloud computing, or the transfer of personal data to other orgainsations providing a 
specific service e.g. transcriptions services. 
 
If you are intending to use, or are considering using a cloud service (defined as access to 
computing resources, on demand, via network), or plan on using a third party orgainsation to 
deliver a service that will involve the transfer of personal data, you should ensure that there is 
an agreement in place which provides adequate levels of protection so that UCL can meets its 
obligations and protects the rights of the participants involved.  
 
Please supply further details below, or seek advice by contacting the UCL Data Protection team 
data-protection@ucl.ac.uk. 
 
 
 
 
 

 

L. NOTIFICATION 
(Please note that notification is a prerequisite for registration) 

 

Have you informed your department's Data Protection Coordinator about your project? YES 

 
M. ETHICS 

If you are seeking ethics approval for your research, please provide the relevant project ID 
Number below. 
 
Any questions regarding ethical approval should be directed to the relevant Ethics Committee 
or Governance Administrator. 
 

UCL Ethics Project ID Number:  Do not have one because applying for departmental ethics approval.   

 

Joint Research Office Project ID Number:  

Other Project ID Number:  

If you are not seeking ethical approval for your project, please explain why below: 
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N. SPONSOR 
Please provide details of the sponsor for this research below (if applicable). This can be an 

individual, company, institution, funding council, or another organisation which takes 

responsibility for the initiation, management and/or financing of the research. 

M1. Proposed sponsorship arrangement Studentship  

 

a. Details of sponsor  Brazilian National Council for Scientific and Technological 

Development (CNPQ) 
 

O. CHECKLIST 
Please submit your application form together with the appropriate supporting documentation 
that may be applicable from the list below. 

N1. Documents to be included with the application 
form 

 Yes if attached. No if not relevant 

a. Participant information sheet (s) Yes 

b. Participant consent form (s) Yes 

c. Parent/guardian information sheet (s) and 
consent form (s) for research involving 
participants under the age of 18 

No 

d. Questionnaire  Yes 

g. Advertisement of project No 

h. Other interview format (s) No 

i. Other documentation being used to invite/inform 
participants about the research 

No 

Approval We may have some questions about the information you provide, but you will normally 

be provided with a registration number within 5 working days of submitting the form. However, 

the period leading up to meetings of the Ethics Committee is always very busy, and you should 

allow more time for your application to be processed. It is therefore very important to check in 

good time whether you need to register your project. 

Please note that Data Protection Registration numbers will NOT be issued when you submit an 

application form in person to the Data Protection Team. 

Submit this form electronically and send to research.data-protection@ucl.ac.uk together 
with supporting documentation that you are intending to use. Please include ‘Data Protection 
Registration’ in the subject field. 
 
This form will be returned to you with the appropriate registration number, which you may 
quote on your Ethics Application Form, or any other related forms. 
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(Headed paper) 

 

Participant Information Sheet For Professionals Working with Water and 

Energy Related Matters 

 

(To be given to those participating In-depth Interview) 
 

Title of Study:  Water-energy nexus at multiple scales in Brazil: from silo thinking towards 

better governance to support the Sustainable Development Goals 

You’re being invited to take part in a PhD research project. Before you decide it is 

important for you to understand why the research is being done and what participation 

will involve. Please take time to read the following information carefully and ask about 

anything that is not clear or if you would like more information. 

What is the project about?  

The project examines the inter-linkages and separate silos in the unfolding of water and 

energy in Brazil to reveal main barriers and limitations in finding solutions for the 

empirically evidence-based water-energy nexus problems, which are arguably moving 

Brazil away from key elements of sustainability. It presents a first attempt at 

characterizing existing trade-offs between water and energy sectors in Brazil, but also 

potential practical synergies in delivery of the Sustainable Development Goals. 

Who is organising and funding the study? 

The research is based at the Energy Institute of the University College London, funded 

by the Brazilian National Council for Scientific and Technological Development under the 

programme Science Without Borders. 

Why have I been chosen? 

As key professional working with water and/or energy related matters, you have been 

chosen in light of your long-standing experience and prestigious reputation in either of 

these fields, or both.   

Do I have to take part? 

It is your choice and no one will mind if you don’t want to take part. If you decide to take 

part you will be given this information sheet to keep and be asked to sign a consent 

form. You can withdraw at any time without giving a reason and decide what you will 

wish to happen to the data.  

What will happen to me if I take part? 
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I would very much like for this to be a positive experience for you, and hope that you 

would be happy to meet me anywhere you prefer and feel comfortable, so we can have 

a one hour conversation. However you are free to leave or take a break any time, should 

you wish to do so. 

Will I be recorded? 

The audio recordings made during this research will be used only for analysis and for 

illustration in conference presentations and lectures.  No other use will be made of them 

without your written permission, and no one will be allowed access to the original 

recordings. 

What are the possible benefits of taking part? 

Whilst there are no immediate benefits for those people participating in the project, it 

is hoped that this work will have a positive impact on the development of better-

integrated water-energy regulatory frameworks that supports nexus efficiency in 

benefit of sustainability and and environmental justice in Brazil.   

Will my taking part in this project be kept confidential? 

All the information collected about you will be kept strictly confidential. You will not be 

able to be identified in any ensuing reports or publications from this study. 

How can I get in touch? 

You can reach Priscila on: 
priscila.carvalho.12@ucl.ac.uk 
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(Headed paper) 

 

Participant Information Sheet For Professionals Working with Water and 

Energy Related Matters 

 

(To be given to those participating of questionnaire) 
 

Title of Study:  Water-energy nexus at multiple scales in Brazil: from silo thinking towards 

better governance to support the Sustainable Development Goals 

You’re being invited to take part in a PhD research project. Before you decide it is 

important for you to understand why the research is being done and what participation 

will involve. Please take time to read the following information carefully and ask about 

anything that is not clear or if you would like more information. 

What is the project about?  

The project examines the inter-linkages and separate silos in the unfolding of water and 

energy in Brazil to reveal main barriers and limitations in finding solutions for the 

empirically evidence-based water-energy nexus problems, which are arguably moving 

Brazil away from key elements of sustainability. It presents a first attempt at 

characterizing existing trade-offs between water and energy sectors in Brazil, but also 

potential practical synergies in delivery of the Sustainable Development Goals. 

Who is organising and funding the study? 

The research is based at the Energy Institute of the University College London, funded 

by the Brazilian National Council for Scientific and Technological Development under the 

programme Science Without Borders. 

Why have I been chosen? 

As key professional working with water and/or energy related matters, you have been 

chosen in light of your professional experience in either of these fields, or both.   

Do I have to take part? 

It is your choice and no one will mind if you don’t want to take part. If you decide to take 

part you will be given this information sheet. You can withdraw at any time without 

giving a reason.  

What will happen to me if I take part? 

I would very much like for this to be a positive experience for you, and hope that you 

would be happy to answer the online questionnaire. 
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What are the possible benefits of taking part? 

Whilst there are no immediate benefits for those people participating in the project, it 

is hoped that this work will have a positive impact on the development of better-

integrated water-energy regulatory frameworks that supports nexus efficiency in 

benefit of sustainability and and environmental justice in Brazil.   

Will my taking part in this project be kept confidential? 

All the information collected about you will be kept strictly confidential. The 

questionnaire contains no personal identifier and your response is not traceable to you. 

How can I get in touch? 

You can reach Priscila on: 
priscila.carvalho.12@ucl.ac.uk 
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Consent Form for Professionals Working with Water and 

Energy Related Matters in Brazil 

 

(In-depth Interview Participants) 

 

 

 

Please tick the appropriate boxes Yes No 

Taking Part   

I have read and understood the project information sheet dated 

DD/MM/YYYY.  

   

o o 

I have been given the opportunity to ask questions about the project.  

 

o o 

I agree to take part in the project.  Taking part in the project will include being 

interviewed and recorded (audio) 

 

o o 

I understand that my taking part is voluntary; I can withdraw from the study 

at any time and I do not have to give any reasons for why I no longer want to 

take part. 

 

o o 

Use of the information I provide for this project only   

I understand my personal details such as e-mail and address will not be 

revealed to people outside the project. 

 

o o 

I understand that my words may be quoted in publications, reports, web 

pages, and other research outputs, but all will be anonymised. 

 

o o 

 

________________________ _____________________ ________  

Name of participant [printed] Signature              Date 

 

________________________ __________________ ________  
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Researcher  [printed] Signature                 Date 

 

Project contact details for further information:  Names, phone, email addresses, etc. 
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Sample consent statement for questionnaire 

Included under the introduction of the survey 

 

 

My name is Priscila Carvalho and I am a PhD researcher at the Energy Institute of the 

University College London, supported by the Brazilian National Council for Scientific and 

Technological Development under the programme Science without Borders.  

 

The purpose of the study is to examine the extent in which connections need to be 

forged between Sustainable Development Goals (SDGS) in relation particularly to water 

and energy in Brazil. As part of the research I am conducting a survey to support the 

assessment of the inter-linkages and separate silos in the unfolding of these sectors and 

enhance understanding and accounting of trade-offs and synergies at different scales in 

Brazil. 

 

Thank you very much for agreeing to participate in this survey.  

 

The information provided by you in this questionnaire will be used for research 

purposes. It will not be used in a manner that would allow identification of your 

individual responses. Your anonymous response may be included in published statistical 

data to show general trends in response. 
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UCL Research Ethics Committee 
 

Before considering whether your research is high risk, you must first confirm that your research 
does not require approval from an external ethics committee; use Step 1 Checklist.  

 
Step 3 – Is the research High Risk? 

 

The following checklist will help you determine if your research is ‘high risk’ and therefore needs 

to be reviewed by the central UCL Research Ethics Committee. 

If you tick yes to any of the following questions, your research is deemed high risk and you must 
apply to the UCL Research Ethics Committee for ethical approval. 

Vulnerability Yes No 
 

1 
The project involves participants who are particularly vulnerable, 

for example individuals: 

- with learning disabilities or a cognitive impairment (see 
note below) 

- with emotional and mental health problems (see note 
below) 

- who are highly dependent or in unequal positions such 
as those in care who are unlikely to comprehend the 
rationale of the research or who are at risk of being 
traumatised or physically debilitated by it. 

- Those under the age of 16 who lack capacity to provide 
informed consent*. 

*Under the Mental Capacity Act 2005 if you recruit participants 

aged 16 or over who lack capacity to consent, or who become so 

during the study you must apply for ethical approval from a 
research ethics committee within the UK Health Research 

Authority as university committees cannot ethically approve such 

studies.  

Notes: 

A person will not be considered automatically vulnerable if, for 

example, they are illiterate or have dyslexia or OCD.A vulnerable 

participant is someone: 

• who is, or may be, in need of community services due to 
age, illness or a mental or physical disability 

• who is, or may be, unable to take care of himself/herself, 
or unable to protect himself/herself against significant 
harm or exploitation. 

 

 x 
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2 
The project involves participants who due to their personal 

circumstances are particularly vulnerable.   This would include 

those who are asylum seekers, people in care facilities, prison, 

young offenders, refugees (UK and elsewhere), victims of crime, 

those who have suffered a traumatic event. 

 

 x 

Perceived pressure to participate (power relationships) Yes No 
 
3 

The project involves researching your own students/clients (given 

the particular level of trust and personal knowledge that exists in 

such relationships) and collecting personal data that would not 

otherwise be disclosed during normal relationships/business. 

 

 x 

Sensitive Topics  Yes No 
 
4 

The project covers topics and includes the collection of data that 

would usually be considered as sensitive.  (This does not refer to 

‘sensitive personal data’ under the Data Protection Act 1998.) 

 

For example: 

• terrorism (to include direct contact with terrorists, 
communities in which terrorists are thought to be based or 
very likely targets of terror); 

• pornography (to include pornographic materials or contact 
with persons and organisations that make these materials); 

• exploration of participants’ experiences of violence, abuse or 
exploitation; 

• exploration of participants’ illegal behaviour (to include direct 
contact with those persons knowingly engaged in illegal 
activities). 

 

 x 

 
5 

The project involves collecting data that, if disclosed outside of the 

research, it is foreseeable that it would place the participants at 

risk of criminal or civil liability or be damaging to participants’ 

financial standing, employability, reputation or their ties with family 

or standing in the community. 
 

 

 x 

Risk of Disclosure  Yes No 
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6 The data being collected and/or analysed is of a nature where 
there is an expected risk of disclosures being made, such as 
research described in question 4 above.  

 x 

 
7 

The project does not focus on illegal activities or similar, 
however due to the nature of the research there is a risk of 
disclosures* being made i.e. involvement in illegal acts or other 
activities such as misconduct. 
 
Notes: 

*Although it is generally the case that information should remain 
confidential there are limits to confidentiality and situations 
where confidentiality will need to be broken.  You must consider 
beforehand whether the research involves an increased 
likelihood of a disclosure happening should a participant tell the 
researcher something that causes significant concern, or it could 
be something that is observed during fieldwork such as an illegal 
activity.   
 

 x 

Risk of Harm to Participants Yes No 
 
8 

The research presents a significant risk of harm to the rights and 
wellbeing of participants; physical, emotional (i.e. distress or 

humiliation), psychological (i.e.  stress or anxiety), reputational, 

legal or financial beyond the risks encountered in normal life. 

 

Notes: 

The answer in this section should be ‘yes’ where there is a direct 

risk of participants experiencing psychological stress, anxiety, 

humiliation, harm or negative consequences as a result of 
participation and where this risk is significantly greater than 

anticipated for the participant in their everyday life.  

 

For example the discussion of sensitive topics such as child 

abuse, terrorism, pornography, eating disorders, suicidal thoughts 

or sexual or political behaviour, experiences of violence, abuse or 

exploitation.  However, discussing such topics with professionals 

whose work is related to those areas, such as social workers or 
psychologists, may not involve an increased risk of them 

becoming distressed as the nature of their professional lives is 

that these topics are for them less sensitive than for most people. 

 

 

 x 

Risk of Harm to Researcher/s Yes No 
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10 

The project presents a real and/or significant risk to a member of 

the research team.  This includes but is not limited to: 

- working in potentially unsafe environments (e.g. 
overseas research where the FCO has advised against 
all travel,  

- lone working such as at night in non-public places where 
there are other risk elements to consider (for example, 
the study may be looking at domestic abuse; 

- engaging with groups or behaviour that could result in 
harm; 

 

Notes: 

* The Social Research Association also provides a useful 

overview, highlighting five key dimensions of potential risk to 

researchers: 

- risk of physical threat or abuse;  

- risk of psychological trauma, as a result of actual or 
threatened violence or the nature of what is disclosed 
during the interaction;  

- risk of being in a comprising situation, in which there might 
be accusations of improper behaviour;  

- increased exposure to risks of everyday life and social 
interaction, such as road accidents and infectious illness; 
and  

- risk of causing psychological or physical harm to others.  

If the research places you as the researcher at any risk greater 

than that which you would encounter in your daily life then a 

project risk assessment form will need to be completed. If you 

need to complete a risk assessment form your department should 

be able to provide this. If not, please refer to the Risk Assessment 

webpage for details on how to complete a generic project risk 

assessment form which should be co-signed by your Head of 

Department or the Principal Researcher. 

 x 

Consent, deception and covert methods  Yes No 
 
11 

The project involves an element of deception or covert methods* 

(observation or other data collection methods), whereby fully 

informed consent is not obtained, partial consent is sought or 

participants are included without their knowledge.   

This does not include observation of individuals in public spaces. 

 x 
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Notes: 

*This means situations where it is not appropriate to inform 

participants either in full or at all about the study as it may either 

affect the behaviour of participants and/or make it impossible to 

collect the data. 

 

If the project will involve some form of deception you must answer 

yes to this question.  For instance, projects may require that 

certain factors are unknown to participants prior to them taking 

part, or it may be the case that participants are intentionally misled 

to some degree about the true nature of the study.  

 

Intrusive Interventions  Yes No 
 
13 

The project involves any of the following intrusive interventions. 

- taking of blood samples either over 40ml and/or not be a 
trained phlebotomist [moderate] 

- exposure to strong magnetic fields, including Magnetic 
Resonance Imaging (MRI) and Transcranial Magnetic 
Stimulation (TMS)   

- administering drugs or other medicinal products that are 
not considered to be part of a clinical trial   

- making electrical recordings from muscle (ECG, EMG) or 
brain (EEG) 

- use of  non-ionising radiation   

- physically intrusive procedures such as biopsies   

- a medical device in the UK that is CE-marked and used 
within its product indication 

 

 x 

 
14 

The project involves DNA or RNA analysis.  x 

 
15 

It is likely that samples taken from participants will reveal an 
unknown medical condition due to the nature of the research or 

the recruitment strategy; such as aiming recruitment towards 

particular types of participants/groups.  

 x 

 
16 

The project involves genetic analysis of cohorts where there is 

analysis of people (for example parents, children and siblings) 

 x 
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who may be linked by some kind of stigma such as mental illness 

or ethnic groups.       
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UCL Research Ethics Committee  

 

Before checking that your research is low risk, you must first confirm that your research is not high 

risk; use Step 3 Checklist.  

Step 4 – Is the research Low Risk? 

If your research only involves one or more of the activities described below, then it is low risk.  

However, if it involves other activities not listed below, then it is not low risk.  

Teacher Training – Normal Educational Practices Yes No 

The research only involves normal* educational practices, such as 

research on regular and special education teaching strategies, or 

research on the effectiveness of or the comparison among teaching 

techniques, curricula or classroom management methods? 

*A ‘normal’ situation is one which takes place in the ‘normal’ location, 
where relationships with participants are determined by ‘normal’ practice 
and activities in which children participate are ‘normal’ practice. 

 x 

 

Teacher Training – UCL Institute of Education PGCE Yes No 

Institute of Education Postgraduate Certificate of Education research that 
forms part of normal professional practice. 

  

x 

Observational Studies  Yes No 

The research is purely observational (non-invasive and non-interactive) in 

a physical* or virtual** public space, where those being observed: 

i. might reasonably expect that their behaviour would be 
observed,  

ii. will not be asked to provide any data and therefore it will not 
be possible to identify individuals from the observations 
(including copies of Tweets);  

iii. will not be photographed or videoed in a manner which 
could place them at risk of harm, stigma or prosecution. 

* Physical public space - e.g. a town square or meeting open to the public. 

** Virtual public space - e.g. public tweets, a public chat room. This does 

not include private chat rooms or groups or profiles that you must connect 

to in order to see further information (e.g. Facebook profiles that are not 

set as public). 

 x 

Projects involving public figures and other professionals Yes No 
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Research with public figures* or other professionals** about their work.  

* Public figures are people working in the public eye with powers of 

responsibility. This includes politicians, judges, journalists, artists, actors, 

musicians, and television presenters. This would usually not include 

persons that are involuntarily put in the public eye, e.g. those who are the 

subject of news articles. 

**Professionals would include professions such as magistrates, 
architects, lawyers, accountants, teachers.  This would not include NHS 

staff. 

x  

Projects involving publically available data  Yes No 

The research involves information freely available in the public domain, 

e.g. published biographies, newspaper reports, published minutes of 

meetings, or public Twitter feeds. 

Publically available data does not include data that requires establishing 

access through payment or setting up accounts, such as through data 
archives, or virtual spaces such as private chat rooms or groups or profiles 

that  you must connect to in order to see further information* (e.g. 

Facebook profiles that are not set as public). 

*Please note, this would not include published journals provided to you 

via UCL Library Services. 

 
x 

 

Analysis of existing non-sensitive* anonymised data sets/records  Yes No 

Research that involves accessing existing non-sensitive* records and 

data sets where appropriate permissions have been obtained and it is not 
possible to directly or indirectly identify individuals from the information 

provided (anonymised) – see https://www.ukdataservice.ac.uk/manage-

data/legal-ethical/anonymisation. 

* Sensitive Personal Data is defined by the Data Protection Act 1998 here: 

https://ico.org.uk/for-organisations/guide-to-data-protection/key-

definitions/ 

 
 

 

Data collection on non-sensitive topics with non-vulnerable 
participants 

Yes No 

The research involves non-vulnerable participants covering non-sensitive 

topics, where 

i. where participation will not induce undue stress or anxiety, 
and  

x  
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ii. it will not possible to identify (directly or indirectly) individuals 
from the data or publications because all personal 
information* will be separated from the research data, and 

iii. no personal data will be shared outside of the research 
team. 

This means that  

i. any personal data will be kept separate from the research 
data (e.g. using a link code), and stored securely according 
to the UK Data Protection Act (or General Data Protection 
Regulation), and  

ii. data sets will be fully anonymised before being shared 
following UK Data Service guidelines 
(https://www.ukdataservice.ac.uk/manage-data/legal-
ethical/anonymisation). 

* Personal data includes any data from which an individual can be 

identified, and is defined here: https://www.ucl.ac.uk/legal-services/dp-

overview. 

Food tasting and evaluation  Yes No 

The research only involves a taste and food quality evaluation and 

consumer acceptance study in which the food to be consumed will be:  

- wholesome without additives will be consumed, or 

- contains a food ingredient, agricultural chemical or 
environmental contaminant that is at or below the level found to 
be safe by the relevant national food safety agency.  

 x 

Intrusive Interventions Yes No 

The research involves one/more of the following intrusive interventions:  

- A trained phlebotomist taking no more than 40ml of blood no more 
than once a month;  

- Ultrasound, 

- Taking cheek swabs and/or saliva samples. 

  

x 

 

If your research is low risk, please attach your answers to this form to your low risk application form. This 

will help UCL monitor the numbers of different categories of low risk research. 
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APPENDIX B 

This appendix lists the questions used as guidelines for the semi-structured interviews 

as well as the questionnaire. 

 

Semi-Structured In-depth Interview 

 

1. Could you please tell if you think that recent events specially the drought of 2014 

and 2015 in Brazil have made especially evident the relationship between water 

and electricity and why? 

2. What would you say are three things that are really problematic/challenging in 

the way you had to carry your work in relation thinking of this relationship? 

3. In what practical ways (if any) have you seen stakeholders from water and 

electricity sector at different levels cooperating on problem solving? 

4. Are there any government programmes that incentivises collaboration between 

the sectors? 

5. Are there are any task force between the sectors to deal with droughts? 

6. How are collaborative decisions taken? Could you please mention how each use 

is valued for each region and user for the São Francisco watershed beyond those 

established by the law? 

7. What three things would you like to see implemented in the long run and why? 

8. What do you consider to be the most relevant practice to promote a rational and 

fair allocation of water resources between multiple users? Why? 

9. When you have to make decisions related to work, what considerations and 

values do feel you have to adhere to? 
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Survey in Brazil 
 

1. Introduction 

 

I am a PhD researcher at the Energy Institute of the University College London, supported by the Brazilian government under the programme Science 

without Borders.  

 

The purpose of my study is to examine the extent in which connections need to be forged between Sustainable Development Goals (SDGS) in relation 

particularly to water and energy in Brazil. As part of my research I am conducting a survey to support the assessment of the inter-linkages and separate 

silos in the unfolding of these sectors and enhance understanding and accounting of trade-offs and synergies at different scales in Brazil. 

 

Please not that all information that you provide will be confidential and your anonymity will be guaranteed. Your anonymous response will only be included 

in published statistical data to show general trends in responses. 

2. About the respondent 

 

1. Are you replying as / on behalf of: 

 

☐ Citizen/consumer ☐ Government authority in charge of energy ☐ Other 

☐ Consumer association ☐ Water regulatory authority  Specify: 

☐ Water company ☐ Energy regulatory authority   

☐ Water business association ☐ Another public body/institution   

☐ Energy company ☐ Professional consultancy   
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☐ Energy business association ☐ Academic/research institution   

☐ Government authority in charge of water ☐ Non-governmental institution   

 

2. Please indicate the number of years of profession experience? 

 

3. Do you think sustainability influences decision-making within your institution? Please choose from below where (0) is no influence and (100) is 

very high influence. In case of impossibility to determine the degree of influence of sustainability, please choose N/A. 

3. Questionnaire 

 

4. Do you think Brazil’s water and energy sectors are integrated or non-integrated? Please choose and classify how integrated or non-integrated 

these sectors are, from very low (0) to very high (100). 

 

 

  (0) 

Very Low 

(20) 

Low 

(40) 

Medium-low 

(60) 

Medium-high 

(80) 

High 

(100) 

Very High 

☐ Integrated 

 

      

        

  (0) 

Very Low 

(20) 

Low 

(40) 

Medium-low 

(60) 

Medium-high 

(80) 

High 

(100) 

Very High 

☐ Non-integrated 
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5. Which areas of water and energy do you consider to have certain degree of integration or non-integration? Please fill in the table, add any other 

areas you consider important and classify them accordingly.  

 

 

 

Water and energy 

areas 

Non-integrated Integrated 

(0) 

Very 

Low 

(20) 

Low 

(40) 

Medium-

low 

(60) 

Medium-

high 

(80) 

High 

(100) 

Very 

High 

(0) 

Very 

Low 

(20) 

Low 

(40) 

Medium-

low 

(60) 

Medium-

high 

(80) 

High 

(100) 

Very 

High 

A Infrastructure             

B Planning             

C Public policies             

D Governance             

E Regulation             

F Efficiency              

G Risk assessments             

H 
Knowledge and 

information  

            

I Monitoring             

 

6. Does the non-integration/integration of the above areas have negative/positive impacts on key aspects of water and energy areas?  

 

 

WATER 
(0) (20) 

Low 

(40) (60) (80) 

High 

(100) 
ELECTRICITY 

(0) (20) 

Low 

(40) (60) (80) 

High 

(100) 



 

 

409 

Very 

Low 

Mediu

m-low 

Mediu

m-

high 

Very 

High 

Very 

Low 

Mediu

m-low 

Mediu

m-

high 

Very 

High 

Accessibility       Accessibility       

Affordability       Affordability       

Quality       Quality       

Quantity       Quantity       

Sustainability       Sustainability       

Efficiency       Efficiency       

Pollution       Pollution       

Sustainability       Sustainability       

Environmental 

injustices 

      Environmental 

injustices 

      

 

 

7. Please identify if the non-integrated areas of water and energy areas listed in question 5 (automatically included below) represents a very serious 

problem, a fairly serious problem, not a very serious problem or not a serious problem at all in Brazil?  

 

 

Non-integrated/ integrated 

areas of water and energy 

Very serious 

problem  

Fairly serious 

problem  

Not a very 

serious problem 

Not a serious 

problem  

     

 



 

 

410 

8. Please choose what you consider to be the three most relevant non-integrated areas of water and energy and provide three examples of the current 

and/or historical issues involving each of them.  

 

Area 1. Area 2. Area 3. 

1.1 2.1 3.1 

1.2 2.2 3.2 

1.3 2.3 3.3 

 

 

 

9. Can you please tell me the degree of influence each of the following stakeholders has on water management and policies, where (0) is no influence 

and (100) is very high influence? 

 

 Management Policies 

Stakeholders 

(0) 

No 

Influence 

(20) 

Low 

Influence 

(40) 

Moderate-

low 

Influence 

(60) 

Medium-

high 

Influence 

(80) 

High 

Influence 

(100) 

Very High 

Influence 

(0) 

No 

Influence 

(20) 

Low 

Influence 

(40) 

Moderate-

low 

Influence 

(60) 

Medium-

high 

Influence 

(80) 

High 

Influence 

(100) 

Very High 

Influence 

Government 

authority in charge 

of energy 

            

Citizen/consumer             

Consumer 

association 
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Water company             

Water business 

association 

            

Energy company             

Energy business 

association 

            

Academic/research 

institution 

            

Non-governmental 

organisation 

            

Professional 

Consultancies 

            

Civil society 

organisation 

            

 

10. Can you please tell me the degree of influence each of the following stakeholders has on energy management and policies, where (0) is no influence 

and (100) is very high influence? 

 

 Management Policies/Regulation (include different column for regulation) 

Stakeholders 

(0) 

No 

Influence 

(20) 

Low 

Influence 

(40) 

Moderate-

low 

Influence 

(60) 

Medium-

high 

Influence 

(80) 

High 

Influence 

(100) 

Very 

High 

Influence 

(0) 

No 

Influence 

(20) 

Low 

Influence 

(40) 

Moderate-

low 

Influence 

(60) 

Medium-

high 

Influence 

(80) 

High 

Influence 

(100) 

Very High 

Influence 
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Government 

authority in charge 

of water 

            

Citizen/consumer             

Consumer 

association 

            

Water company             

Water business 

association 

            

Energy company             

Energy business 

association 

            

Academic/research 

institution 

            

Non-governmental 

organisation 

            

Professional 

Consultancies 

            

Civil society 

organisation 

            

 

11. Please provide a short description of any best practices you may know that brings these two sectors together in Brazil? 

 

a.  
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b. 

c. 

d. 

 

 

12. The operational-resource interdependencies between water and energy are subject of several nexus studies that look into the multiple and complex 

interactions between these sectors. I listed below some ideas proposed under current literature and my research on possible ways to address 

water and energy issues in Brazil in more integrated manner. Please classify the below strategies in terms of feasibility and priority and add any 

other strategies you may consider relevant, also classifying them in terms of feasibility, priority and time frame.   

 

 

STRATEGIES 

FEASIBILITY PRIORITY 

(0) 

Very 

Low 

(20) 

Low 

(40) 

Medi

um-

low 

(60) 

Medi

um-

high 

(80) 

High 

(100) 

Very 

High 

(0) 

Very 

Low 

(20) 

Low 

(40) 

Medi

um-

low 

(60) 

Medi

um-

high 

(80) 

High 

(100) 

Very 

High 

Metagovernance 

1 

Use metagovernance principles as foundation of 

water-energy governance processes: 

inclusiveness, transparency and accountability to 

stimulate bottom-up and more participatory 

approach to energy  

            

2 

Govern by overarching nexus goals, instead of 

sector by sector basis, which are measurable, 

attainable, relevant and time-based, using 
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performance-base indicators as tool to encourage 

coordination 

3 

Include a broad range of stakeholders, including 

commercial and non-commercial water and energy 

non-state actors to strengthen integration at the 

agenda-setting, problem definition and decision-

making stages of policy making 

            

Institutional 

4 

Participation of civil society’s representative of 

water interests under all governmental energy 

institutions 

            

5 

Establish multi-agency intermediary organisations 

(e.g. Water-Energy Nexus Forums) at local and 

regional levels to facilitate the flow of information 

between industry, infrastructure owners and local 

authorities  

            

6 
Develop a ‘Regulators Network’ with competence 

to address issues that cross cut water and energy 

            

Policies, 

regulation, 

instruments and 

decision making 

processes 

7 

Total transparency 1  of all stages of decision-

making of water and energy related policies, 

including monitoring and evaluation, sharing 

results with public and producing update, 

consistent, comparable data and information 

            

 
1	Total	openness	at	all	levels	of	information	dissemination.		
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8 

Implement regulatory fitness checks to 

systematically identify excessive burdens, 

overlaps, gaps and inconsistencies, relevance, 

coherence, effectiveness and efficiency of policies 

connected to water and energy 

            

9 

Vertical and horizontal integration among water 

and energy policies in terms of shared objectives, 

principles and motivational, educational and 

informational instruments 

            

10 

Regulatory practices that include economic 

instruments and incentives for efficient water 

distribution and water recycling programs  

            

11 

From a water management perspective the flat fee 

paid by hydropower as financial compensation for 

use of water resources should be revised to 

consider better issues of water availability, 

competition and destination of funds 

            

12 

General framework for reviewing water services 

and sanitation tariffs and cross-subsidies to 

promote greater economic-financial balance of 

concessionaires  

            

13 
Develop integrated water-energy efficiency 

programs, so that utilities share knowledge and 
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Joined-up 

programs and 

projects 

co-develop educational water-energy programs for 

consumers 

14 

Promote joined up infrastructure projects for water 

and energy, with on-site renewable energy for 

water and multi-use reservoirs of hydropower 

plants to serve water sector too, removing 

regulatory and investment barriers to cross-

sectoral infrastructure investment 

            

 

13. If you are aware that any of the above strategies already exists in Brazil, please list their numbers below and provide a reference where I can find 

more information please, otherwise just mention “not applicable”. 

 

14. Please determine what is the most relevant strategy that you may have classified as high feasibility and/or priority above. 


