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Abstract 
 

The green economy has emerged as an important concept for sustainable development in 

both developed and developing countries. It presents a seemingly attractive framework to 

deliver more resource efficient, lower carbon, less environmentally damaging, more inclusive 

societies. There are tensions between competing green economy discourses and different 

definitions exist, which all have shortcomings. Different underlying concepts of the ‘weak’, 

‘transformational’ and ‘strong’ green economy also exist. This thesis identifies that several 

important definitions focus on the aspirational ‘transformational green economy’. To track 

this ‘transformation’, economic and environmental measurement is essential. 

 

This thesis reviews various attempts to measure green economy progress, outlining their 

shortcomings and whether they may support effective decision-making. Data availability can 

influence policy goals set and the practical measures taken to achieve them. Economic 

measurement is a key example where current measurement is not adequate to support 

detailed decision-making. Measuring green economy transformations must be improved as 

part of broader frameworks for measuring economy–society–environment interactions. 

 

Through reviewing current policies and practices within the global green economy, this 

thesis provides a revised definition for measuring the green economy using transactional 

data. Transactional data provides economic measurement in fast-moving or emerging areas 

where national statistics do not always provide accurate and detailed measurement. The 

thesis explores whether the transactional data can help to explore how the green economy 

exists and changes across different scales and geographies, and of the kind of economic 

relationships upon which it is built. This includes exploring the global green economy, 

different national level trends, relationships with other datasets, green economy trade flows 

and the green economy in cities. Assessing this contributes to understanding the economic 

geography and political economy of the green economy. Understanding the effectiveness of 

transactional data in exploring green economy transformations also contributes to improving 

future measurement approaches.  
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1. Introduction 
 

1.1 Research in the green economy 

 

The green economy is a term that has grown in popularity, whilst remaining a complex 

collection of concepts, interpretations, and frameworks, over which consensus will remain 

difficult (Khor, 2011). The green economy has been positioned as a way to move away from 

unequal and unsustainable patterns of economic growth, and production and consumption 

(United Nations Environment Programme, 2011, hereafter UNEP), but criticised as seeming 

to mask continuing capitalist exploitation (Death, 2015). Contradictions remain as to whether 

the green economy is a part of the whole economy, or the process by which an economy 

becomes green. 

 

The green economy has already emerged as an important area of inquiry within economic 

geography (Bailey and Caprotti, 2014; Brown et al., 2014), related to the sub-discipline of 

environmental economic geography (Gibbs, 2006), and beyond (Antal and Van Den Bergh, 

2014; Barbier, 2011; Bina, 2013). Some studies have focused on concepts, narratives and 

sub-sectors of the wider green economy (Caprotti, 2012; Davies, 2013; Georgeson et al., 

2014; O'Neill and Gibbs, 2016), modelling future green economy pathways (Jackson and 

Victor, 2011; Musango et al., 2014), regional green economy futures or transitions (Gibbs 

and O'Neill, 2017; Schulz and Bailey, 2014). 

 

It has been argued that the ‘transformational green economy’ may have the capacity to 

foster a transition away from socially and environmentally unsustainable forms of economic 

growth (Ferguson, 2015). Competing and contradictory discourses of the green economy 

exist (Death, 2015), which complicates efforts to measure and understand the green 

economy. Building, conceptually, from the ‘transformational green economy’, this study 

seeks to propose a revised definition of the green economy that permits improved 

measurement of the green economy globally to begin to address these complexities, 

contribute to understanding the green economy, and potentially leading to improved policies 

and practices for green economy transformations. 

 

The existing attempts to measure green economy progress face different challenges and are 

unlikely to support effective policy decisions. This is because they are still in development, or 
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there is a lack of available data, or the metrics are inconsistent with prominent green 

economy definitions. Economic measurement is a key example where current measurement 

approaches are not adequate to support detailed policy decision-making. This study seeks 

to identify an improved definition for measurement of the green economy, which could 

contribute to improving the measurement of green economy transformations, including 

cheaper, faster and more widely available data, and broader frameworks for measuring 

economy–society–environment interactions. Measurement has a potentially important role 

for effective green economy policies and responses to environmental problems, and the 

transformational green economy. 

 

The proposed definition is then used to the fullest extent possible to provide a revised 

practical measurement of the green economy, using transactional data. Transactional data 

can provide estimates of economic value where national statistics approaches face 

difficulties in measuring activities that do not fit with existing industrial classifications. This 

study can, therefore, indicate how measurement of the green economy can contribute to 

moving ‘beyond GDP’ as the central measure of progress and to better tracking the 

transformational green economy. This could contribute to how the green economy could 

become relevant again at national and international levels, given the emerging Sustainable 

Development Goals and post-COP 21 frameworks. The study explores what transactional 

data can tell us about the green economy at different scales, across different geographies 

and the relationships upon which it is built. This can point towards the future directions in 

research on how to measure and understand green economy transformations. 

 

1.2 Green economy concepts and measurement 
 

The overarching aim is to explore whether the green economy can be better measured in 

terms of economic scale of responses, rate of transition, capacity for transformation and 

economic opportunities. It was important to aim for a measurement approach that better 

reflects the prevailing (but conflicting) definitions in this policy area. 

 

Conflating market production and well-being leads to misleading indicators about inequality 

and how well-off people are (Layard, 2010; Stiglitz, 2016; Stiglitz et al., 2009). The need for 

measurement of the green economy is set within the broader discussions of measurement 

and indicators for sustainable development, and the need to move beyond GDP as the sole 
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and ‘headline’ indicator of national and international progress. For sustainable development, 

indicators can  inform us about the trends and states of a system (Bossel, 1996), both the 

current state and how quickly things are changing. International comparisons can be 

informative (World Bank (2012a), as cited in UNEP, 2014e), although controversial at times, 

when indicators and data generation methodologies are more standardised. While 

recognising the ‘Beyond GDP’ agenda and the outsized influence and power of 

measurement in designing, implementing and assessing policies (Bevan and Hood, 2006; 

Hood, 2012; van Thiel and Leeuw, 2016), the creation of green economy measurement in 

this study pertains more to exploring trends, relationships and important factors in the 

development of the green economy, not proving the success or failure of a given policy. 

 

There is a role for an approach to address the immediate need for economic measurement 

of the green economy, where national statistics cannot currently provide timely, accurate 

and comparable data to explore the development of the green economy. Transactional data 

is one such approach, based on methods originally elaborated at Harvard Business School 

to establish data on emerging industries (Jaikumar, 1986). Without the measurement to 

track and explore its development, it will be difficult for the green economy to maintain its 

relevance in the context of new global agreements on sustainable development, 

development finance and climate change. The green economy could therefore remain open 

to the same ‘crisis of interpretation’ as sustainable development (Fergus and Rowney, 2005; 

Sneddon et al., 2006). 

 

There are, broadly, three measurement challenges: measurement of green economy 

economic activity, the wider measurement of the green economy, and how to assess 

whether an economy is green or not (and whether this is changing, or is a ‘transformation’). 

Each of these challenges is broader than the last. There is interaction between the three and 

all three relate to the transformational green economy. This research targets the first of 

these explicitly, and uses this as a lens to assess the other two challenges, and through this, 

target the tracking of transformations and the extent to which this is possible. 

 

1.3 Research questions 
 

1.3.1 Aims and overarching questions 
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Overall, these aims are pursued with consideration of realist methodologies (Haig, 2013) 

and critical pragmatism (Kadlec, 2006), in striving for research that is critical but aim-

oriented, evaluating methods critically against others, and recommending how to use 

particular methods to pursue research goals. This study also aims to understand policies 

and practices relating to green economy transformations, while considering how this relates 

to concepts, theories and frameworks. Realist methodologies remind the researcher to 

remain aware of the researcher’s role as a satisficer and user of heuristics, a knowing 

subject (Haig, 2013). The broad aims were to; 

• Propose new definitions of the green economy for measurement informed by 

both the concepts, policies and practices of the green economy; 

• Analyse and compare the scale, composition and development of the green 

economy using the revised LCEGSS dataset across different spatial scales and 

geographies; and 

• Establish the strengths, limitations, potential contributions and future direction of 

green economy transactional data for understanding green economy 

transformations. 

 

The overarching directions of the principal research questions fall into three categories: 

definitional, technical and analytical/exploratory. This broadly covers the questions required 

to review green economy concepts, policies and practices, to revise green economy 

definitions for measurement, to conduct an exploration of transactional data as an approach 

to economic measurement of the green economy, to assess the key questions that could be 

asked of the dataset, and finally what the data estimated under the revised definition can 

suggest about the green economy, its transformations and their variation across different 

geographies and scales. The principal research questions were: 

• What various green economy definitions exist and what green economy 

definition can be established for this study? 

• The challenge of measuring the green economy: can we measure the green 

economy? And if so, in what ways? Why does how we measure and what we 

measure matter? 

• How can we measure the green economy using transactional data? 

• What can transactional data tell us about the green economy across different 

scales and geographies? Why is comparison useful? 

• How can transactional data contribute to understanding green economy 

transformations? 
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1.3.2 Objectives 

 

To address the proposed research questions, the main objectives of the proposed research 

project are; 

• Conduct a review of current definitions of the green economy and green growth 

and efforts to measure the green economy and related areas of environmental 

industry; 

• Define the methodology to be used, recognising the limitations and benefits of 

using transactional data, and situate transactional triangulation methodology 

within the literature on cognate fields; 

• Conduct desk-based research of current green economy actions and policy 

initiatives to design a taxonomy of the ‘improved’ green economy definition; 

• Assess the extent to which a new definition of the green economy can be 

measured in line with current data collection methods and oversee the 

compilation of the green economy dataset based upon new definition to the 

greatest extent possible; 

• Conduct exploratory data analysis of the global green economy at the global 

level, including trade in the green economy; 

• Conduct exploratory data analysis of the green economy on a country basis, 

including comparison with other datasets; 

• Conduct sub-national city-level analysis, including case studies into different 

sectors of key importance to efforts to realise a green economy, attempting to 

assess progress in ‘greening’ these sectors; 

• Explore the role of economic measurement for green economy transformations 

within wider monitoring frameworks; and 

• Assess whether existing approaches are sufficient and suggest future directions 

in measurement. 

 

1.3.3 Scales of analysis  

 

The green economy could be a lens through which to explore whether the transformation of 

economies in the face of interrelated environmental challenges is or is not taking place, 

across urban, national, regional and global scales. Although the nation-state persists as an 

important unit of analysis (Rodrik, 2012), the sub-national is an important space for green 
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economy transformation, climate action and development through direct interaction between 

policymakers and citizens (Hsu et al., 2016b). The supra-national region is more than just a 

territorial space but its ‘extra-geographical’ elements remain difficult to define (Van 

Langenhove, 2013). The supra-national regions (broadly defined by regional organisations 

and UN regional commissions) could be an important lens of analysis of the green economy; 

during SDG negotiations, the region emerged as an important scale for dialogue and ‘peer 

learning’ between countries (United Nations, 2015c). The study will therefore explore the 

green economy and its transformations, to the extent that is possible, at the global, regional, 

national, and city levels.  

 

1.4 Thesis structure  

 

The thesis is divided into 8 further chapters, which are outlined below: 

• Chapter 2 presents a review of the literature of green economy definitions, 

concepts measurements and their interactions. 

• Chapter 3 outlines the methodology for acquisition of the dataset used and the 

approach to analysis. 

• Chapter 4 details the desk-based study of existing green economy actions and 

activities and assessing their inclusion in an updated green economy definition, 

presents that revised definition, assesses its feasibility versus data collection, and 

presents the revised data through two case studies comparing transactional data 

to other available data sources in 2 countries. 

• Chapter 5 presents the first chapter of discussion, analysing the global green 

economy. 

• Chapter 6 presents comparisons between countries, using transactional data and 

comparisons with policy and environmental outcomes datasets. 

• Chapter 7 presents the data on trade flows between 64 countries. 

• Chapter 8 presents the results and discussion regarding available city-level data, 

including comparisons against national-level data. 

• Chapter 9 presents conclusions, policy implications, avenues for future research. 
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2. A review of green economy definitions, concepts, measurements and their 
interactions  
 

2.1 Introduction 
 

It is widely accepted that only collective economic adjustment on a global scale can avert the 

dangerous consequences of environmental degradation and climate change (Stern, 2006). 

The concepts and discourses of the green economy represent a radical transition for more 

efficient, environmentally-friendly and resource-saving technologies to reduce emissions and 

mitigate the effects of climate change (Jänicke, 2012), and tackle resource depletion and 

serious environmental degradation. Its discourses have strategic merit in reframing a 

negative debate around constraints into a positive one about opportunities (Bowen and 

Fankhauser, 2011). Green economy concepts have the potential to ensure that, when 

national, regional and international implementation plans are designed, the Sustainable 

Development Goals (SDGs) and the post-2015 development agenda can overcome inherent 

conflicts between the goals1. 

 

The green economy concept has gained popularity in international, regional and national 

policy circles: initially as a response to the financial crisis (Bina and La Camera, 2011), but 

also a motor for growth and development. It is an operational policy agenda to achieve 

measurable progress at the environment-economy nexus (Schmalensee, 2012), as a ‘pillar’ 

of sustainable development implementation to lead the transition to low carbon, green 

economies. Green economy concepts and frameworks have influenced discourses and 

policy in many countries. These include the UK, France and China with a greater focus on 

growth (Bailey and Caprotti, 2014), a number of countries in Africa (including Rwanda, 

Morocco, Ethiopia, Senegal and South Africa) with emphasis on its ability to deliver 

transformations that ‘leapfrog’ current high-pollution development paradigms (United Nations 

Environment Programme, 2015a, hereafter UNEP), and perhaps with a greater link to socio-

economic challenges and resilience in the Asia-Pacific region (United Nations Economic and 

Social Commission for Asia and the Pacific et al., 2012, hereafter UNESCAP). Green 

                                                
1 This chapter is largely based upon the following article, for which the candidate was the lead and 

principal author: Georgeson, L, Maslin, M, Poessinouw, M, (2017) ‘The global green economy: a 

review of concepts, definitions, measurement methodologies and their interactions’, Geo: Geography 

and Environment, 4(1). doi:10.1002/geo2.36. 
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economy discourses are also gaining traction in various sub-national jurisdictions, such as 

the state of Mato Grosso, Brazil (UNEP, 2016). In its scale, the green economy is becoming 

a significant part of the global economy; revised estimates of global investment in ‘clean 

energy’ alone in 2015 suggest a figure of $348.5 billion (Bloomberg New Energy Finance, 

2016a, hereafter BNEF), with global investments between now and 2040 projected to be 

$7.8 trillion (BNEF, 2016b). 

 

Green economy frameworks and practices are highly relevant to ongoing debates regarding 

the economic and societal reorganisation necessary to achieve environmental sustainability, 

emissions reductions, social justice, and stable economies. For example, to reduce global 

carbon emissions, radical changes in energy policy are required. The International Energy 

Agency (IEA) suggested that globally we only had until 2017 to shift to a 450 ppm CO2 

trajectory before the lock in effect of existing infrastructure would require all investments 

made between 2020 and 2035 to be zero emissions options (IEA, 2007). This entails a 

fundamental shift in resource use, which has not previously been a significant factor in 

policy. Moreover, progress towards these transitions at national, regional and international 

levels must be measured, so future policies can be developed as required. 

 

The SDGs, officially announced in September 2015, create a new imperative for the green 

economy (United Nations, 2015b). Though only partially successful, the Millennium 

Development Goals (MDGs) established the principle that measuring key indicators can 

improve our ability to tackle major issues. With the SDGs, the process begins to deliver 

significant positive changes by 2030. In negotiations, green economy discourses had a 

lesser role than during Rio+20; it should be realigned for it to become a major part of SDG 

implementation. This review chapter seeks to create a new imperative for clarifying the aims 

of green economy concepts and discourses, and measurement of green economy practices. 

 

A balanced framework for green economy actions must be complemented by 

comprehensive, relevant frameworks for measuring progress. Policies need effective 

measurement and indicators can improve the level of debate on the green economy and 

inform the wider public (Vossenaar, 2013). The Green Growth Knowledge Platform (GGKP), 

an initiative of various international organisations, noted the importance of measuring green 

growth-related economic opportunities and transitions, and the assessment of environment-

related policy tools in the measurement agenda (GGKP, 2013). The United Nations’ System 

of Environmental-Economic Accounting (SEEA), a global effort to implement agreed 
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accounting standards, states that measuring the financial commitment of an economy to 

environmental protection can evaluate the influence of environmental protection costs on 

international competitiveness (United Nations, 2014). However, there are many examples of 

unintended consequences of policy performance measurement (Bevan and Hood, 2006; 

Fukuda-Parr, 2014; Smith, 1995); measurement and indicators should be analysed in 

concert with green economy concepts to understand whether they support or constrain 

efforts to implement these visions. 

 

The global green economy cannot be simply GDP growth driven by a ‘green stimulus’, 

because GDP growth containing some ‘greenness’ cannot be proved to deliver the 

necessary and urgent changes in resource use, emissions and consumption patterns 

required to negate environmental degradation, resource depletion and climate change. 

However, the ‘greening’ of economies is not necessarily a drag on growth (Schmalensee, 

2012). The rapid pace of development in emerging economies presents great opportunities 

for green economy transitions. Sierra Leone aims to transition to middle-income status 

based on a ‘green growth’ strategy, envisaging the next five years as the most 

transformative in its history (African Development Bank, 2014, hereafter AfDB). 

Transformation emerges as an important term for responses to global environmental change 

(Feola, 2015), and thus the green economy. For adaptation, Pelling et al. describe 

transformative actions as those ‘that have the reach to shift existing systems (and their 

component structures, institutions and actor positions) onto alternative development 

pathways’ (Pelling et al., 2014, p.114). This conceptualisation of transformation has great 

relevance for framing green economy responses to national and global challenges. 

 

This review evaluates major international and national efforts to define green economy 

concepts and current efforts to measure the practices and impacts of the green economy. 

Green economy concepts have great potential for emerging sustainable development 

discourses but could be side-lined by the SDGs and the Paris Agreement. The review 

assesses the development of green economy concepts and visions, and the typologies of 

competing concepts. It proposes a realigned definition of the ‘transformational green 

economy’. The review then explores key programmes and standards relating to measuring 

the impacts and practices of the green economy, how measurement interacts with concepts 

and visions. Without effective measurement, it will be difficult to assess policy efficacy, 

define and measure the potentially transformative role of green economy concepts in this 

new policy space, or achieve green economy goals for sustainable development and climate 
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action. Finally, the review makes four recommendations to improve measurement for green 

economy transformations. 

 

2.2 The development of the green economy concept 
 

The aftermath of the 2008-2009 global financial crisis represented a perfect storm for the 

green economy’s international rise; ‘The combined forces of global economic recession, 

humanly induced environmental change and stark social inequalities have led to 

international calls for a radical transformation of current development practices and 

transitions towards a ‘green economy’’ (Davies, 2013, p.1285). However, the concept first 

emerged with Pearce et al.’s (1989) Blueprint for a Green Economy for the UK’s Department 

for the Environment. 

 

The green economy’s conceptual foundation recognises that the separation of economic 

development and environmental policies is artificial (Barbier, 2013). The United States, 

China and South Korea labelled their stimulus packages as ‘Green New Deals’ (Zysman et 

al., 2012); the rationale was that green fiscal stimuli provide a boost to the economy, whilst 

laying the foundations for sustainable and more stable growth in the future (Bowen et al., 

2009). These measures recognised that economic recovery and climate change responses 

are not in opposition (ibid). Green growth was positioned as a more attractive alternative to 

economic recovery than returning to ‘brown’ growth (van der Ploeg and Withagen, 2013). 

Although they were ‘one-off’ policies, temporary interventions can deliver sustainable long-

term growth when the sustainability of the inputs is assured (Acemoglu et al., 2012). 

 

The size and number of ‘Green New Deals’ notwithstanding, the green economy already 

existed at scale; green technology firms alone were worth $284 billion globally in 2008 

(Caprotti, 2010). By way of context, fossil fuel subsidies reached $523 billion globally by 

2011, compared to $88 billion for subsidies for renewable energy (IEA, 2012). The new 

agreements that mark the start of the SDG and Habitat III era can function as a moment of 

realignment (Caprotti et al., 2017). A moment of crisis can represent an opportunity to act; 

the ‘green’ responses to financial crisis partially represent a return to greater levels of 

statism and the re-legitimisation of intervention (Death, 2015). Therefore, a crisis event may 

create a ‘window of opportunity’ for new strategies or radical reform (Aberbach and 

Christensen, 2001). 
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After 2009, the green economy evolved into a broader policy framework. In 2012, the United 

Nations Conference on Sustainable Development (UNCSD, or Rio+20) was a focal point for 

the green economy internationally. There was qualified hope in the build-up that Rio+20 

would generate enough progress to give the concept the necessary political and financial 

backing, or at least recognition of a more central role in international policy debates (Damon 

and Sterner, 2012; Martinelli and Midttun, 2012; Sierra, 2012; Zysman et al., 2012). 

 

Clark commented that ‘Rio+20 emphasizes that economies must be made both green and 

inclusive. It singles out poverty eradication as the world’s most pressing challenge’ (2013, 

p.19). However, many commentators concluded that the UNCSD was a missed opportunity 

to make the green economy central to international policy debates (Barbier, 2013; 

Clémençon, 2012; Halle, 2012; Powers, 2012). Although the green economy was a ‘theme’, 

the conference lacked a ‘vision’ (Bernstein, 2013) and its outcome document, The Future 

We Want, failed to lay out a coherent roadmap (Clémençon, 2012).  

 

The green economy must coexist with other sustainable development concepts. The 

Economics of Ecosystem and Biodiversity’s (TEEB) green economy report describes a 

clearer hierarchy (ten Brink et al., 2012), represented in diagrammatical form in Figure 2.12. 

Following this hierarchy, there is no conceptual inconsistency with sustainable development, 

challenging the artificially imposed barriers around policy debates. However, these terms are 

not frequently used in alignment with this hierarchy. 

                                                
2 To aid interpretation of the figures in this study, high resolution versions of all figures from Chapters 
2 to 9 are available in Digital Appendix 2A. 



 32 

 
Fig. 2.1: The hierarchy of green economy concepts (based on the conceptualisation of TEEB in 

ten Brink et al., 2012). 

 

Public support for the green economy has somewhat faltered since the ‘Green New Deals’ 

with their strong focus on economic growth (Barbier, 2015) and the immediacy of the 

financial crisis. The SDGs could shape the green economy’s development post-Rio+20 

(UNESCAP, 2014). The goals and targets, announced at the UN General Assembly in 

September 2015, could bring greater attention to the practices of the green economy after 

Rio+20’s relative lack of success. However, green economy discourses were absent from 

most delegations’ statements during negotiations. As policies take shape on how to achieve 

the goals, green economy discourses need to gain a key position within SDG 

implementation. Moments of agreement on shared goals and collective action present 

opportunities to move beyond goal-setting to implementation in ways that can be 

transformative (Stevens and Kanie, 2016), creating the spaces to deploy green economy 

discourses in national and sub-national contexts. A greater understanding is also required of 

how to differentiate North-South and national priorities in the implementation of green 

economy plans, exemplified by the role of green economy discourses in state-led 
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transformation in China, given its unique institutional structure (Gupta and Wong, 2014). 

Other reports demonstrate how national green economy visions vary between different 

continents (UNESCAP et al., 2012b; AfDB, 2012; UNEP, 2011). While recognising the 

shortcomings of green economy concepts, there is ‘the capacity for green economy 

discourses and initiatives to bring genuine benefits to citizens of the global South’ (Caprotti 

and Bailey, 2014, p.199). 

 

2.3 Current green economy definitions and concepts 
 

Several studies have analysed international organisations’ green economy or green growth 

definitions. Bina and La Camera (2011) analysed six international-scale responses to the 

‘double crisis’ (climate change and the financial crisis), concluding that these policies uphold 

mainstream economics’ interpretation of the environment and are primarily concerned with 

economic recovery. Borel-Saladin and Turok (2013) examine the green economy definitions 

of the UNEP, the Organisation for Economic Co-operation and Development (OECD) and 

the World Bank. They conclude that, a few caveats notwithstanding, the green economy 

provides the tools required to transform economic activity for healthier environments and 

more inclusive economies. Their criticisms of green economy concepts are: being too 

closely aligned to current systems, not considering potential limits to growth, 

oversimplification, misplaced optimism and questions over the models used. While 

comprehensive comparisons, neither study discusses the measurement of green economic 

activity. Other studies that have assessed some green economy definitions and discourses 

are Brown et al. (2014) and Death (2015). 

 

Ferguson’s (2015) study of green economy discourses concludes that green growth 

discussions must be separated from green economy discussions. Ferguson identifies many 

tensions in green economy discourses, but also identifies three categories of green 

economy discourse: weak, transformational, and strong. Part of this categorisation includes 

assessing measurement, focussing on their relationship to GDP. 

 

There is a growing body of literature on the importance of ‘transformation’ concepts to 

address deep-rooted, complex challenges; the aim here is to further Ferguson’s 

transformational green economy conceptualisation. As Meadowcroft concludes, ‘the state 

has been forced to accept that an ever more profound transformation of economic activity 
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and of political and legal obligations will be required if environmental problems are to be 

managed’ (Meadowcroft, 2012, p.69). The work of Pelling and others on transformation and 

adaptation suggests a potential relationship for transformation and the green economy. 

Transformation can be an enabling focus for approaches that address underlying causes 

and create the potential for dynamic and inclusive change, as opposed to other risk 

management formulations that aim to reduce stresses on the status quo (Pelling and 

Manuel-Navarrete, 2011; Pelling et al., 2014). Death (2015) recognised four green economy 

typologies, one of which was ‘green transformation’, characterised by calls for the model of 

economic growth to be transformed in ways that involve ‘explicitly political interventions into 

transforming the structure of the economy’ (ibid, p.2216). Death’s typologies are based on a 

more specific focus on national strategies from the global South, which represents an 

important contribution to the literature, but differs from the aims of this literature review. 

Building on Ferguson’s three typologies was the focus, as it was believed that it represents 

an effective evolution of the ‘weak/strong’ dichotomy from ‘sustainability’ definitions, 

providing a useful basis for a framework for this review of green economy visions and their 

interactions with efforts to measure progress. 

 

The reports analysed in this review are summarised in Table 2.1. Reports selected are key 

reports from international organisations, and important regional, national and academic 

conceptualisations of the green economy, from a literature review focussed (but not 

exclusively) on the period of build-up to and aftermath of Rio+20 (2010 to 2013). In 

agreement with Ferguson, this review suggests that the strong green economy generally 

only exists within academic literature. Some reports labelled as ‘green growth’ were 

included, as the difference in discourse is perhaps deliberately obscured. The majority fall 

between weak and transformational. 
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Organisation/ 
Authors 

Title Green Economy 
Typology 

Key Aspects of Definition Measurement Approaches Key shortcomings 

European 
Commission 

Europe 2020 A Strategy for 
Smart, Sustainable and 
Inclusive Growth (2010) 

Weak/ 
Transformational 

Operationalisation of the green 
economy paradigm at EU level 
Green Economy broadly defined as 
‘smart, sustainable and inclusive 
growth’ 
Defined by ‘Flagship Initiatives’: 
(‘Resource efficient Europe’, ‘An 
industrial policy for the globalisation 
era’) 

National and EU level 
Indicators, aligned with 
Eurostat 

Thematic areas are broad 
(resource efficiency, headline 
emissions targets) but do not 
cover the full spectrum of the 
green economy. 

OECD Towards Green Growth 
(2011a) 

Weak Good economic policy at the heart 
of green growth 
Economy must be ‘flexible’, 
‘dynamic’ and more resource 
efficient 
Economy and environment as 
‘mutually reinforcing’ 
Innovation is key 

OECD Green Growth 
Indicators (30) 
Furthers OECD’s work to 
identify other indicators to 
accompany GDP  
 

Unequivocal support for 
potential of unlimited ‘green’ 
growth 
Economic-policy-as-usual 
scenario (innovation, 
productivity, technology) with 
added environmental benefits 

UNEP Towards a Green Economy 
(2011) 

Transformational Moving towards a green economy 
can be profitable, it is possible to 
combine healthy living with strong 
economic growth. 
Economic growth will be healthier, 
stronger and more vigorous with this 
transformation than without it. 
(Brockington, 2012) 
More focus on social aspects of 
Green Economy 

Questions role of GDP in 
assessing well-being 
Focuses on indicators for 
decision-making and policy 
design 

Solutions are offer little 
innovation. 
Despite initial critical 
assessment of current 
production and consumption, 
only proposes mainstream 
sustainable development 
based on markets, technology 
and regulation (Brockington, 
2012). 
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Organisation/ 
Authors 

Title Green Economy 
Typology 

Key Aspects of Definition Measurement Approaches Key shortcomings 

UK 
Government 

Enabling the Transition to a 
Green Economy (2011) 

Weak Based on need for strong, 
sustainable and balanced growth 
and strong economic arguments for 
immediate action on climate change. 
Green economy defined by its 
benefits to the UK economy: new 
international markets to be captured 
and opportunities for growth. 

Government to provide 
information on expected 
impacts of climate change and 
resource risks 
Measurement not listed on 
‘Policy Timeline’ 

Social imperatives of the 
green economy are absent 
Regulation framed as solely a 
burden on businesses and 
businesses positioned the 
ultimate beneficiaries of green 
economy policies. 

World Bank Inclusive Green Growth 
(2012a) 

Weak ‘Inclusive green growth is the 
pathway to sustainable 
development.’(World Bank, 2012a, 
p.xi). 
Growth itself is good, but it has not 
been green or inclusive enough. 

How green policies affect 
conventionally measured GDP 
Incorporating the environment 
into accounting 

Insistence that growth must be 
green but not slower 
Narrow range of economic 
perspectives considered 
Heavily reliant on existing 
solutions 

GGKP Moving towards a Common 
Approach on Green Growth 
Indicators (Green Growth 
Knowledge Platform, 2013; 
2013) 

Weak Claims existing definitions have a lot 
in common 
States no definition of its own for its 
‘common approach’ 

Approach based on 
communication need, not 
monitoring 
Adopts OECD’s headline 
indicators 
Wealth accounting as 
complementary 

Masks green economy under 
green growth 
Bases indicators on natural 
assets as input to a production 
function only 

United Nations 
Economic and 
Social 
Commission 
for Asia and 
the Pacific 
(UNESCAP) 

Green Growth, Resources 
and Resilience: 
Environmental Sustainability 
in Asia and the Pacific 
(2012b; United Nations 
Economic and Social 
Commission for Asia and the 
Pacific et al., 2012) 

Transformational Explicit focus on the green growth 
objectives of the Asia-Pacific region 
Highlights connection between 
green growth and poverty reduction, 
and importance of resilience and 
mitigation for countries across the 
region 

Indicator-based approach, 
different issues to OECD 

Focus on Green Growth, no 
criticism of growth 
Highlights difficulties in 
comparisons between regions 
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Organisation/ 
Authors 

Title Green Economy 
Typology 

Key Aspects of Definition Measurement Approaches Key shortcomings 

Global Green 
Growth 
Institute 
(GGGI) 

Various (The GGGI, has not 
released a comparable 
report; it focuses on green 
growth implementation 
across various national 
contexts) 

Weak ‘Green growth seeks to fuse 
sustainable development's 
economic and environmental pillars 
into a single intellectual and policy 
planning process, thereby recasting 
the very essence of the 
development model so that it is 
capable of producing strong and 
sustainable growth simultaneously’ 
(Samans, 2013, p.3). 
Policy frameworks will be context-
specific 
Resilience, equity and inclusivity are 
important. 

Based on GDP 
Set by national contexts 

‘Economic growth should 
remain a driver of welfare 
improvements and poverty 
reduction’ (GGGI, 2014e). 

Barbier Various publications 
(Barbier, 2011, 2015) 

Transformational/ 
Strong 

Policies need to deliver economy-
wide innovation and structural 
transformation 
Rising ecological scarcity shows 
current economic development is 
unsustainable 

Full environmental valuation 
and accounting for natural 
capital depreciation 
Better information on the 
environment is vital 

Transformational agenda 
requires much more data 
Political will for institutional 
transformations may be 
lacking 

Cato, Jackson 
and Victor. 

Various (Cato, 2009; 
Jackson and Victor, 2011) 

Strong Academic strong green economy 
literature varies from Green and 
ecological economics to de-growth 
and no growth perspectives. 

Rejection of GDP 
Broader measures of welfare 
and the environment 

Limited influence on 
policymaking so far 
Difficulty in communicating 
more broadly de-growth and 
no growth positions 

Table 2.1: Green Economy and Green Growth Reports. 
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UNEP’s Towards a Green Economy has perhaps received the most critical attention. Its 

profile was heightened by its association with Rio+20 and it is more clearly transformational. 

UNEP makes an explicit attempt to model future green economies and questions whether 

existing measures of economic performance, such as GDP growth, are adequate for 

assessing human well-being. The report provides a detailed study of the enabling conditions 

required for green economy transitions (UNEP, 2011). It makes the economic case for 

shifting public and private investment to transition to a green economy, offering greater 

support for heterogeneous economic thinking and the strongest criticism of current modes of 

production and consumption. UNEP comments significantly on the importance of national 

GE and North-South differences, which is important for mobilising green economy concepts 

to respond to different national challenges and influence transformations. 

 

However, their modelling was criticised by Victor and Jackson (2011), because the green 

economy futures model assigns more funding to the green economy than the ‘business-as-

usual’ scenario; calling into question the conclusion that a green economy would grow 

faster. Victor and Jackson (2011) also question whether the policies proposed would reduce 

emissions sufficiently by 2050 to achieve the 450 ppm CO2 target suggested by the fourth 

Intergovernmental Panel on Climate Change (IPCC) report, if global temperature rise were 

to be kept below 2˚C (IPCC, 2007). 

 

The OECD and World Bank reports show that certain ideas of environmental economics and 

policy have now reached international policymakers. The OECD recognises ‘natural capital 

as a factor of production and its role in enhancing well-being’ (OECD, 2011a, p.20). Inclusive 

Green Growth draws strong conclusions on the barriers to green growth, the short-term foci 

required and the need to recognise local contexts (World Bank, 2012a). These conclusions, 

while not new, are now more central in global policy debates and thus have greater influence 

over policymakers. 

 

The World Bank demonstrates most clearly weak green economy discourses and their 

uncritical assumptions of the role of economic growth in development. Their reasoning is 

that growth is good, but it has not been green or inclusive enough, ‘Over the past 20 years 

economic growth has lifted more than 660 million people out of poverty and has raised the 

income levels of millions more, but growth has too often come at the expense of the 

environment. […] Growth has not been inclusive enough. […] sustained growth is necessary 
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to achieve the urgent development needs of the world’s poor and that there is substantial 

scope for growing cleaner without growing slower.’ (World Bank, 2012a, p.xi) 

 

Growth has not been consistently positive for poverty reduction. Just 1.2% of global GDP 

growth between 1999 and 2008 went to the poorest 30% of global population (Woodward, 

2013). While growth may have lifted 660 million out of poverty, 1.2 billion people still lived on 

less than $1.25 a day in 2010 (World Bank, 2013). Rate is not necessarily key; to deliver 

lasting change, growth that is environmentally sustainable (i.e. ‘green’) and can be sustained 

over the long-term would be a better aim for green growth policies. Weak green economy 

and green growth frameworks rely on merely harnessing the green economy for economic 

growth. This is a source of significant criticism of certain green economy discourses and, 

more broadly, general scepticism about green economy concepts (Brockington, 2012; Brown 

et al., 2014; McAfee, 2016). 

 

UNESCAP’s report demonstrates the tension between national priorities and international 

discourses. UNESCAP states the links between environmental and social challenges, such 

as water security and access to clean water. National-level priorities are different within 

Asia-Pacific compared to EU. This presents challenges for measuring the green economy, 

requiring additional indicators (UNESCAP, 2012b). 

 

There are signs that green growth and green economy concepts are left deliberately 

imprecise. The UK’s report suggests a narrow definition of green economy practices, 

conflicting with its own rhetoric that ‘A green economy is not a sub-set of the economy at 

large – our whole economy needs to be green. A green economy will maximise value and 

growth across the whole economy’ (HM Government, 2011, p.4). An unresolved tension 

persists between attempts to describe a green economy transition for the whole economy 

and the concurrent existence of descriptions of green economy practices as a subset of the 

economy. The UK’s case also demonstrates that nationally-defined green economy policies, 

even where they respond to national contexts, still should be analysed critically. The UK’s 

narrow focus may not deliver the necessary transformations. Here we can contrast the UK’s 

approach with the assessment of China’s green economy by Gupta and Wong (2014). 

 

The lack of green growth/economy differentiation and the weak/transformational green 

economy overlap (where definitions appear transformational but have the same basis on 

economic growth) may be deliberate. UNEP and the World Bank are trying to make 
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economic cases for the green economy to governments sceptical of calls to abandon the 

growth paradigm, especially in developing countries. 

 

The green economy concept has been criticised for significantly overlapping with sustainable 

development, or attempting to replace it. Brand (2012) calls the green economy ‘the next 

oxymoron’ after sustainable development because neither can be precisely defined. The 

green economy is an attractive term for powerful socioeconomic actors and thus has the 

potential to be hijacked. It must reflect differing social, economic and cultural contexts. 

However, it is too simplistic to call both terms oxymora. Lorek and Spangenberg (2014) 

argue that the green economy concept does not support the original ‘Brundtland’ 

sustainability criteria and relies on optimistic predictions of future technologies. The green 

economy is not conceptually without flaws; however, it could generate action at scale in 

policy and industry. It goes further than sustainable development to confront the artificial 

separation of environment and economy, by creating a policy framework to achieve 

economic progress with lower environmental impacts. 

 

It has been suggested that definitions are aligning (World Bank, 2012a), however  

organisations still interpret it differently for their own goals (Schmalensee, 2012). This could 

demonstrate that green economy aims are universal and its framework flexible enough for 

different contexts. Or, it could be open to the same crisis of interpretation as sustainable 

development. The establishment of the GGKP appears to suggest that UNEP, OECD, the 

World Bank and the GGGI are coalescing around a shared definition. This is positioned as a 

genuine effort to align the disparate reports already produced on monitoring green growth 

(UNEP, 2014; Kamp-Roelands, 2013; OECD, 2011a; UNEP, 2012a; UNEP, 2012b). This, 

however, serves to maintain the green growth/green economy ambiguity, crowd out strong 

discourses and post-growth concepts, and obscure transformational green economy 

discourses amongst commitments to economic-growth-as-usual. There may be some 

agreement on broad ‘green’ aims and the hierarchy of TEEB (Figure 2.1) stands up in 

theory, however these terms are often used interchangeably. The green economy 

represents contested discourses and concepts (Ferguson, 2015), however the World Bank 

and GGKP might attempt to airbrush out the differences. Greater collaboration is taking 

place, but these concepts still compete as different organisations seek to gain influence in 

the international green economy domain. 
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2.4 Contemporary drivers of the green economy: SDGs, climate change and national 

priorities 

 

UNEP argues that achieving sustainability almost entirely depends on getting the economy 

‘right’ (UNEP, 2011). The green economy could be interpreted as an appropriate means of 

refocusing sustainable development upon the most important means of delivering it and the 

intrinsic links between economy and environment. Positioned between societal goals and 

outcomes, the green economy can be conceptualised as an ‘enabler’ for sustainable 

development (Figure 2.2). Achieving societal goals can lead towards sustainable 

development as an outcome. The ‘enablers’ illustrated are examples of the many things 

required to achieve sustainable development, and there are certainly interactions between 

them (the Green Economy is aided by Natural Capital Valuation, and requires Sustainable 

Urbanism as both a foundation and a co-process, for example). Green economy strategies 

can align with sustainable development as the outcome to be achieved (or in Rio+20 terms, 

‘The Future We Want’). 

 

 
Fig. 2.2: Visualising the Green Economy between societal goals and outcomes. 

 

The green economy has received less attention since Rio+20, but there are two major 

contemporary opportunities to refocus efforts on global environmental challenges and the 
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contribution green economy concepts can make. The SDGs provide a platform for 

reintegrating the green economy into the sustainable development agenda. As the Secretary 

General’s synthesis report indicates by linking the SDGs to the UN Charter, and the 

Declaration on the Right to Development (Omilola, 2014), the SDGs will become central to 

international development. However, potential conflicts exist between the proposed SDGs 

(Waage and Yap, 2015). For example, challenges exist where the different targets for 

energy, water and climate change overlap (Georgeson and Maslin, 2014). Green economy 

frameworks can prevent perverse outcomes from implementing the SDGs, which work at 

cross-purposes. The green economy can regain its momentum from pre-Rio+20 and 

become a key enabler for achieving the SDGs. 

 

The COP 21 negotiations in Paris in 2015 (under the UN Framework Convention on Climate 

Change) delivered a binding treaty that comes into force in 2020, providing another 

imperative for successfully ‘renewing’ green economy concepts. Limiting warming to below 

2°C (with a high probability) would require global emissions to peak in 2020, reach zero 

emissions between 2060 and 2080, then negative annual emissions until 2100 (and CO2 

emissions from fossil fuel combustion and industry would need to reach zero between 2045 

and 2065) (Hare et al., 2014). Although proposed emissions reduction commitments do not 

represent sufficient reductions to limit temperature rises to 2°C (Evans and Yeo, 2015), 

recognition of low carbon transition opportunities could be a powerful tool for stronger 

reduction commitments (Stern, 2014) under the agreement’s ‘ambition’ mechanism. Green 

economy approaches could also demonstrate the economic opportunities of low carbon 

transitions ahead of the 2025 deadline for agreeing a new collective carbon finance goal 

(United Nations, 2015a). 

 

As previously noted, there are significant differences in national and North-South priorities 

and understandings of the green economy (Death, 2015; Morrow, 2012); therefore green 

economy responses could be deployed for national and sub-national transformations where 

discursive spaces are created. There are numerous examples of green economy concepts 

being deployed to respond to national priorities on environmental and social challenges 

(Gupta and Wong, 2014; Republic of Rwanda, 2011; Sonnenschein and Mundaca, 2015; 

AfDB, 2014). 
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2.5 Refocusing green economy definitions and reframing the transformational green 

economy 

 

There has been an institutional embrace of the green economy, but without a detachment 

from conventional growth discourses (Ferguson, 2015). While recognising that it is highly 

complex (Bailey and Caprotti, 2014), the critiques of differing definitions demonstrate that 

there should be an effort to delimit the green growth/green economy concepts, to prevent its 

arbitrary use (Stepping and Stoever, 2014). As the strong green economy generally only 

exists within academic literature, and the weak green economy offers little that differs from 

conventional development paradigms, the transformational green economy appears as the 

contemporary definition that is both possible and forceful enough to deliver genuine progress 

(and perhaps significant transformations would render strong green economy discourses 

feasible in the future). The green economy should be growth agnostic; while economic 

growth may occur, it is neither a goal nor an indicator of wellbeing. While growth is often 

used as a synonym for wellbeing, the transformational green economy could use the frame 

of economic security (Ferguson, 2015). 

 

Furthermore, transformation has been deployed as an organising concept for climate 

change adaptation in particular (Pelling et al., 2014), notably for its abilities to recognise 

various needs across different scales and point towards dynamic changes to allow systems 

to thrive in changing environments. The processes of incremental improvement deployed in 

earth system governance since 1972 are no longer sufficient (Biermann et al., 2012); more 

radical transformation through structural change is required. 

 

However, as seen in Table 2.1, even some transformational definitions do not fully embrace 

alternatives to a conventional growth paradigm. Moreover, the SDGs adopted the title 

‘Transforming our World by 2030’, but continue to support an economic-growth-as-usual 

paradigm. Therefore, staking out what a transformational green economy should entail 

across different scales is required. With the SDGs, the transformative potential contained 

within agreeing goals is not the end point but the start of influencing action (Stevens and 

Kanie, 2016). Therefore, to redirect definitions of the transformational green economy and to 

ensure that measurement options and policy proposals exist to ensure the viability of 

transformational approaches, greater emphasis on alternative, more inclusive measures of 

social, environmental and economic progress is proposed. This aligns with the broader 

measures of progress required by the SDGs’ indicator agenda and the ecological and social 
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rearticulations of the green economy outlined by Ferguson, but moves beyond debates 

relating to GDP. The ‘beyond GDP’ discourse, however, remains an important argument for 

the transformational green economy and its measurement, based on the inadequacies of 

GDP for measuring well-being and the need to reform or reject economic growth as a target 

to transform the green economy concept (Ferguson, 2015; Fioramonti, 2014; Stiglitz et al., 

2009). 

 

2.6 Measurement of the transformational green economy 

 

The definitional discussion shows that the green economy is a wonderful slogan; but 

wonderful slogans do not always lead to wonderful actions (Schmalensee, 2012). The grand 

vision must be underwritten with policy frameworks that balance the competing demands of 

the economy and environment (OECD, 2011a), and this policy agenda requires monitoring 

and evaluation to be efficient and effective (Figure 2.3). The feedback loops throughout this 

process necessitates careful analysis of each step to understand the interactions. Although 

goals influence decisions on measurement, targets and indicators, the availability of data 

and the types of indicators considered desirable or feasible can affect both decisions about 

goals and the nature of progress towards those goals, often with significant unintended 

consequences. There are numerous examples from different fields (Bevan and Hood, 2006; 

Fukuda-Parr, 2014; Hood, 2012; Smith, 1995; van Thiel and Leeuw, 2016) that demonstrate 

how data availability affects indicator choice, how targets can affect actions taken and lead 

to narrow progress towards an indicator target, not the original goal. This review will also 

suggest where different measurement approaches are linked to or obstruct different green 

economy visions; given the importance of understanding of how measurement interacts with 

its political and bureaucratic context (Hood, 2012). 
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Fig. 2.3: The role of measurement in delivering green growth/green economies. 

 

This requires comprehensive approaches for transformation and accurate, measurable and 

relevant indicators (Stepping and Stoever, 2014). This is vital to analyse progress made, and 

opportunities and risks inherent in transformations, which seek to change rather than protect 

systems. The MDGs provide a clear example of how the characteristics and limitations of 

measurements and indicators can affect progress itself. Targets and goals can become 

irrelevant, or obstructive, when: inappropriate indicators are used, indicators are based on 

inadequate assumptions or incomplete data, or implementation focuses too narrowly on the 

target rather than the goal it is intended to reflect (Attaran, 2005; Satterthwaite, 2003). 

Measurements are not ‘value-neutral’ and contain embedded assumptions about the nature 

and purpose of the activity measured (Fukuda-Parr et al., 2014). Such information can also 

communicate the need for policies to the public (GGKP, 2013); but a lack of data is 



 46 

problematic for effective communication. International organisations are devoting 

considerable efforts to assisting countries in this regard, requiring analysis to assess 

whether this contributes towards the measurement of green economy transformations, 

potentially delivers unintended consequences, or upholds current economic paradigms that 

obstruct transformative green economy visions. Performance measurement has intended 

and unintended consequences on political decision-making, including before data is 

measured; the construction of the evaluation process can have impacts on how political 

decisions are made and operational performance goals risk leading to reductionism when 

tackling complex problems (Bjørnholt and Larsen, 2014). Management approaches that put 

heavy emphasis on performance measurement may influence what political goals are set; 

Bjørnholt and Larsen comment that ‘if you want to exert control over the policy-making 

process in the era of performance governance, the most important part of the process might 

be the translation of political objectives into operational performance goals’ (2014, p.408). 

 

Here the measurement approaches of the OECD (the Green Growth Monitoring 

Framework), UNEP (green economy indicators for policymaking), the World Bank-led 

WAVES Partnership and the UN’s international environment-economy accounting standard 

will be examined. Where possible, both the approaches and data availability were analysed; 

weaknesses in the approaches and a lack of available data both present challenges for 

aligning measurement with the potential of transformational green economy concepts. 

Measurement informed by weak green economy approaches or that does not sufficiently 

reflect transformation concepts risks steering green economy actions towards weaker 

visions. Studies across several disciplines note the relevance of the much-used phrase 

‘What gets measured, gets managed’ (Barnett, 2015; Bevan and Hood, 2006; Heal, 2012; 

Hood, 2012). However, the complete, original quotation reads ‘What gets measured gets 

managed — even when it’s pointless to measure and manage it, and even if it harms the 

purpose of the organization to do so’ (Drucker, as cited in Barnett, 2015, p.5). Performance 

measurement often has unintended consequences in public and private situations; these 

examples suggest that measurement with limited data and poorly chosen indicators can 

either corrupt the original intention behind the goals, or reflect political ideologies and their 

influence over societal goals. Bjørnholt and Larsen concluded that ‘the goal-setting and 

performance measurement processes are just as important for the outcome of public policy 

as the political process’ (2014, p.407), informing the approach to consider the interactions of 

green economy concepts and measurement approaches. 
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2.6.1 OECD Green Growth Monitoring Framework 

 

The OECD’s green growth monitoring framework (OECD, 2011b) has been used by some 

nations to experiment with monitoring progress towards green growth (Czech Statistical 

Office, 2011, 2014; Destatis, 2012; Slovak Republic, 2014; Statistics Korea, 2012; Statistics 

Netherlands, 2011). Its 30 indicators cover sustainability and equity, environmental and 

resource productivity, natural assets, environmental quality of life, and economic 

opportunities and policy responses (OECD, 2011b). Not all of these indicators are currently 

measurable. The framework is adaptable; the indicators have been used to frame debates 

around standards of living by connecting this to the environment and green growth 

opportunities (GGKP, 2013). The question remains: can it assess the interactions between 

economic, environmental and social factors, beyond presenting such information side-by-

side? Difficulties arise where data for ‘first choice’ indicators is unavailable, or where a green 

growth national definition may ignore an issue (such as social inequality). This is problematic 

for the transformational green economy as ‘substitute’ indicators are lower in relevance and 

utility, and the framework’s flexibility permits countries to avoid measuring transformational 

issues like inequality or environment-economy interactions. Moreover, the OECD framework 

is heavily reliant on GDP-based indicators. 

 

A number of countries have produced reports using the OECD indicator framework (Czech 

Statistical Office, 2011, 2014; Destatis, 2012; Slovak Republic, 2014; Statistics Korea, 2012; 

Statistics Netherlands, 2011); 23 according to a recent report (OECD, 2014). These 

acknowledge that data is not currently available for all the indicators. Statistics Korea, for 

example, report on 23 of the OECD indicators (Statistics Korea, 2012). However, in several 

cases Statistics Korea uses ‘proxies’, whose relevance to green economy measurement is 

questionable: ‘Annual rainfall per capita’ and ‘Contribution of aquaculture to fish production’ 

are weak indicators of sustainability in freshwater and fish resources. It is difficult to agree 

with the statement that ‘Most indicators related to natural assets among OECD green growth 

indicators are not included […] because natural asset indicators decisively governed by 

natural circumstances cannot ascertain the policy performance and the implementation level 

of green growth’ (Choi, 2014, p.42). Despite the ‘transformational’ aims of South Korea’s 

green economy approach, whether this approach contributes to delivering transformations is 

uncertain. Weak links between policy performance measurement and the environment is 

unlikely to lead to transformational effects. 
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The Czech Republic’s report includes coal reserves and cumulative coal mining (Czech 

Statistical Office, 2011). No justification is given for using coal reserves as a green growth 

indicator, nor is any trend established on the sustainability of extraction. In the Netherlands’ 

report, indicators covering society and inclusivity are omitted (Statistics Netherlands, 2011). 

While adoption by 23 countries by 2014 is impressive, these alterations mean that the 

framework’s flexibility creates difficulties for international comparisons. The framework’s 

limitations may reflect the inherent ‘weakness’ of the OECD green growth/green economy 

paradigm. 

 

2.6.2 UNEP green economy indicators and policymaking 

 

UNEP conducts significant work on incorporating green economy indicators into policy-

making. Many policy issues, such as the prevalence of water-borne diseases among rural 

farmers, have strong connections to environmental issues, requiring environmental, social 

and health policies (UNEP, 2014). UNEP highlights that well-designed indicators benefit the 

entire policy process as each stage (from issue identification, to policy formulation, to 

monitoring and evaluation) requires different indicators. This issue-driven approach is 

practical, but requires sufficient data to correctly prioritise critical issues and assess policy 

impacts. It risks focussing heavily on short-term issues under resource constraints with the 

potential to miss spill over effects, affecting the ability of indicators produced to contribute to 

‘lesson-learning’ between countries. Timely, relevant and transparent information could 

contribute to the ability of indicators to influence cross-border policy learning. Policy learning 

is a complex, multi-tiered process that impacts state officials, policy networks and policy 

communities (Bennett and Howlett, 1992), in ways that range from voluntary and 

collaborative to coercive (Shen, 2014). As policy transfer opportunities move from ‘hard’ 

transfer between national policymakers to ‘soft’ transfer in spaces of multi-level collaboration 

and networked governance (Benson, 2009), greater transparency of indicators for policy-

making will be important for effectively sharing positive (and negative) experiences. 

 

2.6.3 Wealth Accounting and Valuation of Ecosystem Services Global Partnership 

 

The World Bank leads the Wealth Accounting and Valuation of Ecosystem Services 

(WAVES) Global Partnership. Currently, 70 nations have signed up, of which 8 are core 

implementing partners (WAVES Partnership, 2014). It aims to develop internationally-agreed 

methods for accounting for natural capital and ecosystem services, assist nations in 



 49 

adopting accounts and incorporating them into policymaking, and provide technical support 

for SEEA implementation. Holistic natural capital measurement is fundamental to green 

economy measurement; without the appropriate inclusion of the environment in decision-

making, development has little hope of being sustainable. WAVES seeks to extend 

accounting methodologies beyond traded natural resources (like timber) into harder-to-

measure, non-marketed ecosystem services.   

 

There is some progress in implementing national natural capital accounts. According to a 

WAVES report (2012), 24 countries have recognised natural capital accounting 

programmes. The accounts produced at this stage only partially represent the value of 

natural capital, even where countries have moved beyond pilot programmes. Harder-to-

measure areas are not covered; partial coverage of natural capital may skew policy 

decisions. The UK’s natural capital accounts have begun to demonstrate the economic and 

societal value of natural capital (Office for National Statistics, 2014, hereafter ONS). A 

GLOBE study (2013) examined accounts in 8 countries and saw encouraging signs of 

progress across 5 different regions; however no country is advancing comprehensively in all 

areas. World Bank studies also show the importance of developing full programmes from 

pilots in developing countries (WAVES Partnership, 2012). This has more potential to 

contribute towards transformational approaches. However, it could entrench economic 

growth-based concepts or lead to unintended consequences if partial natural capital 

valuation is used in policy decisions. 

 

2.6.4 UN System of Environmental-Economic Accounting 

 

The UN Statistics Division has led development of the UN SEEA, now formally adopted 

(United Nations, 2014). Described as a ‘multipurpose conceptual framework for 

understanding the interactions between the economy and the environment, and for 

describing stocks and changes in stocks of environmental assets’ (United Nations, 2014, 

p.x), it builds on three previous ‘Handbooks of National Accounting’ (United Nations, 1993, 

2000; United Nations et al., 2003) and the 2012 white cover (European Commission et al., 

2012). As an international standard, the SEEA is highly relevant to how the green economy 

will be measured. The SEEA assesses trends in natural resource use, the extent of 

emissions and discharges to the environment resulting from economic activity and the 

amount of economic activity undertaken for environmental purposes. This is, arguably, a 

narrow approach to measuring environment-economy interactions that may favour weak 
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green economy concepts. Indicators can be derived from these accounts to better inform 

decision-making and more complete data collection may better inform transitions, but it may 

not correctly measure trade-offs or sufficiently inform decision-making for green economy 

transformations of socioeconomic systems. 

 

There will be benefits if it is applied as an international statistical standard. But will this 

happen? And if the significant barriers are overcome, when will it happen? Policy targets 

have a 20-year horizon, but this measurement agenda may take a similar amount of time to 

produce results. Moreover, this does not confront the significant limitations to environmental-

economic accounting for measuring social outcomes too. For example, the SEEA’s socio-

demographic data (relating to employment and population) is significantly less 

comprehensive than UNEP and OECD approaches (United Nations, 2014). 

 

Beyond the Central Framework, the SEEA contains the SEEA Experimental Ecosystem 

Accounting and the SEEA Applications and Extensions (European Commission et al., 2014; 

European Commission et al., 2013). The former provides a synthesis of current knowledge 

on ecosystem accounting aligned with the SEEA, not a statistical standard. Extensions and 

Applications describes potential outputs for presenting or analysing data collected through 

the Central Framework. Both indicate future research directions, further examining the 

interactions between environment and economy. Future work may provide greater levels of 

insight for policymakers. However, they may still be too limited to support the 

transformational aspects of the green economy, due to the rigidity of data collection. 

 

Climate change adaptation is not covered by the SEEA Central Framework, raising 

questions of its appropriateness. It only notes ‘that information on this activity may be of 

particular interest’ (United Nations, 2014, p.90). This review argues that it should be 

included; impacts of climate change will have significant social impacts. Adaptation and 

climate risk management are especially important for green growth in Africa and Asia-Pacific 

(AfDB, 2012a; UNESCAP, 2014). Several documents (the outcome document of Rio+20, 

and World Bank and UNEP reports) argue for ‘inclusivity’ in green economy approaches. 

Moreover, the UN Global Compact (UNGC), UNEP, Oxfam and World Resources Institute 

collaborated on Adapting for a Green Economy, which emphasises the close connection 

between businesses and communities for climate change adaptation and the green 

economy, with examples from mangrove forests to affordable drip irrigation (UNGC et al., 

2011). Environmental expenditure measurement is not fulfilling its role, if it cannot fully 
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measure the progress and opportunities of the green economy. Limited data collection may 

contribute to strengthening stability in existing systems to preserve them, not moving them to 

a new state, which is indicative of approaches to protect the status quo not foster 

transformative change (Pelling and Manuel-Navarrete, 2011). 

 

These approaches are still in their infancy and there are positive effects for better 

understanding environment-economy interactions, and designing and measuring better 

green economy policies. These approaches recognise the need to at least complement 

GDP, without embracing ‘beyond GDP’ discourses. However, given this inherent tendency 

towards ‘weak’ green economy management concepts in these measurement approaches, it 

is not certain that they will sufficiently advance a progressive measurement agenda for 

transformational green economy visions. Although perhaps the most difficult aspect, further 

progress on measuring environment-economy-society interactions is required, beyond 

presenting indicators side-by-side and developing partial measurements of natural capital. 

Approaches based on current measurement and data have the potential to entrench weak 

green economy visions and limit the transformative potential of the green economy. 

 

2.7 Limitations of current economic measurement of the green economy 

 

Previous reviews of this subject appear not to fully engage with the problems of economic 

measurement of the green economy. One important aspect of economic measurement not 

previously assessed is measuring the scale of the response to environmental and climate 

challenges; measuring the aggregate environmental impact of economic activities and using 

supply-side measurement to track the transformation of economies. Current efforts to 

monitor the green economy frequently extend to collecting data on ‘traditional’ environmental 

sectors (such as wastewater treatment). 

 

Assessment of the major attempts to measure the economic impact of green economy 

frameworks and practices is important. As the GGKP (2013) notes, presenting balanced 

messages is key; many indicators focus on challenges or minimising risks, not identifying 

opportunities. The quality and coverage of ‘opportunity’ indicators are frequently poorer. To 

explore this need for balance and given the huge range of indicators required for green 

economy measurement, indicators of economic opportunities are discussed here: due to 

weaknesses in implementation, as an example of wider challenges, and for their role in 
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generating green economy policy adoption. More importantly, economic measurement has 

some potential to measure the green transformation of economies; measurement of both 

changes in the composition of economic activities and the dynamics of environment-

economy-society interactions is required. 

 

In 2009, Eurostat produced a reporting framework for EU countries for the Environmental 

Goods and Services Sector (EGSS), covering environmental protection and resource 

management activities (Eurostat, 2009b). It addresses the difficulty that standard national 

accounting methods neither account for environmental impact, nor a product’s end purpose. 

It covers a narrow definition; ‘goods and services to prevent, measure, control, limit, 

minimize or correct environmental damage and resource depletion’ (Eurostat, 2009b, p.19). 

Measuring the ‘environmental sector’ with this definition does not necessarily align with 

broader, transformational green economy definitions reviewed previously, which are more 

inclusive of nature, ecosystem services and social aspects. However, it has been adopted in 

the SEEA. EGSS is therefore positioned to have a role in measuring green economy 

transitions, although it captures neither all aspects of the green economy nor its potential for 

creating new economic pathways or restructuring economic activity, thus it should be 

critiqued. 

 

EGSS provides a framework for supply-side data collection, which can provide a 

measurement of the economic response to environmental and natural resource challenges, 

but seeks consistency with existing frameworks and classification systems (European 

Commission et al., 2012; Eurostat, 2002a, 2002b, 2008; United Nations, 2008, 2014). 

Existing systems do not capture the true complexity and economic contribution of the green 

economy ‘since it is not possible to identify and classify EGSS producers exhaustively using 

exclusively standard statistical classifications’ (Eurostat, 2009b, p.71). Therefore, its 

potential for measurement of a transformational green economy is already limited. If treated 

as a ‘target’, EGSS could lead to ‘output distortion’ (Hood, 2012); government departments 

could focus on improving the measured performance of the narrowly-defined EGSS, rather 

than structurally transforming the green economy. 

 

However, Statistics Netherlands (2011) suggest that an increasing share of EGSS in 

employment and output indicates a transition to an economy that is more dedicated to 

reducing environmental and resource pressures. If defined in an internationally comparable 

way, it could permit country-by-country comparison, and assessment and dissemination of 
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best practice. However, the framework is flexible enough that statistics agencies can use 

different methodologies to collect EGSS data; A UNEP report (2014c) highlights 5 different 

ways of compiling data and 8 different types of data sources. This could affect comparability. 

Furthermore, significant variation exists in experience of applying the EGSS methodology 

across Europe; some countries use it to produce statistics (Czech Statistical Office, 2011; 

Statistics Netherlands, 2011; Statistik Austria, 2014a, 2014b, 2014c, 2014d, 2014e), 

whereas others have produced feasibility reports (Livesey, 2010) and experimental statistics 

(ONS, 2015). The ONS report, and particularly its proxy methodologies for organic 

agriculture and forestry management, demonstrate the challenge in producing robust, 

comparable EGSS data. Where the approach can be tailored to reflect available data (or 

estimates), rather than encouraging the measurement of what matters to green economy 

visions, its transformative potential is reduced. 

 

The process involves the identification of the entire EGSS population as the first step, 

regrouping the activities under Standard Industry Classification (SIC) codes, because ‘EGSS 

cannot be established a priori using standard statistical classifications’ (Eurostat, 2009b, 

p.71). For it to be used globally, significant data collection difficulties must be overcome. 

Data issues may prevent consistent measurement across countries being possible (Bishop 

and Brand, 2013). The resources for conducting the required surveys may be too great for 

many national statistics offices. International comparison would be useful to compare 

performance of policies between countries. This ‘benchmarking’ could be a first step towards 

identifying the policies that can contribute to green economy transformations. 

 

A contradiction exists between the wider purpose of the policy visions and the narrowly 

defined sectors of reporting frameworks; this is problematic if we need to measure 

opportunities and transformations, not just ‘clean-up’ activities. As suggested in the 

performance measurement literature, the choice of performance goals and measurement 

can impact upon political and policy processes (Bjørnholt and Larsen, 2014). Thus, current 

measurement approaches can contribute to the tension between defining the green 

economy as part of the whole (a ‘weak’ approach that considers the green economy a ‘lever’ 

for economic growth) versus ‘greening’ (or transforming) the whole economy by addressing 

underlying structural issues in the economy. 
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2.7.1 Measurement using national statistics 

 

The EGSS methodology seeks to measure a country’s green economy performance with 

national statistics but this is challenging. Comparing the greening of the economies of 

different countries is an even greater challenge. National statistics are compiled using SIC 

codes, which do not record how something is made (an important factor in how ‘green’ a 

product is), and thus do not record ‘greenness’. Using data compiled with SIC codes 

therefore has limited potential for identifying the greening of economic activity, as ‘the 

production of environmental goods and services cuts across the whole economy and will 

often only represent a fraction of an organization’s output, being a secondary or ancillary 

activity.’ (Livesey, 2010, p.52). 

 

Studies from many fields have questioned the utility of SIC codes for research (Amit and 

Livnat, 1990; Bhojraj et al., 2003; Clarke, 1989; Fan and Lang, 2000; Guenther and 

Rosman, 1994; Jacobs and O'Neill, 2003; Kahle and Walking, 1996; Kile and Phillips, 2009). 

Kile and Phillips’s study (2009) highlighted the difficulties for emergent twenty-first Century 

industries and technologies and the limitations of SIC codes are greater when attempting to 

partition high-tech firms. SIC codes were established in the 1930s when the focus of the 

U.S. economy was manufacturing. Despite periodic updating, SIC codes often fail to provide 

classifications for services and the emerging industries of the twenty-first century (Kile and 

Phillips, 2009). Moreover, SIC codes are product-based, not process-based, and reflect a 

focus limited to a firm’s products and services, without consideration of markets or methods 

to market them (Fan and Lang, 2000). Firms may have some incentives to misreport their 

economic activities under the SIC system (Kile and Phillips, 2009). Importantly, they will 

ignore green economic activity of firms without an environmental activity as their primary 

purpose. 

 

As outlined by Eurostat, for measurement of EGSS, activities recorded must satisfy the end 

purpose criterion; their primary objective should be environmental protection or resource 

management (Eurostat, 2009b). This is broad, but it will not capture all ‘adapted goods’3, 

supply chains that include goods and services with other ‘non-green’ uses, or goods and 

services directly from ecosystems and biodiversity. 

                                                
3 Adapted goods are defined by Eurostat as goods that are ‘less polluting or more resource-efficient 
than equivalent normal products which furnish a similar utility. Their primary use is not one of 
environmental protection or resource management.’ Eurostat (2009b) The Environmental Goods and 
Services Sector: A data collection Handbook. Eurostat: Luxembourg.  
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There is a broader limitation to both economic measurement and indicators for the green 

economy; the social elements of UNEP and World Bank’s green economy visions are 

particularly important for the legitimacy and global relevance of the green economy under 

the SDGs. Economic measurement should be supported by other indicators and types of 

feedback (such as non-quantitative assessments of governance, inclusion in policy 

processes and patterns of inequality) to ensure that the green economy can deliver 

transformations for inclusive societies and shared prosperity. Nevertheless, for economic 

measurement recording environmental protection activities alone is insufficient; this does not 

fully measure green economy transformations and entrenches weak visions of the green 

economy. Broader economic measurement is required as part of broader measurement 

overall, including non-quantitative assessments. 

 

2.7.2 Data availability 

 

For all aspects of green economy measurement, significant capacity and data constraints 

must be overcome. However, data availability from official sources for economic 

measurement of the green economy causes some concerns. It demonstrates how data 

availability can affect the measurement of progress towards different green economy visions 

and entrench path dependency towards weaker green economy paradigms. Eurostat’s 

EGSS has the broadest implementation, and thus serves as a good example. From the 

Eurostat statistics database, the most recent year for EGSS data is 2013 (Eurostat, 2016). 

The most recently published report covers environmental protection expenditure only, up to 

2013 (Eurostat, 2015). There is little publically released Eurostat data that can be compared 

between countries with confidence; Table 2.2 demonstrates that for production value of total 

EGSS, only up to seven countries’ data are available in any year. The calculation of the EU-

28 aggregate figure must be questioned, given the limited underlying data. Evidence from 

various national contexts, such as Sweden, the UK, Poland and Canada, shows that these 

‘traditional’ approaches require extensive research, including surveys outside of existing 

national statistics collection (Brolinson et al., 2006; Central Statistical Office of Poland, 2008; 

Livesey, 2010; Statistics Canada, 2006). Current Eurostat data is evidence that this is not 

happening. 
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 Total environmental protection and resource management activities (EGSS): Production value (€ million) 

  2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

EU-28 

393,439.0

0 

428,661.0

0 

478,579.0

0 

520,582.0

0 

570,514.0

0 

552,467.0

0 

615,753.0

0 

678,864.0

0 

689,113.0

0 

697,456.0

0 

Belgium 15,814.76 : : : : : : : : : 

Bulgaria : : : : : : : 900.80 1,062.29 : 

Germany : : : 28,288.00 : 81,039.11 

128,636.0

1 

144,118.5

3 

145,948.0

9 : 

France : : : : 47,014.00 63,730.00 56,947.00 76,437.00 : : 

Lithuania : : : : : : 668.38 1,541.06 : : 

Luxembourg : : : : 1,723.79 1,405.22 1,599.06 1,725.56 1,721.51 : 

Netherlands : : : : : : : : 33,182.00 : 

Austria : : : : 31,047.53 30,844.37 31,618.49 32,622.54 36,000.98 : 

Poland : : : 18,608.06 : : : : : : 

Romania : 8,448.80 9,790.46 6,344.21 7,356.60 5,741.56 6,682.13 9,246.00 9,189.86 : 

Table 2.2: Eurostat EGSS data on environmental protection and resource management expenditure in the EU-28. 
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By comparison, the US Department of Commerce estimated the US green economy using 

narrow and broad measures, where the primary purpose criterion must be fulfilled in the 

former (Department of Commerce, 2010a). However, the survey was discontinued, last 

reporting 2011 data in 2013 (Barbier, 2014). A major difference was the inclusion of all forms 

of mass transportation (Department of Commerce, 2010b). In addition, other countries (such 

as the UK and Germany) collect data with different sectoral definitions (‘the Low Carbon 

Economy’ and ‘Green Tech’) that are not aligned with EGSS (Department for Business 

Innovation & Skills, 2015, hereafter BIS; Federal Ministry for the Environment, 2014). Along 

with different discourses identified in Asia-Pacific, this highlights the challenge in generating 

internationally comparable measurement. Overall, global implementation of EGSS (and the 

SEEA) will be difficult, due to different national accounting practices and national capacity 

constraints, its potential lack of universal relevance notwithstanding. 

 

From this evidence, two areas of improvement required for measurement of green economy 

transformations were identified: better economic measurement of green economy 

transformations and improved measurement of broader environment-society-economy 

interactions. Taking into consideration the need to move beyond GDP, there are three major 

challenges and a fourth that connects to all three (Figure 2.4): the need for alternative 

measurement approaches, which is exemplified by the difficulty of using national statistics 

for economic measurement. These four areas represent a pathway towards a realigned 

measurement approach for the transformational green economy: to better measure whether 

transformations are taking place, where and how they are occurring, and how policies can 

be better designed to deliver transformational change. 
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Fig. 2.4: 4 key recommendations for improved, expanded measurement of green economy 

transformations. 

 

2.8 Alternative measurement approaches 

 

Alternative measurement approaches should be explored, so that the green economy has 

indicators that better reflect progress towards transformation of economies and so that 

indicator choice and data availability alone do not continue to justify economic growth-based 

green economy visions. The analysis above suggests that the data required should cover a 

broader range of issues, and be produced more quickly and more cheaply. Incorporating 

alternative measurement approaches for the green economy is the fourth key 

recommendation, shown in Figure 2.4; the following sections discuss three examples that 
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could contribute towards these recommendations for better measurement of green economy 

transformations.  

 

2.8.1 Composite approaches 

 

Combining different measurements into a single value or set of values is attractive for 

simplifying complex realities. Composite approaches and indices have advantages for 

presenting broader pictures of progress, with benefits for communicating to a broader 

audience the interactions in a complex system and the state of transformational change. 

They have the potential to contribute to the recommendations of improving broader 

measurement of economy-society-environment interactions and offering better measures of 

societal progress to move beyond GDP. However, composite approaches must balance 

simplicity with detail; a methodology for selecting indicators needs to consider more than just 

statistical criteria (Fukuda-Parr et al., 2014) as it will reflect assumptions about the 

interactions between indicators in an index and between indicators and the phenomena 

under measurement. 

 

The Genuine Progress Indicator uses 26 economic, environmental and social indicators to 

weigh up the positive and negatives of economic growth (Costanza et al., 2004). It includes 

indicators that measure environmental costs, inequality arising from consumption and social 

factors that affect quality of life. It is an imperfect measure of well-being but demonstrates 

important trends. Presenting indicators side-by-side can create difficulties of interpretation, 

as it is difficult to compare measures across different sectors that are incommensurable.  

 

Their simplicity makes composite indices a powerful means for communication. However, 

they ‘hide’ detail by expressing progress through one number, require weighting and thus 

valuing of sub-indicators, and no approach currently developed captures all elements of 

sustainable development (Statistics Netherlands, 2015). For example, the Inclusive Wealth 

Index seeks to provide countries with a realistic understanding of their wealth and its long-

term sustainability. It is a valuable effort to combat the ‘narrowness’ of national accounts (by 

measuring natural, human and health capital) and assess long-term progress (UN 

University–International Human Dimensions Programme and UNEP, 2014). The criticism of 

the Inclusive Wealth Index highlights the difficulty in creating composite indices using 

currently available data and in the value judgements required; Thiry and Roman (2014) 

question the underlying utilitarian welfare function, its strong reliance on shadow prices and 
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monetary valuations, and a narrow productivist approach to areas like human or health 

capital. 

 

Other composite approaches intended as better measures of progress include: the Index of 

Sustainable Welfare, the Sustainable Net Benefit Index, the Better Life Index and the New 

Economic Foundation’s ‘Five Headline Indicators of National Success’. While surveys have 

suggested that composite indices have benefits for both public communication and 

policymaking (Böhringer and Jochem, 2007), their benefits as a communication tool appear 

to be stronger. The GGKP (2015) questioned the use of composite indices in developing 

countries, noting that they are frequently subjective and ad-hoc, and more research is 

required into how they are constructed. Such problems amplify the difficulties caused by 

limited data availability. 

 

Finally, the Ecological Footprint (EF) approach has been applied across a wide variety of 

contexts and scales. It is well-established for assessing the scale of an economy’s 

environmental impact. A powerful use of EF studies is to assess the international distribution 

of inequalities of ecological footprints (Teixidó-Figueras and Duro, 2015). As with indices, EF 

approaches are important for communication but may have a limited policy role and cannot 

cover all relevant issues at once, remaining most useful when used alongside other 

approaches (Wiedmann and Barrett, 2010). 

 

2.8.2 Earth Observation data 

 

Earth Observation (EO) has huge potential for global, cost-effective monitoring in many 

areas of green economy measurement. EO can provide huge quantities of relevant data 

quickly and cheaply to decision- and policy-makers; it therefore contributes towards to the 

recommendation to improve measurement of economy-society-environment interactions by 

providing more comprehensive and cheaper inputs of data. Remote sensing technologies 

are constantly improving but another major development has been increasing data 

availability; NASA and the U.S. Geological Survey made 40 years of Landsat archives freely 

accessible in 2008, the European Space Agency gives open access to data from Sentinel 

satellites and the Group on Earth Observations (GEO) led the Global Earth Observation 

System of Systems (GEOSS) project to integrate thousands of different EO technologies 

into a comprehensive, global system (Stone, 2010). 
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EO data can aid the green economy and SDG measurement agendas in ‘traditional’ earth 

system-related applications including forest cover (Da Ponte et al., 2015), disaster risk 

management (Briggs and Ward, 2012) and wetlands (Jones et al., 2009), and ‘social’ 

applications such as public health (Weng et al., 2013) and sustainable urban development 

planning (Musakwa and Van Niekerk, 2014). The growing availability of data, continuing 

technological progress and commitment to EO from organisations like the GEO and the 

Global Partnership for Sustainable Development Data (2015) mean that EO could have a 

significant role in measuring green economy transformations. 

 

2.8.3 Transactional data 

 

Correctly measuring the economic scale and impact of green economy activities (not only 

environmental ‘clean-up’ activities) can measure the opportunities of green economy 

transformations. The size and location of these opportunities are important signals to 

policymakers and businesses to accelerate this transition. Within the SEEA, the only section 

that explicitly relates to green economy opportunities is EGSS. Within the OECD framework, 

there are several measures (EGSS, green R&D, green patents and environmentally-related 

innovation) (OECD, 2014). The analysis above concluded that EGSS neither accurately 

reflect the scale of green economy opportunities nor track key green economy transitions. 

Other OECD indicators do not measure opportunities sufficiently and only partially track 

policy responses. 

 

Due to difficulties in measuring EGSS, between 2007 and 2013 BIS used the Low Carbon 

Environmental Goods and Services (LCEGS) dataset to monitor the ‘low carbon economy’ 

and the environmental sector in the UK. The most recent report, covering 2011/12, was 

released in July 2013 (BIS, 2013b). The underlying data was produced by kMatrix. The data 

acquisition and analysis methodology, outlined in several studies (Georgeson et al., 2016b; 

Maslin and Poessinouw, 2012), is based on a system originally developed at Harvard for 

triangulating transactional and operational business data to estimate economic values for 

industries where government statistics were not available (Jaikumar, 1986). Originally 

developed to track industrial, technological and market changes, it records how goods are 

made. It is more powerful than SIC data collection to define a product’s end purpose, by 

drawing on data from procurement, logistics, insurance and other sources, not just sales 

data. BIS used LCEGS as a proxy for statistics, while changes to industry classifications 

were considered. The data can be broken out at sectoral level; the ‘greenness’ of sectors, 
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industries, and countries can be compared, providing a means of exploring green economy 

transformations across different scales and the influence of different national and sub-

national contexts and priorities. Therefore, transactional data has the potential to contribute 

significantly to the recommendation of better economic measurement of green economy 

transformations. 

 

2.9 Green economy measurement and ‘Beyond GDP’ 

 

The universal SDG agenda and green economy definitions that highlight inclusivity create 

the need for broader measures of national progress. There have been renewed calls for new 

frameworks for measuring national progress (Measure What Matters, 2015). Moving beyond 

GDP is recognised as necessary, 

‘Robert F. Kennedy once said that a country’s gross domestic product (GDP) measures 

“everything except that which makes life worthwhile”. The metric was developed in the 

1930s and 1940s amid the upheaval of the Great Depression and global war. Even before 

the United Nations began requiring countries to collect data to report national GDP, 

Simon Kuznets, the metric’s chief architect, had warned against equating its growth with 

well-being.’ (Costanza et al., 2014b, p.283) 

While it has many useful applications, its ubiquity, application beyond its original intentions, 

and the difficulty in delivering measurement for replacements has led to GDP path 

dependence. 

 

If one rejects GDP growth as the sole measurement of progress, current measurement 

approaches are not sufficient to understand green economy transformations, or changes in 

the wider economy. New methods of assessing national and global sustainability require 

moving beyond GDP as the most significant measure of national progress; ‘All economists 

would agree that GDP growth is not an adequate measure of progress: a nation that sells 

more of its oil every year to finance increasing consumption is getting poorer, not richer.’ 

(Schmalensee, 2012, p.53). A broader range of measurements of the economy, society, the 

environment, and the relationships between the three is required. 

 

GDP is inadequate for the range of tasks currently assigned to it. There are benefits to 

measuring wealth (or related concepts like adjusted net savings) not income, and well-being 

could be an explicit policy target if methods to measure it become widespread. GDP 
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measures every expense as a positive even when it detracts from overall well-being 

(Costanza et al., 2004). As subjective well-being varies directly with one’s own income and 

inversely with the income of others, raising the incomes of all (i.e. GDP) does not raise the 

well-being of all (Easterlin, 1995). Beyond a certain point, growth in GDP per capita does not 

correlate with increased economic welfare. Global GDP has more than tripled since 1950, 

while the Genuine Progress Indicator (which is a thorough, but imprecise, measure of 

wellbeing) has decreased since 1978 (Kubiszewski et al., 2013). GDP is a measure of flows, 

not stocks; sustainability assessments and ecological economics highlight the importance of 

measuring both stocks and flows (Gerlagh et al., 2002; Turner et al., 2011). Studies 

calculating ‘depletion-adjusted GDP’, which takes into account environmental resource 

depletion and in some studies, inequality, demonstrate that standard measures of national 

income fail to accurately represent economic growth, questioning the sustainability of growth 

(Torras, 1999; Winter-Nelson, 1995). 

 

As an alternative to measuring production values, the World Bank’s The Changing Wealth of 

Nations series tracks the changes in total wealth of every country over a 10-year period, 

encouraging a more long-term, more inclusive assessment of economic progress (World 

Bank, 2011a). In this context, wealth refers to the assets to generate income in the future. It 

presents some evidence of the importance of natural capital to developing countries; Sub-

Saharan Africa and South Asia experienced a decline in natural capital between 1995 and 

2005. This was partly due to changes in natural capital measurement (World Bank, 2011b). 

The World Bank argues that to deliver increased social welfare (the sum of present and 

future well-being), we must move beyond solely measuring output (GDP) to complementing 

it with other measures, such as measuring changes in capital stocks over time. The latest 

report sums this up as ‘how we measure development will drive how we do development’ 

(World Bank, 2011b, p.18). 

 

In the ‘Beyond GDP’ context, the green economy requires better indicators of the state of the 

environment, national wealth, economic welfare, well-being, and the ‘right kind’ of green 

growth. There are two main issues: measuring wealth, not just income, and measuring 

additional measures of well-being (including measuring whether the economic welfare 

enjoyed by contemporary generations is sustainable). Measuring the growth in the green 

economy or the greening of economies are not the only measurements required, but they 

are an important part of the required indicator set. Greater consumption does not lead to 

welfare increases per se. What is required is more of the right kinds of consumption (Knight 
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and Rosa, 2011), within safe ecological limits, and it has been recognised that the quality 

and equality of growth in the economy are under-measured (Stiglitz, 2016). The rise of big 

data could contribute to better measurement of positive changes in people’s lives (like the 

data used to evaluate Mexico’s Seguro Popular programme (King et al., 2009; Shaw, 2014)) 

compared to aggregate changes in per capita domestic production. For these reasons, a 

new approach to measurement ‘beyond GDP’ is required. 

 

2.10 The approach to the green economy within the thesis 

 

There are a range of approaches to the green economy, as outlined within this literature 

review, but these exist on a spectrum, rather than as fixed categories (Bina and La Camera, 

2011). In this chapter, the ‘transformational green economy’ has been under the most 

scrutiny, given its potential outlined by Ferguson (2015). While exploring the 

transformational potential of the methodology used, the approach to the green economy 

within this thesis, based on transactional data, has a limited scope to be a transformational 

approach. An approach based on identifying and measuring discrete activities and sectors of 

the green economy cannot be aligned with the ‘all change’ and ‘strong green economy’ 

typologies identified in Figure 2.54. It can only partly be used to assess the transformational, 

where it measures a subset of the economy as a whole. However, at the same time, it has 

the potential to go beyond the measurement of ‘weak green economy’ typologies, which 

Ferguson states as being ‘unmodified GDP’. The study aims, therefore, to assess the extent 

to which the data methodology used within this study can be transformational, as well as to 

use the dataset to attempt to understand the transformational green economy, if possible. In 

this way, it can also contribute to understanding what green economy measurement could 

be transformational or to measure the transformational green economy. 

 

The blue arrow in Figure 2.5 indicates the approximate spaces on these continua that this 

study may occupy; however, the approach that this study takes, based on the data 

methodology used, can only be partly transformational. Different articulations of the green 

economy (and thus the approach of this study) also align in part with the continuum of weak 

to strong articulations of ecological modernisation, as articulated by Christoff (1996); this has 

also been indicated in Figure 2.5 below.  

                                                
4 The ‘continuum’ for Bina’s (2011) typologies are indicated with boxes only to graphically differentiate 
them from Ferguson (2015), not to suggest that these are strictly delineated categories. 
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Fig. 2.5: The spectrum of green growth and green economy approaches, adapted from Bina and La Camera (2011), Ferguson (2015), O'Neill and 
Gibbs (2016) and Christoff (1996). The area on the continuum that this study occupies is indicated by the blue arrow. 
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2.11 Conclusion 

 

The green economy is an important concept at multiple levels of governance. This was first 

examined by Pearce et al. (1989) and continued through the ‘Green New Deals’ and 

progress at Rio+20.  It can be found in national policy frameworks in countries as diverse as 

UK and Sierra Leone. However, tensions still exist between competing discourses and 

actors. Green economy definitions are broad, requiring broader approaches for more 

effective measurement, including broader definitions for economic measurement than 

currently used. 

 

This review identifies four key recommendations for improving measurement of green 

economy transformations: 

• better measures of ‘progress’ beyond GDP 

• broader measurement of economy-society-environment interactions 

• better economic measurement of green economy transformations 

• alternative measurement approaches: new methodologies and sources of data 

 

Even those who advance ‘weak’ green economy visions acknowledge that better measures 

of progress and development, analysing the quality and composition of growth (OECD, 

2011a) and whether growth is positive, are required. Accurate measurement of economic 

activity is important for sound decision-making, including measuring the composition and 

growth of the green economy. We need to understand the key relationships between the 

flow of national income and a nation’s stock of wealth, including natural and social capital 

(Nellis and Parker, 2004), and the green economy needs ways to measure the 

transformation of economies. 

 

Recording and reporting green economy activities is essential so they can be encouraged 

and if appropriate, subsidised. Some evidence suggests that the global situation improved 

under the MDGs because these indicators of development and poverty reduction were 

measured (Sachs, 2012), although not all targets will be met and there is evidence of a 

number of unintended consequences from MDG measurement choices (Fukuda-Parr, 2014). 

Clear green economy measurement between countries would force governments to take 

note, and this may cause the ‘greenness’ of economies to improve. This may help to define 

a role for green economy in the post-2015 agenda: to alleviate inherent conflicts when 
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governments attempt to achieve different SDG targets and COP21 commitments, and their 

own national priorities. 

 

Developing measurement of interactions between the environment and economy is vital. 

There is significant international effort to coordinate and support national-level action, and 

progress has been made. Across all areas examined, challenges remain: for example, there 

are significant limitations of national accounting for the green economy, and measurement 

frameworks must account for different national contexts and data collection difficulties. 

Alternative approaches may be able to provide data more cheaply and more quickly, 

supporting national statistics agencies and filling gaps in data collection. Finally, metrics that 

go beyond GDP are urgently required; there will be a real impact on delivering the green 

economy without them. To understand and to accelerate global transitions to the green 

economy and to deliver genuine green economy transformations, we must assess what 

useful metrics can be measured now and in the future. 
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3. Methodology 
 

3.1 Introduction 

 

As discussed in Chapter 2, transactional data presents a possible alternative approach for 

addressing the identified lack of existing, internationally comparable green economy 

measurement, and the limited possibility for analysing the potential existence of green 

economy transformations using existing data. 

 

To assess the suitability of transactional data for this study, the fields of business and 

academic research related to the development of this method must be reviewed. This 

chapter will therefore begin with a literature review of these cognate fields, before outlining 

the uses of transactional data, and the role of transactional data in this study. This chapter 

will outline the transactional triangulation methodology and its limitations, and outline the 

methodological approach to analysis of the data and the research questions that this study 

addresses.  

 

3.2 Reviewing the landscape of transactional data 

 

This section is akin to a literature review of the methods related to the transactional 

triangulation methodology and its development, such as business intelligence, market 

intelligence, competitor analysis and big data. This will, therefore, be mostly descriptive, but 

it is an important basis for understanding the methodology. It will also summarise previous 

uses of the transactional data methodology used in this study. 

 

3.2.1 Business intelligence 

 

It has been recognised for some time that significant amounts of information are available for 

compilation and analysis of markets and industries (Zanasi, 1998), requiring the 

development of comprehensive systems for obtaining, sorting, storing and reporting that 

data. The development of the transactional triangulation methodology (described in further 

details in the sections to follow) is connected to several information, organisational and 

technological trends that are both more recent (like big data) and more established (data 

mining), or receding from academic and corporate usage (market intelligence). Business 
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intelligence is, historically, the most well established; One survey of 1,400 CIOs in 2007 

suggested that business intelligence was the number one priority (Watson and Wixom, 

2007), similar surveys now might suggest ‘big data’ or ‘cloud-based data analytics’ as the 

highest priority, but the conceptual process has many similarities to business intelligence. 

 

However, Figure 3.1 shows that Google Trends data suggests that interest in Business 

Intelligence has not declined entirely since 2004, and may have increased in recent years 

following the rapid increase in interest in big data and data science (depending on how the 

search terms are defined). However, general interest in market intelligence and competitive 

intelligence appears to have declined significantly. This may signify that the three areas 

have become unified under ‘business intelligence’, which covers markets and competitors, 

the corporate, regulatory, economic and social landscapes, and technological change. 

Pirttimäki (2007) suggests that market and competitive intelligence are a subset of business 

intelligence that only relate to the external environment, which gather information from 

external sources. This suggests that the subject of this review is a moving target; 

‘The difference between [business intelligence] and related intelligence concepts often 

vacillates because the way intelligence is managed and enriched stays mainly the same and 

the term applied refers to the specific type of intelligence required in a particular company or 

situation.’ (Pirttimäki, 2007, pp.6-7) 
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Fig. 3.1: Google Trends data for Business Intelligence, Market Intelligence, Competitive 

Intelligence, Big Data, and Data Science. Indexed to range of data, from 2004 to January 2018. 

A) Each term as a ‘topic’ (except for Data Science, topic data not available), 

B) Each term as a ‘search term’. 

 

There are limitations to the academic literature regarding these trends; firms are 

understandably cagey about opening up their intelligence functions to outside scrutiny (even 

where, ironically, the underlying data is largely open source). This has contributed to a lack 

of general understanding about these data collection methods and the data produced. 

 

The shifting nature of these terms is connected to misalignments in the use of various key 

terms. From the available evidence, a basic hierarchy of terms used in the field is proposed: 

Data, Information, Intelligence, Knowledge. There is some overlap and considerable casual 

use of these terms, however. While side-stepping the frequently used ‘Data-Information-

Knowledge-Wisdom’ hierarchy and recognising the flaws in any hierarchical approach 

(Weinburger, 2010), this is an attempt to provide some structure while recognising that 
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considerable debate still continues for each of these concepts. Data are symbols that 

represent the properties of objects, events, people, and phenomena (Ackoff, 1999). The 

huge quantity of data available is clear in the scale of projects to handle it (such as GDELT 

(2017) and Quandl (2017)), and the increasing sophistication of ‘Data Warehousing’, the 

field of handling and storage data. Information is data ‘endowed with relevance and purpose’ 

(Drucker, 1988). The difference is functional; information can be seen as data processed to 

increase its usefulness (Ackoff, 1999). Intelligence is analysed information (Rouach and 

Santi, 2001). Knowledge, in an organisational sense, conveyed in instructions and the 

answers to ‘how-to’ questions (Ackoff, 1999), is the process of deciding what information is 

relevant and how to situate it in with a given context (Weinburger, 2010). Aligning the 

business use of these methodologies with their use in research, with high levels of casual 

and overlapping use in all fields. 

 

There are many descriptions and definitions of business intelligence (Chee et al., 2009); it is 

not a new field but one that has evaded accurate description. It could be described as the 

refined information and knowledge that analyses a company and its business environment, 

and how a company relates to its market, customers, competitors, economic issues and 

regulatory environments, or defined by the process that produces such information as an 

input to decision-making, or the IT systems to collect, store, process and analyse data for 

information generation (Pirttimäki, 2007). There was a general increase in the number of 

articles published on business intelligence between 1997 and 2006 (Jourdan et al., 2008), 

however the literature frequently focused on theory formulation and literature review, 

perhaps because of the difficulty in agreeing definitions and the shifting nature of the field, 

and its practical, solution-focused approach. It may have been absorbed or evolved into the 

broader field of ‘Data Analytics’ or Data Science, or a ‘Data-Driven’ agenda (depending on 

how Google’s algorithms calculate the ‘business intelligence’ topic, this could be the trend 

reflected in Figure 3.1a). But in both senses, these ideas emphasise a process based on the 

transformation of data into information to inform decision-making. Some reviews emphasise 

the importance for business intelligence of processes that can store, transform and analyse 

both structured and unstructured data (Baars and Kemper, 2008), which is important for the 

transactional triangulation methodology. 

 

The understanding of business intelligence required for this study is more aligned with 

managerial/process definitions highlighted above, rather than technological and product-

based definitions (Chee et al., 2009): the process by which various streams of data are 
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collated, integrated and analysed coherently within a system. This can be divided into two: 

data warehousing (data management systems) and business intelligence (analysis and 

reporting). Some approaches to business intelligence structure it around a broad 

organisational and demand-driven view (Baars and Kemper, 2008), and frequently as an 

input into decision-making. Baars and Kemper (2008) outlined a clear framework of the 

processes and relationships between data, analysis and the use of information that result 

from business intelligence processes (Figure 3.2), but focused less on how business 

intelligence is used and influences decision-making. 

 

 
Fig. 3.2: The business intelligence framework (based on Baars and Kemper (2008), simplified). 

 

Business intelligence has been widely employed across many industries. Chee et al. (2009) 

provide a review of how business intelligence is used in the transport, banking, healthcare, 

retail, manufacturing and pharmaceutical industries; benefits of business intelligence 

highlighted include: faster access to data for timely decision making, quickly extracting 

important information reports by text mining, and more responsive tracking of customer 

behaviour and sales to quickly reassess marketing strategies. 
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Tyson (1989, as cited in Pirttimäki, 2007) identified six types of intelligence within business 

intelligence: customer intelligence, competitor intelligence, market intelligence, technological 

intelligence, product intelligence, environmental intelligence. The following sections will 

focus on competitive intelligence, market intelligence and technological intelligence, which 

have been identified as having the greatest relevance to understanding transactional 

triangulation methods. 

 

3.2.2 Market intelligence 

 

Market intelligence can be described as industry-target intelligence focusing on dynamic 

developments in place, price, product and promotion to find more profitable markets or 

market segments (Fleisher and Bensoussan, 2003, p.181, as cited in Pirttimäki, 2007). 

Lackman et al. (2000) established that market intelligence was an important part of a 

company’s operations; two-thirds of firms sampled had increased market intelligence 

expenditures dramatically, and three-fifths said market intelligence had a heavy impact on 

their tactical and strategic decision making. The emerging literature on market intelligence 

began with OSINT, or Open Source Intelligence: ‘the scanning, finding, gathering, 

exploitation, validation, analysis, and sharing with intelligence-seeking clients of publicly 

available print and digital/electronic data from unclassified, non-secret, and “grey literature” 

sources’ (Fleisher and Calof, 2008, p.853). Many characteristics associated with this 

process might have since been subsumed into the themes of Big Data, or Data Analytics. 

The literature highlights that there is a creative, original thinking aspect to the curation of 

market intelligence (Fleisher and Calof, 2008). This means that the process can seem less 

‘fixed’ than other processes, like national statistics data collection. While competitive 

intelligence can be characterised as art, science and craft (Fleisher and Calof, 2008), a 

degree of specialist knowledge is required to parse unsorted data and there is a regularized 

method, professional training programs and continuing R&D to improve methods (Fleisher 

and Bensoussan, 2007). 

 

3.2.3 Competitive intelligence 

 

Competitive intelligence is frequently identified as focusing on processes for gathering and 

analysing information about the competition and the broader market environment (Baars and 

Kemper, 2008). Competitive intelligence brings together industry analysis and competitor 

analysis (Zanasi, 1998). There are clear parallels to the transactional triangulation method; 
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competitor includes data and information gathering from white, grey, or ‘black’ sources 

(Figure 3.3) (although, of course, there is no industrial espionage involved in the 

transactional triangulation method).  

 

 
Fig. 3.3: Information sources in competitive intelligence (based on Rouach and Santi (2001)). 

 

Rouach and Santi (2001) identified the competitive intelligence process as consisting of 

planning and direction, collection, analysis, and dissemination, and identified that analysis, 

which is both an art and science, is the core of this process. Analysis is required to turn 

seemingly unconnected information into relevant and useful information (which can be 

described as ‘intelligence’) (ibid.). Analysis is key to the whole business intelligence system 

(Herring, 1988), and similar to the ‘profiling’ process for transactional triangulation described 

later in the chapter. 

 

On another point of comparison, transactional triangulation relies on accessing a large 

quantity and variety of data, and Gbosbal and Kim (1986) indicated the huge variety and 

quantity of data available to corporate competitive intelligence functions already in 1986. 

Reaching out beyond the company level (competitor intelligence) requires handling of both 

structured and unstructured data to deliver useful information (Baars and Kemper, 2008), 

and this is an important principle for transactional triangulation methodology. 

 

Competitive intelligence is frequently therefore seen as an application domain of business 

intelligence (Kemper and Baars, 2007). For a considerable period of time, the availability 

and value of knowledge to businesses has been increasing, which has led to an increasingly 

important role (Coates et al., 2001) for competitive analysis, and examples of competitive 
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intelligence show how, by starting with the right questions, information from various publicly 

available data sources can be combined to deliver information that would otherwise be 

unavailable (Zanasi, 1998). 

 

3.2.4 Technological intelligence 

 

There is a considerable amount of technological intelligence implicit in text sources and 

technological intelligence is also linked to technological foresight or forecasting (attempts to 

understand or anticipate the rate and direction of technological change (Coates et al., 2001; 

Firat et al., 2008; Newman et al., 2014). Technological forecasting, for example, includes 

identifying applications for new technologies (Coates et al., 2001), which is relevant to how 

definitions in the transactional triangulation methodology identify supply chain activities and 

potential markets for goods and services. Benchmarking, a key process for many companies 

in understanding the technological landscape (Zanasi, 1998), requires the ability to discern 

technological differences from text sources. Automated extraction of intelligence, such as 

text mining and programming for extracting technological intelligence from written sources 

has a long history (Newman et al., 2014; Zhu and Porter, 2002). 

 

3.2.5 Big data 

 

Critical reflection on the ‘big data’ revolution is required (Kitchin, 2014), but perhaps beyond 

the scope of this review. However, a consideration of big data is important, given that the 

changes associated with big data have had a significant influence on business intelligence 

and associated processes. It was estimated that 2.5 exabytes (2.5 billion GB) of data were 

generated each day in 2012 (Wall, 2014) and there are many examples of the huge scale of 

data that is available (such as the GDELT Project (2017)). Other examples include the 

growing universe of ‘alternative data’ providers in finance and the monetization of (previously 

internal) company data, through companies like Quandl, Eagle Alpha and Discern, and the 

identification by major investors (including Blackrock and Goldman Sachs) of the competitive 

advantage of ‘alternative data’ (Eagle Alpha, n.d.). 

 

A database’s size alone, however, may not fully capture a data source’s emerging role; prior 

research highlights that ‘big’ data and its sites of production are often small and personal 

(Lemov, 2016). And if big data’s scale is constantly increasing, as suggested by definitions 

such as, ‘‘Big Data’ is the amount of data just beyond technology’s capability to store, 
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manage and process efficiently’ (Kaisler et al., 2013, p.995), then it may not be the data’s 

‘big-ness’ that is truly defining, but the types of data considered as ‘big data’ and the way in 

which it is handled and processed. 

 

Even though petabyte scale data may be available and peta-size consumer data is used in 

business intelligence, the size of data that is considered ‘big’ today may not be so in the 

future (Fan et al., 2015). It was first identified several decades ago that the volume of data 

required is no longer the principal challenge, but the ability to find, sort and use the relevant 

and useful parts of available data for a given research or business end goal (Zanasi, 1998). 

 

3.2.6 Concluding remarks 

 

This review suggests that there is some overlap in the descriptions and terms between these 

different areas, and that in some cases, they may be considered sub-domains (such as the 

link between market intelligence and business intelligence), or closely linked to parallel 

processes (such as technological intelligence and technological forecasting). In part, this is 

because these terms are frequently defined in praxis by how they are used, not by how 

research might define them, so portraying a succinct summary has some difficulties. This 

review, however, provides explanation of these related and overlapping fields, and thus an 

important basis for understanding the use of transactional triangulation methods in this 

study. 

 

This review demonstrates that there is a significant track record of these processes being 

used within industries and studied within academic research. As the transactional 

triangulation process is outlined, a number of similarities with key parts of the methodology 

will emerge. This was, therefore, an important basis for understanding from where the 

methodology to be used in this study has developed and the key trends and developments 

that have influenced it. 

 

3.2.7 Reviewing the uses of transactional data 

 

Chapter 2 outlined the current state of data availability; it must be recognised that the 

(initially developed by kMatrix) transactional data-based methodology fills the ‘SIC gap’ and 

avoids the time-consuming methods proposed by the Eurostat Manual. According to 

macroeconomists, ‘Other indicators of economic activity can take almost any form if they 



 77 

throw some light on the state of demand and the general level of economic activity’ (Nellis 

and Parker, 2004, p.36). There is, therefore, a role for transactional data to play in providing 

both more detailed and immediate data for analysis of green economy transformations and 

more comparable data to permit analysis between countries. 

 

It has been used in a wide variety of public and private applications for both existing and 

"new" markets and sectors (kMatrix, 2014b). A number of reports are publicly available: 

Geoservices (services reliant on geospatial data and images) (kMatrix, 2015), Low Carbon 

and Environmental Goods & Services (BIS, 2013b; kMatrix, 2013), the global water industry 

(kMatrix, 2011), and cybersecurity (Department for International Trade Defence & Security 

Organisation, 2015). In this final example, the methodology was awarded official statistics 

status with UK Trade and Investment. It has been used in other sectors (law & order, digital 

media & creative industries, commercial applications of marine environmental science, 

agritech) but these reports are currently unpublished. Of most relevance is the wide 

application of the methodology to low carbon and environmental goods and services (BIS, 

2013b; Innovas Solutions Ltd, 2011; kMatrix, 2013).  

 

It has been demonstrated to be beneficial in tracking green economy-related emerging 

markets, as highlighted by its use to track the emergence of the carbon market intelligence 

sectors (Maslin and Poessinouw, 2012) and spending in megacities on climate change 

adaptation (Georgeson et al., 2016b), to estimate private sector R&D spending on clean 

energy (Georgeson et al., 2016a) and on weather and climate information (Georgeson et al., 

2017a), and by the UK Department for Business, Innovation and Skills for reporting on the 

Low Carbon and Environmental Goods and Services sector (BIS, 2013b). 

 

One major aim of an approach based on transactional data is to bridge the differences 

between modelling and measurement while the measures are still being discussed and 

implemented. That is the ‘middle ground’ for green economy data within this research 

project. The contradiction is that policy targets may have a 20-year horizon (or only 15 years 

with the SDGs), but the current measurement and data collection agenda may require a 

similar amount of time to become meaningful or to produce comparable results; EGSS was 

first proposed in 1996 as the ‘Environmental Goods and Services Industry’ (OECD, 1999) 

and remains unfinished. 
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These examples and the prior literature review serve to identify the reasons for selecting this 

data and methodology for this study. 

 

3.3 Transactional triangulation data: methodology 

 

The basis for measuring the ‘green economy’ in this study is the ‘Low Carbon and 

Environmental Goods & Services Sector’ (LCEGSS) dataset (see Chapter 4), the data for 

which is compiled by economic data specialists kMatrix using an approach based on the 

transactional triangulation methodology5. This is one of several approaches to developing 

economic data. There are three main approaches to economic analysis of a sector: 

• National statistics approach 

• Trade/industry approach 

• Multi-source (triangulation) approach 

 

National statistics’ data collection is based on SIC codes. SIC codes have advantages, but 

several major limitations for measuring emerging industries (Kile and Phillips, 2009) and the 

green economy (Georgeson et al., 2017b). Eurostat’s ‘Environmental Goods & Services 

Sector’ (EGSS) framework provides a methodology based on SIC codes that has been used 

in some countries (Statistics Norway, 2009; Statistics Sweden, 2006). However, the sectoral 

definition is incomplete, implementation has been limited and some interim EGSS reporting 

uses proxies with limited relevance to the original definition (Office for National Statistics, 

2015). Currently, approaches based on SIC codes can only partially measure the green 

economy. 

 

In the second approach, trade or industry data have the advantages of agreed sector 

definitions, annual data collection and the ability to generate benchmarks. However, these 

approaches take a long time to achieve consistency, require strong industry associations 

with wide memberships, and have little to no interest in external, new or emerging sectors. 

Trade data is usually provided on an internal basis, is difficult to verify externally, and may 

be selective. The UK’s (formerly titled) Department for Business, Innovation & Skills has 

explored a hybrid of these two approaches (BIS, 2015), which confers some advantages but 

                                                
5 Sections 3.3-11 include some material adapted from the supplementary materials of an unpublished 
manuscript by Georgeson, L, and Maslin, M, Poessinouw, M, ‘Estimating the scale of the US green 
economy and green jobs at the dawn of the age of Trump’, which contained materials based upon: 
kMatrix (2017) kMatrix Methodology for C40 Research Project (LC)EGSS (unpublished).  



 79 

has several acknowledged limitations, including: the data are limited to a few measures, only 

a limited number of companies can be identified and contacted with a survey approach, a 

lack of historical data, and a lack of data for international comparisons. 

 

This study adopts a multi-source approach based on the triangulation of transactional and 

other data. This approach can create definitions for collecting and analysing data where 

none were previously available, generating the potential to understand emerging sectors and 

further debate surrounding these economic sectors and industries, and their definition and 

measurement. Using multiple sources of data makes it possible to arrive at accurate 

estimations of economic values, where no other data may exist, or where there is significant 

divergence between values from different, isolated data sources, which makes useful 

comparison and analysis difficult. 

 

This methodology has a number of advantages compared to other approaches: 

granularity/sub-sector detail, supply chain analysis, sub-national data, internationally-

comparable data, and measures of economic competitiveness. National statistics are 

compiled with different standards and methods in different countries, therefore there are 

advantages for international and regional geographical research from LCEGSS’s internally 

consistent rule sets and data acquisition methods. As it is not reliant on a single national 

source of data, LCEGSS can be applied to across multiple geographical scales by using 

multiple data sources.  

 

The transactional triangulation methodology includes measurement of supply chains. This 

means that transactional data has advantages for measuring full economic impact, but it is 

less directly comparable to national statistics. A ‘core versus supply chain’ analysis has been 

conducted on each of the approximately 3,800 activities in the LCEGSS data set; the ratio is 

45% core to 55% supply chain. Data collection therefore can include both activities by 

companies that are specialists in LCEGSS and non-specialist companies that operate within 

the value chain. 

 

3.3.1 Definition of the Low Carbon and Environmental Goods and Services Sector  

 

Chapter 4 contains a fuller description of the process of defining the revised taxonomy of 

LCEGSS. There will be, unavoidably, some prior discussion of the LCEGSS data herein to 

provide context to the description of the methods. LCEGSS uses a wide range of different 
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data types and sources, and a sectoral definition that is both defined from the ‘top-down’ and 

the ‘bottom-up’. It represents a pragmatic statement on the green economy that collects and 

measures data only where sufficient evidence is available to support its inclusion. The 

definition was originally developed in conjunction from early efforts by the UK government to 

define ‘Environmental Technologies’ in 2006/7, which reflected the limitations of the UK 

industry classification system to accurately demonstrate the economic contribution of 

environmental protection to the UK economy. The development of the dataset was tested 

against ‘known’ sectors with existing SIC values to show its consistency with SIC-derived 

values. 

 

LCEGSS has now been classified into 26 sub-sectors (described as ‘Level 2’ in the 

taxonomy), which are grouped into three broad categories: Environmental, Low Carbon and 

Renewable Energy (see Table 3.1). The Environmental and Renewable Energy sectors 

largely represent distinct sectors of the broader economy, whereas the Low Carbon sector 

reports activities that cut across traditional industries. 

 

Level 1 Level 2 
Environmental Air Pollution 
  Bio-diversity 
  Contaminated Land Reclamation & Remediation 
  Energy from Waste 
  Environmental Consultancy and Related Services 
  Environmental Monitoring, Instrumentation and Analysis 
  Marine Pollution Control 
  Noise & Vibration Control 
  Recovery and Recycling 
  Waste Management 
  Water Supply and Waste Water Treatment 
Low Carbon Additional Energy Sources 
  Alternative Fuel Vehicle 
  Alternative Fuels 
  Building Technologies 
  Carbon Capture & Storage 
  Carbon Finance 
  Energy Management 
  Nuclear Power 
Renewable Energy Biomass 
  Geothermal 
  Hydro 
  Photovoltaic 
  Renewable Energy General Consultancy 
  Wave & Tidal 
  Wind 

Table 3.1: LCEGSS Classification (Levels 1 and 2). 
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The current LCEGSS definition includes approximately 3,800 discrete product and service 

activities (described as ‘Level 5’ in the taxonomy) derived both from sector supply chain 

activities (componentry & assemblies) and value chain activities (R&D, Supply & Training). 

This study has resulted in a number of improvements to the LCEGSS definition (see Chapter 

4). To summarise, it has been extended by 953 activities both through newly identified 

economic activities and additional data sources. 778 of these relate to Energy from Waste, 

49 to Biodiversity, 40 to Environmental Consultancy, 25 to Water & Waste Water Treatment 

and 61 are split across a further eight sub sectors. Other major changes including dividing 

offshore and onshore wind to reflect their differing supply chain activities. 

 

The definition has to overcome the challenge that there is not an internationally-agreed 

definition. In defining a new sector for measurement, it is more difficult to define certain 

areas where no agreed boundaries exist. However, internal quality assurance processes 

ensure internal consistency in the definition, and the methodology has been externally peer-

reviewed or audited on a number of occasions, most recently in January 2017 in a study 

commissioned by the C40 Group of Cities for Climate Leadership. 

 

Certain areas of the LCEGSS taxonomy do not present fixed boundaries for measurement, 

as a consequence of the lack of a shared global definition and comprehensive, publicly-

available data. Decisions must be taken on the inclusion and classification of activities. For 

example, the definition of geothermal energy increasingly refers to both ‘deep vertical’ and 

‘shallow horizontal’ heat sources. The highest growth in the sector is generated in horizontal 

applications at a one to two-meter depth, principally for private dwellings. The size of the 

geothermal energy subsector in LCEGSS may surprise some observers for this reason. 

However, at the city-level, shallow geothermal applications account for between 93% and 

100% of the Geothermal subsector value in the LCEGSS dataset. By comparison, other 

‘green economy’ categorizations measure certain shallow geothermal applications under 

‘Renewable Heat’ or ‘Construction’ (alongside HVAC6). 

 

In the ‘Low Carbon’ sector, the current sector boundary includes industries where low 

carbon measurement is practical and where some consensus exists around what should be 

included, such as low carbon activities within industries accounting for some of the highest 

levels of carbon emissions. This explains the inclusion of Building Technologies and Energy 

                                                
6 HVAC: Heating, ventilation, and air conditioning 
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Management from Construction, and Electric Vehicles from Transport. Other industries are 

included because of their relevance to responses to climate change challenges, such as 

Carbon Finance from within the Finance and Insurance Sector and Environmental 

Consulting from within the Professional Services Sector. The history of developing LCEGSS 

in the UK meant that some sub sectors, such as Carbon Finance and Nuclear Power, were 

included based on national preference rather than international agreement of their presence 

as ‘low carbon’ activities. Future research will develop a more comprehensive method for 

classifying and identifying green and low carbon activities across traditional industries. 

 

3.4 Compiling and classifying economic activities and data 

 

The compilation of the LCEGSS definition for measurement is iterative, and both ‘bottom-up’ 

and ‘top-down’. The first stage is the search for evidence that fits the ‘ideal’ definition of 

LCEGSS. Then, based on the robustness of available evidence, the decision is taken to 

include or omit aspects of the ‘ideal’ definition. The resulting definition is therefore pragmatic 

and only includes economic activities for which multiple sources could be identified. 

 

This methodology has significant benefits, particularly its ability to report comparable 

estimates of LCEGSS activities from multiple countries. LCEGSS is not reliant to a single 

national source of data or sectoral definition, it can be applied to multiple geographies (both 

between nations and at a subnational level) by triangulating multiple data sources that 

operate independently of national boundaries. Using a wide range of data types affords a 

better understanding of each activity, from identifying economic activities, making an ‘in or 

out’ decision’ and then classifying them within the LCEGSS hierarchy. For example, the use 

of procurement data can assist in better identifying the ‘purpose’ of a product or service. 

 

Economic activities are only measured where there is a ‘footprint’, not economic potential. 

Green economy sectors with a high potential for future growth but no currently measurable 

sales activity cannot be measured. Therefore, some subsectors with significant potential, like 

Wave & Tidal, are measured based upon their current market presence. This approach may 

understate their future value but does not inflate LCEGSS values based on early stage 

investments that may not succeed at scale. 
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With definitions established, rule sets and decision trees were written to filter source data to 

be included in LCEGSS measurement. The filters have two main purposes: to sort what 

proportion of an economic activity should be included, especially in cases where it is located 

in a more ‘general’ industry sector and to determine the environmental or climate 

characteristics of products, components and materials. 

 

Rule sets and filters determine what proportion of an economic activity is included in the 

sector analysis. In some cases, this is straight forward; activities that are clearly and directly 

associated with renewable energy sources like Wind, Geothermal, and Wave & Tidal are 

automatically included in the relevant LCEGSS sub-sector. Some accompanying economic 

activities are more difficult to allocate, like the engineering support services that are part of 

the wind energy supply chain, but that may be located within data sources relating to general 

engineering sector. 

 

Filters are employed to determine the environmental qualities or characteristics of different 

products, components or materials: those that can be identified to save energy, reduce heat 

loss, use fewer raw materials, produce less waste, or assist companies to meet 

environmental standards. Filters are employed to assess the end-use of more generic 

products or services to determine whether this merits inclusion in LCEGSS. For example, 

filters would be used to assess whether the economic value of road maintenance is due to 

routine wear and tear from traffic volumes (planned) or in response to new weather, climate, 

or environmental conditions (unplanned and additional). 

 

Multiple filtering processes are required in differing combinations across the LCEGSS 

classification to filter relevant activities. The transactional triangulation methodology is able 

to assess ‘how’ or ‘why’ an activity is carried out, or ‘where’ it is used, whereas industry 

classification systems generally focus on ‘what’ an activity is. The methodology accesses 

multiple sources of data and a wide variety of data types, which enables the interrogation of 

additional data sources that can provide answers to these questions and can allow for a 

better understanding (and classification) of each activity. For example, the use of 

procurement data can improve assessment and classification of the end purpose of a 

product or service. 
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Figure 3.4 presents an example of a simplified version of a set of filters that relates to 

climate change. If activities fulfil a purpose or need that can be identified as strictly related to 

mitigation or adaptation, then they are included for further filtering within LCEGSS. 

 

 
Fig. 3.4: Simplified Decision Tree for Climate Change (adapted from kMatrix (2017)). 

 

Technology filters are used for LCEGSS that assess whether a particular technology or 

process can be identified as being relevant for inclusion in LCEGSS. Data to inform progress 

through the decision ‘gates’ of the filtering process are drawn from a variety of market, 

technology, supply chain and procurement sources, although technology filters are not 

relevant to all LCEGSS activities. The technology filters include decision gates like: 

• Is the new technology or process an immediate and beneficial replacement in 

reducing resources, reducing emissions or reducing energy consumption? 

• Does the new technology or process provide robust short or medium term 

environmental benefits?  

• Does the new technology or process provide a solution to new requirements in law or 

regulation? 

 

Filters are used to provide sufficient confirmatory evidence of end purpose (generally 

through data sources relating to procurement) to determine whether a product or service has 

been used for an environmental purpose. More detailed disaggregation of product or service 

data is frequently required to ensure that only LCEGSS-related activities are included and to 

prevent over-reporting due to the inclusion of non-environmental activity value. Data values 

must be interrogated at a level of disaggregation greater than ‘Level 5’ (which is equivalent 

to a product, service or economic activity) in the taxonomy to filter out non-LCEGSS-related 
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value from economic activities, before re-aggregating data. This level of disaggregation can 

overcome the challenges of measuring economic sectors with hard-to-define boundaries 

(that overlap with other sectors) or hard-to-define content (activities that may include both 

relevant and invalid purposes). This level of data ‘mining’ was also required for measuring 

climate change adaptation and weather & climate information services; two examples of 

where the transactional triangulation methodology has been employed (Georgeson et al., 

2017a; Georgeson et al., 2016b).  

 

3.5 Data acquisition 

 

The methodology used for data acquisition and analysis in the transactional triangulation 

process is based on a system called ‘profiling’, which was originally developed at Harvard 

Business School to track and analyse technical and industrial change. This is the basis for 

building taxonomies of economic activities and value chains, to be populated with estimates 

of economic metrics like sales value and employment by triangulating transactional and 

operational business data to estimate economic values. This methodology is valuable in 

areas where government statistics and standard industry classifications are not available. 

When measuring an industry or sector, the new taxonomy is populated from the bottom up, 

searching for evidence for the ideal definition and including only economic activities where 

sufficient evidence is available (Jaikumar, 1986). 

 

The ‘Profiling’ process takes approaches from business intelligence and related fields to 

track technological and industrial change. The approach’s efficacy centres on the rules used 

to select environmental activities; the accuracy of the rules and the availability of sufficient 

robust and reliable data is the basis for estimating economic values. In sectors with few 

definitive sources of data as a starting point for analysis, research must identify meaningful 

and multiple sources of transactional (and other) data to construct and populate a detailed 

and segmented model of the sector that transforms the available evidence from singular and 

fragmented insights into structured measurement of the sector. This was the case in the 

early applications of the methodology to ‘Environmental Technologies’. 

 

A five-step process is outlined below; these five broad stages are a framework for the 

specific steps of the methodology outlined in Figure 3.5. The data triangulation process 

takes large quantities of unstructured, singular and fragmented data related to LCEGSS 
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activities to construct a dataset of LCEGSS value estimations. A variety of research methods 

are employed in the various stages outlined below, including; 

• Desk-based research to define sector content and determine sector boundaries; 

• Industrial process-based templates that identify core and supply-chain activities in 

detail to assess the potential for inclusion in sector definition; 

• Data discovery tools to identify new data and sources relating to the defined sector 

activities; 

• Data coding systems to ensure that sector, company-level data and other 

classification systems are aligned for analysis and reporting purposes; 

• Data management systems to maintain existing source libraries (developed over 20 

years) and integrate them with new source materials; 

• Software systems with defined (but flexible) rule-sets to filter source content (such as 

those related to environmental, low carbon, climate or green economy content); 

• Semi-automated processes for modelling and calculating data values from selected 

source lists; 

• Reference to a knowledge base of case study materials to help fill data gaps and 

provide industrial performance benchmarks for business intelligence metrics; and 

• Quality assurance processes and tools to test all values against a range of 

international, national and industrial comparators. 
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Fig. 3.5: The Data Acquisition Process for the Transactional Triangulation Methodology 

(adapted from kMatrix (2017). 

 

Figure 3.5 suggests a linear process, however there is a degree of iteration to data 

acquisition. The definitions and data collected require iterative testing and validation. Unlike 

a SIC-based approach, the transactional triangulation process involves the complete 

definition of the activities to be measured, requiring an iterative process that allows feedback 

and adjustments at each stage. 

 

These methods make transactional triangulation a highly adaptable data collection and 

estimation method, capable of responding to changing and emerging industries more 

rapidly. While it took over a decade for Eurostat to agree the EGSS definition (without fully 

defining ‘Resource Management’, which is half of the classification), the LCEGSS definition 

has been revised and extended multiple times since data collection began in 2006/7. 

 

The data triangulation methodology and the underlying data used to produce LCEGSS data 

have several characteristics of ‘big data’ approaches (Gandomi and Haider, 2015): higher 

volume, higher velocity, and high variety. It uses a significantly higher number of sources 
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than other approaches, delivers data for analysis more quickly and needs to cope with data 

from a variety of sources of different types. It is not, however, directly comparable with 

traditional statistics. 

 

For each transaction listed in the LCCEGS dataset, a minimum of seven separate sources 

must independently record the transaction for it to be confirmed and included in our 

database. Across the entire LCEGSS database, the average number of sources is 56. At the 

country/territory level, the average number of sources for each transaction ranges from 52 

(Faroe Islands) to 215 (Australia). The databases have been tracked and evaluated over 

many years in some cases. Sources are screened to remove duplicate references to any 

single source and then shortlisted by removing outliers and unreliable sources. This shortlist 

is screened again until some consistency in value is achieved. From the remaining sources, 

a value is then calculated and published. The values created are ‘reality tested’ by 

comparing activity values within and across economic or industrial sectors, with recognised 

industry benchmarks and government statistics (where available). Industry benchmarks are 

used by firms to continuously research new methods, processes and practices, and then 

choose to either adopt or adapt them (Zanasi, 1998). 

 

Much of this transactional and other data is already in the public domain, although it requires 

the corroboration of multiple sources and triangulation between different sources (financial, 

legal, academic, industry, trade association, procurement, government) before it can be 

validated and transformed into more usable data. The triangulation process and use of proxy 

data demonstrates two key characteristics of big data research methodologies (high volume 

and high variety). The methodology can; 

• select from multiple sources of pre-existing data (mature sectors); 

• select from more limited sources of pre-existing data and combines this with 

triangulated data to achieve more robust results; or 

• find no pre-existing sources and uses triangulated data to create the sources 

necessary for analysis (emerging sectors). 

 

Triangulation of data from different sources contributes to data collection and value 

estimation. For one data point for services relating to corporate governance for climate 

change, the consulting sector data shows that in 2010/11, 250 major corporates 

commissioned work (the consulting sector data frequently does not report values for 

commercial reasons). Investor relations and fund management sector data shows that 
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overall £8.75m was spent on work and in addition trade associations data reports 

independently that some £9.2m has been spent. Along with triangulating data from 

additional sources, these multiple data sources are the basis for deriving estimates of the 

value of this economic activity. 

 

3.6 Data sources 

 

As noted above, multiple sources and multiple types of data are utilised to arrive at accurate 

estimates of transactional value that are not possible using a single source. The triangulation 

of data from multiple sources counteracts biases inherent in certain sources of data; to 

minimise this, all sources are tracked and managed for accuracy and reliability over time. 

 

Given the range of industries and sectors covered, a wide range of data sources is required. 

The data sources include a wide range of local, national and international sources that have 

been commissioned, and relevant published data and research. The sources include a wide 

range of industry/trade associations (from major national and international industry 

associations to federations and trade bodies for specialized sectors and manufacturers), 

financial institutions, market research organisations, environmental bodies, professional 

services, government agencies and some academic sources. Sources accessed include: 

• Company data: FAME, Dun & Bradstreet, Companies House, Hoovers Online, ICC, 

Thomson, Companies Online, OneSource 

• Journals: Bloomberg, Forbes, Business 2.0, Economist, Wall St Journal, FT, 

Business Week 

• Industry Associations: EEF, NTOs, Industry portals (CISP). 

• Professional Bodies: Institutes, Chartered Bodies, Associations, Societies, 

Federations 

• Market Research: Keynote, Data Monitor, FT, Reuters, Economist Intelligence Unit, 

Frost & Sullivan, Mintel, OECD, IEA, World Bank. 

• Industrial Benchmark Information: Data Monitor, Windhaus, Integra, UCSD, DTM 

Corporation, internal benches, Harvard Business School, MIT Bench Series, 

Cranfield University 

 

A total of 1589 data sources are used across the LCEGSS dataset. The process therefore 

uses general and specific sources; however, it is weighted towards sector-specific sources. 
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Triangulating data from the different sources makes it possible to arrive at highly accurate 

estimates of value and volume, which contributes towards overcoming the uncertainty that is 

present is single-source data on new or emerging markets that are difficult to measure. The 

number of sources used to compile a single data point (the Sales value) for each of the 

approximately 3,800 lines of market data for each city or country is calculated and collated.  

 

New sources of data become available regularly, but these are then subject to an 

‘incubation’ period within the source management system before they become ‘active’. This 

establishes the frequency (of relevance) and credibility of the source before it is incorporated 

into any analysis. Monitoring new and existing sources enables the quality of data sources to 

be improved over time, as new sources are monitored for inclusion and older sources can be 

removed if their reliability deteriorates. 

 

3.7 Data acquisition and value estimation: an example 

 

The following is an example of how a single data point from the 2015/16 LCEGSS data is 

derived using the transactional triangulation methodology. In this example, the data point is 

New York sales for General Carbon Credit Trading. This example demonstrates how the 

methodology can be employed at the subnational level. This sits within the following data 

hierarchy: LCEGSS>Low Carbon>Carbon Finance>Carbon Credit Trading>Carbon Trading 

Transactions>General Trading. 

 

The calculation of the final estimate for a data point has 5 steps. 

 

1. Identify the source data: 

Identifying the data sources that are relevant to the calculation of the data point. 790 sources 

were consulted for this data point. These sources are predominantly, but not exclusively, 

from the USA and constitute the source list that is used to calculate Carbon Finance values 

for the USA. 

 

2. Filter sources relevant to further analysis: 

An initial selection from the full list of sources identified those with the most relevance to 

New York. 63 sources were selected. Their selection depends upon factors stored within the 

data source management system. These are: 
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• Value: only sources showing proximate values are included 

• Year of data: sources should be current 

• Hit rate over the past 5 years: assessed level of accuracy for this source over 5 years 

• Number of times accessed: the number of times that this source has been used 

previously for this purpose (same data point in different years, the same data point in 

the same year for a different country, etc.) 

 

Table 3.2 shows that the 63 sources were current, with values between $143m and 

$1,102m, had hit rates of between 20 and 90% and had been accessed previously between 

8 and 119 times each. All values in the dataset are unique, which means that multiple 

sources that may quote the same value (possibly from an identical source) are eliminated 

from the final selection. 
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Table 3.2: Sources accessed for the example line of data: General Carbon Credit Trading in 

New York in 2015/16 (based on kMatrix (2017)). 

 

  

Source Country
Value Reported 

$ US
Year of data 
relevance

Hit Rate 
History 

previous 5 
yrs %

Number of 
times 

accessed
1 Aliant Financial Corporation US 634.57 2015/16 74 108
2 Amalgamated Bank US 582.15 2015/16 93.6 47
3 Amarillo National Bancorporation US 566.56 2015/16 72.5 53
4 American Bancorporation US 642.05 2015/16 80.4 117
5 American Bank Holding Corporation US 716.93 2015/16 82.8 100
6 American National Bankshares US 683.86 2015/16 85 48
7 ANB Corporation US 592.76 2015/16 78.3 117
8 Arvest Bank Group US 594.63 2015/16 76.9 99
9 Associated Banc Corp US 623.34 2015/16 78.7 31

10 AT Bancorp US 607.74 2015/16 91.6 83
11 Baker Boyer Bancorp US 521.01 2015/16 78.1 86
12 Banamex USA Bancorp US 600.87 2015/16 92.5 40
13 BancFirst Corp US 620.22 2015/16 75.7 84
14 Bank of America US 673.25 2015/16 88.9 83
15 Bank of New York Mellon US 597.75 2015/16 78 110
16 Bankfirst Corporation US 516.01 2015/16 73.5 114
17 Bankmanagers Corp US 551.58 2015/16 90 75
18 BankUnited US 747.50 2015/16 79.8 77
19 Barclays Capital Inc US 575.29 2015/16 91.7 103
20 Barclays Delaware Holdings US 582.15 2015/16 82.1 40
21 BBCN Bancorp US 628.33 2015/16 83.6 101
22 Capital Bank Financial Corp US 573.42 2015/16 72.6 31
23 Capital City Bank Group US 656.41 2015/16 79.1 81
24 Central Bancorp US 692.59 2015/16 78.9 109
25 Mercantile Bank Corporation US 562.19 2015/16 72.7 66
26 Meridian Financial Services US 744.38 2015/16 85.4 41
27 Metropolitan Bank Group US 603.99 2015/16 84.7 119
28 Monarch financial Holdings US 580.28 2015/16 72.4 98
29 IBT Bancorp US 575.29 2015/16 71.2 108
30 INB Financial Corporation US 667.64 2015/16 86.7 46
31 Independent Alliance Banks US 527.25 2015/16 81.5 36
32 Independent Bank Corp US 699.46 2015/16 74.9 77
33 Inland Bancorp US 561.56 2015/16 92.6 52
34 New York Community Bancorp US 636.44 2015/16 85.2 41
35 New York Private Bank & Trust Corporation US 594.63 2015/16 73 117
36 Safra National Bank of New York US 680.74 2015/16 72.2 71
37 Provident Financial Services US 603.66 2015/16 90.9 54
38 Prudential Bancorp US 731.90 2015/16 84.7 101
39 RBS Citizens Financial Group US 733.15 2015/16 94.1 90
40 Santander Holdings USA US 634.57 2015/16 82.8 93
41 Security Capital Corporation US 607.74 2015/16 81.7 97
42 Security National Corporation US 552.20 2015/16 70.6 69
43 Square 1 Financial US 670.13 2015/16 91.2 107
44 State Bank Financial Corporation US 716.31 2015/16 83.1 93
45 State Capital Corporation US 412.44 2015/16 42.9 28
46 Sterling Financial Corporation US 143.51 2015/16 46.9 36
47 Stifel Financial Corp US 334.44 2015/16 38 18
48 Taylor Capital Group US 1081.32 2015/16 36.9 8
49 UFS Bancorp US 345.67 2015/16 22.1 32
50 UMB Financial Corp US 922.21 2015/16 22.2 37
51 UnionBanCal Corp US 1080.07 2015/16 34.8 53
52 United Bancorp US 1101.91 2015/16 29.8 47
53 United Community Banks US 252.70 2015/16 47.1 16
54 United National Corporation US 281.41 2015/16 31.1 22
55 US Bancorp US 1101.91 2015/16 39.1 27
56 VIB Corp US 1029.53 2015/16 41.6 21
57 Wells Fargo & Co US 269.55 2015/16 26 41
58 Pioneer Trust Bank Corporation US 1098.79 2015/16 39.8 46
59 PNC Financial Services Group US 205.91 2015/16 34.4 8
60 Liberty Bancshares US 901.62 2015/16 36.7 50
61 Longview Financial Corporation US 344.43 2015/16 30.4 49
62 M&T Bank Corporation US 247.71 2015/16 27.6 25
63 Marshall Bankfirst Corporation US 1096.92 2015/16 34.9 51
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3. Triage the sources to achieve a more consistent range of values:  

This involves excluding the outlier values from the final calculation. The principal reasons for 

exclusion of a source are: value out of range (too high or too low) or a low ‘number of times 

accessed’ count (issue of reliability). Table 3.3 shows the sources excluded for this data 

point. 

 

 
Table 3.3: Data sources excluded from the final calculation for the example line of data: 

General Carbon Trading in New York in 2015/16 (based on kMatrix (2017)). 

 

4. Calculate the mean value from the sources: 

The calculation of the mean value from the final list of 44 sources, now ranging between 

$516m and $747m. This mean value is $624m and this value is published for the New York 

dataset. 

 

5. Calculate the range of estimates: 

This is the difference between the mean ($624m) and the highest and lowest values in the 

final data set. The level of ‘confidence’ in this range is estimated at 83%: from the range of 

values there is an 17% probability that the value could be as high as $747m or as low as 

$516m. 

 

Each data point is then subject to further checks that ensure that the value is consistent with; 

• Values in previous year’s data; 

Source Country

Value 
Reported $ 

US

Year of 
data 

relevance

Hit Rate 
History 

previous 5 
years %

Number of 
times 

accessed Reject Comments
45 State Capital Corporation US 412.44 2015/16 42.9 28 Yes Out of range
46 Sterling Financial Corporation US 143.51 2015/17 46.9 36 Yes Out of range
47 Stifel Financial Corp US 334.44 2015/18 38 18 Yes Out of range
48 Taylor Capital Group US 1081.32 2015/19 36.9 8 Yes Low Count
49 UFS Bancorp US 345.67 2015/20 22.1 32 Yes Out of range
50 UMB Financial Corp US 922.21 2015/21 22.2 37 Yes Out of range
51 UnionBanCal Corp US 1080.07 2015/22 34.8 53 Yes Out of range
52 United Bancorp US 1101.91 2015/23 29.8 47 Yes Out of range
53 United Community Banks US 252.70 2015/24 47.1 16 Yes Out of range
54 United National Corporation US 281.41 2015/25 31.1 22 Yes Out of range
55 US Bancorp US 1101.91 2015/26 39.1 27 Yes Out of range
56 VIB Corp US 1029.53 2015/27 41.6 21 Yes Out of range
57 Wells Fargo & Co US 269.55 2015/28 26 41 Yes Out of range
58 Pioneer Trust Bank Corporation US 1098.79 2015/29 39.8 46 Yes Out of range
59 PNC Financial Services Group US 205.91 2015/30 34.4 8 Yes Low Count
60 Liberty Bancshares US 901.62 2015/31 36.7 50 Yes Consistently high
61 Longview Financial Corporation US 344.43 2015/32 30.4 49 Yes Out of range
62 M&T Bank Corporation US 247.71 2015/33 27.6 25 Yes Out of range
63 Marshall Bankfirst Corporation US 1096.92 2015/34 34.9 51 Yes Out of range
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• Comparative values of USA sales compared with sales of same service in other 

countries; 

• Comparative analysis of USA sales values when related to other Carbon Finance 

services in the same category or family of services; 

• Analysis of historical growth trend in sales value when compared with forecast 

growth values for sales; 

• Consistency in sales trends over time; and 

• Consistency in ‘confidence’ levels over time. 

 

Where uncertainty about the final data point remains, this may be due to either market 

uncertainty or data uncertainty. In the case of market uncertainty, the value remains 

unchanged, but with data uncertainty, then the process is repeated, after the compilation of 

additional or alternative data sources. Table 3.4 shows the measurements compiled for all 

datasets (from these measures, other metrics can be derived). 

 
Metric Description 

Sales (£) Measure of economic activity by identified companies and their supply chain 
within a defined country, based upon where the economic activity is delivered 
from rather than where it is reported. 

Employment Measure of the level of employment, in Whole Time Equivalents (WTEs), 
across core and supply chain companies involved in delivering sector products/ 
services. 

Companies Measure of the total number of companies in a country that are either core to 
the delivery of sector products & services or form an integral part of the supply 
chain. 

Exports (£) Measure of goods and services that travel from a source country to another 
country that may either be complete in their own right or become incorporated 
into a new product or service.  

Imports (£) Measure of goods and services that originate from sources outside of the 
country that may either be complete in their own right or become incorporated 
into a new product or service. 

Market 
Growth 

Historical and forecast measure of the annual percentage rate of change in 
sales. Currently, historical growth trends are recorded for a number of the 
metrics above but forecast growth is only applied to Sales. 

Table 3.4: Transactional data measures (adapted from kMatrix (2014a)). 

 

For LCEGSS, revenue data are produced to an average ‘confidence’ in the range of 

estimates of 85%; and employment data to an average level of 83%. These values are a 

function of the range of source values assembled for each data point. Each final data point is 

the mean of the final range of values (after outliers are removed). An 85% ‘confidence’ in the 
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range of estimates means that the difference between the mean and the extreme values is 

15%. Data was returned for 226 countries and territories. 

 

3.8 Source management and data quality 

 

The data source management system tracks data sources over time. For each source, there 

is a historical log that records source name, source value, year it relates to, the number of 

times used, ‘hit rate’ (confidence or reliability) and whether it will be accepted for a specific 

research purpose. The source management datasets relate to each calculated value within 

any sector data. These data sources are monitored closely internally and are routinely spot-

checked each year by kMatrix researchers, and data users as part of any peer-review or 

audit. 

 

There is a separate data source management system for each sector in the data collection, 

as sources can be relevant to multiple sectors. Once added into the data source 

management systems, data sources are tracked and assessed for each data collection 

purpose. 

 

When source is added to the data source management system, it is not automatically used 

for calculating final values. For each data point a set of sources are identified. This set of 

data sources is then assessed both automatically and by research analysts to determine the 

final set of sources and values to be taken forward. 

 

For each source and each of the measures it is used for, a ‘Data Usage Type’ (3 options) 

and a hit rate are calculated. The data usage type has 3 options:  

• Triangulation: a complementary or “indirect” source that has been used to 

compensate for a lack of "direct" sources and can either be local or international; 

• Localised: a source has been used at city or national level in conjunction with other 

sources of a similar nature (i.e. no need to triangulate); 

• International: the source has been used in conjunction with other similar sources 

(giving no need to triangulate) and may relate to a measure of international trade, but 

it may be an international source used to calculate a localised measure 
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Tracking data sources and their reliability over time makes it possible to refine and improve 

the data sources used for data collection; there are two principal measures of data quality 

and confidence. The ‘Hit Rate’ is a measure of confidence in the source based upon 

historical usage and is specific to the metric (such as sales, employment, import value) in 

question. A single source can have multiple hit rates depending on context (‘Out of Range’ 

indicates where a source has been included for an initial calculation but was subsequently 

rejected for the final calculation). A percentage value shows where the source is in range. 

Source ‘B’ in Figure 3.6 shows 11 metrics and Hit Rates between 71% and 94%. The ‘times 

used’ value relates to the total historical uses of that source. In the LCEGSS data sources, 

the ‘times used’ values range from 35 to 1550.  

 

 
Fig. 3.6: Tracking and assessing data sources. 

 

Source Data Usage Type Hit Rate for Metric Metric Times Used
A International 91.90% ROC 468

Triangulation 81.90% Head Count
Triangulation 60.00% Head Count
International 71.10% Available Market
International Out of Range ROS
International 95.60% Import Value
Localised 75.20% Sales
International 93.90% ROS
Triangulation 73.30% Growth
Triangulation 73.30% ROS
Localised 68.40% ROC

B Localised 88.90% Sales 1550
Triangulation 78.80% ROC
Triangulation 65.90% Import Value
International 71.60% ROC
Localised 81.70% ROC
Triangulation 75.50% Available Market
International 75.30% Head Count
Localised 94.60% Available Export
International 79.70% Head Count
Triangulation 89.30% ROC
Triangulation 84.20% Growth

C Triangulation 87.60% ROS 262
Triangulation 81.80% ROS
International 62.90% Sales
International 96.50% ROC
Triangulation 97.40% Import Value
International 64.80% Available Export
International 72.00% Head Count
Localised 72.80% Sales
International Out of Range Available Export
Triangulation 75.40% ROS
Localised 85.70% Growth
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3.9 Employment 

 

Employment is a measure of the estimated employment numbers across the entire supply 

chain. National, regional, city and other economic data sources have been used to estimate 

current employment levels for each sector activity. Where employment information is scarce, 

or where employment is estimated as a proportion of a company’s sales, a comprehensive 

range of case study materials are assessed to provide industry-specific ratios and 

benchmarks. 

 

Aligned with national statistics data collection, employment figures are disaggregated into 

four categories: Management, Supervisory, Administrative and Other. The employment 

figures for LCEGSS can be used to analyse the labour intensity of market activities versus 

sectors. This has the potential to identify the economic activities that are generating the 

highest levels of employment (but not necessarily value or growth). 

 

3.10 Sales per FTE 

 

Productivity is frequently defined as a ratio of a volume measure of output to a volume 

measure of input (OECD, 2001). There are various measures of productivity, but from the 

measures available in the LCEGSS dataset, it is possible to produce a rough measure of 

labour productivity based on gross output. Therefore, as it is not strictly a measure of 

productivity, it will generally be referred to as ‘Sales per FTE’. It measures how efficiently 

labour is combined within other factors of production. It should be noted that this is only one 

measure of productivity and that it has a number of limitations. It should only be regarded as 

a partial measure of productivity that reflects the joint influence of a number of factors, and it 

should not be interpreted as the productivity of individuals in the labour force (OECD, 2001).  

 

Although it is frequently reported as output/hour, the UK’s ONS notes that labour efficiency 

can be measured as output/hour, output/worker and output/job (ONS, 2017a). Given the 

data available, output in sales revenue ($m) per job (full-time equivalent) is the most 

appropriate method. This calculation should only be regarded as an indicative calculation on 

output per job as it not strictly a full measure of labour productivity, given the differences in 

methodologies between the transactional triangulation methodology and national statistics 

data collection. 
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3.11 Benefits of transactional data 

 

Transactional data has a number of benefits that make it a useful methodology for this study. 

Firstly, there are gaps in data availability from other sources to assess the green economy, 

which will be discussed in two case studies (the UK and the US) in Chapter 4.  

 

A second major difference is that the transactional data acquisition covers all the parts and 

services that go into a green good or service, not only those with an environmental end 

purpose. It makes distinctions between ‘pure’ green economy activities and suppliers to 

green economy markets (like gearboxes for wind turbines) (Livesey, 2010). This allows a 

more representative measurement of the overall contribution of the green economy to the 

economy at-large. It is necessary, therefore, to recognise that other data collection 

approaches (such as those based on EGSS and national surveys) take a different approach, 

so data collected under different methodologies may differ. If the aim is to explore economic 

opportunities related to the green economy, then the potential market expansion for ‘normal’ 

parts, as part of the ‘green’ transformation of a sector, is arguably part of the green 

economy. This challenge was also identified by Statistics Norway with reference to wind 

turbine supply chains, many parts of which are important for the Norwegian (green) 

economy, but fall outside the Eurostat criterion (Statistics Norway, 2008, as cited in Livesey 

(2010)).  

 

The other main benefit is that transactional measurement can be produced in a consistent 

way between countries, which permits peer-to-peer comparison between countries, regional 

analyses and analysis of green economy trade flows. Even where other methods may be 

creating green economy data, they do not generally produce data for comparative analysis 

((Bureau of Labor Statistics, 2013a; BIS, 2015; Department of Commerce, 2010a). National 

statistics are difficult to normalise across countries, as they are not always compiled with the 

same methods; Florio’s study (2001) of the OECD’s compiled yearly national accounts, a 

widely-used reference for economic studies, demonstrates that these national accounts 

showed ‘remarkable inconsistencies’. Moreover, the databases from which transactional 

triangulation values are derived can contain more data than is reported to national statistics 

agencies by companies. 
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Finally, the transactional triangulation data-based green economy approach is based on how 

things are made (Jaikumar, 1986). This is, arguably, close to the purpose or process-based 

definitions is promoted by both Eurostat and the UN SEEA (Eurostat, 2009b; United Nations, 

2014). 

 

3.12 Differences and limitations of transactional data 

 

The transactional triangulation methodology is different to national statistics, but methods 

have been developed over time to ensure it is more comparable to traditional data sources. 

Constructing a definition for measurement of a new sector is complicated by differences 

between countries in how products and services are described and how these are assigned 

to industry codes. Therefore, the compilation of transactional data has to overcome the 

different descriptions of the same activities recorded in different countries and sectors. The 

definitional process has to identify how different descriptions vary, group together those that 

describe the same activities, and create or adopt a universally applicable description to aide 

global data collection. Therefore the ‘language’ of LCEGSS does not map directly to any 

national industry descriptors, but they are widely applicable and are based on the 

descriptions used in industry where possible, especially in more ‘mature’ sectors where an 

agreed language for definitions has been established. 

 

It cannot be compared exactly to GDP data; it uses different methods to the national 

accounting and surveys. Moreover, it tracks economic transactions, which are not strictly the 

same as production value. There will thus be natural variation between figures reported 

using GDP and those generated from transactional data. As it measures transactions, it is a 

measure of flows, not stocks. However, sustainability assessments and ecological 

economics have highlighted the importance of measuring both stocks and flows (Gerlagh et 

al., 2002; Turner et al., 2011). It therefore can only provide a partial measurement of the 

green economy and the interactions between economy and environment, and the economic 

responses to environmental challenges. As previously noted, there are three measurement 

challenges: green economy measurement, the green economy as a subset of the whole 

economy, and whether an economy is ‘green’ or not. Transactional data explicitly aids us in 

approaching the first of these, but other data may permit some exploration of the other two 

challenges. 
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Data collection using this research process means that a sector definition will only include 

product and service activities with a traceable economic footprint in the form of a trading 

history. Publicly-funded or academic research and any technologies that have not yet 

reached the market are not included in the sector definition. This is influenced by the 

industry and market-focused sources accessed in the data collection process. 

 

LCEGSS cuts across traditional industries and does not just measure environmental 

protection activities, but it does not currently measure the full extent of the ‘green economy’ 

in all traditional sectors. This results in part from the lack of consensus on how to classify the 

various categories of low carbon, environmental, green and sustainable products and 

services within different industries. Future research aims to construct a classification to 

develop a full ‘green economy’ model for data collection. 

 

Although the business intelligence-linked approach first outlined in Jaikumar (1986) 

overcomes some of the potential problems of the product-based definition of ‘green’ of 

EGSS (OECD, 2011a), as it records and tracks how goods and services are made, and 

efforts have been made to align the proposed taxonomy with the ‘end purpose’ principle, it is 

harder for transactional data to pinpoint why a product or service has been purchased, or to 

assess whether the actual, rather than intended, end use of the product is ‘green’. 

 

The approach taken means that LCEGSS is not an exact fit with any of the classification 

systems, nor national measurement frameworks. However, while this is a limitation 

(especially from the perspective of national accounting), there are advantages from a 

research perspective; comparison between sectors and countries is possible without the 

significant time or resource requirements of rewriting the national classifications or 

accounting systems. Therefore, data collection for LCEGSS can be described as an ‘overlay’ 

system that can operate above various national industry classification systems to better 

report and analyse the green economy, without having to change those reporting systems in 

the short term. LCEGSS bypasses the lengthy process of reclassification that would be 

required to achieve a measurable definition using industry classifications. Moreover, by 

using global data sources, some of the limitations of the reporting systems for smaller 

countries can be overcome by accessing external data and the use of internal and external 

data sources permits the measurement of trade flows between countries. 
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3.12.1 Technical questions 

 

This study aims, in part, to answer questions regarding the use of the transactional 

triangulation methodology to study the green economy, the extent to which it can permit an 

exploration of green economy transformations, and what form an ideal approach for 

measuring green economy transformations based on this methodology may take. These 

questions are outlined below: 

• What transactional data is available to track the green economy? What other data is 

available? What can transactional data tell us? 

• Can transactional data examine the economic transitions that will achieve 

environmental change and emissions reductions? But the consequences could also 

be measured: how does measuring and assessing economic opportunities and 

policies fit into the wider green economy monitoring debate? 

• How do you overcome the tension between international standardisation in 

measurement and the importance of understanding different development/green 

economy pathways (and thus different data needs)? 

 

3.13 Interaction and engagement from the candidate with transactional data and 

LCEGSS 

 

Figure 3.7 outlines the multi-stage process by which the candidate for this thesis submission 

shaped and contributed to the development of the LCEGSS dataset. This took place through 

analysis of the existing data, desk-based research regarding existing green economy 

measurement, practices and policies, proposing a revised conceptual framework for the 

green economy, reviewing and analysing proposed additions from initial measurement and 

working with kMatrix to analyse and review this process at various stages. 

 

kMatrix, the CASE partner, conducted the acquisition of new data sources, estimation of 

values and the finalization of the taxonomy, but the candidate was therefore part of the 

process of defining, reworking and analysing the development of the LCEGSS dataset at a 

number of steps. Further detail on the process of defining and compiling the transactional 

data is in Chapter 4. Subsequent analysis and visualisation of the data required further 

transformation of the data by the candidate. 
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Fig. 3.7: Flow chart of the development of the LCEGSS approach used in this study (key: LG – 
candidate, KM – kMatrix Ltd). 
 

3.14 Data analysis 

 

This section will describe the process of and the broader theoretical approach to data 

analysis, through reviewing key approaches that were used to shape data analysis, such as 

realist methodologies (Haig, 2013), exploratory data analysis (Good, 1983), and principles of 

data visualisation (Tufte, 2001). It will discuss how the origins of the transactional 

triangulation methodology in business intelligence and associated fields relates to these 

analytical approaches. 

 

3.14.1 Exploratory data analysis and related approaches 
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As one of the first comprehensive studies to analyse transactional triangulation data on the 

green economy, and the first to assess the proposed revised definition of the green 

economy, the principles of exploratory data analysis, rather than confirmatory statistics, are 

more valid for this study. In an exploratory data analysis, many research questions are 

naturally open-ended, requiring multiple approaches to ascertain the best approaches and 

any more precise lines of inquiry (Tukey famously likened it to ‘detective work’ (Tukey, 

1977)). Exploratory data analysis is not confirmatory statistics, which is concerned with 

experimental design, significance testing, estimation, and prediction. Exploratory data 

analysis is concerned primarily with pattern recognition, hypothesis formulation, and 

facilitating the discovery and communication of information from the presentation of the data; 

it differs from descriptive statistics as exploratory data analysis is conscious that it aims to 

formulate hypotheses (Good, 1983; Haig, 2013). 

 

The analysis also takes into account realist methodologies, as it seeks to explore, analyse 

and assess the revised LCEGSS data and the transactional triangulation data against the 

aims of the study in tracking green economy transformations. Realist methodologies have 

three principal tasks: to describe how methods function, to evaluate methods critically 

against others and to recommend how to use particular methods to pursue research goals 

(Haig, 2013). While frequently critically aim-oriented (and this way it has commonalities with 

critical pragmatism), this should not be considered akin to the ‘industrial strength’ vision of 

realism of the physical sciences, but a more cautious epistemology that seeks to explore the 

limits of the methods under examination and find the most appropriate critical use of those 

methods to explore the stated research goals (Haig, 2013). 

 

Exploratory data analysis aligns to principles of abductive, rather than deductive, reasoning; 

a more pragmatist approach frequently now employed by quantitative geographers 

(Essletzbichler, 2009). Plummer and Taylor (2001a; 2001b) effectively use statistics to 

compare ‘soft’ theories of local economic growth, which shows how quantitative approaches 

in geography can be used to situate qualitative interpretations within the wider socio-

environmental-economic relationships and political economy. Regression analysis cannot 

establish a cause-effect relationship between variables, as the correlation between variables 

can be spurious even if the null hypothesis is rejected (Essletzbichler, 2009). Exploratory 

data analysis is mainly concerned with the encouragement of hypothesis formulation, not 

confirmatory statistics and significance testing estimation (Good, 1983). Detailed 

explorations of data are important, and frequently it may make more sense to conduct them 
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instead of a probabilistic model, or before a model is formulated (Haig, 2013). For 

sustainable development indicators, quantitative indicators frequently go through a 

translation into a qualitative statement, through an assessment of relevance to system 

viability (Bossel, 1996). Moreover, realist methodologies take seriously the researcher’s 

presence as a ‘knowing subject’, regarding them as a ‘satisficer’ who uses heuristics to 

guide inquiries (Haig, 2013). 

 

This study will not use grounded theory, but it recognises its outlooks and perspectives. In 

particular Petrini and Pozzebon (2009) outlined the rationale for using grounded theory to 

research business intelligence for sustainability; there are valuable reasons to let empirical 

questions and frameworks emerge from the data when there is a limited number of potential 

theories, they are in conflict, or a literature review suggests that they have little broad 

applicability to the dataset in question. Such concerns bear some relation to the analysis of 

the green economy and the LCEGSS dataset, and so while the analysis in this study takes 

the consideration of grounded theory that empirical questions can emerge from the data, it 

will not take the full approach of grounded theory of applying no prior research questions to 

the data.  

 

3.14.2 Data visualisation 

 

As masterfully demonstrated by Edward R. Tufte in the seminal The Visual Display of 

Quantitative Information, visualising data is, in itself, an important way of reasoning, 

describing, exploring and summarising numerical values (Tufte, 2001). As Sander et al. 

(2014) argue for migration flows, effective visualisations can substantially enhance the 

understanding of underlying patterns and trends. The efficacy of data visualisation is linked 

to innate human abilities to discern patterns rapidly and derive useful information from them 

(Barlow, 2015). Patterns or trends observed in the data may lead to other research 

questions and will help to highlight what other data (such as environmental performance 

indices, emissions, details of policy approaches) is required to better understand the green 

economy. It is important to make comparisons proportional and relative, and to put green 

economic activities in the context of other sectors where appropriate; this is also important 

for data visualisation.  

 

3.14.3 Discussion 
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Business intelligence is rooted in the aims of providing better data analysis for decision 

making, which gives approaches based on these fields certain characteristics that are both 

useful and less useful for research. It can provide higher levels of detail but the indicators 

that are produced are sometimes not typical of research outputs or public statistics. 

However, in this context the reliabilist and coherentist justifications in a realist methodology 

(Haig, 2013) are important and align with principles in which the methods have emerged. 

With sufficient certainty of the reliability of underlying data and the internal coherence of the 

methods employed, it is possible to assess the data and its ability to contribute towards the 

stated research aims. According to the principle of data priority in Thagard’s theory of 

explanatory coherence (Thagard, 1992), statements about observational data, including 

empirical generalisation, have a degree of acceptability in their right.  

 

The different roles performed by indicators and metrics, including performance management 

for public policy, increasing public awareness, communication, setting policy goals, and 

informing practice, requires that green economy data is explored fully. Radermacher (2011, 

p.17) proposed a revision of the ‘Pressure-State-Impact-Response’ framework for indicators 

that inform policy (Bossel, 1999); ‘DPSIR’, which adds ‘Driving Forces’. The focus of green 

growth and official statistics is frequently around ‘Pressure’ and ‘Response’ indicators, 

although there are certainly limitations in how they measure ‘Responses’. Transactional data 

approaches can contribute to broader measurement of responses and thus could contribute 

to better shape policymaking communities’ understanding of those responses, although in 

themselves they have a limited ability to address other parts of the framework. 

 

There is a role of comparisons between countries, cities or regions in the green economy, 

but there would appear to be limited merits of comparing the green economy country-by-

country as ‘scores’ or ‘rankings’. For example, ‘performance indices’ like the Yale 

Environmental Performance Index (EPI) (Hsu et al., 2016a) have value in providing an 

overall assessment of environmental performance ‘at a glance’. Even though the EPI makes 

efforts to vary indicators so that countries in different situations are held to different 

standards where appropriate, producing an overall ‘league table’ ranking all countries in this 

study is, perhaps, not equitable. On almost any measure, countries emerging from decades 

of conflict like Sudan or the Democratic Republic of the Congo will come near the foot of an 

international league table. Such a comparison is neither useful to researchers nor policy-

makers. Some delegates (Italy, Solomon Islands) at the intergovernmental SDG negotiations 

at the UN spoke of their dislike of composite indices for this reason (Personal Observation, 
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2015). A large amount of detail is obscured by aggregation, and other delegations spoke of 

the importance of disaggregated data and multidimensional measurement of poverty 

(Delegation of Peru, 2015; Delegation of Thailand, 2015), highlighting concerns over the 

‘flattening’ of country-level assessment that can be caused by composite indices. 

 

‘Peer comparison’ or peer learning, however, could be an incredibly useful exercise for 

researchers and policy-makers and has been headlined as a key part of monitoring and 

reporting on the SDGs, especially at the regional level (Delegation of Brazil, 2015; European 

Union Delegation to the United Nations, 2015; United Nations Economic Commission for 

Latin America and the Caribbean, 2016). Comparing the performance between countries in 

similar situations can give more of a sense of what does or does not work. The global trends 

and differences between countries are, important, but as with putting a value on the green 

economy, they serve as the starting point for further exploration of the green economy. The 

extent to which differences in policy performance between countries or cities can be 

discerned from the proposed revised green economy definition is an important research 

question. 

 

This study compares transactional data on the green economy with other datasets, which 

has only previously been attempted in a limited pilot study with C40. A comparison between 

green economy data on a country-by-country basis and the 2016 edition of the Yale EPI, 

which assesses the environmental performance of countries across a wide range of 

indicators, permits the interrogation of whether there are potential relationships between the 

green economy and environmental performance and any correlation or co-variance between 

green economy activity and changes in the environment at the national level, as measured 

by the EPI’s indicators. One such comparison was conducted in a recent study on 

transactional data on weather and climate information services, comparing spending on 

these services with an index measuring climate and extreme weather risk (Georgeson et al., 

2017a). 

 

3.14.4 Analysis 

 

Initial visualisation and exploration of the data was conducted using Visokio Omniscope, 

which has a great number of options for sorting, analysing and visualising data and offers a 

powerful platform for integrating data from different sources and for performing initial data 

analysis. It was frequently used to export subsets of the full LCEGSS dataset, or 
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aggregations of the data, for further analysis in R. For further data analysis of observed 

trends in the green economy data, and comparisons and explorations into relationships with 

other data sets (calculating correlation coefficients, for example). For standalone R analysis, 

R Studio was used. Key R packages used during the analysis that are not part of base R 

were: corrplot (Wei and Simko, 2017), circlize (Gu et al., 2014), janitor (Firke, 2018), 

tidyverse (Bryan and Wickham, 2017; Wickham and Grolemund, 2017), gglabeller (Schep, 

2018), plotly (Sievert, 2018) and ggpmisc (Aphalo, 2017). As the analysis progressed, more 

of the data cleaning, wrangling, aggregation and visualisation was conducted with R, instead 

of Omniscope. Cartograms were created using Rcartogram (Temple Lang, 2008) and 

getcartr (Brunsdon and Charlton, 2014). 

 

 

3.14.4.1 Research questions related to interpretation and analysis 

 

The research questions relating to the interpretation, exploration and analysis of the data are 

listed below. There are three principal scales of analysis: global, regional, and city-level. The 

global level analysis covers both aggregated global values for the green economy, and 

country-level values compared between countries. Other global level analyses involved 

mapping global trade flows in the green economy and global level comparisons with other 

data sets. Mapping the flows of trade in the green economy included relational mapping, 

following the example of Wittgenstein Centre’s global migration flow visualisation (Sander et 

al., 2014) and the related r package ‘circlize’ (Gu et al., 2014). Although space precludes the 

devotion of entire sections or chapters to comparing countries within regions, the analysis 

recognised that understanding the differences between countries within regions and 

between regional (and other) groupings of countries is important. The analysis therefore 

ensures that regional classifications, development status classifications, and differences in 

global wealth are included as lenses in the analysis throughout. This approach, it is argued, 

is consistent with the principles of peer comparison instead of ranking country performance. 

The availability of data at the city level for a significant number of cities permits the 

exploration of city-level patterns and differences in the green economy, and exploring groups 

of cities within countries.  

 

The principal research questions for the analysis phase are: 

• What is the scale of the global green economy? How has it grown? 
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• What can be learned about the green economy from ‘peer-to-peer’ comparisons 

within regions or groups of countries in similar situations? 

• Is it possible to identify what factors have influenced actual, not perceived, progress 

on the green economy? 

• Can we provide evidence for green economy transformations using transactional 

data? 

• Does measuring the green economy in financial terms provide an indication of the 

opportunities of the green economy, the rate of transition to greener economies and 

the scale of the response to environmental and climate challenges? 

• Is there any disparity in changes in the green economy between developed and 

developing countries? Are there regional differences in green economy 

transformations? 

• What can be learned from comparing green economy estimates derived from 

transactional data with other environmental, socio-economic and demographic data? 

• What are the global flows in trade in the green economy? 

• Are there differences between green economy transformations between cities, and 

between cities and the national level? 

 

3.15 Concluding remarks 

 

Transactional data provides a unique perspective to track the green economy across a large 

range of geographies and to explore trends in the green economy. For many reasons, it 

provides an important basis for addressing the aims and objectives of this research, but its 

shortcomings should be recognised. The approach has its origins in fields such as business 

intelligence and market intelligence, and is related to the more recent ‘rise’ of big data too. 

While business intelligence and cognate disciplines are difficult to precisely define for a 

number of reasons, the exploration of them in this chapter demonstrates their long usage 

and their relationship to the transactional triangulation methodology. 

 

The research questions outlined broadly fall into three categories: definitional, technical, 

exploratory. Presenting and analysing the revised definition of the global green economy is 

important, and further key areas of inquiry including green economy transformations, trade 

flows in green economy goods and services, sub-national analysis and exploring the 

potential of linking the green economy to environmental performance and other 
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environmental and economic datasets. The analysis draws upon frameworks of exploratory 

data analysis, realist methodologies, and the principles of effective data visualisation to 

address the identified research questions and areas of interest. This chapter, in identifying 

the origins of the transactional triangulation methodology, describing the methodology, 

including its benefits and limitations, has therefore established the basis for the use of this 

methodology in this study. 
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4. Redefining the green economy 
 

4.1 Introduction 

 

This chapter presents the methodology used to derive a revised definition of the green 

economy, and discusses this proposed definition. The revised definition contributes to the 

literature by attempting to expand definitions for green economy measurement to better 

reflect the conceptual, political, and practical ways in which the green economy concept is 

deployed globally. This revised definition will be the basis for the subsequent chapters of 

discussion and exploration of the green economy. 

 

This chapter aims to confront the questions relating to the definitional research objectives 

identified in Chapter 3. This chapter will: outline the research questions for revising the 

green economy definition, review existing measurement, report the findings of desk-based 

research on green economy measurement, policy and practice, present the proposed 

revised definition of the green economy for measurement, analyse the new definition for two 

countries where there are several comparable measurement attempts. 

 

4.1.1 Aims and objectives 

 

This chapter aims to answer the following questions through desk-based research that 

builds on the literature review and the study methodology; 

 

Definitional questions: 

• What is the green economy? 

• How should we define it? 

• Is it necessary to reconcile the complex web of terms currently used? 

 

Objectives: 

• If existing approaches do not capture the full extent of the green economy, can a new 

definition of the green economy reflect the policies and practices of the green 

economy? 

• Can we measure the green economy in a holistic way using transactional data with a 

revised definition? 
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• How does this compare to EGSS, LCEGS, or other existing approaches? 

 

Addressing existing measurement, green economy policies and practices, and revising the 

definition for green economy measurement draws together the findings of chapters 2 and 3 

to address the potential for understanding transformations through green economy 

measurement. 

 

4.2 Critiquing existing measurement and revising definitions for measurement 

 

As discussed in Chapter 2, there is no comparable, global measurement conducted using 

internationally-agreed metrics to measure the size and composition of the green economy. 

Data from the BIS LCEGS Report (Green Alliance, 2013), US or International Energy 

Agency clean energy data, or even 2011 data from the BLS green jobs survey (Elliott and 

Lindley, 2017) continue to be used in green economy research and policy. 

 

It can be argued that ‘There is no such thing as an objective measurement of sustainability’ 

(Radermacher, 2011, p.5); devising a definition of the green economy for measurement 

across different regional and national contexts is a challenge in itself. While the OECD 

states that comparable and coherent data on environmental goods and services are needed 

to identify the importance of environmental activities in the economy (OECD, 2011b), it 

appears that existing approaches underestimate the green economy, risking partial 

understandings of the economic geography of the green economy. Future EU legislation 

may well be influenced by how Eurostat’s Environmental Goods & Services Sector (EGSS) 

defines green production (Danish Energy Agency et al., 2012). 

 

What is measured will affect how the development of green economies is assessed, and 

therefore the actions that will be taken to promote different economic activities. The wrong 

measurement can lead to the wrong incentives, and less desirable outcomes; the Millennium 

Development Goals (MDGs) give important examples of the power of measurement7. 

Unrealistic expectations and impossible-to-reach MDG targets may have had political costs. 

For example, the narrative that Africa was ‘lagging behind’ in MDG progress was pervasive 

                                                
7 This section contains small quantities of the review work covered in the 2018 article on the UN 
SDGs, for which the candidate was the lead and principal author: Georgeson, L, & Maslin, M, (2018) 
‘Putting the United Nations Sustainable Development Goals into practice: a review of Implementation, 
Monitoring and Finance’, Geo: Geography and Environment, 5(1): e00049. 



 112 

(Easterly, 2009). However, measuring rates of change, rather than progress versus targets, 

suggests that faster progress in sub-Saharan Africa and ‘least developed countries’ (LDCs) 

was observed after adoption of the MDGs (Fukuda-Parr et al., 2013). The MDGs may have 

been more useful as a ‘tool’, not practical targets (Clemens et al., 2007); the MDGs’ legacy 

is more complex than ranking countries or entire regions as on- or off-target. Moreover, the 

focus on national-level targets obscured how local knowledges and practices ground global 

development in everyday realities, as highlighted by post-development approaches (Mercer 

et al., 2003). The MDGs also indicate how designing targets and indicators ‘involves 

simplification, reification and abstraction, which have far-reaching implications for redefining 

priorities’ (Fukuda-Parr et al., 2014, p.105) and significantly affects global investment flows 

and development outcomes. Indicator design influenced the definitions of ‘development’ and 

‘poverty’ in the language of development (Fukuda-Parr, 2014). This is perhaps related to the 

emergence of the ‘aid effectiveness’ paradigm over the same period, contributing to a re-

centring of economic growth and improving productivity in development thought (Mawdsley 

et al., 2014). 

 

This study aims to provide measurement to inform a more balanced view of green economy 

progress, perhaps with more potential to aid decision-making, compared to the shortcomings 

of existing measurement. International comparisons between countries will remain of interest 

to policy communities, providing opportunities to compare practices between countries, to 

identify countries with effective policies and practices, and exploring what policy frameworks 

are effective at delivering greener economies. As UNEP notes, ‘International comparisons 

can be very informative (World Bank 2012), in particular when indicators and data 

generation methodologies are adequately standardised (UNEP, 2014, p.8)’; revising a 

definition to be applied to transactional data to generate internationally comparable data is, 

therefore, an important aim. The following sections outline the methodology for creating a 

revised green economy definition, which was then deployed using the transactional data 

methods previously used to measure LCEGS. The chapter then outlines the positives and 

negatives of this approach and how the proposed revised approach was adapted based on 

the realities of data collection, and two case studies of how the revised approach delivered 

compares to existing measurement in the UK and the US. 
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4.3 Methodology for compilation 

 

The starting points for developing the green economy classification for this study were the 

existing LCEGS taxonomy to Level 3 and the UN SEEA framework (United Nations, 2014). 

The latter is the most comprehensive international organisation- and national statistical 

office-led framework to measure the green economy in economic terms. The SEEA 

approach expands the Eurostat EGSS classification, maintaining the widely-agreed nine 

categories for Environmental Protection and reordering Resource Management to more 

accurately reflect the resource that a given economic activity seeks to manage (United 

Nations, 2014)8. 

 

The first stage in mapping a broader green economy definition from the existing 

classifications was to propose an expansion of the SEEA Resource Management 

categories, where sub-categories are evident from the wording of the top-level categories. 

The next step was to define the Level 2 and Level 3 categories across all categories, 

maintaining consistency with the existing architecture of Environmental Protection. 

 

With a rough outline of the classification designed, the next phase was to undertake desk-

based research of green economy measurement and green economy policies. This, 

therefore, covers what is currently being measured in various capacities at national and 

international levels, and what is being implemented at different scales, for which there may 

not be currently any measurement. Both elements are important for capturing better what 

the green economy is, as represented by the current state of affairs with both accepted 

definitions and the practices in different countries that fit within those definitions. 

 

To understand green economy activities currently being pursued, invested in and measured, 

33 reports were reviewed from international organisations, national governments, national 

statistics agencies and other organisations on currently measurement in different statistical 

forms on the ‘green economy’ and related areas. This desk-based research was 

complemented by analysis of 87 reports of green economy policies, at various national and 

regional scales. These reports covered all major world regions, and many different national 

contexts; the full list is in Appendix 4A. From the analysis of those 120 reports, the additional 

activities identified were inserted into the expanded taxonomy. The decision for inclusion 

                                                
8 Versions of the original Eurostat EGSS and revised UN SEEA EGSS classifications are available in 
Digital Appendices 4A and 4B respectively. 
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was based on the end purpose criterion and fit with the broad definitions of each category 

above, in a ‘decision tree’ style approach. 

 

A second phase of desk-based research was carried out to ensure that no green economy 

activities were missed during the exploratory phase of identifying the measurement potential 

of these additional sectors. A further 88 reports were consulted: a full list is in Appendix 4B. 

 

4.3.1 Sources used in desk-based research 

 

Reports and data sources will be referenced in the discussion where relevant to the decision 

to include a sector or activity. The full list of sources used in desk-based research can be 

found in Appendices 4A and 4B. There may be multiple sources that demonstrated the 

relevance of a sector or activity, and efforts have been made to reference said multiple 

sources, although in some cases it would be impractical. 

 

4.3.2 Closer alignment of the methodology with national measurement frameworks 

 

Even if the data collection means that the revised approach cannot be directly compared to 

national measurement frameworks, aligning the revised methodology more closely to those 

frameworks could assist in making indicative comparisons. 

 

Revising the green economy definition for measurement therefore sought to align the 

revised definition with the EGSS framework, to the extent that this was possible. The 

methodology for this was outlined above. As the two existing approaches have different 

origins, this presents some difficulties. Some of the Eurostat headings are broadly defined 

and thus in aligning them, many LCEGS activities were placed in a few categories. In other 

cases, only several LCEGS activities may be in a single category from EGSS, or there may 

appear to be gaps in the alignment. EGSS on Resource Management, notably, has never 

fully been agreed, so the EGSS categories are only roughly defined for half of the taxonomy. 

 

Some Eurostat headings are broad and contain large numbers of LCEGS Level 3 activities: 

‘10.1/Resources Management/Management of Mineral and Energy Resources/Reduction of 

intake of mineral and energy resources’ is perhaps the clearest example. This would include 

any LCEGS activities with a primary purpose to reduce use of any mineral or energy 

resources, which could be all LCEGS Renewable Energy categories, and many from Low 
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Carbon. And as EGSS is classified based on the ‘end purpose criterion’, it remains 

somewhat subjective. Whoever is compiling data under EGSS must ‘assess’ whether an 

activity fulfils an end purpose for the EGSS categories. This suggests that EGSS and 

LCEGS can never perfectly overlap; they categorise activities in different ways which makes 

attempts to interpret both of them somewhat subjective. However, for the revised definition 

outlined in Digital Appendix 4C, significant efforts were made to close the distance between 

the two approaches, to improve comparability and aid the ability of the revised approach to 

contribute to furthering measurement approaches for the green economy. 

 

4.4 Findings and discussion 

 

This section presents the findings from the desk-based research as the basis for the revised 

definition, covering the limitations in current frameworks for measurement and in current 

classifications for measurement, then it analyses current measurement reports, current 

green economy policy and practices. 

 

4.4.1 Limitations in current approaches 

 

There are a few prominent definitions for green economy measurement. The most notable is 

EGSS; both the initial iteration proposed by Eurostat and the subsequent extension by the 

UN SEEA Framework (Eurostat, 2009b; United Nations, 2014). The US Department of 

Commerce had a brief project to measure the ‘green economy’ that used a different 

definition (Department of Commerce, 2010a), and the UK Government previously used the 

LCEGS definition (BIS, 2013b), but BIS subsequently used an approach that distances its 

measurement from the EU and UN approaches by reporting on the ‘low carbon economy’ 

(BIS, 2015). At the time of the desk-research, this approach had only yielded data up to 

2013. The Office for National Statistics (ONS) collected EGSS data through additional 

questions on company surveys; data from 2010 to 2015 is available (ONS, 2015). The UK 

government commissioned two further survey-based measurements of the ‘low carbon 

economy’, the aforementioned BIS report that took longer than expected and did not deliver 

more historical data than other BIS methods (BIS, 2015), and an ONS survey (ONS, 2018). 

 

The main limitations of existing data are a lack of comparability or data for only one country, 

data collection having been a one-off process, or having been cancelled (in part due to the 
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costs of survey-based methods). The lack of comparable data between countries creates 

difficulties for conducting analyses; for example, an International Labour Office report on 

‘green new deals’ took data from different sources and methodologies, covering different 

years, and presented them together without any methodological explanations (Herman, 

2015). Moreover, Eurostat EGSS data is collected on the basis of a ‘gentleman’s 

agreement’, which sees countries interpreting Eurostat’s data handbook for their own 

national circumstances and reporting back. In most years, there is insufficient data to 

attempt a thorough analysis or to compile a complete EU data to calculate EU-28 

aggregates. For green economy measurement, EGSS is a small part of the System of 

Environmental-Economic Accounting, and there is no obvious pathway to develop how 

country-by-country implementation of the UN SEEA. 

 

4.4.2.1 Limitations and gaps in current measurement definitions 

 

This sub-section discusses findings on the conceptual and framework-based shortcomings 

in existing measurements (that is, where they may not align with green economy objectives 

outlined in Chapter 2), rather than the limitations of the taxonomies and categorical 

definitions of existing measurement (see the following sub-section). There are numerous 

examples of how existing methodologies and taxonomies may not contribute to accurate 

green economy measurement. As highlighted in Chapter 2, industrial codes do not 

distinguish fully between green and non-green. Under the US Department of Commerce 

measurement, industry product codes relating to plastics do not include bioplastics under 

separate codes; they cannot be counted separately and thus are not included in green 

economy measurement. Moreover, product categories for windows and doors do not 

differentiate those that provide better insulation. Innovation is another important driver of 

green growth (Kamp-Roelands, 2013); statistics about the growth of key ‘innovative’ sectors 

(and thus novel, falling outside of out-dated product codes) are important for tracking green 

economy transformations. EGSS started with traditional markets driven by a need for basic 

services (wastewater treatment, waste collection), then expanded based on needs created 

by environmental legislation (Eurostat, 2009a), but not all green economy is driven by 

legislation. 

 

The lack of effective economic measurement of the green economy presents a challenge for 

delivering more balanced messages about the responses to myriad environmental 

challenges (GGKP, 2013). The majority of indicators focus on challenges, while indicator 
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coverage for opportunities is frequently weaker in the quantity and quality of indicators. The 

policy messages, therefore, tend to be focussed around avoiding risk and damages, rather 

than promoting innovation, economic opportunities, shared benefits and healthy competition 

between nations. 

 

Current definitions of the green economy, even if measurement were widespread, do not 

measure responses to some challenges faced by countries outside of the US and the EU, 

where definitions were conceived. As the AfDB comments, 

‘Given the centrality of natural assets in low income countries, inclusive green growth 

policies can reduce vulnerability to environmental risks and increase the livelihood security 

of the poor’ (AfDB et al., 2013, pp.5-6). According to a report by the Asian Development 

Bank and Asian Development Bank Institute (2013, hereafter ADB and ADB Institute), 

access to energy services and dependence on solid fuels are significant issues for several 

Asian nations and thus low energy stoves are a huge part of the potential green economy. 

59% of India still depends on solid fuels (ibid.), and there is a pressing need to reduce 

kerosene consumption in many countries. Another example from the same report is that 

reforestation in India is being widely encouraged to increase sequestration of emissions, and 

although debate continues around the deployment of REDD+ (McDermott, 2014), 

agroforestry is important for green economy transformations around the world but it is 

currently being captured by measurement. 

 

Similar challenges have been identified in African countries; deforestation and poor 

agricultural practices account for 65% of carbon emissions from African countries (AfDB, 

2012a). Therefore, policies to protect, repair and enhance natural capital assets can be 

instrumental for both climate change mitigation and improving the livelihoods of poor 

communities across both continents. The interrelated nature of energy and forestry 

challenges for many countries is demonstrated in Sierra Leone (AfDB, 2013a); biomass from 

fuel wood is 85% of total energy use and the source of fuel for 99% of households. And the 

green economy, if combined with a focus on inequality, can be highly relevant to Africa’s 

poor as it provides economic opportunities for economies that are currently reliant on natural 

resources (Deutsche Gesellschaft für Internationale Zusammenarbeit, 2013, hereafter GIZ). 

 

The green economy needs to respond to local environmental problems. Sierra Leone is 

118th on a UN risk profile index that analyses major disaster events, but rises to 7th when 

examining disasters resulting from landslides (AfDB, 2013a). Solely focusing on global 
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environmental change will not solve some all of the issues that impact many people in 

developing countries. There is a potential link between local environmental degradation and 

environment-related hazards (IPCC, 2012) and addressing this should be part of green 

economy definitions. 

 

Green economy measurement must consider the reality of life for a large proportion of the 

world’s population, ‘Ultimately the billions of men and women who farm, keep livestock, fish, 

manage forests and run agribusinesses will determine whether inclusive green growth 

becomes a reality’ (AfDB et al., 2013, p.5). This identifies key areas for further expansion of 

green economy measurement. 

 

Current measurement covers climate change mitigation thoroughly, but dismisses climate 

change adaptation as interesting but not relevant (United Nations, 2014). Reports from both 

developing and developed countries have identified its relevance to the green economy 

(Republic of Rwanda, 2011; Thompson and Joseph, 2012; United Nations Global Compact 

et al., 2011). 

 

Small states, including but not limited to Small Island Developing States (SIDS), face a 

unique set of challenges in their development. Some of these countries have graduated to 

middle-income status based upon the wealth of a small number of individuals; the effects of 

calculating GDP/GNI per capita is distorted in states with a small population but large levels 

of inequality (Smith et al., 2014). They are, therefore, not eligible for World Bank concession 

financing, but still face huge challenges: debt-to-income ratios of over 100%, high levels of 

inequality and no benefits from economies of scales. SIDS face challenges relating to reefs, 

seismicity, and geographical and economic isolation related to sustainable development that 

are not challenges for other states (Smith, 2014, p.4, especially Table 1.2). The ‘green-blue 

economy’ is vitally important to island states; the Exclusive Economy Zone of Mauritius is 

1000 times larger than the country’s land mass (ibid.). This represents an area of huge 

importance to the green economy of Mauritius, and the global health of the oceans. 

 

4.4.2.2 Limitations in existing taxonomies 

 

This sub-section examines the current taxonomies in more detail, analysing the categories 

of activities for measurement, rather than the concepts behind the approach. While there is a 

link between the two, this analysis provides more detail and assesses how the prior data 
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collection using the transactional triangulation methodology (LCEGS) may compare to the 

existing taxonomies. This is a first step in defining a revised green economy definition. The 

existing LCEGS and EGSS taxonomies were examined, and the degree of overlap between 

the two was measured, along with any common shortcomings. This also paves the way for 

better comparing future measurement with any national-level EGSS-based reporting. 

 

When examined at Level 3 (roughly the sub-sector level, below ‘category’ and ‘industry’), in 

many areas, LCEGS provides fairly good coverage of the Eurostat EGSS classification. If 

this analysis was carried out at a more in-depth level of LCEGS classification, the coverage 

may be different; the level of detail of the classification levels analysed are not necessarily 

the same in both. LCEGS is more specific at Level 3 than EGSS in certain areas, and vice 

versa. 

 

On Environmental Protection, the key areas requiring further analysis were ‘Protection and 

remediation of soil, groundwater and surface water’, ‘Protection of biodiversity and 

landscapes’, ‘Protection against radiation’ and ‘Research and development’. The ‘CEPA 

2000’ classification for environmental protection has higher adoption worldwide; the level of 

coverage provided by LCEGS was encouraging for the relevance of the proposed green 

economy classification for measuring Environmental Protection. Key areas can be found in 

Table 4.1 (comparing with, initially, the original Eurostat definition). 

 
Code Level 1 Level 2  Level 3 
4 Environmental Protection 

- 
Protection and 
remediation of soil, 
groundwater and 
surface water 

 

4.1 
 

Environmental Protection Protection and 
remediation of soil, 
groundwater and 
surface water 

Prevention of pollutant 
infiltration 

4.3 Environmental Protection Protection and 
remediation of soil, 
groundwater and 
surface water 

Protection of soil from 
erosion and other physical 
degradation 

6 Environmental Protection Protection of 
biodiversity and 
landscapes 

 

7 Environmental Protection Protection against 
radiation (excluding 
external safety) 

 

8 Environmental Protection Research and 
development 
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Code Level 1 Level 2  Level 3 
8.1 
 

Environmental Protection Research and 
development 

Protection of ambient air 
and climate 

8.4 
 

Environmental Protection Research and 
development 

Protection of soil and 
groundwater 

8.6 Environmental Protection Research and 
development 

Protection of species and 
habitats 

8.7 Environmental Protection Research and 
development 

Protection against radiation 

8.8 Environmental Protection Research and 
development 

Other research on the 
environment 

9.1.2 Environmental Protection Other environmental 
protection activities 

General environmental 
administration and 
management/Environmental 
management 

10  Resources Management Management of 
waters 

 

11 Resources Management Management of 
forest resources 

 

11 B Resources Management Management of 
forest resources 

Minimisation of the intake of 
forest resources 

12 
 

Resources Management Management of wild 
flora and fauna 

 

Table 4.1: Key areas of Eurostat first EGSS classification that required greater coverage from 

an LCEGS-based green economy classification. 

 

On Resource Management, the Eurostat’s CReMA classification is only interim, and was 

updated by the publication of the UN System of Environmental-Economic Accounting. There 

is, therefore, less agreement over resource management activities, especially beyond the 

management of fossil fuel resources. For example, the SEEA removes ‘12 - Resources 

Management - Management of wild flora and fauna’, which is largely covered by ‘6 - 

Environmental Protection - Protection of biodiversity and landscapes’ and adds further 

categories. It appears the LCEGS classification does have gaps for other categories on 

Resource Management outside of ‘13 - Resources Management - Management of fossil 

energy resources’. 

 

As much as EGSS is a ‘standard’ for data collection, it is also just a set of guidelines, and 

thus open to interpretation. With Nuclear Power, for example; if its primary end purpose is to 

reduce fossil fuel intake by reducing fossil fuel power generation, then it comes under RM10. 

If its primary end purpose is to reduce pollution because it has different emissions to fossil 

fuel generation (i.e. mostly water vapour), then it comes under Environmental Protection 1. 

But some EGSS guides to data collection only count renewable electricity generation, and 

not the cost of constructing, maintaining and supplying parts to the plants. It is difficult, 
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therefore, to compare other green economy measurement and EGSS. Biofuels are another 

example; do biofuel/diesel blends sufficiently offset fossil fuel use to count as ‘Resource 

Management’? Are some biofuels to be considered an adapted good as they are more 

resource efficient (for fossil resources) than current fuels, but would they count as 100% 

EGSS? What percentage of sales of E85 (a blend of 85% ethanol and 15% petrol) should be 

included in an EGSS classification? These questions indicate that EGSS estimates, too, are 

based on subjective interpretation, which will vary across different geographies and national 

contexts. 

 

4.4.2 Analysis of current measurement for revised definition 

 

This section presents the findings of desk-based research on green economy measurement. 

Overall, much of the existing measurement is based either on the OECD indicators 

framework, or on initial attempts to apply EGSS to national contexts within the EU, 

frequently in the form of pilot studies. Other studies have used other approaches that may 

cover areas of the green economy not included in EGSS, but suffer from the use of 

standardised industry codes, or a narrow focus on the contribution of the green economy to 

jobs. 

 

A number of countries are using the OECD indicators framework and delivering limited 

measurement of environmental protection activities (Statistics Korea, 2012). This often 

includes EGSS, however some countries use a more limited assessment. For example, the 

Czech Statistical Office’s green growth reporting includes a green jobs assessment that only 

covers 8 NACE codes and thus only covers several services for environmental protection 

and resource management (Czech Statistical Office, 2011). Similarly the Netherlands only 

includes a green jobs assessment based on EGSS (Statistics Netherlands, 2011). On other 

occasions, the OECD’s green growth approach only defines green industries under three 

ISIC codes: Recycling (ISIC37), collection, purification and distribution of water (ISIC41), 

refuse disposal, sanitation and similar activities (ISIC90) (OECD, 2011a). 

 

As noted in chapter 2 South Korea’s Green Growth reporting, which is ostensibly based on 

the OECD indicators framework, includes some substitutions that show how national 

application of the suggested framework can include some suboptimal indicator choices. 

Examples from Korea’s reporting include ‘Annual rainfall per capita’, using timber stocks as 

a proxy for natural capital valuation, examining fisheries sustainability using contribution of 



 122 

aquaculture to fish production, and share of Official Development Assistance that is ‘green’ 

(Statistics Korea, 2012). Moreover, for environmental jobs, it does not offer a definition or 

data source. 

 

The US Department of Commerce adopted a definition of green as ‘whether it conserves 

energy and other natural resources or reduces pollution’ (Department of Commerce, 2010a, 

p.1). This does not include products and services without a separate NAICS code, like 

alternative fuel vehicles or energy efficient appliances. Many things are missed by industrial 

codes that do not distinguish between green and non-green. The inclusion of all mass 

transportation is an example of where the definition of ‘green’ hugely differs. 

 

Away from official statistics, the Brookings Institute’s ‘Sizing the Clean Economy’ added 39 

categories to five adapted from a US Bureau of Labor Statistics definition (Muro et al., 2011). 

This is a good example of how a bottom-up approach can provide a more fine-grained 

classification. However, the Brookings study only analysed jobs. But interestingly, it found 

that the vast majority of clean economy jobs produce goods or services that protect the 

environment or reduce pollution in ways not related to energy or energy efficiency, which 

suggests studies that focus on renewable energy or low carbon energy only capture part of 

the green economy. For example, Yi and Liu’s study (2015) only uses the Dun & Bradstreet 

clean energy database to measure China’s green economy, which gives a limited analysis of 

the green economy. A study by organisations in Denmark highlighted the argument made in 

chapter 2 regarding the importance of measuring supply chains in green economy 

measurement (Danish Energy Agency et al., 2012), showing the importance of the full wind 

turbine supply chain for the Danish economy. 

 

UNEP’s Indicators for Green Economy Policymaking (2014), while not strictly a 

measurement report, highlighted several areas where measurement could contribute to 

developing and monitoring green economy policies. It therefore highlighted important areas 

of the green economy. Some that may be missed by current definitions include restoration of 

forest ecosystems in key watersheds and climate resilient transport infrastructure. Although 

it includes suggestions that not covered by EGSS measurement, its issue-by-issue approach 

means that it is not comprehensive. 

 

Further (partial) measurement classifications of the green economy include the Asia-Pacific 

Economic Cooperation Forum’s (APEC) List of Environmental Goods (Vossenaar, 2013), the 
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Cleantech Group’s Cleantech 100 (2013), and kMatrix’s report on the ‘Adaptation Economy’ 

(kMatrix, 2014a). Sectors or technologies highlighted in these reports include: Products for 

Improved Plant Health and Carbon Dioxide Mineralisation (Cleantech Group  2013), Bio-

based Pest Management/Integrated Pest Control (Cleantech Group, 2013; UNEP, 2014a) 

and Disaster Preparedness Related to Climate Change (kMatrix 2014). 

 

4.4.3 Analysis of current green economy policy and practice for revised definition 

 

In several ways, therefore, current data collection does not reflect the reality of the green 

economy for many countries. This section presents the findings of desk-based research on 

green economy policies and practices in different geographies globally. This contributes to 

the relevance of the green economy in the contemporary SDGs paradigm; for example, 

positioning green growth within discourses of the quality and equality of growth appeared to 

be more attractive to developing countries (UNESCAP, 2014). Measurement that better 

captures the nature of growth can better illuminates the influence of green growth concepts 

(within the overall green economy discourses): is it driven by green content, is the ‘brown 

economy’ growing faster than green growth, are developing countries following different 

development pathways to the prior economic development of industrialised countries, and 

similar concerns. 

 

To extend the current UN SEEA classification, the desk-based research analysed what 

green economy activities are currently taking place without measurement. This part of the 

study covers 87 reports on national level policy and practices in the green economy from 

national governments or other organisations. 

 

Relevant examples of the importance of extending definitions to reflect priorities in different 

countries are below. Table 4.2 shows good examples of the breadth of what the green 

economy means in different countries, with both broad and specific priorities (illustrative, 

non-exhaustive). 
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Country/Region Green Economy Tenets/Issues Source 
Sierra Leone Sustainable agriculture, climate resilient transport 

infrastructure, eco-tourism, mangroves, fisheries 
AfDB (2014) 

Sierra Leone Wetland protection, sustainable systems of fuel 
wood and charcoal production 

AfDB (2013a) 

Ethiopia Sustainable crops, sustainable livestock practices, 
forests, off-grid renewable energy, landfill gas 
management, sustainable domestic cooking 

Federal Democratic 
Republic of 
Ethiopia (2011) 

Philippines 25% of total energy consumption in the 
Philippines and half of all manufacturing 
businesses are micro and small businesses in 
food production 

GIZ (2010) 

Asia Grid improvements, small scale renewables, also 
focused on agriculture, agroforestry, household 
level pollution reduction 

ADB and ADB 
Institute (2013) 

South Africa Solar Water Heaters Economic 
Development 
Department (2012) 

Middle East Traditional Architectural Design for low energy 
use. Sustainable Agriculture 

Arab Forum for the 
Environment and 
Development 
(2011) 

Egypt Biodynamic agriculture, Ecotourism lodges Centre for 
Environment and 
Development for 
the Arab Region 
and Europe (2013) 

Botswana Integrated water resources management, water 
demand management – key is economic 
diversification away from non-renewable 
resources 

Centre for Applied 
Research (2014) 

Grenada Waste-to-energy, sustainable transport, 
ecotourism, community health, agri-tourism, aqua 
and hydroponics, sustainable irrigation, water and 
coastal resource management. Biodiversity 
conservation, reforestation, establishment of 
protected areas 

Thomas (2014) 

Guyana Forestry, biofuels, integrated crop management, 
education, ecotourism, use of bamboo, organic 
farming, aquaculture 

Bynoe (2014); 
Office of the 
President of the 
Republic of Guyana 
(2010) 

Jamaica reef and wetland protection, transport, eco-
tourism, energy efficiency 

Witter (2014) 

Mauritius solar water heater, landfill gas-to-energy, energy 
efficiency, algae production 

Jogoo (2014) 

Table 4.2: National green economy issues and priorities. 
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In the second phase, 88 reports were analysed; Appendix 4C presents a summary of 

additional activities identified for inclusion or cross-referencing with activities from the first 

phase. Some of the areas considered for addition or cross-checked for coverage are 

highlighted below (Table 4.3), although a more detailed listing of the identified activities 

reviewed with kMatrix for this phase are outlined in Appendix 4C. The decision was made to 

incorporate relevant activities into the proposed taxonomy elaborated after phase one, rather 

than make significant revisions, given the nature of the additional activities identified. 

 
Country/Region Green Economy Tenets/Issues Source 
Western Asia Agri-environmental/sustainable green growth, 

advisory, training and extension services 
United Nations Economic 
and Social Commission 
for Western Asia (2013) 

Small Island 
States 

Blue carbon (i.e. coastal vegetated habitats) Economist Intelligence 
Unit (2015) 

Global Market-led voluntary certification schemes for 
mining (i.e. Fairtrade and Fairmined Gold) 

Benson et al. (2014) 

Denmark/Europe Building integrated photovoltaic (bipv) Cam (2012) 
UK Energy from Waste Gasification Green Investment Bank 

(2014) 
Rwanda Micro/Mini Solar Grids (as differentiated from Off-

Grid Renewables) 
United Nations 
Environment Programme 
(2015a) 

Global South Ion exchange technologies for water purification 
and regenerating wastewater 

United Nations 
Environment Programme 
(2014d) 

Senegal Programmes to reduce freshwater salinization 
and land desertification 

United Nations 
Environment Programme 
(2014b) 

Table 4.3: Examples of activities identified for inclusion or cross-referencing from the second 

phase of desk-based research. 

 

The examples from both phases of desk-based research demonstrate both the breadth and 

convergence in a number of countries around key issues that are not currently represented 

in EGSS or LCEGS measurement.  

 

4.5 Presenting the new proposed green economy definition 

 

A revised taxonomy was designed, taking input from LCEGS, EGSS, and the additional 

desk-based study to create a more globally-relevant revised definition that seeks to better 

reflect green economy policy and practice. Although the proposed taxonomy significantly 

widens measurement, it still reflects an approach that measures the green economy as a 
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subset of the whole economy. To reflect this and the approach to better align LCEGS and 

EGSS, it has been tentatively named LCEGSS, or the Low Carbon and Environmental 

Goods and Services Sector. 

 

The study of measurement and policy reports suggested the need for an expansion of the 

Environmental Protection/Resource Management split. Adaptation was identified as 

important for the green economy response to climate change, and mitigation of emissions or 

other environmental damage is a different end goal to Environmental Protection. Therefore, 

the following main categories are proposed (Figure 4.1). 

 

 
Fig. 4.1: Main categories of the green economy (LCEGSS) definition. 

 

The proposed main categories are Environmental Protection, Adaptation (broadly: 

minimising impact), Mitigation and Resource Management (preventing impact). The further 

separation into four categories compared to EGSS’ two could make comparisons with data 

compiled under UN or Eurostat definitions more straightforward. Table 4.4 outlines the 

proposed definitions. 
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Environmental 
Protection 

Environmental Protection relates to outputs and impacts, through preventing 
minimising pollution, degradation and restoring contemporary environmental 
damage as well as preventing, minimising or preparing for future 
environmental risk. 
The focus of Environmental Protection is protecting the environment from the 
harmful effects of socio-economic activities, and repairing damage where it 
occurs. It refers to activities to measure, prevent, limit, minimise or correct 
environmental damage, pollution and degradation to water, air, soil, and 
problems relating to waste, noise, biodiversity and ecosystems. 

Adaptation Adaptation relates to preventing and minimising the harmful effects of 
environmental change on societies and economies when they occur now and 
in the future. It refers to activities to manage, minimise, limit or correct 
environmental risks to societies and economies, caused by the effects of 
climate change, changes in land use, increased global trade and greater 
extraction of natural resources. 

Mitigation Mitigation relates to reducing the impact of environmental and climate change 
on societies and economies in the future by reducing emissions and impacts 
on the environment. It has a primary focus on mitigating climate change and 
environmental risk, rather than as a secondary benefit to reducing resource 
use or improving resource management. 

Resource 
Management 

Resource Management relates to resource inputs into human socio-economic 
systems and minimising the potential for impact. It relates to activities that 
primarily concern management of natural resources, and technologies and 
services that reduce the need for and use of non-renewable resources. This 
may result in secondary environmental benefits, such as protection and 
restoration of wildlife and natural habitats, but the primary purpose is the 
management of natural resources. 
It refers to activities to measure, control, restore, prevent and minimise 
resource depletion, including resource-efficient technologies (goods and 
services that minimise the use of natural resources). 
(Natural resources refer to: non-produced natural assets) 

Table 4.4: Describing the overarching green economy categories. 

 

The broad approach involved designing a new classification from two existing taxonomies to 

create a new, more comprehensive approach, supported by a comprehensive study of 

existing green economy policy and practice to broaden this new approach. The EGSS 

definitions were expanded to include the areas that were not adequately defined, or not 

present, in the SEEA definition. This divided the new categories of Resource Management, 

and added categories for Mitigation and Adaptation. The new framework was populated, 

based on the extension of the revised EGSS framework, with economic activities and 

categories, using the taxonomies of LCEGS at Level 3 and the Adaptation Economy at Level 

3, onto the three levels of the expanded taxonomy. 
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The revised green economy taxonomy can be found in Digital Appendix 4C. The following 

provides an outline to interpret it: 

• The columns align LCEGS Level 3 with 4 levels of the UN/Eurostat framework. 

Level 2 is included for reference. 

• Each LCEGS Level 3 category is positioned below the relevant UN (or added) 

category. Activities can be categorised at different levels (1, 1.1., 1.2.1, etc.), 

which is one major difference in layout to the LCEGS taxonomy. 

• There may appear to be ‘gaps’ in certain areas that are well covered by LCEGS 

currently (like noise pollution and abatement), where the 3 levels of UN 

classification provide more ‘granularity’. 

• For suggested additions, the source is given from reports on measurement or 

policy/practice. 

• Existing LCEGS categories are in white, those added from the kMatrix Adaptation 

Economy classification are in green and suggestions from desk-based research 

are in blue. 

 

The revised classification included a number of new areas, based on the desk research. The 

main additions are discussed here. The largest area for better representing the green 

economy in developing countries is arguably agriculture: the green economy in many 

countries will be reliant on successful policies for agriculture, aquaculture, fisheries and 

agroforestry for sustainable development, food security and improved wellbeing (AfDB et al., 

2013). Within agriculture, various activities relating to sustainable agricultural practices were 

proposed for inclusion in the revised definition: some are summarised in Table 4.5. 
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Country/Region ‘Green economy’ agriculture sector or 

economic activity 
Source 

Brazil Livestock, grassland management, bovine 
emissions, nutrient management, nitrogen fixation 

GGGI (2011b) 

Brazil Reducing emissions from Land use, land use 
change, 

Energy Sector 
Management 
Assistance 
Program (2012) 

Sub-Saharan 
Africa  

Organic agriculture, BioTrade, development of 
indigenous products 

GIZ (2013) 

Latin America Ecological Agricultural Inputs 
 

World Bank 
(2012b) 

Asia-Pacific Managing Land Use ADB (2011) 
Various Watershed management projects in Mbe, 

sustainably grown flowers to finance biodiversity 
protection (Aguthas Biodiversity Initiative) 

Global Environment 
Facility (2014) 

Table 4.5: Agriculture sectors and economic activities for the green economy. 

 

Climate change adaptation is vital if measurement is to capture the full breadth of the green 

economy, and its global relevance. Many reports noted its importance (AfDB, 2012a; ADB, 

2011; Confederation of Indian Industry, 2008; United Nations Global Compact et al., 2011). 

It has particular importance to developing countries in more precarious climates, 

‘In as much as the green economy agenda sounds reasonable, the centrality of the climate 

change mitigation agenda has resulted in many African countries developing cold feet, given 

the unavailability of, or limited access to, resources to mitigate climate change. Many 

developing African countries are compelled to live with the changing climate through 

adaptation.’ (Kaggwa et al., 2013, p.15) 

 

The green economy must therefore identify ‘strategic climate risk management and 

adaptation measure that help avoid loss of lives, incomes, productive assets’ (AfDB, 2012a). 

Adaptation takes different forms, such as breeding new plant species (Confederation of 

Indian Industry, 2008). One Global Environment Facility project noted, ‘the project in Niger is 

climate adaptation at its most human level – gritty often low-tech, but practical, tangible and 

above all, vital.’ (2014, p.154) This should be tracked and measured to allow assessments of 

whether current adaptation activities are sufficient, and taking place in the right sectors and 

geographies. It could be suggested that measuring mitigation and adaptation together 

represents a kind of ‘double-counting’, by measuring activities both to minimise the scale of 

risks, and to react to them. This is not necessarily the case as they are not strictly opposites; 

it is not the same as measuring the value of fossil fuel energy and the cost of oil spill clean 
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ups. Considering adaptation as part of the green economy enables comparative analysis of 

mitigation and adaptation activities, and the differences in rates of change between the two. 

 

The inclusion of sustainable use of forests and sustainable forest-based products is another 

important improvement to better represent the green economy. In countries with greater 

reliance on natural resources, promoting the sustainable use of forests is vital, ‘Without a 

green economy that values ecosystem services, this burden will continue to grow and 

sustainable forest use will remain a challenge rather than an achievement’ (Global 

Environment Facility, 2014, p.p.26). The value of forests and forestry for the green economy 

exists in several ways: forests for Carbon Sequestration (ADB, 2011), afforestation 

(Confederation of Indian Industry, 2008), prioritising reforestation (AfDB, 2012c), increasing 

agroforestry (Government of Dominica, 2012), combatting deforestation (Energy Sector 

Management Assistance Program, 2012), and sustainable non-timber forestry products. 

 

Sustainable tourism could be an important inclusion as it represents an ‘adapted good’, 

providing the same service at a lower environmental impact, although it would be difficult to 

measure and isolate as being ‘green’. For Dominica, tourism is based on the environment. 

To further its position as a ‘sustainable destination’, it is seeking to become an organic 

island, the island nation is already carbon neutral due to low fossil fuel use and carbon sinks, 

and 20% of national territory is protected (Government of Dominica, 2012). However, 20% of 

GDP was lost to Hurricane Dean in 2007 (ibid.), which highlights the importance of resilience 

and adaptation for many nations in protecting the key industries of their green economies. 

 

Emerging information and communication technologies (ICTs) provide some difficulty for 

measurement (and taxonomies that exclude information technologies (ONS, 2016)). A GGGI 

report on Korea (2011a) presented ‘Greening by IT’ (greater efficiency through ICTs) and 

‘Greening of IT’ (reducing the environmental impact of ICTs) as the two main facets of green 

economy ICTs. Assigning these to the green economy presents challenges in identifying and 

isolating technologies and products. A related challenge arises from different resource 

efficient technologies deployed in different countries; the Confederation of Indian Industry 

report (2008) lists many efficiency technologies that could form part of the Indian green 

economy, but these activities may not pass a filter for a ‘global’ green economy definition. It 

remains necessary to consider the importance of avoiding over-reporting technologies that 

would not be considered resource efficient elsewhere, even if that may lead to distortions in 

comparisons. 
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The framework proposed (Digital Appendix 4C) was based upon the Eurostat EGSS and UN 

SEEA approaches, 33 reports of current green economy measurement, and 175 reports into 

policies and practices that may not be currently measured. It therefore represents an attempt 

to align the taxonomy to the greatest extent possible with the internationally-agreed 

approach, while exploring how its limitations can be overcome, and how measurement can 

reflect the broad nature of the green economy as currently deployed across different 

geographies. It represents an important attempt to improve current measurement 

approaches and invite further debate about what activities should be included in green 

economy measurement in the future. This approach cannot be fully aligned to national 

statistics, as it measures something different, but creating as much comparability and 

international relevance as possible is still important. The potential to break measurement out 

into Environmental Protection, Mitigation, Adaptation and Resource Management potentially 

gives comparability with data produced using the EP/RM model of EGSS, or solely on 

adaptation. This facilitates the comparison of this approach with other data collection. 

 

4.5.1 What has been measured in the revised approach 

 

The revised approach is described as LCEGSS, as a revision of LCEGS that better aligns to 

EGSS, which includes new activities but measures these activities as separate from the rest 

of the economy, rather than being a measure of the ‘greenness’ of an economy. Those 

added activities at Level 5 (and their sales value) can be found in Digital Appendix 4D; this 

demonstrates the range and scale of the activities identified and added in the revised 

LCEGSS. 

 

The revised approach, LCEGSS, estimates the global green economy at $7,868,712m 

($7.87 trillion) in 2015/16. It is estimated to employ 49.68 million full time equivalents, across 

2.78 million companies. These values are measured across both ‘core’ and supply chain 

activities. National green economy estimates vary significantly, with two countries at over 

$1,000 billion (US, $1,306 billion, China, $1,142 billion), two at over 500 billion (Japan, 

$546.6 billion, India $518.8 billion), and 28 countries and territories where LCEGSS is 

estimated to be lower than $100 million, including São Tomé and Principe ($30.26m), Tonga 

($34.08m), and Grenada ($62m). Some of the new activities presented below in further 

detail. 
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It appears that all ‘Level 1’ EGSS categories are measured in some way by LCEGSS across 

both Environmental Protection and Resource Management. There are a number of areas of 

improvement at Level 3 of the LCEGSS classification that better reflect EGSS: 

• Addition of Protection of Ambient and Air Climate better aligns with CEPA 1 

• Addition of Hazardous Waste under CEPA 3.3 Treatment and disposal of hazardous 

waste 

• Protection and Remediation of Soil, Groundwater and Surface Water with CEPA 4 

• Noise and Vibration Control/Noise and Vibration Abatement with CEPA 5 

• Biodiversity/Protection of Biodiversity & Landscapes with CEPA 6 

• Numerous categories added that align better with ‘CEPA 9 Other environmental 

protection activities’ including those under Research and Development and 

Education & Training categories 

• 6 ‘management of resources’ categories that better align LCEGS with Resources 

Management CEA RM 10-14: Management of Mineral and Energy Resources, 

Management of Timber Resources, Management of Aquatic Resources, 

Management of Other Biological Resources (excl. Timber and Aquatic Resources), 

Management of Water Resources, Other Resources Management Activities 

 

And while a full analysis of the alignment of the new definition at Level 4 and 5 to EGSS has 

not been carried out, indicative areas of improvement at these levels of the classification are: 

• A number of R&D areas are probably directly covered by LCEGSS and visible at 

Level 4 or 5 

• Sub-sectors of Noise and Vibration Abatement probably directly covered at Level 5 

• Treatment and disposal of hazardous and non-hazardous waste probably covered by 

Level 4 categories, and other categories of Energy from Waste that may come under 

‘Thermal treatment’ or Incineration or Other treatment and disposal 

• Sub-categories of Management of timber resources: Reforestation and afforestation, 

Forest Fires, etc. are covered at Level 4 

• Management of other biological resources covered by Level 4 categories under 

Biodiversity and Management of Other Biological Resources 

• Sub categories of Other Resource Management Activities (16) including education, 

training and information are probably covered at Level 4 across a range of LCEGS 

categories 

• Protection of Ambient Air and Climate sub-categories probably covered at Level 4 
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However, there are a number of potential areas for future improvement, including: 

• Identification of R&D activities that can be recorded separately from other activities 

under CEPA 8 and 15 

• Separation of Education, training and information categories relating to Resources 

Management into CEPA 16 

• Greater alignment of added activities and LCEGSS with the structure of the revised 

taxonomy 

 

This final point shows that the revised approach has some shortcomings. Some areas of the 

prior LCEGS taxonomy have been reduced slightly. 251 Low Carbon Activities in Cleaner 

Processes and Cleaner Manufacturing have been moved or removed, as they broadly form 

part of the ‘green economy’ as conceptualised as existing across industrial sectors, rather 

than as a set of delineated ‘environmental’ activities (see section 8.5). Some have moved to 

Energy Efficiency/Energy Management. ‘Photovoltaic’ is a misnomer as it refers to other 

solar technologies; Concentrating Solar Power too may be better categorised differently. 

However, as Digital Appendix 4D demonstrates, many additional green economy economic 

activities have been added in the revised definition, significantly broadening the taxonomy. 

 

4.5.2 Limitations of data collection compared to proposed green economy definition 

 

The revised definition for the LCEGSS taxonomy offers important conceptual and definitional 

contributions for measurement of the green economy to fulfil the aims and objectives of this 

study. As outlined in Chapter 3, the data collection based on the revised definition was 

elaborated by kMatrix, in partnership with the candidate and based on the input of the two 

phases of desk-based research. In this process, the revised approach came into conflict with 

the realities of collecting, structuring and ordering data using a given methodological 

approach. 

 

There are limitations to the revised data structure vis-à-vis the proposed conceptual 

approach outlined in section 4.5, as demonstrated by the LCEGSS data for the UK for 

2015/16 in Digital Appendix 4E. However, it remains possible to analyse the revised data 

within the broad outlines of that conceptual approach. It does not capture the full 

measurement of the proposed approach, particularly for the organisation of the data, but still 

represents a significant expansion and improvement of measurement. It reflects more of the 

content of EGSS than previous measurement, but the taxonomy does not reflect EGSS or 
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the revised definition to the same extent. One importance limitation that requires future 

improvement is that Biodiversity becomes a ‘catch-all’ for certain activities, when popular 

understanding of biodiversity may be more specific (Figure 4.2); it includes sustainable 

production activities (horticulture, agriculture, forestry) that are very important but may not be 

normally categorised as biodiversity protection. 
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Fig. 4.2: Biodiversity Activities in the revised LCEGSS Definition, Sales Revenue ($m). 
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Due to the existing data structures, it was not possible to fully realign data collection to 

reflect the structure proposed in section 4.5 of Environmental Protection, Mitigation, 

Adaptation, and Resource Management. The revised approach includes these activities and 

the data can separate them, however. Moreover, Adaptation is recorded in a separate 

dataset but it has been analysed within Chapter 5, where appropriate.  

 

4.6 Case study comparisons 

 

In the UK and the US, there have been a number of efforts to measure the green economy 

or related areas, which provide a basis for contextualising the revised LCEGSS approach. 

These case studies permit a better understanding of how the revised LCEGSS approach 

compares in scale of estimates and methods to existing approaches. 

 

4.6.1 Comparing UK measurements of the green economy to the new taxonomy 

 

There are several measures of the green economy, the low carbon economy or EGSS, 

which can be compared to LCEGSS in the UK. These are the BIS-commissioned low carbon 

survey (BIS, 2015), the ONS’ EGSS experimental data (ONS, 2015), ‘official’ ONS EGSS 

data released later (ONS, 2017c), and the ONS’ Low Carbon and Renewable Energy 

Economy Survey (ONS, 2018). Table 4.6 shows a summary of the values estimated by 

these reports. 

 

Organisation Definition Methods Estimate 

ONS EGSS 
(Experimental) 

Composite £55.4 billion (2012) 

ONS EGSS Composite £59.9 billion (2013) 
ONS Low Carbon and 

Renewable 
Energy Economy 

Company Survey £40.5 billion (2015) 

kMatrix Environmental and 
Renewable 
Energy 

Transactional 
Triangulation 

£72.9 billion (2012/13) 

BIS Low Carbon 
Economy 

Company Survey £121.7 billion (2013) 

kMatrix Full LCEGSS Transactional 
Triangulation 

£140.9 billion 
(2012/13) 

Table 4.6: Comparison measures of the green economy for the UK. 
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Both the ONS’ experimental and revised EGSS values show an output within a similar order 

of magnitude to the LCEGSS values for 2012/13 under the revised definition. The ONS’ 

EGSS definition appears to include most of the Environmental categories from LCEGSS, 

and some categories of Renewable Energy, but not Low Carbon. The LCEGSS value for 

Environmental and Renewable Energy categories for the UK for 2012/13 are therefore 

displayed in Table 4.6 for comparison. The methodology for the UK’s EGSS values suggests 

another reason why comparison between countries of EGSS values is problematic. In 

compiling EGSS, the ONS only selected certain activities considered relevant to the UK 

(ONS, 2017b); it only includes 19 sectors, some of which are significantly smaller in scale 

than others (like second-hand shops and insulation activities). It can be argued that the 

selected list does not fully represent EGSS, let alone the green economy9. 

 

Furthermore, when examining the methodologies used for each section, these are frequently 

broad estimates, not measurement based on industry codes or agreed taxonomies. The 

value for organic agriculture is calculated by multiplying the physical area of certified organic 

agriculture with information on the deferential output and net income values between 

conventional and organic farming (ONS, 2017b). For five of the categories in the ONS EGSS 

methodology, the responses of a two-part question added to the annual business survey 

questionnaire were used, which are; 

‘Did your business produce a good or service with the main aim of protecting the 

environment? Yes/No. Please estimate the proportion of your total turnover that relates to 

the environmental good or service produced: 0-24%, 25-49%, 50-100%’ (ONS, 2015, p.50). 

This required secondary validation, which led to only 46% of those firms that answered ‘Yes’ 

being confirmed as participating in EGSS (ibid.). The report also states that ‘The median 

value collected from part b of the EGSS question was used to calculate the turnover of each 

company resulting from EGS’ (ibid., p.50). There are, therefore, several difficulties and 

limitations with the methods required for this estimation. Firstly, it is highly resource-

intensive; after collecting the survey data, manual validation of the results is required. This 

showed a high rate of inaccurate responses and leads to an additional layer of subjective 

                                                
9 The 19 activities estimated by ONS for the UK’s EGSS are: Wastewater, Waste, Recycling, Water 
quantity, Production of renewable energy, Second hand shops, Wholesale waste and scrap, In-house 
environmental activities, Management of forests, Organic agriculture, Insulation activities, 
Environment related education, Managerial activities of government bodies, Environmental charities, 
Energy saving and sustainability, Environmental construction, Environmental consultancy, 
Environmental inspection and control, Production of industrial environmental equipment. 
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analysis, based on a limited amount of public information (3.6% of ‘Yes’ respondents had too 

little publicly available information to confirm their response). 

 

Secondly, allocating proportions of company turnover to EGSS appears to have a significant 

possibility of under- or over-estimating the EGSS turnover of different firms; if a median 

value is used, then a company with 50% of its turnover in environmental goods and one with 

100% of its turnover in environmental goods would have the same proportion of their 

turnover assigned to environmental activities. The same would be true of a major 

multinational corporation that answered ‘Yes’ and ‘0-24%’ based on something that 

represented 1% of their turnover (such as a petrochemical company with small revenue from 

experimental biofuels) and a small business that derived 20% of their turnover from making 

brackets for solar panel installations. 

 

The BIS report uses company survey methods, covering 24 categories of the ‘low carbon 

economy’10, which is a narrower range of goods and services than LCEGSS, and does not 

include sectors covered in the full EGSS definition. However, this produced an overall value 

(£121.7 billion) that is similar in scale to the revised LCEGSS definition, considering that this 

includes environmental protection activities excluded from the BIS definition. Moreover, the 

BIS report states that it uses a ‘narrower definition of the low carbon sector only considering 

products and technologies which deliver a step change in performance’ (BIS, 2015, p.8). It is 

open for debate why a government administration would choose to narrow its definition of 

‘low carbon’ (while entirely excluding ‘environmental’). Some may draw conclusions from 

reported changes of political stances towards the environment within the government at the 

time, summed up by the memorable phrase attributed to the then Prime Minister (Carter and 

Clements, 2015). All considered however, the revised LCEGSS produces a value that is 

similar in scale to this revised report. 

 

                                                
10 The BIS low carbon categories are: 
Low carbon electricity: Onshore wind, Offshore wind, Nuclear energy, Hydroelectric energy, Marine 
energy, Solar Photovoltaic (PV), Carbon capture and storage; 
Low carbon heat: Geothermal heat, Heat pumps, Solar thermal, Heat networks; 
Waste processing, energy from waste and biomass: Recycling - recovery and reprocessing of 
materials from waste, Generation of energy from waste and biomass, Alternative fuels, Biomass 
equipment; 
Energy efficiency products: Energy-efficient lighting, Insulation, Energy-efficient windows and doors, 
Heat recovery and ventilation, Energy controls and control systems Sustainable architecture and 
buildings; 
Low carbon services: Low carbon advisory, Low carbon finance; 
Other low carbon: Low emission vehicles 
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The ONS low carbon and renewable energy economy data is compiled using a separate 

company survey, covering 17 low carbon and renewable energy activities11 (ONS, 2016), 

which is a narrower set than the BIS report. The survey is acknowledged to have a high rate 

of nil responses that require separate validation, businesses with less than 250 employees 

are excluded, and some sectors were considered to have too few responses to be included. 

This methodology is resource-intensive and requires significant manual validation of the 

survey results (ONS, 2016; 2018). It produces the lowest estimate of overall value of any 

report in this case study, perhaps due to the narrow definition and the sampling process. 

The estimation in the study that the solar sector in England fell by 40% between 2015 and 

2016 (reductions to solar tariffs began in early 2016) suggests that perhaps the values in the 

survey should be treated with caution. 

 

The revised LCEGSS appears to align more closely to EGSS and cover more areas of 

EGSS that it did before, compared to the ONS experimental and later EGSS. Moreover, 

other areas of measurement using transactional data (like Adaptation) further the debate 

around what should be included in measuring the green economy, whereas the ONS’ EGSS 

data does not fully measure the (incomplete) EGSS taxonomy. The lack of estimates of 

trade in these sectors suggests that ONS and BIS are less interested in trade values, but 

geographers, economists, and other actors interested in green economy transformations are 

highly likely to be (such as the UKTI, which used transactional data for government statistics 

in trade in Defence and Security (Department for International Trade Defence & Security 

Organisation, 2015). Transactional triangulation has been used to provide estimates of 

imports and exports for the revised LCEGSS definition. 

 

The UK’s ‘environmental accounts’, overall, represents a significant and wide-ranging 

attempt to incorporate a consideration of environmental and climate change issues into 

national accounting. The various estimates detailed above are broadly similar despite the 

use of different techniques and differences in definition. This suggests that the kMatrix-

                                                
11 The ONS low carbon and renewable energy categories are: 
Low-carbon electricity: Offshore wind, onshore wind, solar photovoltaic, hydropower, other renewable 
electricity, nuclear power, carbon capture and storage 
Low-carbon heat: Renewable heat, renewable combined heat and power 
Energy from waste and biomass: Bioenergy, alternative fuels 
Energy-efficient products: Energy-efficient products, energy-efficient lighting, energy monitoring, 
saving or control systems 
Low-carbon services: Low-carbon financial and advisory services 
Low-emission vehicles and infrastructure: Low-emission vehicles and infrastructure 
Fuel cells and energy storage: Fuel cells and energy storage systems 
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derived transactional triangulation methodology used in this study can produce results where 

fewer official data are available, which are comparable with company survey techniques. 

The other methods, however, produce estimates on a national basis that may not be 

comparable with other countries, even where EGSS methodologies have apparently been 

followed. The revised approach from BIS is not comparable with Eurostat as, while they 

have used a survey approach, they have used a different definition. The BIS survey, 

however, suggests another indication that the revised LCEGSS approach and BIS ‘Low 

Carbon’ values are similar for the UK, which provides some validation for transactional data 

when applied to other countries as a proxy for official statistics or significant survey work.  

 

4.6.2 Comparing the new taxonomy with green economy definitions and measurement in the 

US 

 

There have been several previous efforts to measure the green economy or related 

concepts in the US (summarised in Table 4.7). However, the relative lack of reporting since 

the loss of funding to the Bureau of Labor Statistics’ (BLS) Green Goods & Services survey 

suggests that there is an important gap to be filled by alternative measurement approaches. 

Studies published in 2017 that still rely on BLS data for 2011 (Elliott and Lindley, 2017) are 

further evidence of this. 

 
Organisation Definition Methods Estimate 

BLS Green Good & 
Services 

Company Survey 3.4 million jobs (2011) 

Department of 
Commerce 

green economy Company Survey 1.8-2.4 million jobs 

Brookings Clean Economy Modified Dun & 
Bradstreet 

2.7 million jobs (2010) 

Pew Charitable Trusts Clean Energy 
Economy 

 770,000 jobs (2007) 

kMatrix Revised LCEGSS Transactional 
Triangulation 

7.98 million jobs 
(2012/13) (‘Core’ and 
Supply Chain) 

kMatrix Renewable Energy Transactional 
Triangulation 

2.3 million jobs 
(2012/13) (‘Core’ and 
Supply Chain) 

Table 4.7: Comparison measures of the green economy for the US. 

 

The BLS Green Goods & Services data (GGS) uses company surveys to estimate private 

and public employment in goods and services that benefit the environment or conserve 
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natural resources (Bureau of Labor Statistics, 2013b). It estimates that there were 3.4 million 

green jobs in 2011, an increase of 158,000 on the previous year (Bureau of Labor Statistics, 

2013a). From a sample of 120,000 firms, employment numbers are estimated from the 

reported percentage of revenue derived from green products from firms that responded to 

the survey and the overall employment of each firm. The estimation process has to account 

for non-response and for incomplete or single-year responses (through imputation) (Bureau 

of Labor Statistics, 2013b). The previous federal ‘green jobs’ report was the Department of 

Commerce’s ‘Measuring the green economy’, which reported 1.8m to 2.4m green jobs, 

based on a ‘narrow’ and a ‘broad’ definition (Department of Commerce, 2010a). 

 

However, the BLS green jobs data does not represent the total number of US green jobs 

(Pollack, 2012) for several reasons. As it excluded any business who earns less than 50% of 

its revenue from green products and services, it does not cover all industries but a subset of 

the North American Industry Classification System (NAICS) classification. And it does not 

include ‘process’ jobs (it has a process definition but reporting has generally followed the 

‘output’ definition). The NAICS classification was updated in 2012 to better partition some 

sectors of the green economy, but BLS GGS reporting released in 2012 still used the NAICS 

2007 classification, leading to underreporting of major sectors of the green economy, such 

as solar photovoltaic, solar thermal and wind turbine manufacturing (Pollack, 2012). The 

2013 release of GGS revised previous 2010 data using the 2012 revision of NAICS and 

released 2011 data (Bureau of Labor Statistics, 2013a); the revised 2010 data had an 

increase of 114,000 in GGS employment (Bureau of Labor Statistics, 2013c). The Economic 

Policy Institute (EPI) review of output-based BLS data suggests that while the methods that 

the BLS employed are sound, there is a case to be made that the BLS methods are too 

conservative, especially as they exclude value chain activities. These activities are 

measured within the LCEGSS approach to fully understand the economic impact of green 

economy activities. 

 

The Brookings Institution published a major report on measuring the ‘clean economy’ in 

2011 (Muro et al., 2011), reporting 2.7 million clean economy jobs for 2010. This used a 

modified version of Dun & Bradstreet company data based on the NETS database (Rothwell 

et al., 2011). Its ability to fully measure the green economy is perhaps limited by its use of 

SIC codes as the primary method to identify firms in the green economy; 68.9% of firms 

were identified by 222 SIC codes. This was then supplemented by a certain amount of 

proprietary desk research identify further clean economy firms. It better reflects Solar PV 
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and Solar thermal growth than 2012 BLS data, as these cannot be measured using NAICS 

2007. The Brookings methodology excluded products and services where there was not an 

identifiable technique or skill that is distinct from ‘non-clean’ products, which likely restricts 

its measurements of the full green economy value chain. This measurement does not 

include distribution and other activities, like transport. It was partly influenced by the BLS 

GGS research, and this may indicate potential reasons why there have been no further 

versions of the ‘Sizing the Clean Economy’ report. This highlights a major benefit of the 

LCEGSS approach, as it is repeatable annually with the possibility of updating the definition 

to include newly identified activities, and providing historical data on these activities where 

possible. 

 

An earlier approach was the Pew Charitable Trusts’ ‘the Clean Energy Economy’ (Pew 

Charitable Trusts, 2009). This was, as outlined by Pew, a very conservative measurement 

and definition of the green economy, which led to reporting on the green economy that is 

significantly lower than other sectors. It reported that there were 770,000 jobs in the green 

economy in 2007. Of these jobs, around 500,000 were in ‘Conservation and Pollution 

Mitigation’; given the scale of employment reported elsewhere for renewable energy and 

energy efficiency, this study’s conservative definition and methods appear to not measure 

fully the scale of the green economy. For quantifying the financial scale of the green 

economy, Pew only used venture capital investment data from the Cleantech Group. As with 

the Brookings study, it relies on one major source of data which was supplemented with 

manual, proprietary research. It also did not consider supply chain activities. 

 

The Political Economy Research Institute (PERI) at the University of Massachusetts, 

Amherst’s green economy report in 2008 stated that most green jobs are in normal activities 

that contribute to the green economy (Pollin and Wicks-Lim, 2008). This report focused more 

on the employment growth opportunities in the professions that might be contributors to the 

green economy and thus benefit from green investment, rather than measuring green jobs 

per se. As it intended to provide a ‘snapshot’ of the potential impact of pursuing green 

economy policies, it focused on six areas of the green economy in 12 states. However, as 

with the EPI report, it highlighted the importance of measuring the full economic impact of 

the green economy through its supply chain activities. A more recent PERI study focuses on 

modelling pathways for the US relating to emissions reductions and climate change, rather 

than measuring green jobs in the economy (Pollin et al., 2014).  
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There are, understandably, differences in the values reported by these studies, compared to 

each other and to the revised LCEGSS data. Some certainly present narrower green 

economy definitions or methodologies that lead to narrower measurement. The BLS survey, 

especially prior to the 2013 revision, undercounted solar jobs based on using 2007 NAICS 

classification (Pollack, 2012). Wind turbine manufacturing was not recorded as a separate 

category, and so the 2012 data might not count all wind jobs. Some definitions are likely 

more restrictive than the LCEGSS definition, with a larger focus on climate change and 

energy-related challenges, whereas other activities that LCEGSS does not include in their 

entirety, such as public mass transport, are included in the Brookings definition.  

 

LCEGSS includes supply chain activities, identified as important by two of these reports 

(Pollack, 2012; Pollin and Wicks-Lim, 2008), which contributes to the difference in scale of 

the estimates derived from this study. Growth in the green economy is a factor; most other 

green economy studies reported data for 2011 or earlier, but noted that the green economy 

was growing more quickly than the wider economy. This could contribute to differences 

between previous estimates of the US green economy and the results of this study. 

Differences in the methods of counting jobs and what sectors to include in green economy 

definitions leads to variation between the studies. LCEGSS uses data from a variety of 

scales, including project, transaction, firm, industry and product, whereas the majority of 

these reports estimate green jobs from firm level data using revenue share as a proxy for 

green employment (Rothwell et al., 2011). 

 

4.6.3 Concluding remarks 

 

These case studies show that all methods for estimating economic values have limitations, 

which can affect how they measure the green economy and related areas. The transactional 

triangulation methodology is no exception, as outlined in Chapter 3. However, these two 

case studies demonstrate that the methodology produces values that are, within reason, 

similar to other estimates produced with other methodologies, and explored why LCEGSS 

might produce higher values than other studies with more conservative definitions or 

methodologies. 

 

LCEGSS has been refined and extended several times since the publication of these 

reports, reflecting its ability to be quickly updated to reflect the developing green economy. 

These case studies highlight another major advantage of the LCEGSS data and green 
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economy definition. They are not reliant on one source of data, and an internal ‘language’ 

can be constructed that facilitates international data collection and comparison, which 

overcomes the limitations inherent in any one data source. Most US studies focus on 

measuring employment in the green economy (several used some venture capital 

investment data) and therefore this study can deliver an important contribution to 

understanding the US green economy through the estimates of sales revenues derived from 

LCEGSS. 

 

4.7 Conclusion 

 

Currently, there is no consistent, global measurement of green economic performance from 

any one source or compilation of sources. Desk-based research has demonstrated that the 

existing approaches do not capture the full extent of the green economy. Research 

suggested that many areas should potentially be measured, including” sustainable 

agriculture, adaptation to climate change, agroforestry and emerging resource efficiency 

technologies. The green economy framework proposed covers Environmental Protection, 

Mitigation, Adaptation, and Resource Management as the main categories, with new 

subsectors proposed to extend measurement beyond the LCEGS and EGSS classifications. 

This study attempts to align this revised definition for green economy measurement with 

existing measurement frameworks to the greatest extent possible. The methodological 

contribution of this chapter is to redefine LCGES to better align to EGSS, to propose a 

deeper classification to fill out the incomplete Resource Management classification, and to 

define an extended and revised approach that includes green economy practices that were 

not part of existing definitions. 

 

The revised approach that has been delivered differs from the proposed approach in some 

important ways, due to the realities of data collection. The revised approach described as 

LCEGSS still develops green economy measurement by significantly increasing the 

taxonomy and measuring important green economy activities that were previously not 

measured. Two case studies provide some evidence that the revised LCEGSS approach 

produces estimates of economic output that are similar in scale to the results of existing 

measures. The approach based on transactional triangulation data can, however, provide 

comparable data for multiple countries, which can be repeated year on year without 

excessive resource requirements, and the taxonomy can be adjusted and developed more 
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quickly in response to the changing realities of green economy practices. Through these 

characteristics, this approach can influence the wider development of green economy 

measurement. 

 

These findings contribute towards the development of an approach to explore green 

economy transformations through the revised approach towards measuring the green 

economy. Subsequent chapters will explore and analyse the data of the revised LCEGSS 

approach presented in this chapter. 
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5. Exploring the global green economy through LCEGSS and transactional 
data 
 

5.1 Introduction 
 

This chapter analyses the data for the full green economy definition across all countries in 

the study. Although there have been previous reports on the (legacy) LCEGS data and the 

current LCEGSS dataset, this is the first large scale effort at a detailed exploration and 

comparative analysis of the LCEGSS dataset. This chapter is a significant effort to explore 

the global composition of the green economy through LCEGSS and introduces major 

‘relative measurements’ of the green economy derived from LCEGSS, which will be used in 

a number of analyses in this chapter and in chapters 6 through 8. 

 

To explore the potential for useful comparisons using transactional data it will include some 

analyses where no significant relationships are present. The absence of a trend is 

sometimes useful analysis, which aids our understanding what is effective when analysing 

LCEGSS data. 

 

5.1.1 Data availability 

 

The LCEGSS dataset presents data for 226 countries and territories. However, comparative 

datasets do not include data on all these territories; the data availability from other datasets 

is around 190 (but not the same countries in each case). The overseas or subnational 

territories in LCEGSS (such as the US Virgin Islands, Guam, Bermuda or Martinique) are not 

usually in national-level datasets. A comparative table of data availability is provided in 

Digital Appendix 5A. 

 

In this chapter, the data are reported and analysed at various levels, indicated with 

backslashes where this provides clarity. However, for ‘Level 2’ categories, it is generally 

clear whether each one belongs to ‘Environmental’, ‘Renewable’ or ‘Low Carbon’. 

 

5.1.2 Variables analysed  

 

The following variables were all considered at various points in the analysis: 
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• Sales ($m) 

• Sales ($bn) 

• Sales (PPP) 

• Sales per capita 

• Sales per capita (PPP) 

• Sales as Percent GDP 

• Employees 

• Companies:Employees Ratio 

• Employees/FTEs as Percent of Working Age Population 

• Sales per FTE ($m/FTE) 

• Growth 

 

5.1.3 Structure of this chapter 

 

This chapter examines a variety of data and trends at various levels of the dataset for 

LCEGSS, covering: Growth and Sales, Activity Code, Sectoral Analysis, Employment, and a 

case study of Renewable Energy. This chapter also includes an analysis of the Adaptation 

and Resilience to Climate Change dataset (A&RCC). This chapter presents a varied picture 

of the green economy as measured through LCEGSS and the potential of LCEGSS data for 

understanding global trends in the green economy. There are a number of clear examples of 

the global landscape of LCEGSS and the significant role of the data for exploring this, but 

there is a developing understanding of the limitations of current LCEGSS measurement for 

such analyses. As previously noted, high resolution versions of all figures are available in 

Digital Appendix 2A. 

 

5.2 Global data 

 

5.2.1 Growth and sales 

  

For the 2015/16 financial year the global green economy, estimated by LCEGSS, was 

$7,868,712m ($7.87 trillion). It employs 49.68 million full-time equivalents (FTEs), across 

2.78 million companies. This is measured across both ‘core’ and supply chain activities. 

Figure 5.1 presents a cartogram of LCEGSS Sales. There is significant variation at the 

national level with two countries at over $1,000 billion (US, $1,306 billion, China, $1,142 
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billion), two at over $500 billion (Japan, $546.6 billion, India $518.8 billion), and then 28 

countries and territories where LCEGSS is estimated to be lower than $100 million, including 

São Tomé and Principe ($30.26m), Tonga ($34.08m), Grenada ($62m), Djibouti ($86.72m), 

and the Seychelles ($88.18m). For the smallest nations and territories, very low activity 

levels are estimated by the dataset.  

 

Growth rates vary significantly for 2015/16. Between Level 5 sectors, which are the 851,000 

rows of the dataset currently reported, the highest growth data point is: 

Norway/Low Carbon/Building Technologies/Doors/Insulated Alloy Doors/Manufacture of 

Insulated Alloy Doors at 32.2% in 2015/16 (Activity Code: Manufacture). A number of 

sectors reported contraction or negative growth in 2015/16, the lowest being: 

Cayman Islands/Environmental/Air Pollution/Industrial/Mobile Source Emission Control/ 

Meteorological Measurement/Supply of Meteorological Measurement, and 

Romania/Environmental/Air Pollution/Industrial/Mobile Source Emission 

Control/Meteorological Measurement/Supply of Meteorological Measurement, both at -2.3%. 

A total of 1,341 rows in the dataset (of 851,000) reported negative growth values for 

2015/16. 

 

As growth values are given in percent by the dataset, producing an accurate aggregate 

growth figure for each country for total LCEGSS from a single year’s data is not possible. 

Later in the study, times-series data will be examined. The mean of the activity-level growth 

rates can be reported, but these are average annual growth rates from percentage growth 

values for each record, not the growth rate for the whole sector. This is still instructive, but 

should be analysed with caution. From composite data, the global level growth figures at 

Level 2 are presented in Figure 5.2, and average annual growth for 2015/16 between Level 

2 sectors varies quite significantly. 
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Fig. 5.1: Cartogram of 2015/16 LCEGSS Sales ($bn). 
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Fig. 5.2: Global values for LCEGSS for Sales ($m) and average annual growth (%) for 2015/16 aggregated at Level 2.



 151 

5.2.1.1 Growth and sales at Level 2 

 

Figure 5.2 and Table 5.1 show that Level 2 sectors vary significantly in scale, from Wave & 

Tidal ($4,308.90m) to Alternative Fuels ($990,697m), and average annual growth does too, 

from 2.36% to 7.98% (for the average of the Level 5 percentage growth values). Alternative 

Fuels is, notably, the largest Level 2 sector. Whether this is related to the content of the 

‘Alternative Fuels’ definition will be discussed later. ‘Geothermal’ is significant in size, 

because the sectorial definition includes residential and commercial small-scale sub-surface 

heating and cooling technologies, such as heat pumps (other green economy definitions 

classify these in other subsectors), not just industrial-scale, grid-connected geothermal 

electricity generation. 

 

More ‘traditional’ or established environmental sectors, such as Air Pollution (2.84%), 

Contaminated Land Reclamation & Remediation (3.62%) and ‘Water Supply and Waste 

Water Treatment (2.36%) and lower growth rates are somewhat related. The sectors with 

higher values for average annual growth, such as Building Technologies (7.39%), 

Renewable Energy General Consultancy (7.98%) and Wind (7.21%), could follow more 

market-based logics. Building Technologies activities, for example, reduce waste of energy 

and can have a shorter payback period. Growth in ‘Renewable Energy General Consultancy’ 

could be a response to a demand for expert services from growth in the wider renewables 

industry. 
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Fiscal 
Year Level 1 Level 2 Sales $m 

Growth 
(15/16, 
%) Companies Employees 

2015/16 Environmental Air Pollution 84,557 2.8401 25,257.11 440,797.60 
2015/16 Environmental Bio-diversity 86,312.92 4.0633 20,765.96 278,891.10 

2015/16 Environmental 
Contaminated Land Reclamation & 
Remediation 45,509.63 3.6232 15,136.24 292,746.70 

2015/16 Environmental Energy from Waste 375,068.20 3.9404 210,130 2,609,083 

2015/16 Environmental 
Environmental Consultancy and 
Related Services 154,180 3.8425 38,127.76 625,650.30 

2015/16 Environmental 
Environmental Monitoring, 
Instrumentation and Analysis 7,794.29 3.7639 2,515.46 52,390.66 

2015/16 Environmental Marine Pollution Control 6,353.98 4.0563 1,981.24 37,512.22 
2015/16 Environmental Noise & Vibration Control 16,590.04 4.1535 4,951.72 88,169.18 
2015/16 Environmental Recovery and Recycling 368,744.70 4.0049 118,306.90 2,074,113 
2015/16 Environmental Waste Management 261,889.80 3.5262 84,950.16 1,628,498 

2015/16 Environmental 
Water Supply and Waste Water 
Treatment 615,585.40 2.3597 181,426.60 3,304,528 

2015/16 Low Carbon Additional Energy Sources 69,473.26 5.5708 31,222.97 599,327.60 
2015/16 Low Carbon Alternative Fuel Vehicle 712,654.40 5.6007 182,407.70 3,385,545 
2015/16 Low Carbon Alternative Fuels 990,697 5.4802 326,111.40 5,270,296 
2015/16 Low Carbon Building Technologies 864,937.70 7.3890 310,800.20 6,522,910 
2015/16 Low Carbon Carbon Capture & Storage 26,548.44 5.2368 94,524.46 1,273,444 
2015/16 Low Carbon Carbon Finance 372,050.60 3.2475 31,230.35 526,638.50 
2015/16 Low Carbon Energy Management 649,062.70 4.5964 279,417.50 5,039,022 
2015/16 Low Carbon Nuclear Power 187,475 3.6022 53,629.67 1,062,067 
2015/16 Renewable Energy Biomass 284,402.90 5.7640 85,612.85 1,792,386 
2015/16 Renewable Energy Geothermal 583,868.90 5.4249 189,063.60 3,988,763 
2015/16 Renewable Energy Hydro 24,239.75 4.2123 8,978.37 174,850.40 
2015/16 Renewable Energy Photovoltaic 326,807.10 6.3666 115,244.10 2,148,198 

2015/16 Renewable Energy 
Renewable Energy General 
Consultancy 25,944.53 7.9832 42,204.98 855,908.60 

2015/16 Renewable Energy Wave & Tidal 4,308.90 6.6132 1,225.10 21,227.83 
2015/16 Renewable Energy Wind 723,655.20 7.2139 323,396.60 5,583,966 

Table 5.1: Global values for LCEGSS for Sales ($m) average annual growth (%) for 2015/16. 

Companies, and Employees (FTEs) aggregated at Level 2. 

 

Employment in Carbon Capture & Storage (CCS) is significant (relative to Sales). With 

1.27m FTEs, it generates more employment than Nuclear Power, which has seven times 

more sales revenue. This suggests that the private sector is dedicating significant resources 

to developing CCS technology, although identifiable revenues are low. CCS’ potential future 

development is suggested by the number of companies with some revenue in CCS and its 

supply chains (94,500 globally), which is more than ‘Waste Management’, although Waste 

Management generates approximately ten times more revenue. This data does not 

necessarily suggest whether there is any relationship in a sector between the regulatory 

support/burden and growth or sales. 
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5.2.1.2 Growth and sales at Level 3 

 

At Level 3, the subsectors that are leading the trends previously discussed are more easily 

discernible (Table 5.2). The two largest Level 3 sectors are ‘Low Carbon/Alternative 

Fuels/Other Bio Fuels’ ($694,560m) and ‘Low Carbon/Alternative Fuel Vehicle/Alternative 

Fuels (main Stream) for Vehicles Only’ ($618,690m); both are fuel supply-based activities. 

They are broad categories and perhaps less specific than other Level 3 categories (such as 

‘Low Carbon/Nuclear Power/Nuclear Safety Engineering Services’). 
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Fiscal 
Year Level 1 Level 2 Level 3 Sales $m 

Growth 
(15/16, %) 

2015/16 Low Carbon Alternative Fuels Other Bio Fuels 694,560.80 5.3322 
2015/16 Low Carbon Alternative Fuel Vehicle Alternative Fuels (main Stream) for Vehicles Only 618,689.90 6.0999 
2015/16 Low Carbon Energy Management Energy Saving Electrical Equipment 512,080.30 3.5581 
2015/16 Low Carbon Building Technologies Windows 289,452.10 5.1947 
2015/16 Low Carbon Carbon Finance Carbon Credits Trading 283,236.20 3.1756 
2015/16 Environmental Water Supply and Waste Water Treatment Water Treatment and Distribution 255,689.60 2.0793 
2015/16 Low Carbon Building Technologies Insulation and Heat Retention Materials 238,268.30 8.6208 
2015/16 Renewable Energy Wind Small Wind Turbine 228,561.20 5.2779 
2015/16 Renewable Energy Geothermal Whole Systems Manufacture 220,422.60 6.8666 
2015/16 Low Carbon Building Technologies Doors 185,377.90 11.9358 
2015/16 Renewable Energy Wind On Shore Large Wind Turbine 177,346.60 8.9737 
2015/16 Environmental Water Supply and Waste Water Treatment Management of Water Resources 167,679.50 3.9030 
2015/16 Low Carbon Building Technologies Monitoring and Control Systems 151,839.40 6.9516 
2015/16 Renewable Energy Wind On Shore Wind Farm Systems 146,551.70 10.7853 
2015/16 Renewable Energy Geothermal Suppliers of Systems 142,070.40 3.4531 
2015/16 Renewable Energy Photovoltaic Systems & Equipment 135,824.40 7.5674 
2015/16 Environmental Recovery and Recycling Waste Collection 135,667.10 4.5582 
2015/16 Renewable Energy Geothermal Manufacture and Supply of Specialist Equipment 124,127.40 3.3318 
2015/16 Low Carbon Alternative Fuels Main Stream Bio Fuels 119,306 5.5751 
2015/16 Low Carbon Alternative Fuels Other Fuels 118,659.50 5.3539 
2015/16 Renewable Energy Biomass Biomass Energy Systems 118,573 5.0887 
2015/16 Environmental Environmental Consultancy and Related Services Climate Related 105,080.60 4.1970 
2015/16 Environmental Water Supply and Waste Water Treatment Engineering 96,335.82 2.0829 
2015/16 Renewable Energy Photovoltaic Other Related Equipment and Chemicals 94,240.03 5.3449 
2015/16 Low Carbon Alternative Fuel Vehicle Other Fuels and Vehicles 93,964.55 5.4425 
2015/16 Environmental Waste Management Construction & Operation of Waste Treatment Facilities 93,793.30 2.4630 
2015/16 Renewable Energy Biomass Boilers and Related Systems 91,895.43 7.0686 
2015/16 Renewable Energy Wind Off Shore Large Wind Turbine 90,090.40 4.8431 
2015/16 Renewable Energy Geothermal Consulting & Related Services 89,148.83 7.9826 
2015/16 Renewable Energy Wind Off Shore Wind Farm Systems 81,105.29 5.9369 
2015/16 Renewable Energy Photovoltaic Photovoltaic Cells 80,947.90 6.8590 
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Fiscal 
Year Level 1 Level 2 Level 3 Sales $m 

Growth 
(15/16, %) 

2015/16 Environmental Waste Management Equipment For Waste Treatment 79,498.42 3.1778 
2015/16 Low Carbon Nuclear Power Nuclear Power Plant Operations 68,541.33 4.1844 
2015/16 Environmental Bio-diversity Management of Other Biological Resources (excl. Timber and Aquatic Resources) 54,977.61 3.7297 
2015/16 Low Carbon Carbon Finance Carbon Credits Finance & Fund Management 49,073.01 3.9784 
2015/16 Environmental Recovery and Recycling Glass Stock Processing 46,869.19 2.8731 
2015/16 Environmental Water Supply and Waste Water Treatment Protection and Remediation of Soil, Groundwater and Surface Water 44,685.17 4.4487 
2015/16 Low Carbon Energy Management Energy Saving Lighting Equipment 41,794.06 3.9039 
2015/16 Environmental Water Supply and Waste Water Treatment Responding to Changing Environmental Risks 40,262.23 4.2324 
2015/16 Environmental Waste Management Technologies, Research & Development 40,047.86 4.1035 
2015/16 Environmental Air Pollution Protection of Ambient Air and Climate 39,338.01 3.4316 
2015/16 Low Carbon Alternative Fuels Bio Fuels Alternative for Vehicles Only 39,225.20 5.8530 
2015/16 Low Carbon Energy Management Gas Supply 38,728.92 5.5258 
2015/16 Environmental Energy from Waste Land Fill 38,326.10 3.7694 
2015/16 Renewable Energy Biomass Biomass Furnace Systems 37,654.82 4.9444 
2015/16 Environmental Energy from Waste Logistics & Transport Sector 36,076.04 4.2425 
2015/16 Renewable Energy Biomass Manufacturing Of Boilers and Related Systems 36,065.61 5.7123 
2015/16 Environmental Energy from Waste Farming 35,694.93 4.3646 
2015/16 Low Carbon Nuclear Power Nuclear Safety Engineering Services 35,527.93 2.0010 
2015/16 Environmental Energy from Waste Chemicals Industry 34,427.34 3.8611 

Table 5.2: 50 largest sectors in LCEGSS at Level 3 in ($m), and average annual growth for 2015/16 (%). 
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Fig. 5.3: Sales ($m) in LCEGSS Level 2 Category ‘Low Carbon/Alternative Fuels’ split by Level 

4 Category, Colour-coded by Level 3 Category. 

 

Considering Figure 5.3, we can see that the vast majority of the ‘Low Carbon/Alternative 

Fuels/Other Biofuels’ is composed of ‘Methane’; which should cover Methane as used 
as alternative fuel. One other category at Level 3 has over $0.5 trillion in estimated sales 

revenue: ‘Low Carbon/Energy Management/Energy Saving Electrical Equipment’. This is 

another broad category that may include a number of ‘adapted goods’. 

 

Comparing the global data at Level 3, there is little relationship between size and sales per 

FTE; the most productive sectors are not necessarily the biggest. In other comparative 

analyses (not plotted here owing to space considerations), there were not strong 

relationships between Employees and Sales, and Companies and Sales. 

 

Tables 5.3 and 5.4 show Top 25 and Bottom 25 Level 3 Sectors for average annual growth 

figures. Average annual growth varies more widely at Level 3, from 1.2% for Low 

Carbon/Carbon Capture & Storage/Post-Combustion Capture to 12.73% for Low Carbon/ 

Carbon Capture & Storage/Project Management; as this presents less of an aggregation of 

percentage values (a comparison that tends ‘over-aggregate’ and obscure variation in the 
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dataset). Within new or emerging industries, the technologies that have reached commercial 

success vary widely. 

 

‘Renewable Energy/Wind/Onshore Wind Farm Systems’ has growth above 10% (10.79%), 

which demonstrates the benefit of dividing offshore wind in the revised LCEGSS taxonomy, 

as it suggests that the more mature onshore wind sector is growing more rapidly than 

offshore wind, where costs remain higher. The other two sectors above 10% are ‘Low 

Carbon/Carbon Capture & Storage/Engineering’ (11.63%) and ‘Low Carbon/Building 

Technologies/Doors (11.94%)’, which suggests that growth can come from retrofit, new 

projects or new technologies. Level 3 sectors from Carbon Capture & Storage have both the 

highest average annual percentage growth values, and the lowest; which may suggest that 

some areas of CCS are closer to a commercial ‘breakthrough’ (Geological Storage, rather 

than Post-Combustion Capture). General services to CCS (Project Management and 

Engineering) have the first and third highest average annual growth, which suggests that 

some private sector actors are anticipating broader growth in the sector. 
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Fiscal Year Level 1 Level 2 Level 3 Sales $m 
Growth 
(15/16, %) 

2015/16 Low Carbon Carbon Capture & Storage Project Management 7,343.77 12.7317 
2015/16 Low Carbon Building Technologies Doors 185,377.90 11.9358 
2015/16 Low Carbon Carbon Capture & Storage Engineering 1,720.61 11.6290 
2015/16 Renewable Energy Wind On Shore Wind Farm Systems 146,551.70 10.7853 
2015/16 Renewable Energy Wind On Shore Large Wind Turbine 177,346.60 8.9737 
2015/16 Low Carbon Building Technologies Insulation and Heat Retention Materials 238,268.30 8.6208 
2015/16 Renewable Energy Renewable Energy General Consultancy Consultancy Services 21,170.98 8.3494 
2015/16 Renewable Energy Geothermal Consulting & Related Services 89,148.83 7.9826 
2015/16 Low Carbon Additional Energy Sources Molten Salt 8,150.92 7.9045 
2015/16 Low Carbon Additional Energy Sources Thermal Mass 7,027.30 7.8618 
2015/16 Renewable Energy Photovoltaic Systems & Equipment 135,824.40 7.5674 
2015/16 Renewable Energy Wave & Tidal Other General Services 72.42251 7.5130 
2015/16 Renewable Energy Wave & Tidal Two Basin Schemes 489.608 7.4983 
2015/16 Low Carbon Additional Energy Sources Energy Storage Research 1,258.77 7.2596 
2015/16 Low Carbon Carbon Capture & Storage Geological Storage 215.863 7.2445 
2015/16 Renewable Energy Wave & Tidal Pumps & Equipment 602.0267 7.1753 
2015/16 Renewable Energy Biomass Boilers and Related Systems 91,895.43 7.0686 
2015/16 Low Carbon Energy Management Consulting, Education & Training 14,569.09 7.0572 
2015/16 Low Carbon Building Technologies Monitoring and Control Systems 151,839.40 6.9516 
2015/16 Environmental Recovery and Recycling Metals Recycling Stock Processing 5,063.05 6.9043 
2015/16 Renewable Energy Geothermal Whole Systems Manufacture 220,422.60 6.8666 
2015/16 Renewable Energy Photovoltaic Photovoltaic Cells 80,947.90 6.8590 
2015/16 Renewable Energy Wave & Tidal Turbine and Generation 1,483.95 6.8237 
2015/16 Low Carbon Additional Energy Sources Fuel Cells 22,320.48 6.5906 
2015/16 Renewable Energy Photovoltaic Research & Development 6,982.99 6.4306 

Table 5.3: Top 25 Global Sectors, sorted by average annual percentage growth in 2015/16. 
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Fiscal 
Year Level 1 Level 2 Level 3 Sales $m 

Growth 
(15/16, %) 

2015/16 Low Carbon Carbon Capture & Storage Post-Combustion Capture 1,984.97 1.2052 
2015/16 Environmental Environmental Consultancy and Related Services Management of Timber Resources 368.1015 1.2635 
2015/16 Environmental Recovery and Recycling Coal Combustion Products Stock Processing 593.5859 1.6491 
2015/16 Environmental Air Pollution Industrial/Mobile Source Emission Control 3,987.30 1.6646 
2015/16 Environmental Air Pollution Indoor Air Quality 16,951.53 1.7214 
2015/16 Environmental Water Supply and Waste Water Treatment Consulting, Education & Training 2,291.07 1.7614 
2015/16 Environmental Environmental Consultancy and Related Services Other Environmental Protection Activities 781.2354 1.7788 
2015/16 Environmental Air Pollution Industrial Emission Control 1,480.91 1.8816 
2015/16 Low Carbon Nuclear Power Nuclear Safety Engineering Services 35,527.93 2.0010 
2015/16 Environmental Water Supply and Waste Water Treatment Water Treatment and Distribution 255,689.60 2.0793 
2015/16 Environmental Water Supply and Waste Water Treatment Engineering 96,335.82 2.0829 
2015/16 Environmental Recovery and Recycling Oil Stock Processing 2,539.32 2.1451 
2015/16 Low Carbon Carbon Finance Projects and Verification 1,938.50 2.1801 
2015/16 Environmental Water Supply and Waste Water Treatment Technology, Research & Development 8,642.00 2.3426 
2015/16 Renewable Energy Hydro Turbines 8,703.13 2.3488 
2015/16 Low Carbon Nuclear Power Manufacture of Cooling Equipment for the Nuclear Power Industry 20,101.31 2.3502 
2015/16 Low Carbon Carbon Capture & Storage Ship 2,185.33 2.3604 
2015/16 Environmental Waste Management Construction & Operation of Waste Treatment Facilities 93,793.30 2.4630 
2015/16 Environmental Environmental Monitoring, Instrumentation and Analysis Environmental Analysis 963.4037 2.6571 
2015/16 Environmental Air Pollution Process Engineering Air Pollution 2,804.66 2.8125 
2015/16 Low Carbon Carbon Finance Carbon Market Intelligence & Forecasting 25,151.19 2.8304 
2015/16 Environmental Recovery and Recycling Glass Stock Processing 46,869.19 2.8731 
2015/16 Renewable Energy Hydro Dams & Structures 2,677.94 2.9738 
2015/16 Environmental Environmental Consultancy and Related Services Manpower and Executive Recruitment 2,932.88 2.9903 
2015/16 Environmental Noise & Vibration Control Noise and Vibration Abatement (Excluding Workplace Protection) 5,328.08 2.9978 

Table 5.4: Bottom 25 Global Level 3 Sectors, sorted by average percentage growth in 2015/16. 
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Fig. 5.4: Sales in LCEGSS Activities in ‘Bio-diversity’ at Level 5 ($m), colour-coded by Level 3 (2015/16). 
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5.2.2 Global sectoral analysis 

 

From the tables and figures in the proceeding sections, we can see rapid growth in several 

areas, which supports even faster growth in Renewable Energy General Consulting, which 

could suggest greater growth in the future. The range in these global growth values is 

considerable; ‘traditional’ environmental protection areas report much slower growth, 

perhaps due to their greater maturity or greater reliance on regulation. 

 

Additions to the definition without universal agreement such as Nuclear Power, Biomass and 

Energy from Waste are significant in size but not amongst the largest in the green economy. 

Biodiversity is small but significant, which demonstrates the value of its addition. The 

classification of biodiversity will need further refinement and improvement in the future; the 

most significant areas relate to more sustainable agriculture. While these improve land use 

and reduce impact on biodiversity, this may not be what many consider as ‘Biodiversity’ 

spending (see Figure 5.4). However, even some of the smaller areas are still in the order of 

hundreds of millions of dollars per year (Wetland Restoration, $499.3m, Monitoring and 

Verification of Sustainable Timber, $386.7m). However, this may show that measures to 

protect environments themselves are small when compared to efforts to ‘clean up’ industrial 

production, electricity generation or finance; the difference is significant. Globally the largest 

is Alternative Fuels; this includes Methane production and delivery, which is the largest 

sector at $597 billion globally. 

 

5.2.2.1 Size and impact of sectors added in new definition 

 

The additions to the taxonomy generated by this research precipitate analysis of the 

difference in the estimates of LCEGSS. By running an ‘exclusion’ analysis (comparing the 

two taxonomies, then excluding those categories are the same, followed by further manual 

filtering), this may include sectors that affected by the removal of large sections of ‘Cleaner 

Manufacturing’ and ‘Cleaner Processes’ (further details in Chapter 8), or consolidation of 

previous categories (Smart Electrical Grids to ‘Smart Grids’). 

 

However, as Figure 5.5 demonstrates, these useful additions to the taxonomy include 

sectors that are important globally (but perhaps not to the original definition) and others that 

have evolved since the LCEGS definition was devised. Solar Thermal, for example, is 

globally significant subsector of Solar at $18.46 billion in 2015/16. With Carbon Offset 
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Services ($6.6 billion), future definitions will have to ensure that there is not double counting 

between things like REDD+ payments, Carbon Offset Services (although the services to 

provide and manage the financial service of Carbon Offsets is different to REDD+), and the 

Management of Forests and Timber Resources. 

 

The addition most in need of future critical attention is Energy from Waste, as a $375 billion 

global sector. Energy recovery however, while perhaps better than landfill, is a less efficient 

use of resources than reuse and recycling. 

 

 
Fig. 5.5: Additional LCEGSS Sectors from Comparison with legacy LCEGS definition, split by 

Level 2 ($m) (2015/16). 

 

5.2.3 By activity type 

 

The ‘activity types’ classification in LCEGSS provide a useful comparison to understand the 

composition of the global green economy, and the variations caused by differences in 

measurements previously discussed. Each Level 5 activity is assigned an ‘activity type’: 

• Consultancy 

• Engineering Services 

• Fuel Production 

• Fuel Supply & Distribution 

• Installation 

• Maintenance 
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• Manufacture 

• R&D 

• Recycling & Resale 

• Services 

• Software 

• Supply 

• Training 

• Treatment 

 

Figure 5.6 shows clear differences in the global share of estimated sales revenues and 

employment in LCEGSS between activities aggregated by activity type. Manufacturing is the 

largest activity type by sales and employment, and greater revenue is generated from 

manufacturing of products, rather than their distribution, supply and the supply-chain 

activities. Perhaps this should be expected; else it may not be a profitable endeavour. 

Manufacture and associated activities are a greater proportion of the green economy as 

measured by LCEGSS than services. Some service activities may have been moved out of 

the LCEGSS definition with the redistribution of ‘Cleaner Manufacturing’ from LCEGS. 

 

Consultancy (5.36% of FTEs, 1.94% of Sales), R&D (10.84% FTEs, 5.85% Sales) have a 

higher share of global employment in the green economy than sales. These are activities 

that are revenue-generating through expertise, not the manufacture of products. Software 

(3.25% FTEs, 1.32% Sales), Training (1.40% FTEs, 0.68% Sales), Installation (6.53% FTEs, 

4.59% Sales), and Engineering Services (4.79% FTEs, 3.15% Sales) show a similar trend 

and should be considered here too. 

 

This further demonstrates that measuring products only would underreport sales, but more 

significantly underreport employment. This demonstrates the improved understanding of the 

green economy that LCEGSS can provide. Analysing by activity types provides useful 

disaggregated data; ongoing supply of maintenance services is not always reported. Reports 

that measuring investment in renewable energy, or investment in early stage companies, 

may not include maintenance, and installation activities. Such activities may be ‘baked in’ to 

investment totals, but it is not possible to isolate the proportion of the economic value or 

contribution to employment. 
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However, these activities represent significant global employment (2.3m FTEs). Analysing 

the value of fuel or turbines, for example, is not sufficient; the value chain that delivers that 

physical product has significant economic scale and employment. We can compare the size 

of Fuel Production, and Fuel Supply and Distribution ($606.44bn to $984bn, 2.44m FTEs to 

5.37m FTEs) and Manufacture compared to Installation, Maintenance and Supply ($1,804bn 

to $2038.84bn, $10.16m FTEs to $11.9m FTEs). Understanding the full extent of global 

production networks helps to better understand the full complexity of the green economy; 

getting at the ‘causal drivers’ (Yeung and Coe, 2014) in global production networks could be 

further improved by more comprehensive data. 
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Fig. 5.6: Sales and Employment (FTEs) in LCEGSS by Activity Type: A) 2015/16 values estimated in $bn and FTEs, B) 2015/16 as a share of total 
LCEGSS Sales Revenue and Employment (2015/16). 
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Fig. 5.7: Employment (FTEs) and Companies in LCEGSS by Level 2 Category (2015/16). 
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5.2.4 Employment, companies and sales per FTE 

 

5.2.4.1 Employment and sales per FTE at Level 2 

 

The total number of companies that are estimated to be active in LCEGSS is 2.78m, and the 

total estimated number of FTEs is 49.68m (2015/16). Compared to employment and sales, 

fewer sectors have significant variation between the number of FTEs and companies (or, the 

ratio of employees to companies) (Figure 5.7). Some significant exceptions are Energy from 

Waste (210,000 companies to 2.61m FTEs) and Carbon Capture and Storage (95,000 

companies to 1.27m employees). 

 

Figure 5.8 shows a slight tendency towards fewer employees per company in Environmental 

sectors. The smallest employees:companies ratios are found in Energy from Waste and Bio-

diversity, whereas the largest are found in Biomass, Building Technologies and Geothermal. 

 

 
Fig. 5.8: LCEGSS Level 2 Sectors by Employees:Companies Ratio (FTEs per company), 

colour-coded by Level 1 (2015/16). 
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This is supported by slight trend between Employees:Companies ratio and New Products as 

Percentage of Total Sales. There was, however, no relationship between E:C Ratio and % of 

R&D on Sales at the global level: the ‘flattening’ of percentage values at the global level with 

‘average annual growth’ figures may be the cause. 

 

We can analyse the measure of ‘productivity’ derived from LCEGSS data, sales revenue per 

FTE. Productivity is frequently defined as a ratio of a volume measure of output to a volume 

measure of input (Organisation for Economic Co-operation & Development, 2001). It should 

only be regarded as a partial measure of productivity that reflects the joint influence of a 

number of factors, not the productivity of individuals in the labour force (Organisation for 

Economic Co-operation & Development, 2001). There is perhaps not a clear trend in which 

sectors have higher sales/FTE, but perhaps a slight grouping of ‘Environmental’ sectors 

(Figure 5.9). ‘Carbon Finance’ has the highest ratio, which might be expected to generate 

higher revenue per FTE. These comparisons perhaps only reflect overall ‘labour intensity’ in 

each Level 2 sector, as these aggregate different activity types from the value chain.  

 

Figure 5.9 shows that Carbon Finance is the most ‘productive’ by a significant distance. This 

suggests that financial services in the green economy can significantly contribute towards 

economic indicators despite its small size. CCS however, perhaps as the sector furthest 

from achieving consistent deployment at scale, has lowest productivity; more employees 

may be needed to develop and scale technologies, which may not necessarily be driving 

immediate changes in sales value. 
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Fig. 5.9: LCEGSS Level 2 Sectors by Sales per FTE ($m/FTE) colour-coded by Level 1 

(2015/16). 

 

Renewable Energy General Consultancy & Energy Management are lower in productivity, 

perhaps because they are frequently service-based, and therefore sales are almost 

exclusively based on labour inputs. The sales/FTE value for Biodiversity is surprisingly high, 

one might expect it to be a high labour intensity field. This prompts reflection on Biodiversity 

covers, which may the sale of goods, not solely conservation or ecology consultancy 

activities. 

 

The analysis considered comparisons of values in sales/FTE and growth; Carbon Finance 

and Renewable Energy Consultancy were significant outliers, which suggested a trend that 

was probably not there. With Productivity and New Products as Percent of Total Sales, there 

is little variation in the values for New Products as Percent of Total Sales, which means that 

analysis suggests no trend between these variables at this level of aggregation. 

 

Employment and Companies provide the first opportunity in this chapter to conduct some 

comparative analysis between different sectors in LCEGSS on different measures, to 
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potentially identify patterns in companies or employment, the first relative measures can be 

analysed: new product as a percentage of total sales, sales/FTE and employees:companies 

ratio. These were plotted in R using ggplot (Wickham and Grolemund, 2017), and by 

transforming the data using logs on sales and employees to improve the distribution for 

plotting. However, the level of aggregation in the current ‘frame’ of analysis may limit the 

potential for identifying clear trends. 

 

The first comparison between employees:companies ratio and sales/FTE (Figure 5.10), 

shows no strong relationship, although a slight downward trend. The sectors with slightly 

higher employees:companies ratios are not necessarily more productive, however the 

difference between the smallest and largest ratios are not large. Little can also be discerned 

from employees:companies ratio and new products as a percent of total sales (Figure 5.11). 

 

 

 
Fig. 5.10: Employees:Companies Ratio and Productivity ($m/FTE) by Global Level 2 Sectors, 

colour-coded by Level 1 Sector (2015/16). 
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Fig. 5.11: Employees:Companies Ratio and New Products as a Percent of Total Sales by 

Global Level 2 Sector, colour-coded by Level 1 Sector (2015/16). 

 

With employees:companies ratio and average annual growth, there is little overall trend, but 

Figure 5.12 highlights a trend within the overall data that the Renewable Energy sectors (in 

blue) do tend to have both higher employees:companies ratios and higher average annual 

growth, whereas there is less convergence amongst Environmental and Low Carbon 

Sectors. 
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Fig. 5.12: Employees:Companies Ratio and Average Annual Growth for 2015/16 (%) by Global 

Level 2 Sector, colour-coded by Level 1 Sector. 

 

The figures in section 5.2.4.1 suggest that Level 2 data at the global level may be seems to 

be too aggregated to formulate any relationships in the structure of firms or sectors. This 

perhaps aligns with expectations given the aggregation of activity types inside sectors and 

the aggregation across countries. Exploring and understanding the limits of analysing 

LCEGSS data, however, is useful. 

 

5.2.4.2 Employment and sales per FTE at Level 3 

 

Overall at Level 3 few meaningful relationships emerge. These ‘relative’ measures, which 

were valuable in previous studies, are not as necessarily useful in analysing the green 

economy when aggregated to the global level. Figure 5.13 demonstrates the difficulty in 

conducting analyses at this level. Some Low Carbon sectors have high sales/FTE values, 

but overall there is little to discuss. At Level 3, there are some trends between 

employees:companies ratio and percent of new products, however there is less benefit in 

conducting analysis at this scale. 
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Fig. 5.13: Log(10) of Employees:Companies Ratio and Log(10) of Productivity (Sales/FTE) at 

Level 3, colour-coded by Level 1 Sector (2015/16). 

 

Table 5.5 shows that the most ‘productive’ sector at Level 3 is Low Carbon/Carbon 

Finance/Carbon Credits Trading, the top 5 most productive sectors are Low Carbon, and this 

extends to 7 of the 10 largest. Several Energy from Waste Sectors feature in Table 5.5. 

Given the position of CCS in Figure 5.9, it is surprising to see several CCS sectors in Table 

5.5. This may be related to the sectors’ size however, which may create difficulties for 

accurately measuring employment, and assigning FTEs to different economic activities 

within CCS. Renewable Energy/Wave & Tidal/Other General Services is significantly smaller 

($72m) than the other sectors in Table 5.5, and thus may not be as comparable. 
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Fiscal 
Year Level 1 Level 2 Level 3 Sales $m Companies Employees 

Employees: 
Companies 
Ratio 

Sales/FTE 
($m/FTE) 

2015/16 Low Carbon Carbon Finance Carbon Credits Trading 283,236.2 2,509.537 46,701.82 18.60974 6.064779 

2015/16 Low Carbon Alternative Fuels Other Fuels 118,659.5 1,106.982 19,985.29 18.05385 5.937342 

2015/16 Low Carbon Nuclear Power Nuclear Power Plant Operations 68,541.33 584.1149 12,747.95 21.82439 5.376655 

2015/16 Low Carbon Nuclear Power Manufacture of Cooling Equipment for the Nuclear Power Industry 20,101.31 364.6884 6,573.529 18.02506 3.057918 

2015/16 Low Carbon Additional Energy Sources Hydrogen Produced by Electrolysis 15,611.8 286.8557 5,387.326 18.78061 2.897875 

2015/16 Low Carbon Alternative Fuels Other Bio Fuels 694,560.8 15,293.85 309,312.6 20.22464 2.245498 

2015/16 Renewable Energy Wave & Tidal Other General Services 72.42251 0 36.21848   1.999601 

2015/16 Renewable Energy Geothermal Suppliers of Systems 142,070.4 4,230.729 73,992.64 17.48934 1.920061 

2015/16 Renewable Energy Photovoltaic Photovoltaic Cells 80,947.9 3,722.027 68,007.18 18.27154 1.190285 

2015/16 Low Carbon Carbon Capture & Storage Ship 2,185.332 47.65158 1,874.244 39.33225 1.165981 

2015/16 Renewable Energy Photovoltaic Systems & Equipment 135,824.4 7,656.878 136,866.1 17.87492 0.9923889 

2015/16 Low Carbon Nuclear Power Sampling & Testing Services 18,382.89 1,287.396 20,640.95 16.0331 0.8906029 

2015/16 Low Carbon Additional Energy Sources Superconducting Magnetic Energy Storages 2,488.928 214.7641 3,023.941 14.08029 0.8230743 

2015/16 Environmental Energy from Waste Other Processing Industry 34,257.54 5,610.269 52,523.98 9.362114 0.6522267 

2015/16 Environmental Energy from Waste Automotive Sector 34,046.29 5,711.299 52,592.78 9.20855 0.6473567 

2015/16 Environmental Energy from Waste Food Processing & Prep 34,124.02 5,722.588 53,067.08 9.273266 0.6430356 

2015/16 Environmental Energy from Waste Logistics & Transport Sector 36,076.04 5,971.058 56,439.44 9.452167 0.6391991 

2015/16 Environmental Energy from Waste Other Sectors NED 34,295.54 5,836.452 54,206.37 9.287555 0.6326847 

2015/16 Environmental Energy from Waste Domestic Sector NED 32,550.19 5,741.658 51,605.08 8.987836 0.6307555 

2015/16 Environmental Energy from Waste Chemicals Industry 34,427.34 5,785.707 54,588.13 9.434997 0.6306745 

2015/16 Low Carbon Carbon Capture & Storage Pipeline 4,525.949 379.0825 7,193.246 18.97541 0.6291942 

2015/16 Environmental Energy from Waste Secondary Sewage 28,056.61 4,554.446 44,920.12 9.862916 0.6245889 

2015/16 Environmental Energy from Waste Manufacturing 33,213.61 5,677.936 54,638.35 9.622925 0.6078809 

2015/16 Low Carbon Alternative Fuels Main Stream Bio Fuels 119,306 11,046.71 213,364 19.31471 0.5591665 

2015/16 Low Carbon Carbon Capture & Storage Ocean Storage 1,764.676 288.778 3,395.409 11.75785 0.5197241 

Table 5.5: Top 25 Level 3 Sectors with the highest Sales per FTE ($m/FTE). 
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5.2.4.3 Employment and sales per FTE at Level 5 

 

There are over 3,700 activities in the LCEGSS taxonomy at Level 5, and the data are 

therefore not aggregated across different ‘Activity Types’ and subsectors, which may 

counteract some challenges seen so far. However, analysing the Level 5 presents some 

difficulty at the global level, as it may still be too aggregated geographically and the number 

of data points affects the readability of figures.  

 

However, several relationships showed some interesting trends. Figure 5.14 shows a clear 

trend between employees and sales revenues, but there is significant variation in the 

relationship between those two amongst Renewable Energy and Low Carbon activities, and 

much less amongst Environmental activities, which have a closer grouping. While the linear 

relationship between the logs of FTEs and Sales Revenues may be expected, there is still 

significant variation; the trend amongst Environmental activities is slightly stronger than the 

whole dataset. 

 

 
Fig. 5.14: Log(10) of Employment (FTEs) and Log(10) of LCEGSS Sales ($m) at Level 5, colour-

coded by Level 1 (2015/16). 
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Fig. 5.15: Log(10) of Sales/FTE ($m/FTE) and Log(10) of LCEGSS Sales ($m) at Level 5, colour-

coded by Level 1 (2015/16). 

 

Figure 5.15 suggests that higher ‘productivity’ has some relationship to size of the sector but 

the poor data distribution (even when logged) affects interpretation; for the ‘Environmental’ 

data points in particular, Figure 5.15 indicates that the distribution makes it difficult to plot the 

relationship. Being conservative in suggesting possible conclusions is sensible, but this 

figure may suggest that lower Sales/FTE is a restricting factor in the overall size of a 

LCEGSS sector, but not necessarily a barrier. 

 

5.3 Regional analysis 

 

The process of dividing the world’s countries and territories into regions does not have 

universal agreement. There will be two separate analyses: first using the UN Geoscheme’s 

Global Sub-Region categorisations, and later the countries with available data will be divided 
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by World Bank Region to use income and population data. Both systems were used 

because not every territory and state in LCEGSS has a World Bank Region, and the division 

of the Global Sub-Regions is problematic as it contains a larger number of regions and 

divides countries into unevenly-sized groups. 

 

5.3.1 Sales and employees by UN sub-region 

 

The share of sales and employees between sub-regions is generally similar (Figure 5.16); 

the exception is North America, which has a much higher share of global employment than 

sales. The full listing for the countries and territories in the Geoscheme is provided in Digital 

Appendix 5A.  

 

Figure 5.15 shows the difficulty in analysing the countries by the Geoscheme; the 

‘Australasia’ sub-region contains two countries (Australia and New Zealand), whereas ‘the 

Caribbean’ contains many more countries and territories. However, analysing by other 

regional classifications (such as the World Bank or WHO) would mean dropping countries 

and territories. The difference in size between the regions is considerable; the Far East is 

the largest ($1,952.3bn) followed by North America ($1,579.42bn), even though the latter 

contains the US (the largest green economy by sales revenue), because the Far East 

contains both China and Japan, plus other significant economies. 
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Fig. 5.16: Sales ($bn) and Employment (FTEs) in LCEGSS by Sub-Region (2015/16).
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5.3.2 Level 2 by sub-region 

 

Analysing LCEGSS activities aggregated at Level 2 and split by sub-region, there are 

significant regional economies devoted to LCEGSS sectors. There are 15 Sub-Region Level 

2s that are over $100bn, as shown in Table 5.6. The majority are in North America and the 

Far East and cover similar of Level 2 sectors. Some of these report high average annual 

growth figures for 2015/16. In sales revenue, Asia/Far East/Low Carbon/Building 

Technologies is the second largest, and the fourth largest Sub-Region Level 2 market is 

Asia/Far East/Renewable Energy/Wind at $179.2bn. Within Table 5.6, the presence of 2 

Geothermal markets (North America and the Far East) and three Alternative Fuels Sub-

Regions is significant. 

 

While most sectors seem to follow a similar trend between Sales Revenue, Companies and 

Employment between different regions, there are some notable exceptions. For example, 

while estimates of Carbon Finance in North America report 25,000 companies and 431,000 

FTEs relative to $74bn in Sales Revenue, Carbon Finance in the Far East is estimated at 

1,650 companies and 30,500 FTEs relative to $91.7bn in Sales Revenue, suggesting 

greater revenue generated by fewer, larger organisations in the Far East, or lower 

competition. With Renewable Energy/Wind, compared to North America, the Far East 

reports higher Sales Revenue ($179.20bn compared to $147.76bn) and a relatively large 

increase in companies (78,200 compared to 75,000), but only slightly more FTEs (1.321m 

compared to 1.317m). 
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Fiscal 
Year 

Global 
Region 

Global 
Sub Region Level 1 Level 2 Sales $m 

Growth 
(15/16, %) Companies Employees 

2015/16 Asia Far East Low Carbon Alternative Fuels 238,513.80 5.3994 75,349.23 1,235,106 
2015/16 Asia Far East Low Carbon Building Technologies 212,724.70 7.4161 73,426.63 1,585,115 
2015/16 Americas North America Low Carbon Alternative Fuels 207,602.90 5.8301 78,441.94 1,254,225 
2015/16 Asia Far East Renewable Energy Wind 179,195.60 7.2073 78,247.12 1,321,000 
2015/16 Americas North America Low Carbon Building Technologies 178,559.90 7.9271 70,393.78 1,401,591 
2015/16 Asia Far East Low Carbon Alternative Fuel Vehicle 175,239.30 5.5606 44,388.51 798,273.80 
2015/16 Asia Far East Low Carbon Energy Management 158,439.10 4.5923 70,715.80 1,278,112 
2015/16 Asia Far East Environmental Water Supply and Waste Water Treatment 155,809.80 2.3427 46,249.89 840,580.10 
2015/16 Americas North America Renewable Energy Wind 147,755.50 7.7183 75,002.53 1,316,798 
2015/16 Americas North America Low Carbon Energy Management 146,472.60 4.9343 51,417.52 925,361.10 
2015/16 Americas North America Low Carbon Alternative Fuel Vehicle 145,342.20 6.0159 41,959.30 786,258.10 
2015/16 Asia Far East Renewable Energy Geothermal 144,006.50 5.3890 45,139.37 948,494.20 
2015/16 Americas North America Renewable Energy Geothermal 120,006.70 5.8275 44,393.15 934,286 
2015/16 Americas North America Environmental Water Supply and Waste Water Treatment 118,795.40 2.5007 33,950.36 631,911.40 
2015/16 Europe Western Europe Low Carbon Alternative Fuels 102,411.80 5.4710 31,587.97 496,193.40 
2015/16 Asia Far East Environmental Recovery and Recycling 97,735.06 3.9817 28,427.62 494,332.80 
2015/16 Asia Far East Low Carbon Carbon Finance 91,765.86 3.2396 1,658.69 30,556.93 
2015/16 Americas North America Environmental Energy from Waste 91,583.97 4.1997 40,900.35 540,695.10 
2015/16 Asia Far East Environmental Energy from Waste 87,769.13 3.9265 52,909.38 635,869.90 
2015/16 Europe Western Europe Low Carbon Building Technologies 86,833.82 7.2769 30,082.01 644,106.80 
2015/16 Asia Far East Renewable Energy Photovoltaic 80,626.10 6.3280 28,020.41 505,657.90 
2015/16 Asia Far East Renewable Energy Biomass 78,830.06 5.6986 20,447.11 420,914.90 
2015/16 Asia South Asia Low Carbon Alternative Fuels 78,548.82 5.4818 25,435.89 413,538 
2015/16 Americas North America Low Carbon Carbon Finance 74,050.36 3.4728 25,775.16 431,418.50 
2015/16 Europe Western Europe Low Carbon Alternative Fuel Vehicle 73,871.86 5.5989 16,708.21 331,079.40 

Table 5.6: 25 largest Level 2 Sectors, divided by Sub-Region. 
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Figures 5.17, 5.18 and 5.19 present further exploration of the composition of Level 2 Sub-

Region Sectors in LCEGSS. Figure 5.17 shows no trends in Employees:Companies Ratio 

and New Product as a Percent of Total Sales, but dividing the figure by Level 2 Sector 

reveals clustering within the Level 2 sectors across different regions, with some outliers. The 

outlying points frequently are the Far East, which might suggest a frequent pattern of larger 

firms in LCEGSS in that region. The dataset suggests little variation in the 

Employees:Companies ratio, which unfortunately does not appear to be an illuminating 

measure with aggregated data. Averaged annual growth figures also present little variation. 

There was some clustering in the plotting of Employees:Companies ratio and Sales, but it 

was not particularly significant. 

 

However, as Figures 5.18 and 5.19 show, in sub-regions and new products; Australia, North 

America, and Northern Europe have more of the highest values in New Product as a Percent 

of Total Sales. The lowest values in Figure 5.18 are located in Micronesia, Melanesia and 

Central Asia. Although literature on new products does not feature much research on the 

implications of a high share of new products as a percentage of the total market (Cooper, 

1985; Dubiel and Ernst, 2013; Narver et al., 2004), it perhaps suggests greater access to 

innovative products or a greater propensity to buy new products. A lower figure does not 

mean less ‘innovation’; such goods could be subsidised, for example, affecting their share of 

spend. 

 

In both cases, the small number of countries in North America and Australasia may affect 

their value as a unit of analysis. Figure 5.19 is a useful visualisation of the data distribution in 

each region, and suggests greater variation within these three regions, perhaps caused by 

the smaller number of countries that these aggregate figures are derived. Higher shares of 

new products in LCEGSS spending in several countries (such as the US, Australia, 

Denmark) could influence those regional values. 
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Fig. 5.17: Employees:Companies Ratio and Average Annual Growth by Sub-Region and Level 2 Sector, gridded by Level 2 Sector and colour-
coded by Sub-Region (2015/16). 
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Fig. 5.18: Pivot Table of New Product as a Percent of Total Sales by Level 2 and Sub Region (2015/16). 
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Fig. 5.19: LCEGSS New Product as Percent of Total Sales for 2015/16, Level 2 Sectors plotted by Sub-Region and colour-coded by Level 1 Sector 

(2015/16). 
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For New Products ($m) and Sales ($m), Figure 5.20 is a good visualisation of the trend 

suggested in Figure 5.19. There is a divergent path of two groups of regions, with higher 

sales with fewer new products in Far-East compared to more new products in North 

America. 

 

For Sales/FTE, Figure 5.21 shows that while the values are similar for most sectors, Carbon 

Finance is considerably more ‘productive’ in every region apart from the US. US Carbon 

Finance actors may generate more revenue per FTE, or the sub-sectors in Carbon Finance 

may vary in different regions, or more jobs connected to Carbon Finance can be identified in 

US sources. The highest productivity sector in North America is Bio-Diversity; the majority of 

the value in this sector in North America is driven by the Level 4 activity 

Environmental/Bio-diversity/ Management of Other Biological Resources (excl. Timber and 

Aquatic Resources)/Sustainable Agriculture at $13,476m and 12,777 FTEs. While 

agriculture clearly has major impacts on biodiversity and it should be measured in LCEGSS, 

analysis of Bio-diversity at Level 2 should consider that it includes sustainable agriculture 

and sustainable forestry. For explaining and presenting the data, the Level 3 category 

Environmental/Bio-diversity/Protection of Biodiversity and Landscapes may align more with 

‘typical’ understandings of Biodiversity activities. 

 

Considering sales per FTE again, Figure 5.22 shows a clustering of the data points, except 

for these three Sub-Regions again, but it follows a different pattern to comparing 

Employees:Companies Ratio and Growth. Most of the Level 2 sectors demonstrate a similar 

pattern between different regions, ‘productivity’ varies little as the size of the sector in each 

region increases. While the outliers are usually in North America, Northern Europe and the 

Far East, whether productivity is higher or lower than other sub-regions varies in a number 

of cases. 

 

Overall, some findings emerge about the composition of the global green economy from 

aggregated LCEGSS data at the Sub-Region level. The unevenness of the UN Geoscheme 

Sub-Regions makes this more difficult. However, New Products as a Percent of Total Sales, 

and therefore the importance of new products to generating value in the green economy, 

varies between these ‘high new product’ and ‘low new product’ regions. 
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Fig. 5.20: LCEGSS New Products ($m) and Total LCEGSS Sales ($m), aggregated by Level 2 Sector and Sub-Region, colour-coded by Sub-Region 

(2015/16). 
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Fig. 5.21: Pivot Table of Productivity ($m/FTE) by Level 2 Sector and Sub-Region. 
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Fig. 5.22: Log(10) of Productivity ($m/FTE) and Log(10) of LCGESS ($m) by Sub-Region and Level 2 Sector, gridded by Level 2 Sector and colour-
coded by Sub-Region (2015/16). 
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5.4 Country-level analysis 

 

This section introduces country-level analysis and Chapter 6 will focus on comparative, 

country-level analyses. Here, the data will occasionally be presented in tables and 

cartograms, and figures without country labels. This will explore the global trends in the 

distribution of green economy activities, and permits explorations of countries and groups of 

countries. As previously noted, green economy data is frequently reported at the national 

level, which remains an important lens of analysis for understanding changes in the green 

economy. 

 

Colour-coded cartograms can be useful in showing broader trends, although not as the sole 

method for visualising and analysing data. However, they have certain advantages over 

choropleth maps based on standard projections, which they can skew interpretation of data 

or ‘hide’ differences in data. The cartograms in this section were generated using 

‘Rcartogram’ and ‘getcartr’, which are based on the diffusion-based method proposed by 

Gastner and Newman (2004). As this section uses World Bank GDP data, the World Bank’s 

regional classification was used to group countries. While the World Bank classification does 

not include many smaller territories that are in LCEGSS, these territories do not have World 

Bank GDP estimates and are already unavailable for plotting. The number of countries 

plotted for each figure is close to 192. 

 

Having discussed the outline of the national values for LCEGSS in section 5.2, this section 

begins by analysing relative measures of LCEGSS: principally Sales as a Percentage of 

GDP, Sales Per Capita and FTEs as a Percent of Working Age Population. The relative 

measures potentially offer greater understanding of the national-level differences in the 

distribution of LCEGSS by controlling for the size of a country’s economy or population. 

 

5.4.1 LCEGSS sales as a percentage of GDP 

 

For LCEGSS Sales as a Percentage of GDP, Figure 5.23 shows the major differences 

between different countries and regions. Sales as a percentage of GDP varies between 

1.87% and 48.57% of GDP. This range in itself invites discussion of this measure’s role in 

this study and the pitfalls of GDP. Given that LCEGSS data and GDP figures are estimated 

using different methods, any comparisons should be treated as indicative of the relative 
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‘share’ of the whole economy composed of environmental activities. It is not a strict measure 

of the ‘green intensity’ of the economy or the ‘greening’ of the economy. In some cases, this 

may suggest more about the weakness of GDP data, rather than the ‘share’ of the economy 

that is green; for the Ukraine, as for any country, the green economy as measured by 

LCEGSS seems unlikely to be nearly half of the economy. 

 

However, much can be gained from doing comparisons; there are few ways to control for the 

size of a country’s economy in an indicative way. It could suggest whether there is significant 

‘room for expansion’ for LCEGSS activities relative to the whole economy, or whether a 

country may face barriers in mobilising additional economic resources to develop green 

economy sectors. 

 



 191 

 
Figure 5.23: Cartogram of 2015/16 LCEGSS Sales as Percent of GDP (%).12 

                                                
12 Map versions of figures 5.23, 5.27, and 5.30 are available in Appendix 5A. 
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Figure 5.23 suggests that the indicative ‘share’ of the economy of LCEGSS may be loosely 

inversely related to overall wealth. Richer countries, where higher estimates of sales 

revenue in LCEGSS are reported, have lower values for Sales as a Percentage of GDP. 

This suggests that actors in richer nations are able to mobilise more resources to purchase 

green economy goods and services, and doing so is less of a burden. However, the picture 

is not universal; some countries in Sub-Saharan Africa and the Middle East (and Mongolia) 

have lower percentage of GDP values. Figure 5.23 is useful for visualising the global trends 

between countries; plotting such values on a cartogram, as opposed to a map, can 

overcome the visual bias towards larger countries. Plotting the data in other ways is also 

beneficial; Figure 5.24 shows some trend in a rising share of Sales as a Percentage of GDP 

associated with countries with larger LCEGSS economies, at lower levels of LCEGSS Sales 

values (in $bn). However, at the centre of the distribution, there is a great deal of variation 

between the countries in East Asia & Pacific and Sub-Saharan Africa. The trend then levels 

off or declines slightly. 

 

 
Fig. 5.24: Log(10) of Sales ($bn) and Sales as a Percent of GDP for national-level LCEGSS 

estimates, colour-coded by World Bank Region. 

 

So, while the picture presented by Figure 5.24 is mixed, there is a clearer potential for bias 

towards wealthier countries in generating greater relative LCEGSS sales revenues shown in 

the Figure 5.25, which plots a logged distribution of GDP Per Capita against LCEGSS Sales 
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as a Percentage of GDP. A clearer inverse relationship exists between GDP per Capita and 

LCEGSS Sales as a Percentage of GDP. 

 

 
Fig. 5.25: Log(10) of GDP Per Capita ($), and LCEGSS Sales as a Percentage of GDP, colour-

coded by World Bank Region. 

 

What could this tell us about the relative ability to devote resources to green economy 

transformations? This suggests the relative importance to the wider economy and perhaps 

reflects some degree of path dependence with richer countries; with huge, complex 

economies that they struggle to regulate (or may have chosen to deregulate), even 

generating higher absolute levels of LCEGSS activities makes a lesser impression in 

redirecting the wider economy. However, this could be evidence that GDP is not measured 

as well in poorer countries, whereas the estimation methods of transactional data are 

consistent between countries (therefore potential errors are more likely to be systematic, 

rather than random). Richer countries, therefore, may be more able to estimate GDP, 

leading to LCEGSS estimates being lower as a relative proportion of GDP. Measures of 

green economy activities relative to the wider economy generated with consistent data 

collection and estimation methods would be a useful development to explore the relationship 

between green economy activities and the size of the economy. 
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5.4.2 LCEGSS per capita 

 

These figures suggest that the size of a country does not necessarily affect the potential size 

of the LCEGSS in relative economic measures. While sales as a percentage of GDP 

provides an indicative suggestion of the relative scale of the green economy compared to 

the wider economy, LCEGSS per capita is relative to the country’s population. 

 

As Figures 5.26 and 5.27 show, the differences in per capita spending are large; the values 

in the dataset range from $44 (Timor-Leste) to $7,271 (Luxembourg). Both figures 

demonstrate that the highest rates of per capita LCEGSS spending are concentrating in 

‘developed’ economies, particularly in Western Europe and North America. Some notable 

exceptions include Hong Kong (SAR) ($4,900), Singapore ($3,389), and Equatorial Guinea 

($3,578). 

 

The last of those, Equatorial Guinea, is perhaps the most surprising. It has become, 

however, a so-called ‘petro-state’, with rapid economic growth resulting from oil and gas 

exploitation (Frynas, 2004). It is one of the most unequal countries in the world, and the 

economic growth caused by the oil and gas ‘boom’ has strengthened the position of its 

authoritarian leader (McSherry, 2006). Large amounts of the LCEGSS spending could be 

connected with the construction of the new capital city, Oyala (or Ciudad de la Paz), located 

in an undeveloped area of rainforest. Funding was supplied by the Portuguese Chamber of 

Commerce, who aimed to promote use of sustainable materials and renewable energy. 

Plans from the Portuguese architects firm that designed the city suggest significant 

incorporation of green economy principles (Furuto, 2011). So, there is plausible evidence 

behind its position in Figure 5.26. 

 

Figure 5.27, shows much of the variation in the dataset, although the variation across a large 

range of values is difficult to display in a visualisation; perceiving more than a certain 

number of colours is difficult. There is more variation between Sub-Saharan African 

countries than suggested in Figure 5.27, although it does show the differences between 

countries and regions quite clearly. 
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Fig. 5.26: Top 81 Countries ordered by LCEGSS Sales Per Capita ($), colour-coded by World Bank Region. 
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Fig. 5.27: Cartogram of 2015/16 LCEGSS Sales Per Capita ($). 
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However, a clear relationship is presented between a country’s income status (GDP per 

capita) and LCEGSS spend per capita, as shown in Figure 5.28. The trend suggests that the 

size of LCEGSS is related to relative economic output as measured in GDP per capita; no 

country generates high LCEGSS sales revenues without high production per capita. 

However, there are some countries that significantly ‘outperform’ this trend, where data 

points are located significantly above the trend line. 

 

Fig. 5.28: Log(10) of GDP Per Capita ($) and Log(10) of LCEGSS Per Capita ($), colour-coded 

by World Bank Region. 

 

5.4.3 FTEs as a percentage of the working age population 

 

International comparisons of sales revenue are difficult because of challenges both in 

creating comparable revenue value measurements, given the differences in measuring GDP 

between countries, and in accounting for the differences in prices and costs between 

countries. Analysing at the relative employment in the green economy, the number of FTEs 

in the LCEGSS sectors as a percent of the working age population, may be a good 

comparison. Data on working age populations was taken from the UN’s Population Division. 
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Employment in LCEGSS, measured in FTEs, varies from 0.05% (Timor-Leste) to 6.35% 

(Luxembourg) of the working age population (Figure 5.29). Again, Equatorial Guinea shows 

a surprising ‘concentration’ of green economy activity, with the second highest proportion of 

LCEGSS FTEs as a share of working age population (4.49%). After Luxembourg and 

Equatorial Guinea (working age populations of 390,000 and 489,000) are the US (4.45%) 

and Japan (4.34%), which have high estimated levels of employment in LCEGSS (relative to 

working age populations of 213.22m and 76.96m respectively). Overall, this suggests that 

size is not necessarily a barrier to high levels of green economy employment. 

 

Overall, Figures 5.29 and 5.30 (particularly 5.30) suggest that the highest relative levels of 

employment are concentrated in the ‘advanced’ economies. Figure 5.29 does not feature 

China and India; China (0.69%) ranks 91st for LCGESS FTEs as a percentage of working 

age population and India 121st (0.37%). Several factors may contribute; by comparing 

working age populations, countries with aging populations (proportionally lower share of total 

population) and those with younger or growing populations (proportionally more working age 

people) may diverge. However, working age population data generally has broader coverage 

from international datasets than employment figures, which are more difficult to estimate and 

complicated by countries having different definitions of employment/unemployment. Working 

age population, though, seems to provide a more useful comparison than overall population 

for comparing national green economy employment. 

 

Secondly, in comparing LCEGSS FTEs as a share of the population, there is potentially an 

in-built bias against countries where significant levels of informal employment may exist; 

estimates have suggested that the informal economy could be twice as high in developing 

and transition countries than OECD countries (41% and 38% compared to 18%) (Schneider, 

2002). Moreover, some green economy areas have notable levels of informal economy 

activities (Smit and Musango, 2015), which may not be estimated in LCEGSS values. 
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Fig. 5.29: Top 76 countries by FTEs as a Percent of Working Age Population, colour-coded by World Bank Region. 
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Fig. 5.30: Cartogram of 2015/16 LCEGSS Sales as a Percent of GDP (%). 
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Figure 5.31 presents a similar trend to Figure 5.28; there is a strong trend between 

production per capita and FTEs as a percent of working age population. There does not 

seem to be any greater variation from the trend line. Although the data points are colour-

coded, they are not necessarily the same countries located in the same place on each 

figure. 
 

Fig. 5.31: Log(10) of GDP Per Capita ($) and Log(10) of FTEs as a Percent of Working Age 

Population, colour-coded by World Region. 

 

Figure 5.32 suggests that higher FTEs as a percent of working age population correlate with 

a higher size of Green Economy on a logged distribution. The trend here is not strong, more 

relative FTEs have some relationship with overall LCEGSS spending. This is interesting, as 

previous figures suggested that both small and large economies have the potential for large 

relative LCEGSS employment. 
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Fig. 5.32: Log(10) of FTEs as a Percent of Working Age Population and Log(10) of LCEGSS 

Sales ($bn), colour-coded by World Bank Region. 

 

By contrast, the relative comparisons in Figures 5.33 and 5.34 show two different 

relationships. In Figure 5.33 the relationship between the two variables appears to be a 

polynomial (See Appendix 5A for this figure replotted with a polynomial rather than a 

smoothed conditional mean); while FTEs as a percent of working age population and 

LCEGSS sales as a percent of GDP seem to rise together, then levelling off, before falling. 

This could be related to Figure 5.25 (GDP per capita). Growth in employment in the green 

economy may be proportionally higher in certain, more developed countries, yet the growth 

in sales has not yet led to a wider transformation of production and consumption; therefore, 

it remains a lower share of production. 

 

While the relationship in Figure 5.33 is not strong, Figure 5.34 shows a strong correlation 

between FTEs as a percent of working age population and LCEGSS sales per capita, which 

may be expected as both relate to population, however the strength (R2 = 0.99) is surprising. 

The range of the data points in FTEs as a percent of working age population compared to 

LCEGSS sales per capita probably indicates a more useful comparative measure, given the 

significant variation in LCEGSS per capita between advanced economies like Luxembourg 
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($7,721) and the US ($4,061) and less developed countries such as Mali ($101) and Haiti 

($163). Comparing relative employment avoids differences in purchasing power and 

currency valuations, but presents difficulties in whether levels of formal employment are 

comparable. 

 

Fig. 5.33: Log(10) of FTEs as a Percent of Working Age Population and Log(10) of LCEGSS 

Sales as a Percent of GDP, colour-coded by World Bank Region. 
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Fig. 5.34: Log(10) of FTEs as a Percentage of Working Age Population and Log(10) of LCEGSS 

Sales Per Capita ($), colour-coded by World Bank Region. 

 

5.5 Case study: renewable energy 

 

As noted in Chapter 2, some measurement reduces the green economy to the ‘low carbon’, 

or renewable or clean energy. However, as probably the most ‘visible’ sector within the 

global green economy, global spending in renewable energy should be analysed separately. 

Level 2 sectors of Renewable Energy are: Biomass, Geothermal (including small-scale use), 

Hydro, various forms of solar under ‘Photovoltaic’, Renewable Energy General Consultancy, 

Wave & Tidal, and Wind. It does not include Nuclear, Alternative Fuels or Energy from 

Waste. For the revised definition proposed in Chapter 4, the majority of these activities fall 

into ‘Resource Management’. 

 

This section also examines estimated research and development (R&D) spend; R&D is 

central to increasing the global diffusion of renewable energy (Georgeson et al., 2016a). It 

can be estimated using two variables from LCEGSS: Estimated Spend on R&D as a 

Percentage of Sales, and Sales Revenue. The value for Estimated Spend on R&D needs to 
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be calculated from the lowest level in the dataset as these are percentage values, and then 

aggregated when the estimated values for each Level 5 sector is calculated. Using an 

average of estimated spend on R&D as a percentage of sales would be a less accurate 

estimate, given the problems of the means of percentage values previously discussed. 

 

Globally, LCEGSS Renewable Energy sectors represent $1.973 trillion in sales revenue and 

14.57 million FTEs in employment; Figure 5.35 shows the breakdown by Level 2 sector. The 

global estimated spend on R&D in Renewable Energy is $80.77 billion (approximately 5.52% 

of sales revenue). Of the sales revenue, $121.11 billion is estimated to be spent on new 

products (the variable ‘New Product $m’).  
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Fig. 5.35: A) Sales ($m) and Employees (FTEs) in Renewable Energy for 2015/16. B) Estimated R&D Spend ($m) and New Product ($m) in 

Renewable Energy for 2015/16. 
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5.5.1 Sector analysis  

 

At the global level, sales revenue in Renewable Energy Level 2 sectors range between 

Wave & Tidal ($4,309m, 21,200 FTEs) and Wind ($723,655m, 5.58m FTEs) (Figure 5.35 

and Table 5.7). Estimated R&D Spend by sector varies between $161m and $30,795m 

(Wave & Tidal and Wind). Wind, which contains both Onshore and Offshore Wind farms, 

and small-scale wind power goods and services, is the third largest LCEGSS Level 2 sector. 

Wave & Tidal is the smallest Level 2 sector by sales revenue and employment. Renewable 

Energy goods and services, therefore, represent both the most widespread global markets in 

the green economy and nascent technologies that are not yet commercially successful. 

 

Figure 5.34 shows slight variation in the ratio of sales to FTEs, but less variation in the ratio 

of estimated R&D spend to new product spend. On sales revenue and employment, Figure 

5.34 shows that the service-dominated Renewable Energy General Consultancy has much 

higher employment compared to other Renewable Energy sectors. 

 

Level 1 Level 2 Sales $m 
Sales ($m, 
PPP) Employees 

Estimated 
R&D Spend 

R&D 
Spend 
(PPP) 

Sales Per 
Capita 

Sales Per 
Capita 
(PPP) 

Renewable 
Energy Biomass 284,402.90 394,702.40 1,792,386 11,286.86 15,746.83 11,113.19 15,756.56 
Renewable 
Energy Geothermal 583,868.90 790,160.80 3,988,763 24,366.12 32,675.79 21,257.18 30,129.57 
Renewable 
Energy Hydro 24,239.75 33,603.41 174,850 942.30 1,299.12 940.30 1,334.43 
Renewable 
Energy Photovoltaic 326,807.10 440,568.50 2,148,198 12,214.57 16,399.65 11,862.08 16,759.65 
Renewable 
Energy 

Renewable Energy 
Consultancy 25,944.53 34,974.86 855,909 1,001.09 1,341.98 941.13 1,330.23 

Renewable 
Energy Wave & Tidal 4,308.90 5,984.24 21,228 160.60 222.58 171.16 242.47 
Renewable 
Energy Wind 723,655.20 973,222.00 5,583,966 30,795.16 41,668.67 26,210.29 37,026.84 

 
Table 5.7: Sector 2 Renewable Sectors in LCEGSS for Fiscal Year 2015/16. 

 

If we examine growth in Renewable Energy sectors (at Level 5), 2015/16 growth varies 

widely in renewable energy sectors; the highest being 

Renewable Energy/Wind/Onshore Wind Farm Systems/Large Wind Farm Energy Systems 

Supply/Supply of Large Wind Farm Energy System Grid Entry Towers and Gantries at 

27.8% in both Denmark and Norway (Table 5.8). 
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Global 
Region Country Level 2 Level 3 Level 4 Level 5 

Activity 
Code 

Growth 
(15/16, 
%) 

Europe Denmark Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 27.8 
Americas US Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 27.8 
Americas US Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Switching Systems Supply 26.8 
Europe Norway Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 25.5 
Europe Denmark Wind On Shore Large Wind Turbine Large Wind Turbine Manufacture Manufacture of Gear Boxes and Drive Chains Manufacture 25.1 
Oceania Australia Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 24.5 
Oceania Australia Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Switching Systems Supply 24.1 
Europe Norway Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Ancillary Equipment NEC Supply 24.1 
Oceania Australia Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Ancillary Equipment NEC Supply 23.9 
Americas Panama Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Switching Systems Supply 23.9 
Americas Dominica Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 23.8 
Asia Brunei Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 23.6 
Africa Burundi Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 23.6 
Europe Luxembourg Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 23.6 
Africa Uganda Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Switching Systems Supply 23.6 
Europe Faroe Islands Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 23.6 
Asia Malaysia Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 23.5 
Oceania Australia Wind On Shore Wind Farm Systems Large Wind Farm Energy System Publications Production of Large Wind Farm Operations Journals Services 23.5 
Americas Canada Wind On Shore Large Wind Turbine Large Wind Turbine Manufacture Manufacturing of Turbine Cowlings and Enclosures Manufacture 23.5 
Oceania Kiribati Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Switching Systems Supply 23.5 
Europe Belarus Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 23.4 
Africa Guinea-Bissau Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 23.4 
Americas Paraguay Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Switching Systems Supply 23.3 
Oceania New Caledonia Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Switching Systems Supply 23.3 
Americas Canada Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Switching Systems Supply 23.2 
Asia Thailand Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Switching Systems Supply 23.2 
Americas Anguilla Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Towers and Gantries Supply 23.2 
Americas British Virgin Isles Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Switching Systems Supply 23.2 
Africa Sao Tome & Principe Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Switching Systems Supply 23.2 
Europe Denmark Wind On Shore Wind Farm Systems Large Wind Farm Energy System Suppliers Supplier of Large Wind Farm Energy Systems Grid Entry Switching Systems Supply 23.1 
Americas US Geothermal Consulting & Related Services Geothermal Energy System Project Dev Geothermal Energy System Project Development Community Installations Services 23.1 

 

Table 5.8: Sector 5 Renewable Sectors in LCEGSS at the country level, ordered by average annual growth for 2015/16. 
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The majority are within onshore wind farm grid entry systems, with several exceptions. 

Onshore wind is currently much more cost-effective than offshore wind, which could drive 

more grid connections and a rapid increase in demand for components. These are activities 

in the supply of grid systems, rather than manufacture, which also suggests this. There are 

two manufacturing Level 5 activities in Table 5.8, which are 

Denmark/Renewable Energy/Wind/On Shore Large Wind Turbine/Large Wind Turbine 

Manufacture/Manufacture of Gear Boxes and Drive Chains at 25.1%, and 

Canada/ Wind/On Shore Large Wind Turbine/Large Wind Turbine 

Manufacture/Manufacturing of Turbine Cowlings and Enclosures (23.5%). The only non-wind 

activity is the final entry in Table 5.8, 

Renewable Energy/Geothermal/Consulting & Related Services/Geothermal Energy System 

Project Development Services/Geothermal Energy System Project Development Community 

Installations in the US at 23.1%.  

 

The slowest growth in Renewable Energy amongst a number of Level 5 sectors are relating 

to Hydro, Biomass, and Heliostats (at 1.1%), such as: Hydro/Turbines/Turbine 

Generators/Supply of Turbine Generators, Biomass/Biomass Energy Systems/Biomass 

Energy System Component Suppliers/Biomass Energy System Component Suppliers 

Domestic Applications, and Photovoltaic/Other Related Equipment and 

Chemicals/Heliostats/Supply of Heliostats. Hydro is a low-growth sector; large-scale hydro is 

subject to significant regulation, effective sites have been developed, and small-scale hydro 

is not as universally deployed as small-scale solar or shallow geothermal, given the need for 

fast-moving water. 

 

Geothermal in LCGESS should be explored, as the second largest Renewable Energy 

sector that includes technologies that, in other datasets, are reported elsewhere. These are 

treated as part of Geothermal within LCEGSS because they use the heat of the earth for 

energy, and thus from a technology perspective (considering the ‘Profiling’ methodology 

discussed in Chapter 2) they are ‘geothermal’. Therefore, a significant amount of the sales 

revenue of Renewable Energy/Geothermal is generated from small-size heat technologies 

and residential schemes; nearly $28billion of the sales revenue in Geothermal is the 

manufacturer of Heat Pumps, and ‘whole systems manufacture’ of residential energy 

systems account for $80 billion (Figure 5.36).  
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Fig. 5.36: LCEGSS Sales Revenue for Geothermal ($m), aggregated by Level 3 and stacked by 

Level 4, colour-coded by Activity Type. 

 

Geothermal provides a useful opportunity to compare the breakdown of sales revenue by 

different activity types within the value chain in Figure 5.35. Manufacture and Supply of 

Specialist Equipment, Suppliers of Systems and the categories of Whole Systems 

Manufacture are roughly evenly split between Manufacture and Supply. Services are smaller 

but still significant, totalling over $60 billion. Component Design & Research is $8.1 billion; 

this is different from the ‘Estimated R&D Spend’, because the majority of R&D activities do 

not leave a transactional ‘footprint’ as they are internal. There is, therefore, a difference 

between the estimated value of all R&D activities, and the commercial ‘market’ for R&D 

activities that can be estimated by the data collection. 

 

The solar category, labelled ‘Photovoltaic’, contains solar activities beyond Photovoltaic. 

One improvement to future green economy measurement would be to reflect the broader 

nature of the improved measurement in solar in the Level 2 category name. Figure 5.37 

clearly shows the variety of Level 4 activities within Photovoltaic. While Solar Photovoltaic is 

clearly the dominant technology, with Photovoltaic Cells alone estimated at $80.95 billion in 

sales, other solar technology sectors have billions of dollars in sales. Solar Combisystems, 

while not be deployed frequently in the UK (but used in Passivhaus designs), are a large 

market globally ($47.1 billion). Solar Lighting Design ($2.3 billion), Solar Box Cookers ($2.4 
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billion) and Light Tubes ($2.6 billion) are all over $2 billion in global sales revenue. Green 

economy definitions should continue to include all technologies, even where their size in 

developed countries may be considerably smaller than more ‘established’ technologies. 

 

 
Fig. 5.37: LCEGSS Sales Revenue for Solar ($m), aggregated by Level 3 and stacked by Level 

4, colour-coded by Level 4. 

 

Moreover, by examining the data at Level 5, we can see that other non-Photovoltaic solar 

technologies are significant markets globally. For example, Table 5.9 presents all Level 5 

economic activities larger than $2 billion in global revenue; Solar Thermal, as this table 

shows, is estimated to be $18,458 million in global sales revenue. 
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Level 3 Level 4 Level 5 Activity Code Sales $m 
Estimated 
R&D Spend 

Photovoltaic Cells Photovoltaic Modules Manufacture of Photovoltaic Modules Manufacture 19,277.94 504.45 

Systems & Equipment Solar Combi Systems Manufacture of Solar Combi Systems Manufacture 18,546.67 1141.12 

Other Related Equipment and Chemicals Additional Energy Sources Solar Thermal Manufacture 18,548.43 279.17 

Systems & Equipment Solar Combi Systems Supply of Solar Combi Systems Supply 9,784.12 407.15 

Systems & Equipment Solar Combi Systems Distribution of Solar Combi Systems Supply 9,719.46 541.77 

Systems & Equipment Active Systems Manufacture of Active Systems Manufacture 9,362.75 401.13 

Photovoltaic Cells Photovoltaic Cells Manufacture of Photovoltaic Cells Manufacture 9,100.27 191.94 

Systems & Equipment Solar Combi Systems Installation of Solar Combi Systems Installation 9,043.12 257.55 

Photovoltaic Cells Photovoltaic Modules Supply of Photovoltaic Modules Supply 8,203.31 209.57 

Photovoltaic Cells Photovoltaic Modules Installation of Photovoltaic Modules Installation 8,033.84 264.84 

Other Related Equipment and Chemicals Agricultural Glass House Solar Up Draft Manufacture of Agricultural Glass House Solar Up Draft Manufacture 7,359.51 296.31 

Systems & Equipment Batch Systems Manufacture of Batch Systems Manufacture 6,766.29 360.51 

Photovoltaic Cells Photovoltaic Cells Supply of Photovoltaic Cells Supply 6,224.93 363.50 

Photovoltaic Cells Photovoltaic Modules Distribution of Photovoltaic Modules Supply 6,079.64 254.55 

Systems & Equipment Skylights Manufacture of Skylights Manufacture 5,934.40 215.56 

Systems & Equipment Active Systems Supply of Active Systems Supply 5,887.51 257.63 

Other Related Equipment and Chemicals Agricultural Glass House Solar Up Draft Supply of Agricultural Glass House Solar Up Draft Supply 5,845.43 342.19 

Photovoltaic Cells Photovoltaic Cells Distribution of Photovoltaic Cells Supply 5,825.06 135.97 

Systems & Equipment Passive Systems Manufacture of Passive Systems Manufacture 5,815.15 123.00 

Systems & Equipment Batch Systems Supply of Batch Systems Supply 5,712.94 162.57 

Photovoltaic Cells Photovoltaic Cells Installation of Photovoltaic Cells Installation 5,538.64 103.08 

Systems & Equipment Batch Systems Installation of Batch Systems Installation 5,299.38 192.71 

Systems & Equipment Passive Systems Supply of Passive Systems Supply 5,108.52 161.27 

Other Related Equipment and Chemicals Heliostats Supply of Heliostats Supply 4,534.21 161.91 

Systems & Equipment Passive Systems Installation of Passive Systems Installation 4,474.68 113.08 
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Level 3 Level 4 Level 5 Activity Code Sales $m 
Estimated 
R&D Spend 

Other Related Equipment and Chemicals Agricultural Glass House Solar Up Draft Distribution of Agricultural Glass House Solar Up Draft Supply 4,445.27 128.39 

Other Related Equipment and Chemicals Heliostats Manufacture of Heliostats Manufacture 3,959.65 145.01 

Systems & Equipment Active Systems Distribution of Active Systems Supply 3,882.77 149.41 

Systems & Equipment Active Systems Installation of Active Systems Installation 3,705.71 188.39 

Other Related Equipment and Chemicals Agricultural Glass House Solar Up Draft Installation of Agricultural Glass House Solar Up Draft Installation 3,674.36 195.12 

Other Related Equipment and Chemicals Towers Manufacture of Towers Manufacture 3,615.94 179.19 

Other Related Equipment and Chemicals Heliostats Installation of Heliostats Installation 3,600.12 73.95 

Other Related Equipment and Chemicals Convection Tower Solar Up Draft Manufacture of Convection Tower Solar Up Draft Manufacture 3,546.57 129.32 

Systems & Equipment Skylights Supply of Skylights Supply 3,535.98 136.34 

Systems & Equipment Passive Systems Distribution of Passive Systems Supply 3,334.73 49.17 

Systems & Equipment Batch Systems Distribution of Batch Systems Supply 2,981.08 84.34 

Systems & Equipment Skylights Installation of Skylights Installation 2,968.42 177.78 

Photovoltaic Cells Photovoltaic Cell Materials Manufacture of Photovoltaic Cell Materials Manufacture 2,919.79 168.54 

Chemicals Solar Chemical Production of Solar Chemicals Manufacture 2,785.95 97.28 

Systems & Equipment Skylights Distribution of Skylights Supply 2,401.88 162.76 

Research & Development Solar Power Research Static Hybrid System Solar Power Research R&D 2,394.49 108.05 

Other Related Equipment and Chemicals Photovoltaic Micro/Off-Grid Solar Manufacture 2,254.70 132.81 

Other Related Equipment and Chemicals Convection Tower Solar Up Draft Supply of Convection Tower Solar Up Draft Supply 2,219.91 129.19 

Other Related Equipment and Chemicals Convection Tower Solar Up Draft Installation of Convection Tower Solar Up Draft Installation 2,090.47 30.39 

Research & Development Solar Power Research Static System Solar Power Research R&D 2,061.94 91.26 
Table 5.9: Largest global Level 5 activities in LCEGSS sector ‘Photovoltaic’, ordered by Sales ($m). 
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Table 5.9 shows that Micro/Off-Grid Solar is much smaller than other sectors at $2,254 

million; but this is still a significant level of spending globally, as this activity can frequently 

benefit isolated and marginalised communities. Table 5.9 suggests that the level of R&D is 

very different between these different economic activities. This is illuminating as examining 

the estimated R&D spend and the R&D expenditure as a percent of sales values often hide 

details in the aggregation, which frequently suggests little variation between different 

sectors. If we examine the top three Level 5 activities, while there have similar estimations of 

sales revenues, there is less R&D in Manufacture of Photovoltaic Modules, compared to 

Manufacture of Solar Combi Systems, and much less R&D in Solar Thermal. This could be 

because Solar Thermal is a less complex technology, or perhaps deployed less frequently in 

developed countries with colder climates and more established gas distribution for heating, 

giving less incentive to develop or improve the technology. 
 

After Geothermal and Photovoltaic at Level 2, Renewable Energy/Wind is the largest Level 2 

sector in Renewable Energy and should be analysed. The recent revisions to the LCEGSS 

taxonomy split the supply chains for Onshore and Offshore Wind, which is reflected in Figure 

5.38. On examination however, there is a certain degree of similarity between offshore and 

onshore. Some sectors that are differentiated between the two are not measured in Wind; 

civil and marine engineering activities are not currently estimated in LCEGSS, meaning that 

the biggest difference (land or sea location) are excluded from the dataset (Hydro has a 

similar issue with civil engineering activities of dam building). Underwater installation of 

cables, for example, is measurable with transactional data but currently recorded in a 

separate dataset on Marine activities. Otherwise, similarities in the composition of the value 

chains affects the differentiation of value between the two; there is probably a greater 

difference between the two than currently recorded in LCGESS. 
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Fig. 5.38: LCEGSS Sales Revenue for Renewable Energy/Wind ($m), aggregated by Level 3 and 

stacked by Level 4, colour-coded by Activity Type.  

 

Small Wind Turbine activities ($228.6 billion) spending is larger than the offshore wind large 

turbine categories (caveats about engineering activities considered), but smaller than the 

onshore wind (large turbine) categories. Figure 5.38 also demonstrates that maintenance of 

wind farms is a significant economic activity and source of employment. This suggests that 

wind provides more continued economic opportunities than some renewable energy 

technologies, whilst being cost competitive.  
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Fig. 5.39: Log(10) of Estimated R&D Spend and Log(10) of Sales ($m) for Renewable Energy, 

aggregated by Level 3, colour-coded by Level 2. 

 

Figure 5.39 plots Estimated R&D Spend by Level 3 against sales revenue; there is a 

concentration of Wind sectors at the upper end of the distribution and little variation from the 

linear trend. Several smaller sectors from Biomass and Wave & Tidal, however, outperform 

the trend, but no sector supports a significant level of global sales revenue without a 

corresponding level of R&D spend. 

 

5.5.2 Renewables by activity type 

 

The seven Level 2 sectors of Renewable Energy provide a useful basis to compare the 

composition of the value chain between these different green economy sectors, in absolute 

and relative terms. Figure 5.40 provides absolute and relative comparisons of the 

breakdown between different activity types at Level 2. In all sectors, apart from Renewable 

Energy General Consultancy, Manufacture is one of the largest activity types. The exception 

is Hydro, where installation is a greater proportion of the sales value than Manufacture (36% 

to 26%), suggesting that Hydro is more expensive to install than manufacture or maintain. 

Similarly, a greater proportion of sales revenue in Geothermal is estimated to be from 
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Supply (48%) compared Manufacture (36%) or Installation (3%). This suggests that the 

LCEGSS data can estimate variation in supply chain composition between sectors, which 

other data collection processes are unable to estimate. 

 

As previously noted, Maintenance spending within Wind is significant, contributing a larger 

proportion of sales revenue than in other Renewable Energy sectors at 23%. There are not 

estimates of significant levels of economic activity in Maintenance in Photovoltaic; future 

data collection should explore whether this has already been aggregated under another 

activity, even at Level 5, or if there are no significant levels of Maintenance spending on 

solar technologies. Concentrating Solar Power, for example, would seem to require some 

level of maintenance.  
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Fig. 5.40: Level 2 Sectors of Renewable Energy, colour-coded by Activity Type. A) Sales ($m), B) Proportional Spend (%). 
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5.6 Adaptation spending: the Adaptation & Resilience to Climate Change dataset 

 

As noted in Chapter 3, adaptation and resilience are frequently presented within various 

national, regional and international green economy frameworks. Although as discussed in 

Chapter 4, current data structures are unable to fully integrate adaptation into LCEGSS, a 

separate dataset of transactional data exists. The ‘Adaptation & Resilience to Climate 

Change’ dataset is compiled using the same methods for the same countries and territories. 

It would be ideal to report these two together, but with the current data architecture, the size 

and distribution of the two can be compared.  

 

The ‘Adaptation & Resilience to Climate Change’ (A&RCC) dataset was originally reported in 

GBP, and converted to USD using the annual average of the Bank of England’s Annual 

Daily Rates for the fiscal year 2015/16 (£1: 1.50819). The Adaptation & Resilience data 

taxonomy (at Level 3) is provided in Digital Appendix 5B. It reports adaptation activities 

where there is a clear link to climate change across 11 industrial sectors: Agriculture & 

Forestry, Built Environment, Disaster Preparedness, Energy, Health, ICT, Natural 

Environment, Professional Services, Transport, Waste, and Water. 

 

Globally, sales revenue in A&RCC is estimated to be $356,916.5m, and employment is 

estimated at 3.09m FTEs. National sales revenue in A&RCC ranges from 45 countries and 

territories with spending of under $10m (including Timor-Leste, $1.61m, Antigua and 

Barbuda, $3.7m, and Guinea-Bissau, $5.9m) to $73,841m (United States). 6 countries and 

territories returned no values for A&RCC. At the global level, the A&RCC spending between 

the industries in the dataset varies between $6.48bn (Waste) and $81.19bn (Built 

Environment (Figure 5.41). There is greater variation between average annual growth 

figures in A&RCC than at the corresponding level of the taxonomy in LCEGSS, between 

4.7% (Agriculture and Forestry) and 15.84% (Waste). Average annual growth values are 

higher in Adaptation than LCEGSS at Level 2; spending on adaptation may be growing 

faster than spending in the green economy.  
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Fig. 5.41: Sales Revenue ($m) and Average Annual Growth (2016/17) in A&RCC. 

 

Globally, the largest sectors in the A&RCC dataset are Built Environment ($81.19bn), Water 

($66.7bn), and Transport ($47.22bn) (Figure 5.41). These probably represent the most 

significant infrastructure systems in the A&RCC industries, suggesting that the commercial 

market for adaptation and resilience activities responds to the scale of the physical 

infrastructure and capital investment. It appears that more expensive and extensive 

infrastructure leads to higher A&RCC spend. The data for adaptation that was previously 

analysed for ten major cities (Georgeson et al., 2016b) also suggested this. 
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Fig. 5.42: Companies and Employees (FTEs) for A&RCC for 2015/16. 

 

In Figure 5.42, we see that the distribution of employment in A&RCC sectors is similar to 

that of sales revenue; however, there is less variation between the largest sector (Built 

Environment, 696,800 FTEs) and the smallest (Natural Environment, 55,150 FTEs) than in 

LCEGSS. Moreover, the smallest sector by sales revenue (Waste, $6.49bn) employs more 

people (123,800 FTEs) than Natural Environment ($6.66bn). This suggests significant 

differences in labour intensity between different industries in adaptation activities. 

 

At the country level, the share of different economic sectors shows more variation at Level 2 

than in LCEGSS, and differs greatly in small island states. The overseas territories of 

developed countries seem to have spending in more industries than small independent 

nations, suggesting that small island states that face significant risks from current and future 

climate change may be isolated in their ability to respond. This suggests a greater 

differentiation in capacity to respond to risks than in mitigation. 

 

In analysing several measures available in the A&RCC dataset, there is no relationship 

between the size of an activity and its export market, or its reliance on imports, or growth. 
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The ratio of Exports, Imports and Companies to total sales revenue in A&RCC for different 

industry sectors are similar. 

 

5.6.1 Comparison of LCEGSS and A&RCC 

 

Comparing sales and employment in LCEGSS (broadly mitigation of climate and 

environmental damage and resource management) and A&RCC (adaptation to climate 

change) permits an exploration of the scale and distribution of spending in both. The overall 

difference in scale between LCEGSS and A&RCC globally is significant; LCEGSS totals 

$7.87 trillion in sales revenue and 49.68 million in estimated FTEs, whereas A&RCC totals 

$338.13bn and 3.09 million in estimated FTEs. The global ratio of LCEGSS to A&RCC 

spending is therefore approximately 23:1, and the ratio of LCEGSS to A&RCC employment 

is approximately 16:1. 

 

At the national level, the ratio of A&RCC sales revenue to LCEGSS revenue varies from 

1:17 to 1:31 for a broad range of countries, and varies more widely in a number of small 

island territories. However, lower data availability in those countries may be a factor, or the 

lesser values may represent much lower relative levels of adaptation activities. Figure 5.43 

shows a clear relationship at the country level between the levels of LCEGSS and A&RCC 

spending, however smaller countries and territories spend proportionally less on adaptation 

than larger, richer economies. The type of spending measured by A&RCC may be a factor; 

as more expensive and extensive infrastructure appears to relate to more adaptation 

spending. Such infrastructure may not exist in small island countries and territories; lower 

levels of adaptation spending may reflect a lower concentration of capital at risk. However, 

another possibility is that such countries and territories lack the resources for critical 

adaptation spending. 
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Fig. 5.43: Log(10) of LCEGSS Sales and Log(10) of A&RCC by country, colour-coded by UN Geoscheme Region, sized by LCEGSS Sales. 
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Fig. 5.44: Log(10) of A&RCC to LCEGSS Ratio by country, grouped and colour-coded by UN Geoscheme Sub-Region, sized by LCEGSS Sales. 



 225 

Figure 5.44 again indicates a high variability and lower relative level of A&RCC spending in 

small island countries and territories, and lower ratios in wealthier countries. Across different 

regions, smaller countries and territories have higher A&RCC:LCEGSS ratios. What 

spending can be measured and the relative physical capital at risk may be influences here, 

or a function of scale could be a barrier in smaller countries and territories to deliver 

adaptation spending. The demands on expenditure may not be directly correlated with size, 

and therefore actors in smaller countries may face greater competing needs for expenditure. 

 

5.7 Concluding remarks 

 

This chapter represents a significant analysis of large volumes of transactional data from 

both the LCEGSS and A&RCC datasets, primarily focusing on global data from both 

datasets. This chapter provides an understanding of the global landscape of the green 

economy and a broad overview of the green economy as measured by the LCEGSS 

transactional dataset to frame analysis in the chapters that follow. 

 

However, this chapter demonstrates the difficulties at this scale of analysis. For example, 

aggregation causes a lot of similarities in the composition of the green economy between 

sectors and between countries. This may be a real effect; that the composition of the green 

economy, with a comparative approach that applies a taxonomy to different countries, is 

largely similar. Or, it may be an aggregation problem (Clark and Avery, 1976), which have 

been observed in social and natural sciences (one of the most prominent being ‘Taylor’s 

Law’ in ecology (Taylor, 1961), with other broader applications). By aggregating LCEGSS 

values to the national, regional or global levels, this may obscure variance in the data by 

making the proportion of one sector to another harder to perceive. With a (relatively) large 

number of Level 2 sectors for example, the variation in proportional spending of different 

sectors between regions or countries appears small. Such aggregation difficulties present a 

challenge for analysis. Conversely, too many data points (such as plotting all national-level 

Level 5 activities) presents other challenges for interpreting and analysing data. Aggregating 

growth figures is problematic, as percentage growth values only exist for each national-level 

Level 5 activity. 

 

Analysed the data by Activity Type, there is some variation between activity types within 

different sectors. Therefore, aggregating values across different types of activities like 
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Supply, Manufacturing, and R&D, for all sub-sectors within a given sector may be too much 

aggregation. In future analyses, there may be some benefit in dividing the data down by 

Country-Sector-Activity Code to analyse within relevant subsets of the data. Other economic 

data sources frequently do not separate out supply chain and support activities and this 

could require some differences for interpreting the data. 

 

It suggests that how we approach thinking about political economy and economic 

geographies may change with future improvements to transactional data. A challenge 

remains for measuring green economy transformations in a comparative way; if one 

estimates values for the same activities in different countries, there may be nuanced 

differences in how the green economy exists in practice, with different technologies and 

approaches. 

 

However, this chapter suggests important findings regarding the global landscape of the 

green economy, as estimated by LCEGSS. For example, growth rates between Level 5 

sectors vary significantly from just over 1% to 32.2%. At the global level, the size of fuel 

supply-based activities is notable. Moreover, the new additions to the dataset in this study 

diversify its measurement and are significant in size. Analysing the data by Activity Type 

shows clear differences in the scale and economic composition of different areas of core 

activities and value chain activities. The composition of economic activity by Activity Type 

varies between sectors, as seen in Renewable Energy, demonstrating that the LCEGSS 

data permit the exploration of differences in the make-up of different economic sectors. At 

the global level, larger Level 5 activities may produce more revenue per FTE. 

 

There is significant variation in regional green economies, some regional sub-sectors are 

large, which are frequently located in North America and the Far East. There is significant 

national level variation in LCEGSS spending and the green economy may be a smaller 

share of the whole economy in more developed countries. ‘FTEs as a Percent of Working 

Age Population’ shows promise as a comparative measure between countries, considering 

the challenges in comparing levels of spending between countries. In comparing mitigation 

and resource management to adaptation, global LCEGSS spending is 23 times higher than 

A&RCC. These suggestions and analyses form the basis for the understanding the potential 

and the limits for understanding green economy transformations using transactional data, 

which will be explored further in the chapters that follow. 
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6. National-level comparative analyses using transactional data and other 
datasets 
 

6.1 Introduction 

 

This chapter builds upon the analysis of Chapter 5 to conduct the first major attempt at 

comparison with other datasets at the national scale. A previous research project as part of 

this study’s CASE studentship led to a preliminary exploration of the city-level data with 

external data provided by the C40, however the analysis herein has not been carried out 

previously. This chapter aims to build on the global landscape of LCEGSS analysed in 

Chapter 5, exploring the differences between countries in greater detail and comparisons to 

other major environmental, social and economic factors that may influence or be influenced 

by green economy transformations. 

 

These comparisons are useful and timely, because numerous claims and counter-claims are 

made about the green economy, including criticism of its relationship to sustainable 

development (Bina, 2013). Comparisons with indices are useful as indices can help direct 

attention to data shortages, which can generate better data availability in the future (Hsu et 

al., 2014). Further exploration of what LCEGSS data can suggest about green economy 

transformations will be useful to assess these discussions. This chapter gives the possibility 

of exploring broader trends, away from a case study approach (UNEP, 2015b) that is 

frequently used to exemplify ‘good’ green economy practice. This may permit indirect 

exploration of the potential for ‘decoupling’ growth from environmental harm and whether 

this is an appropriate strategy (Antal and Van Den Bergh, 2014). This has previously been 

explored only at the macro-level and not using data related to the activities that might 

contribute to decoupling. This chapter will interrogate whether green economy 

transformations can stand up to the claims that green growth can be more equal and 

inclusive (Anbumozhi and Bauer, 2013; Yao and Anbumozhi, 2015). 

 

6.1.1 Data availability 

 

As in Chapter 5, LCEGSS data is available for 226 countries and territories on the measures 

previously explored in Chapter 5. The data availability of the additional datasets used for 
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comparisons varies, and the number of countries with data availability is available in Digital 

Appendix 5A. 

 

6.1.2 Chapter structure 

 

This chapter contains a series of relative comparisons with other significant data sources: 

the UNDP’s Human Development Index, the Yale Environmental Performance Index (EPI), 

the World Bank’s RISE dataset on renewable energy policy, and the 2017 Climate Risk 

Index. The World Bank demographic and economic data permits a multi-year comparison 

between countries, albeit with a short time series. Overall, this chapter explores the potential 

of LCEGSS data for understanding the differences between countries in the green economy 

at the global level and its relation to other economic and environmental phenomena. 

 

6.2 Comparative analysis 

 

These comparative analyses will analyse LCEGSS data and several different datasets, to 

explore whether comparisons can provide any suggestions of the relations between 

economic activities in the green economy and other phenomena. Being the first 

comprehensive efforts, these analyses will focus on exploring potential trends and, given the 

enormous complexity of the interactions of environmental, social and economic phenomena, 

focus less on trying to model and predict. 

 

6.2.1 Incorporating World Bank data 

 

Chapter 5 already demonstrated that the utility of World Bank economic and demographic 

data in contextualising LCEGSS data and creating relative measures for analysis. Using the 

World Bank data, we can explore two main areas here: income inequality, and purchasing 

power parity.  

 

6.2.1.1 Income share of the top 10% 

 

Given claims about the relationship between environmental degradation and inequality 

(Mikkelson et al., 2007), investigating whether there is any relationship between inequality 

and the responses to such challenges, as estimated by LCEGSS, would be useful. However, 
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the World Bank’s macroeconomic data only has a reasonable quantity of data available for 

one year: 2012. Even for 2012, more than 150 countries and territories from the LCEGSS 

dataset do not have data on the income share of the top 10% of the population. 

 

This data will be analysed briefly, as this is a relative small number of countries. With relative 

scales, the data suggests some relationship between lower inequality and more green 

economic activity, estimated by the income share of the top 10% and LCEGSS spending 

and employment. Figures 6.1 and 6.2 suggest that there is a weak negative trend between 

this income inequality measure and two relative measures of LCEGSS economic activity 

(Sales Per Capita ($) and FTEs as a Percentage of Population). 

 

However, there is significant variation at any given value for income share of the top 10%, 

and some degree of clustering of different regions. It appears that the less unequal countries 

are in Europe and Central Asia, which suggests that these countries (which generally are 

richer and have more economic resources, not just in the green economy) have more 

spending in the green economy and less inequality. However, this may not strictly be related 

to wealth or development status. The countries with the highest inequality are all in Latin 

America and the Caribbean, whereas some countries in Sub-Saharan Africa are less 

unequal, but have lower levels of economic activity (in sales and employment) in LCEGSS, 

and lower production (as measured by GDP). 
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Fig. 6.1: Log(10) of Income Share of the 10% (2012) and Log(10) of Sales Per Capita ($) 

(2012/13). 

Fig. 6.2: Log(10) of Income Share of the 10% (2012) and Log(10) of FTEs as a Percentage of the 

Population (2012/13). 
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However, as noted, many countries are missing from this World Bank data, so suggestions 

of less inequality in ‘greener’ economies should be treated with caution. Global differences in 

inequality might be more significant than differences within regions or between countries in 

similar development situations. 

 

6.2.1.2 PPP-adjusted LCEGSS 

 

In several figures in Chapter 5, some values for LCGESS data adjusted for purchasing 

power parity (PPP) were presented. Purchasing power refers to the differences in the costs 

of goods and services, and PPP adjustments seek to addresses these differences and thus 

make economic values between countries more comparable. However, calculating such 

values is complicated and must be done differently for each country and on an annual basis. 

Therefore, it is not typically applied to transactional data. However, attempting to estimate 

‘PPP-adjusted’ values for LCGESS and comparing these alongside nominal values is useful 

for this research. This contributes to the analysis and to understanding the difference that 

PPP adjustments might make to analysing transactional data. The World Bank calculates a 

‘conversion rate’ for PPP to convert to a PPP-adjusted dollar rate from a nominal one, which 

has been used here. Similar conversion rates for conversion from national currencies to 

‘international dollars’ (PPP-adjusted values) exist. However, many countries do not have a 

PPP conversion rate from the World Bank data, which is perhaps the most comprehensive 

single source. There are notable some discrepancies between published conversion rates 

and equivalent PPP-adjusted GDP values in the World Bank data. This is, also, the first 

major attempt to adjust LCEGSS values to PPP. For these reasons, analyses will continue 

to use both nominal and PPP-adjusted LCEGSS sales values. 

 

Overall, the following figures suggest that adjusting for PPP makes a large difference to the 

values but retains some relation to the trends suggested by nominal data. However, 

assessing the global green economy in PPP-adjusted values (and the effect of PPP on the 

size of the global green economy) is flawed because many countries are missing from the 

World Bank PPP Conversion Rate data (India, for example). 

 

PPP conversion leads to significant changes in LCEGSS sales values for many countries. 

For example, China’s LCEGSS sales revenue overtakes the US as the largest national-level 

LCEGSS market, and Germany somewhat catches up with the US (Figure 6.3). However, 
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the ‘PPP effect’ here for Germany is much larger than other major European economies. 

This, again, needs to be interpreted with caution, as there is a discrepancy between the 

World Bank’s GDP (PPP) values for Germany and the PPP conversion rates. Several 

‘emerging’ economies, Brazil and Mexico, become more significant economies globally 

because of PPP conversion, and the Iranian green economy’s size is perhaps surprising; 

perhaps because economic analyses are often ‘information poor’ regarding Iran.  

 

Figure 6.4 shows that the values for sales revenue (PPP) per capita are significantly 

different to the nominal per capita values; Ireland, Germany and Norway have the highest 

per capita values. As noted, Germany may be an outlier as there seems to be a variation in 

its PPP conversion rate. Ireland too seems to have a large variation from the nominal 

values. The US and the UK feature much lower in Figure 6.4. With PPP, both Figures 6.3 

and 6.4 show greater regional variation in which countries have higher values. Nominal 

values may, perhaps, underreport green economy activities in countries with lower prices or 

weaker currencies. It may not be a perfect measure to control for purchasing power 

differences, but this demonstrates the value in conducting both kinds of analysis. 
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Fig. 6.3: LCEGSS Sales Revenue (2015/16) ($bn, PPP) by country, colour-coded by World Bank Region. 
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Fig. 6.4: LCEGSS Sales Revenue Per Capita (2015/16) ($, PPP) by country, colour-coded by World Bank Region. 
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6.2.2 Year-to-year and percentage change 

 

The LCEGSS data accesses sources over multiple years to track changes in the green 

economy and potentially can provide some indications of green economy transformations. 

This section will focus firstly on the overall LCEGSS data, and explore percentage change 

over time. Only limited time series data are available, however: from 2012/13 to 2015/16. 

The difference in using PPP and any effect on the analysis can also be considered here. 

 

6.2.2.1 LCEGSS sales revenue 

 

This section analyses the changes in LCEGSS sales revenue between countries from 

2012/13 to 2015/16, both in absolute and percent terms, for nominal and PPP values. Figure 

6.5 shows the percentage change in national-level LCEGSS sales revenues. Percentage 

change in LCEGSS sales from 2012/13 to 2015/16 varies from under 13% to over 18%, 

there does not appear to be a relationship between income grouping and growth in the 

green economy (as measured by LCEGSS) over this four-year period; higher growth figures 

occur in different regions and at different income grouping levels. The regions with the least 

variation and the lowest maximum value are Middle East and North Africa, and South Asia, 

and the majority of High income (OECD) countries appear to have higher percentage growth 

values. While lower income countries can deliver green economy transformations at the 

same rate at richer countries, the greater variation suggests that they may face barriers in 

doing so. 
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Fig. 6.5: Percentage change in LCEGSS Sales from 2012/13, Grouped by World Bank region, 

colour-coded by Income Group. 

 

The countries with the highest percentage change in LCEGSS sales revenue from 2012/13 

to 2015/16 are the Philippines (18.07%), the Seychelles (17.97%), the UK (17.59%), Norway 

(17.58%), and Estonia (17.49%). Those with the lowest percentage change are Austria 

(12.84%), Monaco (13.04%), Singapore (13.16%), Bhutan (13.16%), and São Tome and 

Principe (13.2%). The three countries or territories with the lowest percentage growth are all 

high income, which (along with Figure 6.5) suggests that growth in the green economy is not 

entirely related to income status. 

 

Figure 6.6 shows that the use of PPP conversion rates for the historical data significantly 

changes the percentage change values. This is a reduced number of observations as this 

relies on the published World Bank PPP conversion rates for 2012, 2013, 2015 and 2016, to 

create PPP conversion rate estimates for the 2012/13 and 2015/16 financial years. This is, 

therefore, even more restricted than the previous comparisons using PPP-estimated 

LCEGSS values. Figure 6.6 presents several differences from Figure 6.5. Firstly, the range 

of percentage values is large; from -8.99% (Yemen) to 150.34% (Lao PDR). Significant 

variation between years means that caution should be taken in examined PPP-adjusted 

LCEGSS values for any given year. 
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Fig. 6.6: Percentage change in LCEGSS Sales (PPP) from 2012/13, Grouped by World Bank 

region, colour-coded by Income Group. 

 

In Figure 6.6, few countries with over 50% percentage change in sales (PPP) from 2012/13 

to 2015/16 are from the High Income (OECD) grouping, suggesting that nominal values may 

disadvantage lower income countries in representing their green economy transformations 

relative to higher income countries. If this experimental approach to adjusting LCEGSS 

values for PPP is accurate, it suggests that there is significant growth in many countries. By 

comparison, nominal growth values suggest an average annual growth rate for all countries 

of over 3%. This, though, is still higher than annual global GDP growth for the same period 

(between 2.4% and 2.8%, according to the World Bank). 

 

These comparisons show both the value of and the difficulty of PPP-adjusted figures. Some 

countries that are not in Figure 6.6 (because the requisite PPP conversion rates are not 

available) are home to billions of people (India, Indonesia, Spain, Italy, Ethiopia, the 

Philippines), making such data less globally relevant. The greater variation between 

countries demonstrates that PPP conversion can have a significant effect, therefore the 

potential that discrepancies or errors in PPP rates could significantly affect analysis are 

greater. 

 



 238 

6.2.2.2 Sales as a percentage of GDP 

 

Percentage change in sales as percent of GDP can suggest whether the green economy is 

growing faster than the wider economy. This could indicate whether any green 

‘transformations’ are taking place; if the green economy, as measured by LCEGSS, is not 

growing as a share of GDP, this may suggest that no broader structural changes in the 

economy are taking place. 

 

For the majority of countries, LCEGSS sales are growing faster than growth in the broader 

economy (Figure 6.7). However, the green economy is not increasing relative to share of 

GDP in some countries, but in others the relative size of LCEGSS has increased 

significantly. Figure 6.7 shows huge positive changes in LCEGSS as a percentage of GDP 

in many countries; 63 countries and territories have a percentage point change in LCEGSS 

as a percent of GDP of over 25% for 2012/13 to 2015/16: significant relative growth in the 

green economy in 4 years. 

 

The fastest percentage changes are in Kuwait (136.58%), Ukraine (122.5%), Iran (120%), 

Equatorial Guinea (116.4%) and Republic of Congo (89.84%). As previously noted, the 

percentage of GDP analyses may reflect more greatly weaknesses or variation in GDP 

measurement, or the differences between GDP measurement and transactional data, as 

much as changes in the composition of the economy. It could, though, represent the green 

economy developing rapidly from a lower level. 12 of 35 countries with percentage 

decreases are in Sub-Saharan Africa. Sub-Saharan Africa, though, has a relatively large 

number of countries. By comparison, 6 of the 8 countries in South Asia (Bangladesh, the 

Maldives, Pakistan, India, Bhutan and Sri Lanka) have a negative percentage change; the 

highest proportion of countries in any region. This suggests that the growth in the green 

economy in this region may be slower than broader growth in these economies, which is a 

concern for delivering green economy transformations or ‘decoupling’ growth from resource 

use. A majority of Europe and Central Asia countries are grouped in the middle of the 

distribution, which may reflect a trend for good, but not huge transformations in the green 

economy in this region, or perhaps more stable trends in GDP data and reporting. 
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Fig. 6.7: Percentage change in LCEGSS Sales as a Percentage of GDP (from 2012/13 to 2015/16 by country, colour-coded by World Bank Region.
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However, this should be interpreted with caution; the majority of increases appear to come 

between 2014/15 and 2015/16; data for future years can explore whether this is a one-off 

change. Moreover, comparing LCEGSS sales revenue as a percentage of GDP is only an 

indicative comparison; LCEGSS and GDP are collected using different methods and count 

slightly different things, but it may be the most effective comparison of relative economic 

value available at the global scale currently for LCEGSS data. 

 

6.2.2.3 Sales per capita 

 

The trends with changes in sales per capita can be analysed with population estimates for 

2012/13 to 2015/16 calculated from 2012 to 2016 population data from the World Bank. 

Overall, fewer countries have negative changes in LCEGSS sales per capita in Figure 6.8 

than Figure 6.7. Overall percentage growth in sales per capita, compared to sales as a 

percentage of GDP, is smaller and this measure seems to favour richer countries. 

 

From the annual data, compared to Sales as a Percent of GDP, growth is more consistent 

between years, which may be caused by population estimates varying less significantly than 

GDP estimates. Figure 6.8 shows significant variation in growth between countries, but only 

three countries have negative changes in LCEGSS sales per capita (all in the Middle East): 

Qatar (-0.29%), Lebanon (-2.15%), and Oman (-4.53%). Other countries in the Middle East 

and North Africa region have low percentage change in sales per capita values. 
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Fig. 6.8: Percentage Change in LCEGSS Sales Per Capita (2012/13 to 2015/16) by country, colour-coded by World Bank Region. 
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Figure 6.8 shows that the majority of Sub-Saharan Africa countries have lower percentage 

growth in sales per capita, which may be linked to faster growing populations, versus lower 

population growth in countries in the Global North. Challenges from population growth that 

Sub-Saharan African, Middle Eastern and North African countries face perhaps means that 

the green economy needs to take into account the needs of future populations in current 

spending. The highest percentage growth in sales per capita is in Syria (24.88%), Puerto 

Rico (21.9%), and Andorra (20.8%). Changes in per capita values should be treated with 

caution; they may reflect changes in population, not changes in economic activity. The 

majority of countries with over 15% growth in this four-year period in LCEGSS per capita are 

in Europe and Central Asia, and 86% of European and Central Asian countries have sales 

per capita percentage growth of over 10%. This may reflect slower population growth, but it 

might represent an increasing concentration of green economy activity within this region. 

 

6.2.2.4 Sales per capita (PPP) 

 

Comparing PPP-adjusted sales per capita value displays greater differences and less 

grouping by region/income grouping in Figure 6.9. There are, again, limitations from missing 

country PPP conversion rates and several conversion rate values from the World Bank that 

do not align with the World Bank GDP dataset. 

 

As with previous comparisons of PPP-adjusted total LCEGSS sales revenues, there is a 

much larger range in the percentage changes, from -15.73% (Yemen) to Lao DPR (140.9%). 

five other countries have percentage changes in PPP-adjusted LCEGSS sales per capita 

values of over 100% for the period from 2012/13 to 2015/16: Ireland (129.77%), New 

Caledonia (115.39%), Costa Rica (113.61%), Saint Lucia (102.27%), and Estonia (101.08%) 

(Ireland, though, has a large difference between nominal and PPP-adjusted values and 

should be treated with caution). 

 

Comparing Figures 6.8 and 6.9 shows slightly more countries with negative percentage 

changes on PPP-adjusted LCEGSS sales per capita, representing a range of different 

countries: Kenya (-0.05%), Malta (-0.94%), Kuwait (-0.98%), Guinea-Bissau (-1.23%), 

Equatorial Guinea (-2.47%), Paraguay (-2.57%), Bangladesh (-5.2%), Burundi (-7.12%), 

Sweden (-7.19%), Madagascar (-8.27%), and Yemen (-15.73%). Comparing these two 

figures shows a much lower level of ‘grouping’ by region; Europe & Central Asia countries 

are not grouped at the left of the distribution and Sub-Saharan Africa countries are not 
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grouped near the right of the distribution. Sections 6.2.2.1, 6.2.2.3 and 6.2.2.4 demonstrate 

that using nominal or PPP-adjusted data can significantly affect the analysis. Both will be 

used where possible in the rest of Chapter 6; however future research should refine 

methods to adjust for the differences in costs and currencies between countries. The 155 

countries with PPP-adjusted per capita LCEGSS sales revenue values suggest that the 

global landscape for green economy transformations could be positive; only 26 countries 

had percentage change in LCEGSS Sales Per Capita (PPP) values of less than 10% for 

2012/13 to 2015/16. Over the same period, World Bank estimates for annual global growth 

in GDP per capita vary between 1.219% and 1.612%. This suggests that, in many countries, 

the green economy (relative to changes in population) is developing faster than the whole 

economy, which potentially gives some indication of relative green economy 

transformations. 
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Fig. 6.9: Percentage Change in LCEGSS Sales Per Capita (PPP) (2012/13 to 2015/16) by country, colour-coded by World Bank Region. 
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6.2.2.5 Employment (FTEs) 

 

As with comparisons of absolute values for sales revenue, analysis changes in relative 

employment may be more useful. However, analysis of the changes in total employment in 

LCEGSS between countries provides useful context. The percentage change in total FTEs 

ranges from 10.19% (Nauru) to 19.93% (Norway). Figure 6.10 does not suggest any major 

regional trends in changes in employment, but those countries with the highest values seem 

to share similar economic situations (UK (18.88%), US (18.91%), Denmark (19.23%), 

Canada (19.5%), Australia (19.93%), Norway (19.93%)). This is only six countries, and so 

may not represent a significant trend. 
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Fig. 6.10: Percentage Change in LCEGSS Employment (FTEs), by country for 2012/13 to 2015/16, colour-coded by World Bank Region. 
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6.2.2.6 FTEs as a percentage of population 

 

To conduct a relative analysis, FTEs as a percentage of total population will be examined, 

rather than working age population. This could provide a useful indication of any 

transformation in employment in the green economy. Although working age population is 

probably more comparative, the same historical data has not been published to conduct 

multi-year comparisons. There is growth in the relative share of LCEGSS employment as a 

percentage of the population. It appears, however, that there is faster growth in green 

economy employment (as estimated by LCEGSS) in more developed regions like North 

America, Northern Europe, and Western Europe. However, some countries in the Far East 

and the Caribbean have significant relative changes in LCEGSS employment. 

 

The largest increases in FTEs as a percentage of the population are in Greece (19.29%), 

Lithuania (19.94%), Latvia (19.98%), Bosnia and Herzegovina (20.91%), Andorra (23.53%), 

Puerto Rico (23.7%) and Syria (26.32%). There is some overlap with those countries with 

higher levels of percentage change in LCEGSS per capita. Several of these countries have 

populations that are estimated to be falling; different factors may influence changes in 

relative employment, caution is needed in interpreting any values that are relative to 

population. Three countries have a negative change in FTEs as a percent of the population 

and three others have a percentage change of below 2%: Nauru (-9.05%), Oman (-3.71%), 

Lebanon (-0.37%), Qatar (0.13%), Jordan (1.43%), Kuwait (1.85%). Five of these six are in 

the Middle East, and all six were amongst the highest levels of population growth in 2016, 

according to the World Bank. 

 

In Figure 6.11, there is a similar sorting by region as with LCEGSS sales revenue per capita 

in Figure 6.8. A greater range between the highest and lowest values is present, however. 

Figure 6.11 suggests that growth in green economy employment is being more than ‘caught 

up’ by population growth in countries with faster population growth, and that is easier to grow 

green economy employment’s share of the population where populations are more stable. 

This has implications for understanding what green economy transformations are taking 

place, and whether they are sufficient for future populations. One caveat may be that some 

amount of LCEGSS economic activities may be linked to industrial and infrastructural ‘lock-

in’ that creates the need for significant spending (such as remediation of industrial land, 

improving and upgrading water infrastructure, decommissioning nuclear sites, and air 

pollution scrubbers for fossil-fuel electricity generation facilities) that could be avoided by 
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other countries, if they follow green economy transitions or transformations follow different 

industrial and development pathways. 

 

Overall, section 6.2.2 has presented useful explorations of the available historical data for 

LCEGSS. However, greater availability of times series data would permit more robust 

conclusions. The detail of the taxonomy of LCEGSS is highly beneficial to analysing the 

composition of the green economy, however, a longer time series of data would likely 

increase the potential to explore green economy transformations, which may evolve slowly. 

Interestingly, the ‘major’ economies have the highest values in these figures, compared to 

‘static’ comparisons. These comparisons provide some indication of global changes in the 

green economy, and suggest how green economy transformations may be taking place. The 

green economy appears to be growing faster than the wider economy in many countries, 

which is perhaps a weak signal of ‘relative’ decoupling. This should be treated with caution 

because of the caveats noted in this section. 
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Fig. 6.11: Percentage Change in FTEs as Percentage of Population (2012/13 - 2015/16), colour-coded by World Bank Region. 
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6.3 Comparisons with other global datasets 

 

This chapter represents the first major attempt to analyse LCEGSS in comparison with other 

datasets on different phenomena related to the environment, climate and socio-economic 

factors. Within this section, data and indices on climate change and environmental policy 

commitment, development and inequality, climate and weather risk, and environmental 

performance will be used, where global data is available, to explore whether there are any 

potential relationships with the green economy. The datasets in question are: the UNDP 

Human Development Index, the Yale Environmental Performance Index, the World Bank 

RISE Index on renewable energy policy, and the Germanwatch Climate Risk Index. 

 

6.3.1 UNDP Human Development Index 2016 

 

The UNDP Human Development Index (HDI) was updated significantly for the 2016 Human 

Development Report, including several important measures of inequality that improve its 

ability to compare development between countries. As research has suggested links 

between trade and inequality (Hartmann et al., 2017), and environmental degradation and 

inequality (Mikkelson et al., 2007), an exploration of development status and inequality 

related to the green economy is proposed. Although the ‘Environmental Kuznets Curve’ has 

been strongly contested (Romero-Ávila, 2008; Stern, 2004; Torras and Boyce, 1998), it still 

persists as an approach in some quarters (Apergis, 2016), providing another reason to 

explore these relationships through the HDI data. 

 

The HDI methodology can be found in the Human Development Report and datasets 

available online (UNDP, 2016a; UNDP, 2016b). For the 2016 HDI, the standard score and 

ranking, which covers several key social factors that influence development, were 

supplemented with inequality-adjusted HDI and various measures of inequality in life 

expectancy, education and income, including inequality in life expectancy, the GINI 

Coefficient and the Palma Ratio. 

 

The R package ‘corrplot’ provides the basis for quickly assessing the correlations and 

relationships between all the variables within a dataset (Wei and Simko, 2017). This 

provides a starting point for the comparisons in this chapter, as it permits the rapid 

assessment of where stronger relationships between variables may lie. This will not show 
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interesting relationships within the overall distribution, however, For the basis of conducting 

a large volume of analyses with several datasets in this chapter, it provides useful 

overviews.  

 

 
Fig. 6.12: Correlation Plot of LCEGSS variables (2015/16) and UNDP’s Human Development 

Index, colour-coded and size by the strength of correlation between each pair of variable (1 to 

-1, Blue to Red). 
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Figure 6.12 does not show many strong relationships with the UNDP HDI measures. Some 

measures in the HDI index (life expectancy and education) may only have an indirect 

relationship to the green economy. Figure 6.12’s correlation plot shows that LCEGSS sales 

per capita (and PPP) and LCEGSS FTEs as a percentage of working age population have 

strongest relationships. There are stronger trends with overall inequality measures 

generated by the UNDP HDI, but less correlation with the ‘traditional’ methods of assessing 

inequality, such as the Gini coefficient and Palma ratio; indices may create a preferable 

distribution for plotting by assigning countries to a scale of 0 to 1. 

 

Figure 6.13 shows sharp increases in score on the inequality-adjusted HDI are associated 

with increases in FTEs as a percentage of working age population between countries. There 

is a decline in the rate of change in inequality-adjusted HDI after around 2% of working age 

population. This suggests that very low levels of economic activity in the green economy 

may have a relationship with lower levels of development, adjusted for HDI.  

 

 
Fig. 6.13: LCEGSS FTEs as a Percent of Working Age Population (2015/16) and Inequality-

Adjusted HDI Score (2015), colour-coded by World Bank Region. 

 

Therefore, it is difficult to assign causation but it appears that there is a relationship with a 

larger green economy (in relative terms), and inequality-adjusted HDI score. A clearer 
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understanding could be gained from a logged distribution, however the colour coding on 

Figure 6.13 suggests that a series of different of trends between regions may exist. 

Therefore, Figure 6.14 plots the same variables as Figure 6.13, but split by World Bank 

Region, to visualise this analysis differently. It suggests that there are a series of regional 

trends in LCEGSS and inequality-adjusted HDI comparisons, although there are some large 

distances between data points, which affects the fit of the trend lines. In Sub-Saharan Africa, 

South Asia and Latin America & Caribbean, there are clear strong relationships. The 

relationship in Europe and Central Asia is not as strong, however it tracks to the trend line 

more closely. Countries with higher LCEGSS employment appear to score higher for 

inequality-adjusted human development and this trend varies between regions. 

 

 
Fig. 6.14: LCEGSS FTEs as a Percent of Working Age Population (2015/16) and Inequality-

Adjusted HDI Score (2015), colour-coded and grouped by World Bank Region. 
 

Figure 6.15 also suggests that the global trend appears to contain a series of trends at 

different HDI status levels and regional groupings. However, the relationship when grouped 
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by HDI status suggests that some countries do not follow this trend, emphasising that more 

green economic activity is not related to higher levels of inequality-adjusted human 

development in every case. 

 

  
Fig. 6.15: LCEGSS FTEs as a Percent of Working Age Population (2015/16) and Inequality-

Adjusted HDI Score (2015), data points colour-coded by World Bank Region, trend lines 

colour-coded by HDI Status. 

 

The correlation value for LCEGSS (PPP) per capita was lower than for LCEGSS per capita 

and FTEs as a percentage of working age population, but it was interesting to plot. Figure 

6.16 shows this relationship, and while there is greater deviation from the smoothed 

conditional mean, there is a clear suggestion relationship between LCEGSS (PPP) per 

capita and inequality-adjusted HDI on a logged distribution. Although some of the regional 

trends seen in previous figures may be perhaps, there is perhaps more variation because of 

adjusting for purchasing power. 
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Fig. 6.16: Log(10) of LCEGSS (PPP) Per Capita and Inequality-Adjusted HDI Score, colour-

coded by World Bank Region. 

 

This suggests some relationship between human development, even adjusting for inequality, 

and LCEGSS measures. Countries with higher human development are likely to have fewer 

competing needs and fewer other challenges to address, and LCEGSS spending may track 

to other factors such as the overall size and complexity of the economy, or the amount of 

infrastructure. 

 

There is some correlation between LCEGSS (PPP) per capita and the 2015 inequality-

adjusted income index, which is based on inequality in income and the HDI income sub-

index. This is shown in Figure 6.17; the indicator ranges from 0 to 1, where a higher value 

represents higher income values (adjusted for inequality). Figure 6.17 can be usefully 

compared with comparisons to GDP per capita, and other non-adjusted measures of 

‘development’ status or economic wealth like Figures 5.27 and 5.30.  
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Fig. 6.17: Log(10) of LCEGSS (PPP) Per Capita (2015/16) and Inequality-Adjusted Income Index 

(2015), colour-coded by World Bank Region. 

 

Controlling for inequality in human development metrics is important; 2016 Human 

Development Report data calculates several measures of inequality that can be used for 

comparisons. In the values visualised in Figure 6.17 and in the following figures, some of the 

stronger negative relationships show the same trend as other measures of inequality; for 

example, a lower coefficient of inequality represents less inequality. 

 

Figure 6.18 suggests a different relation to Figure 6.17. Figure 6.18 is an average of the 

three measures of inequality in the HDI data, and therefore shows a different comparison to 

Figure 6.17. These figures suggest that more equal countries have more green economy 

workers, as there are strong relationships with all 3 measures of inequality in the dataset 

that have been plotted. Figure 6.18 shows the relationship between FTEs as a percentage of 

the working age population and the co-efficient of human inequality values for 2015 (where a 

higher co-efficient represents a higher level of inequality). This suggests that, at a global 

level, countries with less inequality have higher levels of activity and employment in the 

green economy, although there is significant variation.  
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Fig. 6.18: FTEs as a percentage of the working age population and the co-efficient of human 

inequality (2015), colour-coded by World Bank Region. 

 
As previously noted, there was a lower relationship with frequently used economic measures 

of inequality: the Gini co-efficient, the Palma ratio and the income inequality quintile ratio. 

Figure 6.19 plots a logged distribution of FTEs as a percent of working age population and 

Gini co-efficient for 2010-2015, and shows a weaker relationship between these two 

variables than others plotted in this section. This may result from the comparison of a single 

year value from the LCEGSS data with multi-year data for the Gini co-efficient. The Gini co-

efficient may be more difficult to interpret; it represents the deviation of a country’s income 

distribution away from a perfectly equal distribution (UNDP, 2016a), not the ratio of high 

income earners to low income earners. 

 

As 0 represents absolute equality and 100 represents total inequality on the Gini co-efficient, 

countries are unlikely to be distributed across this entire range; no country approaches 

absolute equality or inequality. The tail of the distribution under a log10 transformation, 

though, is interesting; whereas the inequality-adjusted HDI values suggested that the 

relationship between inequality declines in strength as FTEs as a percentage of the working 

age population increased. Here the right-hand side of the distribution has a slightly clearer 
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trend between higher levels of relative green economy employment and lower levels of 

income inequality. But at lower levels of relative green economy employment, there appears 

to be no relationship. 

 

 
Fig. 6.19: Log(10) of FTEs as a percentage of the working age population (2015/16) and Gini 

Coefficient (2010-2015), colour-coded by World Bank Region. 

 

Although difficult to draw firm conclusions, these analyses suggest that there is some 

relationship between inequality-adjusted HDI score, and several measures of LCEGSS 

economic activity (sales per capita (nominal and PPP-adjusted), and FTEs as a percentage 

of working age population. The data suggests some relationship with some measures of 

inequality-adjusted HDI, but weaker relationships with various economic measures of 

income inequality should be noted. Although some studies have suggested a link between 

inequality and environmental degradation, or inequality and other measures of economic 

performance (such as trade diversity), there is a mixed picture of whether higher levels of 

green economy activity are related to more equal societies. While there is some global-level 

trend, the differences in equality between countries at the global level could obscure 

variation between countries in similar socio-economic situations or the same region. 
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Similarly, developed countries may generally perform better on measures from both datasets 

in global comparisons. 

 

6.3.2 Comparing the green economy to environmental performance 

 

An ‘ideal’ approach for measuring the green economy would be able to explore whether 

there are any relationships between the green economy or green economy transformations, 

and the environmental and climate change challenges that they attempt to address. This 

section presents one way to explore the links between economic and environmental 

‘performance’. 

 

This comparative study uses the data from 2016 Yale Environmental Performance Index 

(EPI). This may allow us to explore if there is a correlation between green economy growth 

or performance and any feedback for improved national environmental performance. 

Previous studies have compared environmental indicators to ‘general’ socio-economic 

characteristics, but not to the economic sectors relating to environmental performance like 

the green economy (as estimated by LCEGSS) (Gallego-Álvarez and Fernández-Gómez, 

2016). 

 

The Yale EPI is a biannual report that seeks to measure and score countries on a range of 

environmental indicators, divided into two main areas: environmental health and ecosystem 

vitality. The methods for each indicator in the index are outlined in the report and the 

associated metadata (Hsu et al., 2016a; Yale EPI, 2016). The EPI adopts a ‘proximity-to-

target’ method for each indicator where possible, to assess how close or far countries are 

from internationally-agreed targets (or how countries compare to one another where no 

target is available). It also aims to analyse performance over time, to reward progress where 

possible. There are, though, smaller gains in countries in Europe and North America that 

already had stronger environmental ‘performance’. These factors should be considered in 

this analysis. 

 

The EPI represents one of the most comprehensive efforts to measure and analyse 

environmental ‘performance’, and while still relying on a ranking system ‘intended to drive 

productive competition’ (Hsu et al., 2016a, p.11) (ranking indices drew criticism from actors 

during a session of the UN SDG negotiations on indicators (Personal Observation, 2015), it 

provides detailed data (20 indicators across 9 issue areas) that other indices do not. The 
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data that makes up the composite score are useful to compare to subsets of LCEGSS data. 

And by examining changes in performance over time and ‘proximity-to-target’ scores (some 

of which are differentiated for countries in different socio-economic situations), it may 

overcome some limitations of global rankings. 

 

6.3.2.1 Overall EPI data 

 

The first step is to compare overall performance on the EPI with measures of green 

economic activity as estimated by LCEGSS. To quickly summarise what the EPI represents, 

the nine issue areas covered and the accompanying indicators are; 

 

Ecosystem Vitality: 

• Climate & Energy: Trend in Carbon Intensity per kWh, Trend in Carbon Intensity, 

Access to Electricity 

• Biodiversity & Habitat: Species Protection (National), Species Protection (Global), 

Terrestrial Biome Protection (National), Terrestrial Biome Protection (Global), Marine 

Protected Areas 

• Fisheries: Fish Stocks 

• Forests: Tree Cover Loss 

• Agriculture: Nitrogen Balance, Nitrogen Use Efficiency 

• Water Resources: Wastewater Treatment 

 

Environmental Health: 

• Health Impacts: Environmental Risk Exposure 

• Air Quality: Household Air Quality, Air Pollution (Avg. Exposure to Fine Particulate 

Matter), Air Pollution (Fine Particulate Matter Exceedance), Air Pollution (Avg. 

Exposure to NO2) 

• Water & Sanitation: Drinking Water Quality, Unsafe Sanitation 

 

A summary of the correlation of overall comparisons is shown in Figure 6.20. This presents 

a longer list of measures from LCEGSS than other comparisons in this section, recognising 

that many factors from the LCEGSS data are potentially relevant, but many do not have a 

strong relationship with EPI indicators (such as available market or market for new 

products). There are strong negative correlations between EPI Rank and several measures, 

and a weak positive relationship with LCEGSS sales as a percent of GDP. It would not be 
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useful to explore this in depth, as the rank itself is not a useful comparator as it reduces the 

differences between each country to 1, where there could be significant variation. There are 

stronger trends with population-related measures, such as Sales per capita (PPP) and FTEs 

as a percent of working age population. The lack of relationship with LCEGSS sales as 

percent of GDP again highlights the difficulty of GDP-based comparisons. 

 

 
Fig. 6.20: Correlation Plot of LCEGSS variables (2015/16) and 2016 Yale EPI, colour-coded and 

size by the strength of correlation between each pair of variable (1 to -1, Blue to Red). 
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The following analyses focus on EPI Score and a smaller set of measures derived from 

LCEGSS. LCEGSS sales revenue per capita (and PPP) and FTEs as a percentage of 

working age population seem to emerge as useful indicators for highlighting potential 

relationships with overall EPI score. As Figure 6.21 shows, a strong relationship is 

associated with small increases in FTEs as percentage of working age population and 

improvement in EPI Score, but more modest improvements in EPI score are found when 

FTEs are estimated to be 2% of the working age population or higher. This suggests very 

low levels of green economy activity and employment is linked to lower environmental 

performance, as estimated by the EPI. 

 

 
Fig. 6.21: FTEs as a Percentage of Working Age Population and EPI Score 2016, colour-coded 

by World Bank Region. 

 

Figure 6.22 shows a similar trend for LCEGSS Sales per capita (PPP-adjusted) and EPI 

Score. There is sharp increase in EPI score with relatively modest increases in per capita 

LCEGSS sales revenue, and negligible changes in EPI score with increases in LCEGSS 

sales per capita after $5000 (PPP). Two major outliers to the trend in Figure 6.22 are 

Equatorial Guinea and Brunei Darussalam. Although Figure 6.21 presents more outliers, 

notably both are small, fossil fuel-rich nations that greatly ‘outperform’ their regional peers in 

several economic indicators, but many of their citizens face considerable challenges. Brunei 

Darussalam has been noted for a lack of freedom of the press, has not held legislative 
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elections since 1962 and the Sultan of Brunei is the head of state, prime minister, minister of 

defence, and minister of finance (Freedom House, 2016; Talib, 2002). The concentration of 

wealth with a small elite and inequality in Equatorial Guinea have been previously 

discussed. These countries ‘underperform’ peers at similar levels of green economy 

spending for environmental performance on the EPI. This suggests that how the green 

economy relates to other environmental and socio-economic trends is important; measuring 

spending alone cannot measure environmentally (and socially) sustainable development.  

 

 
Fig. 6.22: LCEGSS Sales Revenue Per Capita (PPP) and EPI Score 2016, colour-coded by 

World Bank Region. 

 

Definite regional trends are present in both comparisons, but some countries outperform (or 

underperform) those trends. There is little relationship between overall score and LCEGSS 

sales as a percentage of GDP, perhaps owing to the weaknesses of sales revenue as a 

percentage of GDP as a comparative measure. It is shown in Figure 6.23 for comparison to 

Figures 6.21 and 6.22, and as further evidence that future research should develop a more 

robust way of measuring green economy spending relative to the scale of the economy. 

Figure 6.23 shows some slight indication that countries with lower LCEGSS spending as a 

percentage of GDP have higher EPI scores. 
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Fig. 6.23: LCEGSS Sales Revenue as Percent of GDP and EPI Score 2016, colour-coded by 

World Bank Region. 

 

A log10 transformation of the LCEGSS variables on the x axis in Figures 6.21 and 6.22 

shows the relations with EPI Score more clearly (Figures 6.24 and 6.25); a straight line can 

be fitted with the logged distribution. The R2 scores for Figure 6.24 (0.69) and Figure 6.25 

(0.65) are both fairly strong, given the number of factors that influence the three measures in 

question. It suggests that there is a relationship between EPI Score and LCEGSS economic 

activity, although it is difficult to assign causation. The correlation scores represented in 

correlation plots are different to the R2 of the line fitted in a Figure; a different (non-linear) 

model might better ‘explain’ the correlation, and sometimes other formulas will be used. 

Moreover, straight lines frequently provide a simple way of interpreting the data, although 

not always a perfect representation of the relationship. 

 

Figure 6.25 has been colour-coded by income group for a different comparison. The Low 

income and High income (OECD) income groupings have greater clustering, but there are 

fewer clear cut differences between Lower middle, Upper middle and High income (non-

OECD) income groupings. 
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Fig. 6.24: Log(10) of FTEs as a Percentage of Working Age Population and EPI Score 2016, 

colour-coded by World Bank Region. 

 

 
Fig. 6.25: Log(10) of LCEGSS Sales Revenue (PPP) Per Capita and EPI Score 2016, colour-

coded by World Bank income group classification. 
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The EPI dataset provides a measure of ten-year percent change in EPI score, as the 2016 

EPI is the 7th iteration, with releases every two years in the last decade. However, as the EPI 

notes, the methodology has been developed and improved with each iteration. Caution 

should therefore be taken in analysing 10-year percent change and EPI indicators already 

attempt to assess performance over time where possible. 

 

These comparisons are not particularly conclusive, perhaps for several reasons (including 

the methodological considerations above). Countries with a longer commitment to the green 

economy (if it does link to environmental performance) may have low percentage changes in 

EPI Score, as they start from a high value. There are slight negative relationships with 

LCEGSS sales revenue (PPP), LCEGSS sales revenue (PPP) per Capita and FTEs as a 

percentage of working age population, but the relationships are much weaker than with EPI 

Score. The lack of correlation may suggest that 10 years is a short window to improve 

environmental performance for countries with significant socio-economic and governance 

challenges, and for countries that already have higher EPI scores, further marginal gains 

may be difficult even as the green economy grows. This could lead to the hypothesis that 

countries with higher green economy and environmental performance are those that have 

had sufficient resources to take care of environmental and human health. 

 

Figures 6.26 and 6.27 show Log(10) of FTEs as a percentage of working age population and 

LCEGSS sales revenues per capita (PPP) plotted against 10-year percentage in EPI score, 

but the relationships appear to be very weak. The slight negative relationships may reflect 

the difficulty for countries of marginal gains in EPI scores for those with high scores on the 

EPI ten years ago, even where high levels of green economic activity are estimated. The 

vast differences between 10-year percent change at different levels of relative green 

economic activity suggest that multiple factors influence environmental performance and 

green economy transformations over time. 
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Fig. 6.26: Log(10) of FTEs as a Percentage of Working Age Population and Ten Year 

Percentage Change in EPI Score, colour-coded by World Bank income group classification. 

 
Fig. 6.27: Log(10) of LCEGSS Sales Revenue (PPP) Per Capita and Ten Year Percentage 

Change in EPI Score, colour-coded by World Bank Region. 
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6.3.2.2 Percentage change in LCEGSS variables comparisons 

 

As the EPI notes, being able to measure changes in indicators over time is a useful process. 

The percentage changes variables from Section 6.2.2 were analysed, and while there are 

some interesting comparisons with the 2016 EPI and LCEGSS percentage change, the 

strength of these correlations is quite low. Whether the EPI functions as intended by 

analysing performance against targets and using long-term datasets where possible is one 

question, but Figure 6.28 questions whether analysing historical data for LCEGSS is 

effective with the currently available time series. Percent change in sales could be a useful 

measure of the changes in an economy, but there is little relationship here. 

 

 
Fig. 6.28: Correlation Chart of Overall LCEGSS measures (percentage change) and headline 

EPI metrics. 



 269 

 

EPI Score appears to be a more effective comparison measure than EPI rank or 10-year 

percentage when compared to percentage change values. Percentage change in FTEs as a 

percent of total population shows some relationship to EPI score although, as Figure 6.29 

shows, weaker correlation than comparison with ‘static’ LCEGSS values. Demographic 

factors that could influence changes in FTEs as a share of the population are not related to 

LCEGSS however, but it is still a useful comparison. The time series available in LCEGSS is 

probably too short to measure significant changes over time. The relationship with 

percentage change in sales is weak, this could be different with a longer time series.  

 

 
Fig. 6.29: Percent change in FTEs as a Percentage of the Population and EPI Score 2016, 

colour-coded by World Bank income group classification. 

 

For percentage change in sales per capita, Figure 6.30 shows that there are significant 

outliers at the tails of the distribution, but the majority of countries may have a slight positive 

relationship. The presence of significant outliers suggests that this relationship is more 

complicated than this data can present. The clustering by income grouping is clear in Figure 

6.30, although those high income (non-OECD) countries appear to have greater variation. 
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Fig. 6.30: Percent change in Sales per Capita and EPI Score 2016, colour-coded by World Bank 

income group classification. 

 

With the composite measures for the main EPI sections, environmental health and 

ecosystem vitality, there is more co-variance with environmental health. This might suggest 

a greater link between the green economy and environmental health than mitigating climate 

change or protecting the environment. This may be for several reasons; for example, 

protecting human health from environmental factors frequently involves infrastructure 

spending (on reducing emissions or wastewater treatment, for example) that involves 

considerable spending that may be tracked in LCEGSS, whereas aspects of mitigation or 

environmental protection can involve the ‘lack’ of spending. One of the three main areas of 

LCEGSS, however, is Renewable Energy, which solely relates to one of the nine areas of 

the EPI. To explore this further, later sub-sections compare specific spending in LCEGSS 

and the EPI. 

 

In Figure 6.31, some significant outliers affect the strength of the relationship, for the main 

‘cluster’ of countries, there could be a stronger trend.  
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Fig. 6.31: Percent change in FTEs as a percentage of the population and EPI Environmental 

Health Score, colour-coded by World Bank income group classification. 

 

Figure 6.31 suggests that the trends in change in FTEs as a percentage of the population 

and Environmental Health might be different when grouped by income group. Figure 6.32 

presents, therefore, these two variables split by income group, and suggests that differences 

between income groups exist. These are not necessarily strong correlations, however. 

Figures 6.31 and 6.32 seems to show significant overlap of High income (non-OECD) and 

Upper middle income countries; which serves a useful reminder that all categories impose 

fixed divides on the contours of data distribution. This does not negate their utility but 

suggests that there is a more fluid relationship between per capita income, activity in the 

green economy and environmental health than can be identified in one figure. 
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Fig. 6.32: Percent change in FTEs as a percentage of the population and EPI Environmental 

Health Score, grouped and colour-coded by World Bank income group classification. 

 

For comparison with the relationships displayed for EPI overall score and Environmental 

Health score, 10-year percentage change in EPI score is plotted against percentage change 

in LCEGSS sales per capita in Figure 6.33. There is no real overall relationship (perhaps 

related to the difficulty of additional marginal change in countries with higher starting values 

for EPI score) and some countries have a negative percentage change in LCEGSS sales 

per capita but significant positive ten-year percentage change in EPI score. 
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Fig. 6.33: Percentage change in LCEGSS sales per capita and 10-year percent change in EPI 

Score, colour-coded by World Bank income group classification. 

 

The following sections build on these analyses to explore subsets of the LCEGSS data and 

EPI indicators. This involves subsetting and aggregating across different levels of the 

LCEGSS dataset, depending on the complexity of the subset of green economy activities to 

be filtered. For example, Renewable Energy is straightforward to isolate at Level 2 of the 

taxonomy, whereas others require a closer, manual parsing of the data at lower levels of the 

taxonomy. Both composite scores and individual indicators from the EPI will be used. 

 

6.3.2.3 Renewable Energy and Ecosystem Vitality: Climate and Energy  

 

This section presents an analysis of the Level 2 category ‘Renewable Energy’ from LCEGSS 

and three indicators from the EPI category ‘Climate and Energy’: Trend in Carbon Intensity, 

Trend in CO2 emissions per kWh, and Access to Electricity. The metadata outlines the 

methods for calculating these (Yale EPI, 2016); the Climate and Energy indicators are not 

‘proximity-to-target’ indicators but peer comparison-based, and are based on the period 

2002 to 2012. The Access to Electricity indicator is included in the dataset, but not used to 

calculate EPI score. 
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Fig. 6.34: Correlation Chart of LCEGSS measures for Renewable Energy and EPI metrics for 

Energy and Climate. 

 

Figure 6.34 does not show many correlations with the Climate and Energy indicators 

themselves, and only very slight trends with relational measures on the overall Climate & 

Energy score, Trend in Carbon Intensity and Access to Electricity. For Trend in CO2 

Emissions per kWh, the correlation score is almost 0 for most variables, which indicates that 

it explains almost none of the variation between the two variables. From the values in Figure 

6.34, perhaps it can be suggested that analysing renewable energy alone can only partially 

reflect the scale of societal responses to the emissions reduction challenge. 
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Figure 6.35 also shows only a weak correlation with Trend in Carbon Intensity (per unit of 

GDP); again, many factors may be related to reducing the carbon intensity of production and 

consumption. However, the countries with the highest levels of green economy employment 

have higher (> 65) scores. This suggests that economic activity in renewable energy can 

contribute to reducing carbon intensity, but other pathways exist as other countries have 

similar rates of reduction in carbon intensity with lower levels of renewable energy economic 

activity. With a number of countries with higher levels of renewable energy activity being 

positioned significantly below the trend line, investment in renewable energy technologies 

alone may not always lead to lower overall emissions. 

 

 
Fig. 6.35: Log(10) of LCEGSS Renewable Energy FTEs as a Percentage of the Working Age 

Population and Trend in Carbon Intensity, colour-coded by World Bank Region. 

 

There are interesting distributions with the Access to Electricity score, as shown in Figures 

6.36 and 6.37. These figures suggest a correlation between renewable energy spending and 

access to electricity, although this may only reflect how spending and employment in 

renewable energy correlate with spending on electricity. Moreover, there may be ‘noise’ in 

this comparison as the Renewable Energy activities in LCEGSS include renewable energy 

activities that are not directly related to electricity generation and distribution. This measure 
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could be interesting at several of the regional levels. However, it suggests that countries that 

spend more on renewables and have more jobs do have higher access to electricity. With 

future data collection, it would be interesting to see renewables relative to all energy sector 

activity. This would permit an exploration of the suggested trend in countries in East Asia 

and the Pacific and Sub-Saharan Africa in Figures 6.36 and 6.37 of greater access to 

electricity being related to more spending and employment in renewable energy, and 

whether this represents a ‘leapfrogging’ of fossil fuel technologies, or merely renewable 

energy, fossil fuel electricity generation and access to electricity all increasing in tandem. 

 

 
Fig. 6.36: Log(10) of LCEGSS Renewable Energy Sales Per Capita (PPP) ($) and Trend in 

Carbon Intensity, colour-coded by World Bank Region. 
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Fig. 6.37: Log(10) of LCEGSS Renewable Energy FTEs as a Percentage of the Working Age 

Population and Trend in Carbon Intensity, colour-coded by World Bank Region. 

 

Analysis of a fuller ‘mitigation’ subset of the LCEGSS data, in comparison to the Energy and 

Climate measures of the 2016 EPI, was possible. This was a much larger group of activities 

from LCEGSS (60% of all activities), representing activities related to renewable energy, 

alternative energy (like Nuclear Energy), and Energy Efficiency (like Building Technologies 

and Energy Storage) and other sectors (like Carbon Finance). The results of the correlation 

plot for this subset of LCEGSS is displayed in Figure 6.38. 
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Fig. 6.38: Correlation Chart of LCEGSS measures for LCEGSS Mitigation Activities and EPI 

metrics for Energy and Climate. 

 

This displays similar trends to the corresponding figure for renewable energy (Figure 6.34), 

but potentially with slightly stronger relationships in some cases. The higher spends overall 

may widen the tails of the distribution and draw out the trend. However, the relationships are 

more or less the same, so there seems little value in reporting a similar set of figures here. 
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6.3.2.4 Air Pollution Control and Environmental Health: Air Quality 

 

This section compares Air Pollution-related LCEGSS data (a subset covering the Level 2 

category ‘Air Pollution’ and relevant activities from ‘Environmental Monitoring, 

Instrumentation and Analysis’) to EPI indicators on health impacts and air quality. Air quality 

problems exist in different ways in different countries, and wealthy countries may not have 

the highly visible pollution that makes headlines in cities in China and India, for example, but 

they still have incredibly high levels of pollution, including fine particulate matter. London 

broke the EU’s annual limits for hourly levels of NO2 within five days in 2017, for example 

(Carrington, 2017). There is, therefore, the potential for non-linear relationships between 

LCEGSS and EPI indicators. 

 

In Figure 6.39, the overall Air Quality composite shows little compared to the individual 

indicators on air quality, which suggests that it aggregates indicators with diverging trends 

between different groups of countries. From Figure 6.39, Average Exposure to NO2 stands 

out amongst the Air Pollution indicators consistent negative correlations with a large range of 

LCEGSS indicators. 
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Fig. 6.39: Correlation Chart of LCEGSS measures for LCEGSS Air Pollution Control Activities 

and EPI metrics for Environmental Health and Air Quality. 

 

Figure 6.40 further demonstrates that there is little overall relationship with the overall air 

quality indicator from the EPI.  Figure 6.40 indicates that the smaller range of variation 

between countries’ scores is another difficulty in interpreting the relationships between EPI 

air pollution indicators and LCEGSS data.  
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Fig. 6.40: Log(10) of LCEGSS Air Pollution FTEs as a percentage of working age population 

and EPI Score for Air Quality, colour-coded by World Bank Region. 

 

The difficulty in interpretation appears also with Average PM 2.5 (Risk Exposure) 

(Figure 6.41); there is a huge range in Average Exposure to PM2.5 (Risk Exposure) scores 

for any given level of relative LCEGSS employment. Even analysing risk exposure rather 

than overall exposure to fine particulate matter, the lack of correlation with the level of 

spending on air pollution control could be concerning. Countries may lack the resources, 

regulation or both to tackle their population’s exposure to air pollution. However, many 

sources of fine particulate matter could be from sectors without readily measurable (and 

available pollution control technologies (i.e. used vehicles) rather than stationary emissions 

sources, which have available technology and significant regulation.  
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Fig. 6.41: Log(10) of LCEGSS Air Pollution FTEs as a percentage of working age population 

and EPI Score for Air Pollution: Average Exposure to PM2.5 Risk Exposure, colour-coded by 

World Bank Region. 

 

On Average PM2.5 Exceedance, rather than risk exposure, there is no trend discernible 

(Figure 6.42). This may be because many countries score 100, and a significant number of 

other countries perform poorly on this EPI indicator. This suggests that PM2.5 and other fine 

particulate matter are a pernicious pollution problem not easily solved with economic 

investment in technological solutions. 
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Fig. 6.42: Log(10) of LCEGSS Air Pollution FTEs as a percentage of working age population 

and EPI Score for Air Pollution: Average PM2.5 Exceedance, colour-coded by World Bank 

Region. 

 

There are several strong negative relationships with NO2 exposure, perhaps related to high 

NO2 exposure in developed countries, whereas other air quality challenges (like indoor air 

quality) do not create the same difficulties in developed countries. Figure 6.43 shows a 

logged distribution of FTEs as a percentage of working age population and Average 

Exposure to NO2 score and the strength of this negative relationship is notable. There is a 

clustering of countries with higher (positive) scores for NO2 exposure, particularly in Sub-

Saharan Africa, with some in East Asia & Pacific and Latin America. Countries in Europe & 

Central Asia appear to have a bigger problem with NO2 exposure, yet many of these 

countries also have more economic activity in air pollution sectors. Still, these economic 

activity levels may not be keeping up with the scale of the problem. There is some 

divergence from this relationship, so some countries outperform this trend. 

 



 284 

 
Fig. 6.43: Log(10) of LCEGSS Air Pollution FTEs as a percentage of working age population 

and EPI Score for Air Pollution: Average Exposure to NO2, colour-coded by World Bank 

Region. 

 

The analysis may be different with more specific Air Pollution Control activity relating to fine 

particulate matter or NO2, which should be explored in future research. This could be 

significant as NO2 exposure is an EPI indicator where the environmental challenge is 

significantly greater in developed economies, whereas countries at various levels of relative 

green economy activity have low EPI scores for fine particulate matter. 

 

6.3.2.5 Sustainable Agriculture and Ecosystem Vitality: Agriculture 

 

This section uses 23 Level 5 LCEGSS categories for sustainable agriculture added to 

definition through this study, including two related to soil-crop enhancement and 

management of animal stocks. This is, therefore, a good test of both new economic activities 

added to the LCEGSS definition and the agriculture indicators added to the EPI. The 

agriculture indicators cover a narrow range of environmental impacts (nitrogen use efficiency 

and nitrogen balance), this analysis explores whether the narrow focus of agriculture 

indicators (due to data availability) presents any correlation with broader sustainable 
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agriculture spending. This could suggest whether sustainable agriculture activities can 

influence major environmental challenges, given their small size relative to the agricultural 

sector. 

 

 
Fig. 6.44: Correlation Chart of LCEGSS measures for LCEGSS Sustainable Agriculture 

Activities and EPI metrics for Agriculture. 

 

As Figure 6.44 shows, this comparison shows few significant correlations between the two 

datasets. There may be several reasons for this. Firstly, the EPI indicator may be too 

specific to generate significant relationships with general levels of sustainable agriculture 

spending, which will target many impacts on the environment. Comparing these indicators to 

a wider range of economic activities relating to sustainable agriculture may have limited 



 286 

utility. Secondly, measuring spending relative to total agriculture spend, not the level of 

spending in sustainable agriculture, may be more relevant. If the agriculture sector more 

broadly is growing more quickly than sustainable agriculture activities, for example, then one 

would expect there to be limited impact on the EPI agriculture indicators from the level of 

spending on sustainable agriculture activities.  

 

Moreover, the distribution of the countries makes it difficult to identify trends related to 

sustainable agriculture economic activity. Many countries score either 0 or 100 on the 

indicators; the EPI metadata notes for Nitrogen Balance, ‘All countries that scored within an 

acceptable range of NBALANCE between 0 and 79 kg/N/ha were given a score of 100.’ 

(Yale EPI, 2016, p.34). Moreover, countries that do not use huge amounts of nitrogen-based 

fertiliser (thus scoring highly for ‘nitrogen use efficiency’) may face other environmental 

challenges relating to agriculture, which are not measured by these indicators. 

 

 
Fig. 6.45: Log(10) of LCEGSS Sustainable Agriculture Sales as a Percent of GDP and EPI Score 

for Agriculture, colour-coded by World Bank Region. 
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Figure 6.45 shows that there are very different distributions in the comparisons, compared to 

previous analyses. There is some weak positive correlation with sales as a percentage of 

GDP, whereas other comparisons show weak negative correlations. There appears to be 

clustering of both Sub-Saharan African, and European and Central Asian countries with high 

scores on the agriculture composite score, across a wide range of values for sales as a 

percentage of GDP. Countries from the Middle East and North Africa, Latin America and the 

Caribbean, and East Asia and the Pacific frequently have lower scores. However, overall 

there is little relationship. 

 

Figure 6.46 suggests that a quadratic function may represent the distribution in the data for 

sales in sustainable agriculture per capita. Higher performance on the EPI agriculture 

composite indicator seems to have some relationship to both lower and higher levels of per 

capita spending, but some countries in the middle of the distribution have much lower scores 

on the EPI indicator. However, this relationship is fairly weak, as other countries in the 

middle of the logged distribution perform highly on the agriculture composite. 

 

 

 
Fig. 6.46: Log(10) of LCEGSS Sustainable Agriculture Sales Per Capita (PPP) and EPI Score for 

Agriculture, colour-coded by World Bank Region. 
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Examining countries grouped by income group classification may indicate whether this is a 

regional or income-related trend. Figure 6.47 suggests that low income countries with lower 

levels of sales (PPP) per capita on sustainable agriculture activities all perform well on the 

agriculture composite score, and that the majority of high income (OECD) countries have 

higher levels of spending per capita, and score well on the agriculture composite. However, 

some countries with the highest levels of per capita spending do not perform well, and some 

countries with the lowest scores on this EPI indicator are high income (non-OECD) countries 

that have relatively high levels of spending. Therefore, while there are few overall strong 

relationships between the two datasets, some interesting trends within the comparisons give 

some suggestions of the global contours of sustainability in agriculture, notwithstanding the 

limitations of the available data. 

 

 
Fig. 6.47: Log(10) of LCEGSS Sustainable Agriculture Sales Per Capita (PPP) and EPI Score for 

Agriculture, colour-coded by World Bank Income Group classification. 

 

6.3.2.6 Bio-diversity and Landscape and Ecosystem Vitality: Biodiversity and Habitat 
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This section is another useful opportunity to analyse new additions to the LCEGSS 

definition. The biodiversity and habitat indicators from the EPI look beyond the provision of 

national parks and protected areas, noting that they are ‘necessary but not sufficient’ (Hsu et 

al., 2016a, p.20) for species protection. These indicators are new to the 2016 EPI and were 

developed in collaboration with ‘the Map of Life’, a global biodiversity database developed at 

Yale, based on the relevant target from the Convention on Biological Diversity (where 

possible). The subset of LCEGSS is based on the Level 2 category of Bio-diversity, and 

other activities from Marine Pollution Control, Contaminated Land Reclamation & 

Remediation, and Environmental Consultancy & Related Services related to biodiversity 

protection or the protection or remediation of landscapes and habitats. Across the indicators 

within this EPI subsection, there is a quite similar set of correlations. As Figure 6.48 shows, 

the biodiversity indicators have higher correlations with the three key LCEGSS indicators 

(sales per capita, sales (PPP) per capita and FTEs as a percentage of working age 

population), suggesting that they were a useful addition to the index. 
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Fig. 6.48 Correlation Chart of LCEGSS measures for LCEGSS Biodiversity Activities and EPI 

metrics for Biodiversity. 
 

However, the economic value of the loss of ecosystems services is still far greater in dollars 

than biodiversity and habitat spending; the loss of ecosystems services due to land use 

changes is estimated to be between $4.3 and $20.2 trillion a year (Costanza et al., 2014a). 

There may be some limitations to the definition of ‘Biodiversity’ spending within the revised 

LCEGSS definition; included within the broad Level 2 category of ‘Bio-diversity’ are the sub-

sectors for Sustainable Forestry, Sustainable Agriculture, and Fisheries Management. As 
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per the broader framework proposed in Chapter 4, arguably these are activities that focus 

primarily on resource management, but have significantly secondary benefits for reducing 

pressures on the environment (and thus biodiversity). As the huge loss of ecosystem 

services due to land use changes suggests, broader land use changes and natural 

resources extraction are a significant pressure on the habitats that support biodiversity, so 

there is a case for their inclusion but the taxonomy could be more clearly delineated in future 

research. 

 

For the overall biodiversity and habitat composite scores, Figures 6.49 and 6.50 show that 

there is only some sign of any relationship at higher levels of economic activity in the 

biodiversity and landscape-related sectors. This suggests that higher levels of economic 

activity to protect habitats appears to lead to better performance in protecting biodiversity, 

but other countries have achieved similar levels of protection with lower levels of economic 

activity. There are few discernible regional trends, apart from some clustering of Europe and 

Central Asia countries with high levels of economic activity on both measures and high 

performance on the biodiversity and habitat score. Political will, good regulation and other 

factors (such as pressure on the environment from human activity) are likely, therefore, to 

contribute significantly to determining levels of biodiversity protection. More spending on 

sustainable activities in agriculture, forestry and fishing, and specific activities to protect 

habitats and species is important, but increasing spending alone will not reverse global 

biodiversity decline. 
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Fig. 6.49: Log(10) of LCEGSS Bio-diversity and Landscape FTEs as a Percentage of Working 
Age Population & EPI Score for Biodiversity and Habitat, colour-coded by World Bank Region. 

 
Fig. 6.50: Log(10) of LCEGSS Bio-diversity and Landscape Sales Per Capita (PPP) & EPI Score 
for Biodiversity and Habitat, colour-coded by World Bank Region. 
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There seemed to be stronger relationships with the species protection indicators added in 

the 2016 EPI. As Figures 6.51 and 6.52 show, the overall trend appears to be similar, with a 

trend only readily discernible at higher levels of economic activity. However, the differences 

between regions appear slightly more pronounced in Figure 6.51 at the left and right of the 

distribution for Sub-Saharan Africa and Europe & Central Asia. 

 

 
Fig. 6.51: Log(10) of LCEGSS Bio-diversity and Landscape FTEs as a Percentage of Working 

Age Population and EPI Score for Species Protection (National), colour-coded by World Bank 

Region. 

 

 
Fig. 6.52: Log(10) of LCEGSS Bio-diversity and Landscape Sales (PPP) Per Capita and EPI 

Score for Species Protection (National), colour-coded by World Bank Region. 
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Overall, a complex picture that emerges for biodiversity and habitat loss, and future research 

will need to consider a wider range of factors, and compare both broader actions to reduce 

pressures on habitats and make land use more sustainable, and spending on protected 

areas or species protection. One of the EPI’s biodiversity and habitat indicators relates to 

Marine Protected Areas; it could be useful to compare this to Marine Protected Areas 

spending from LCEGSS. Knowing the scale of economic activity and where it takes place is 

important to understand responses to biodiversity and habitat loss, but current data only 

partly represents the global challenges. 

 

6.3.2.7 Waste Water Treatment and Environmental Health: Water and Sanitation 

 

This section presents the final sub-sector and thematic comparison with the 2016 EPI and 

one of the stronger sets of correlations among EPI-LCEGSS comparisons (Figure 6.53). 

This section compares the EPI’s indicators on Water and Sanitation and Water Resources 

with activities relating to water treatment and recycling from ‘Water Supply and Waste Water 

Treatment’ and two activities from ‘Environmental Consultancy & Related Services’. This 

covers 107 Level 5 activities, and thus is a small subset of LCEGSS, but similar to the Bio-

diversity and Landscape subset above (83 Level 5 activities) and less specific than 

Sustainable Agriculture (23). The levels of LCEGSS, therefore, are not always directly 

comparable. This is a useful comparison with two sets of indicators from the EPI; one which 

directly measures levels of wastewater treatment (Water Resources: Wastewater treatment), 

and the other, Water and Sanitation, which is more tangentially related. This section will 

explore why Wastewater treatment, and water resources indicators may lead to stronger 

correlations than other comparisons.  
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Fig. 6.53: Correlation Chart of LCEGSS measures for LCEGSS Wastewater Treatment Activities 

and EPI metrics for Water and Sanitation and Water Resources. 

 

As Figure 6.53 shows, there are stronger correlations with LCEGSS spending per capita, 

PPP-adjusted per capita spending, and FTEs as a percentage of working age population 

than in other comparisons in this section. Weak, but still more noticeable, trends with other 

LCEGSS measures suggests that that there may be a stronger relationship to overall levels 

of spending in wastewater treatment (and overall wealth, it should be noted) than with other 

comparisons. 
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Figure 6.53 suggests slightly clearer negative relationships with LCEGSS wastewater sales 

as a percent of GDP; wastewater treatment could be a significant burden on the economies 

of less developed countries, as they appear to spend proportionally more but have lower 

performance on the water and sanitation and water resources composites. Figure 6.54 

demonstrates the ‘clustering’ trend at the income group level, but the variation between 

income groups makes it difficult to plot an overall trend. There is a noticeable trend between 

higher percentage shares of GDP for sales in LCEGSS wastewater activities, and lower 

scores on the EPI water and sanitation composite score. At the same time, there is variation 

divergence between countries in different income groups. 

 

Figure 6.54B shows that many countries score ‘0’ for wastewater treatment that have 

estimates of wastewater treatment economic activity recorded in LCEGSS. This could 

because no wastewater treatment was measurable with available data (the EPI indicator 

compiles data from varying sources, whose data quality may vary), whereas there is 

economic activity that has been measured, either as inputs into global production networks 

or into treatment facilities that do not fit the definition laid out by the data sources used by 

the EPI. It is useful to compare wastewater treatment data from LCEGSS to both sections 

from the EPI (exposure to unsafe drinking water and unsafe sanitation) because of these 

data availability challenges for wastewater treatment rates. 
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Fig. 6.54: A) Log(10) of LCEGSS Wastewater Treatment Sales as a Percent of GDP and EPI 

Score for Water and Sanitation, B) Log(10) of LCEGSS Wastewater Treatment Sales as a 

Percent of GDP and EPI Score for Water Resources, colour-coded by World Bank income 

group classification. 

 

The figures here suggest that Wastewater treatment, and the related benefits for human 

health and the environment, is linked to wealth and ability to spend on treatment. For the 

wastewater treatment indicator, Figure 6.55 suggests that higher levels of relative spending 

are related to higher shares of wastewater being treated and higher shares of populations 

connected to wastewater networks (what is measured by the EPI indicator). This is not 

entirely unexpected; this EPI indicator is a proxy for water quality, not a strict measurement 

of freshwater quality. Such data is difficult to acquire and aggregate at the national level. 
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Fig. 6.55: Log(10) of LCEGSS Wastewater Treatment Sales Per Capita (PPP) and EPI Score for 

Wastewater Treatment, colour-coded by World Bank income group classification. 

 

The scales of these relationships are notable, in both Figure 6.55 and 6.56, this appears to 

be exponential as the x axis is on a logged distribution. That more economic activity in 

wastewater treatment leads to better scores on wastewater treatment may not be surprising, 

but this indicates the scale of the differences between countries. Figure 6.56 is colour-coded 

by income grouping, rather than region, and it clearly shows the strong relationship with 

levels of overall income, spending on wastewater treatment and the levels of wastewater 

treatment. Several caveats mean that the link between the two datasets may not be clear-

cut; the definition of wastewater treatment may vary between the two datasets, some 

economic activity within a country on wastewater treatment may not directly relate to 

delivering wastewater treatment in that country (instead being part of global production 

networks), and based on those countries labelled in Figure 6.55, a high score on the EPI 

may reflect trends other than environmental protection (such as water stress, security 

concerns, or high levels of urbanisation). 
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Fig. 6.56: Log(10) of LCEGSS Wastewater Treatment FTEs as a Percentage of Working Age 

Population and EPI Score for Wastewater Treatment, colour-coded by World Bank income 

group classification. 

 

The suggested trends here are that countries with higher incomes are more able to deliver 

wastewater treatment and the associated benefits for human health and the environment. 

This section has focussed less on the EPI indicators on sanitation and drinking water quality, 

as the potential links to the LCEGSS data are less clear, but the correlation chart suggests 

that countries with higher levels of economic activity in wastewater treatment are able to 

reduce their population’s exposure to unsafe sanitation and drinking water. This may be 

partly related to wastewater treatment, although national differences in sanitation and water 

supply technologies will influence these indicators. 

 

6.3.2.8 Concluding remarks on EPI comparisons 

 

This section presented numerous comparisons, which represents the first attempt at a 

thorough exploration of the LCEGSS dataset (as an estimation of the green economy) and 

environmental performance (through the EPI). Overall, the indicators of the EPI still tend to 

favour richer countries, however the comparisons conducted here suggest that economic 

indicators from LCEGSS, even when made proportional to a country’s population or 
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economy, favour richer countries as well. There is though, some suggestion that higher 

levels of spending on and employment in the green economy leads to better environmental 

and health outcomes. Further research can build on these comparisons to explore theories 

more fully; more complex interactions between different factors require more data inputs. Air 

Pollution presents both a lack of trends and some interesting ones. This is an example of the 

shortcomings of ranking countries; while measurement and comparison are important, a 

ranking flattens the distributions and the significance of differences between countries. 

 

There are extremes in economic activity and EPI indicator performance, where either 

European and North American or high income (OECD) countries frequently have higher 

values for both, whereas low income or Sub-Saharan African countries have frequently 

lower values for both (depending on whether a regional or income level analysis is 

conducted). In the middle of the global distribution, fewer clear-cut differences between 

countries exist, suggesting that a range of experiences in green economy transformations 

and environmental performance exist. Other indicators show a ‘slowing down’ in the rate of 

EPI ‘performance improvement’ with higher levels of green economy spending, suggesting 

limits to the environmental benefits of increased economic activity alone, or that other 

environmental challenges become greater, or that marginal improvement on the indicators 

chosen for the EPI becomes hard. The global landscape of economic development and 

environmental ‘performance’, therefore, appears to be more complex than the conclusions 

drawn by the EPI that economic development is generally good, except for the increasing 

problems of air quality (Hsu et al., 2016a). 

 

6.3.3 World Bank RISE dataset on the policy environment for energy 

 

Although the EPI’s Climate & Energy indicators did not yield clear correlations with LCEGSS 

renewable energy data, perhaps given the vast number of factors that influence changes in 

emissions, it would therefore be useful to explore other datasets that exist to examine the 

global landscape of renewable energy. The World Bank’s Regulatory Indicators for 

Sustainable Energy (RISE) ‘scorecard’ is a comprehensive effort to assess policy, regulatory 

and financial environments for renewable energy between different countries. A pilot report 

was published in 2014 (World Bank, 2014), but a full report in 2016 featured seven 

composite indicators covering a wide range of regulatory issues relevant to renewable 

energy (Banerjee et al., 2017).  
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The RISE study covers 111 countries, covering more than 90% of global population and 

energy consumption (Banerjee et al., 2017), which is fewer than the EPI (180), but a high 

level of global coverage for this study’s first full report. The challenge remains that countries 

with lower relative energy consumption and population that are not covered by the dataset 

face more risk of being ‘left behind’ by SDG7 and the UN’s ‘Sustainable Energy for All’ 

initiative. 

 

The RISE study concludes that, generally, there are positive changes in the policy 

environment for sustainable energy for the countries in the study:  80% have begun to 

implement elements of supportive policy frameworks, and half of the 45 countries with strong 

policy environments are emerging economies. It measures policies to support stand-alone 

solar systems and minigrids, and network grid connections, which suggests that it provides a 

balanced assessment of the policy and regulatory environment for countries in different 

situations, with different energy needs. 

 

The RISE study includes indicators on Energy Access and Energy Efficiency too, but this 

section examines the 7 renewable energy indicators only. The detail and breadth of these 

indicators gives a useful opportunity to explore green economy transformations in renewable 

energy compared to policy environments to deliver significant energy system 

transformations. These indicators cover: 

1. The legal framework for renewable energy 

2. Planning for renewable energy expansion 

3. Incentives and regulatory support for renewable energy 

4. Attributes of financial and regulatory incentives 

5. Network connection and access 

6. Counterparty risk 

7. Carbon pricing and monitoring 

 

These will be considered, alongside overall ‘RISE’ score, in comparison with the activities 

from the Level 1 category ‘Renewable Energy’. 

 

Figure 6.57 indicates that, for the countries with data available, there are generally positive 

correlations between the RISE renewable energy indicators and the LCEGSS renewable 

energy measures, except for renewable energy sales as a percent of GDP. It presents a 
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strong set of correlations that suggests some relationship between economic activity in 

renewable energy and the state of the regulatory environment for renewable energy. 

 

 
Fig. 6.57: Correlation Chart for LCEGSS variables and RISE indicators for 109 countries. 
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6.3.3.1 RISE Overall Score  

 

Given the overall picture from Figure 6.57, two sets of comparisons with the overall 

renewable energy score were plotted, for the absolute and the relative measures from the 

LCEGSS renewable energy data. Figures 6.58 and 6.59 show that the relative measures 

perhaps present better comparisons on overall score. The overall score is based on all 

seven renewable energy indicators from the RISE dataset. However, Figure 6.58 suggests 

some global-level trend between the absolute size of the renewable energy sector and 

overall RISE score (these relationships represent quite significant changes as the y axes are 

logged, though the correlation is somewhat weak). It supports one of the conclusions of the 

RISE report; that the largest countries (with large contributions to emissions) appear to have 

good regulatory environments for renewable energy, which is probably a positive finding for 

combating global climate change. 

 

The comparisons with the per capita values and FTEs as a percent of working age 

population comparison in Figure 6.59 show much stronger correlations between countries 

with higher RISE indicator values and higher levels of LCEGSS renewable energy economic 

activity. The increase in LCEGSS indicators with increases in RISE score above 

approximately 67 (assessed as a ‘high’ score by the RISE report) is quite sharp. At lower 

RISE scores, there are fewer differences between countries. Some countries that have 

higher levels of economic activity are judged to have ‘weaker’ regulatory environments, 

particularly in the Middle East and North Africa, which merits future research. 
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Fig. 6.58: LCEGSS Measures and RISE Overall Score, colour-coded by World Bank Region: A) Log(10) of Sales, B) Log(10) of FTEs, C)Sales as a 
Percent of GDP, D) Log(10) of New Product Market.  
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Fig. 6.59: LCEGSS Measures and RISE Overall Score, colour-coded by World Bank Region: A) Sales Per Capita ($), FTEs as Percent of Working 
Age Population, C) Sales (PPP) Per Capita ($), D) Estimated R&D Spend (PPP) ($) Per Capita. 
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6.3.3.2 RISE Indicator 1: Legal Framework for Renewable Energy 

 

Indicator 1 has a limited number of unique values, as shown in Figure 6.60, making it difficult 

to analyse compared to other RISE indicators. The principal explanation is that the indicator 

is only based on two considerations; is there a framework for renewable energy 

development, and is private ownership of renewable energy generation legally authorised. 

With only two considerations and each being a binary choice, there are only three potential 

outcomes for indicator 1: 0, 50, or 100. 

 

Regarding private ownership, this should not be thought of as privatisation. Uruguay, for 

example, has been highly successful in incorporating private ownership of and investment in 

generating capacity in renewable energy with a state-owned utility (Watts, 2015; Westphal 

and Thwaites, 2016). Moreover, Brazil scores 100 on this indicator, despite having many 

state-run industries. Even with state ownership, some countries allow private enterprises to 

own generation capacity to support their own operations (Bogstrand, 2008), and forbidding 

private ownership of renewable energy generation capacity may preclude roof-top solar and 

other small-scale renewable energy solutions. The only countries in the RISE data that do 

not permit private ownership are: Eritrea, Niger, Mauritania, South Sudan, Somalia, Sierra 

Leone, Haiti, and Angola. These countries also have an overall score of 0 on Figure 6.60. 

 

With only three possible values for indicator 1 score, it is more difficult to identify any trends. 

However, Figure 6.60 suggests that a lack of a legal framework may be related to lower 

economic activity in renewable energy, and that a legal framework alone is not sufficient, 

given the range of values across these LCEGSS measures for those countries which have 

scored 100. 
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Fig. 6.60: LCEGSS Measures and RISE Indicator 1: Legal Framework for Renewable Energy, colour-coded by World Bank Region: A) Sales Per 
Capita ($), FTEs as Percent of Working Age Population, C) Sales (PPP) Per Capita ($), D) Estimated R&D Spend (PPP) ($) Per Capita. 



 308 

 

6.3.3.3 RISE Indicators 2-6 

 

The following RISE indicators are analysed together, given the potential links: planning for 

renewable energy expansion, incentives and regulatory support for renewable energy, and 

attributes of financial and regulatory incentives. Figure 6.61 suggests that indicator 2, 

planning for renewable energy expansion, may be important, although there is some 

variation away from the general trend. Figure 6.61 suggests that for indicator 2, as with 

Overall Score, there is a lower correlation at scores between 0 and 66, and then some 

increase after 67 (the score considered ‘good’ by the RISE report). This suggests that 

partially adopting positive policies for renewable energy may not be related to significant 

increases in economic activity. However, in several significant cases countries have higher 

relative measures of renewable energy economic activity with lower scores for indicator 2, 

despite the general trend. 
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Fig. 6.61: LCEGSS Measures and RISE Indicator 2: Planning Renewable Energy Expansion, colour-coded by World Bank Region: A) Sales Per 
Capita ($), FTEs as Percent of Working Age Population, C) Sales (PPP) Per Capita ($), D) Sales as a Percent of GDP.  
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Fig. 6.62: LCEGSS Measures and RISE Indicator 3: Incentives and Regulatory Support for Renewable Energy, colour-coded by World Bank Region: 
A) Sales Per Capita ($), FTEs as Percent of Working Age Population, C) Sales (PPP) Per Capita ($), D) Sales as a Percent of GDP. 
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Fig. 6.63: LCEGSS Measures and RISE Indicator 4: Attribute of Financial and Regulatory Incentives, colour-coded by World Bank Region: A) Sales 
Per Capita ($), FTEs as Percent of Working Age Population, C) Sales (PPP) Per Capita ($), D) Sales as a Percent of GDP. 



 312 

Comparing indicators 3 (incentives and regulatory support for renewable energy) and 

indicator 4 (attributes of financial and regulatory incentives) in Figures 6.62 and 6.63 

provides a slight suggestion that the attributes of financial incentives and regulatory 

instruments may be slightly more important than their mere existence. The trend lines in 

Figure 6.63 are more positive, overall, and referring back to Figure 5.57 shows that the 

strength of the correlation with indicator 4 is higher, but the distribution of the scores make it 

more different to interpret. Figure 6.62 shows a large increase in some data points on 

LCEGSS measures at a score of approximately 50. This suggests some relationship 

between a ‘base’ level of regulatory support and incentive measured by RISE indicator 4 and 

those countries lower values of relative renewable energy economic activity. Indicator 3 

measures two criteria for financial and regulatory incentives, and four for grid access and 

despatch (equally weighted between these two halves). Unfortunately, the values for these 

sub-indicator data are not available in an easy-to-access fashion, precluding an analysis of 

whether there is a preference towards either financial and regulatory incentives or grid 

access and despatch in those countries in the centre of the distribution. However, examining 

the data for some of those countries scored 50 on indicator 3 (Ukraine, Tunisia, Poland, 

Myanmar) and some of those that scored 63 (the US, China, Togo) suggests that it is a mix 

of the two. There is some tendency to favour feed-in tariffs in Europe, versus other fiscal 

incentives elsewhere, and mixed scores for grid access and despatch. Some of the largest 

economies (largest emitters of greenhouse gases) have limitations in their incentives and 

regulatory environment, despite the general correlation between better scores for RISE 

indicators and larger green economies. 

 

RISE indicators 5 and 6 (Network connection and pricing, and counterparty risk) are similar 

in strength of correlation and both clearly important, but focus on the functioning of utilities 

and electricity markets, which may be less directly related to the spending measured by 

LCEGSS renewable energy data. 

 

6.3.3.4 RISE Indicator 7: Carbon Pricing and Monitoring 

 

Although the distribution of scores for this indicator make interpretation more difficult, 

Carbon Pricing and Monitoring could be a strong indicator of more renewable energy 

economic activity. However, it is not possible to say if this is a consequence or a cause. 

Countries with higher spending in renewable energy might have generated higher spending 

through carbon pricing and other mechanisms, or the development of a significant 
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renewable energy economy could make the adoption of carbon pricing more likely, or the 

economic and policy environments for renewable energy and carbon pricing may develop in 

tandem. 

 

Figure 6.64 suggest that Indicator 7 on Carbon Pricing & Monitoring has some influence, but 

with a mixed picture for economic output; while the R2 scores for Figure 6.64A and 6.64B 

show a fairly high correlation, but many countries scored 0 for this indicator. As with several 

previous analyses, it suggests that a lack of carbon pricing may be correlated with a ‘limit’ on 

the relative size of the green economy (such as FTEs as 0.5% of the working age 

population, or just over $1,000 in sales (PPP) per capita), but that adopting carbon pricing 

does not necessarily lead to high levels of renewable energy economic activity. The 

countries with the highest values on the three relative measures in 6.64A-C, however, have 

all adopted some degree of carbon pricing and monitoring. 

 

The PPP comparisons frequently show weaker relationships: not stronger as with other 

figures in this chapter. Overall, these comparisons suggest that the RISE dataset is a useful 

measure of policy and regulatory environments for renewable energy, and that there is a 

(sometimes) weak, but consistent connection between policy environment and the level of 

renewable energy economic activity. However, it could be the case that the majority of richer 

countries all have good policy environments for renewable energy in general, even where 

they may perform less well in certain areas. This suggests that there is unlikely to be a 

single ‘magic bullet’ regulatory or financial incentive, but that improving the overall quality of 

the regulatory environment for renewable energy is important, with the right policy measures 

for different national contexts. 
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Fig. 6.64: LCEGSS Measures and RISE Indicator 7: Carbon Pricing & Monitoring, colour-coded by World Bank Region: A) Sales Per Capita ($), 
FTEs as Percent of Working Age Population, C) Sales (PPP) Per Capita ($), D) Sales as a Percent of GDP. 
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6.3.4 Germanwatch Climate Risk Index and A&RCC data 

 

This final comparison section uses the 2016 Climate Risk Index published by Germanwatch 

(Kreft et al., 2016) and the ‘adaptation economy’ data from the A&RCC dataset introduced in 

Chapter 5. A previous study compared the 2015 Climate Risk Index to weather and climate 

information services spending estimates from transactional data (Georgeson et al., 2017a), 

and adaptation in megacities and the relationship between climate adaptation and health 

have been analysed with A&RCC (Georgeson et al., 2016b; Watts et al., 2017). The Climate 

Risk Index uses data on economic losses from MunichRE to estimate both annual average 

absolute (in millions USD PPP) and relative (per Unit GDP) economic losses between 1996 

and 2015, and data on annual average fatalities, in both absolute and relative (per 100,000 

inhabitants) terms, over the same period. 

 

A lack of correlations makes comparisons difficult, but it remains useful to plot several 

figures. Figure 6.65 shows that the closest relationship is with the overall economic losses, 

but there is less correlation with the fatalities measures. This tallies with the conclusions of 

prior studies that adaptation spending appears to track the scale of economic losses and the 

physical capital at risk. As with the RISE indicators, the comparisons with different A&RCC 

measures will be plotted together against each relevant measure from the Climate Risk 

Index. 
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Fig. 6.65: Correlation Plot of LCEGSS Measures and Indicators of the 2017 Climate Risk Index. 

 

Figure 6.66 again shows that there is little relationship with the overall score on the Climate 

Risk Index. However, Figure 6.66A is a logged distribution on total A&RCC spending; 

therefore, some countries have staggeringly higher numbers for overall spend. This means 

that the distribution should be transformed to identify any overall trend, but significant 

outliers should be noted. The variation between countries may relate more to region or 

income grouping than the estimate of climate and extreme weather risk from the Climate 

Risk Index. 
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Fig. 6.66: A&RCC Measures and Climate Risk Index 2017 Score (1996-2015 Data), colour-coded by World Bank Region: A) Log(10) of Total A&RCC 
($m) B) FTEs as a Percent of Working Age Population C) A&RCC Sales Per Capita ($) D) A&RCC as a Percent of GDP .  
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Fig. 6.67: A&RCC Measures and Log(10) of Average Annual Losses in Millions USD (PPP) (1996-2015 Data), colour-coded by World Bank Region: 
A) Log(10) of Total A&RCC ($m) B) FTEs as a Percent of Working Age Population C) A&RCC Sales Per Capita ($) D) A&RCC as a Percent of GDP.
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Figure 6.67 suggests which Climate Risk Index indicator may have the strongest correlation with 

adaptation spending. Average annual losses (in millions of USD PPP) has a strong relationship 

with total spending on adaptation (6.67A), and weaker relationships with FTEs as a percent of 

working age population, and A&RCC sales per capita (6.67B-C). Adaptation spending may be 

significantly influenced by the risk of economic losses. Both distributions in Figure 6.67A are 

logged, and so therefore the rise in spending with higher levels of average annual economic 

losses on the right of the distribution is particularly high. 

 

With comparison of fatalities in Figure 6.68, there is little overall relationship between the two 

sets of variables. This may be related to the kind of spending measured by transactional 

triangulation data, as it can track data where an economic ‘footprint’ exists. So, it tracks private 

spending, as well as some public spending where it leaves a ‘footprint’. However, it may be hard 

to discern which elements of adaptation spending are more related to protecting health and 

livelihoods. Recent work has set the foundation for exploring this further (Watts et al., 2017), and 

Figure 6.68 shows the importance of doing so. 
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Fig. 6.68: A&RCC Measures & Log(10) of Annual Average Fatalities per 100,000 Inhabitants (1996-2015 Data), colour-coded by World Bank Region: 
A) Log(10) of Total A&RCC ($m) B) FTEs as a Percent of Working Age Population C) A&RCC Sales Per Capita ($) D) A&RCC as a Percent of GDP. 
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Fig. 6.69: A&RCC Measures & Log(10) of Annual Average Economic Losses Per Unit GDP (1996-2015 Data), colour-coded by World Bank Region: 
A) Log(10) of Total A&RCC ($m), B) FTEs as a Percent of Working Age Population, C) A&RCC Sales Per Capita ($), D) A&RCC as a Percent of GDP
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While the overall relationship with per unit GDP losses in Figure 6.69 is not particularly 

strong, in Figures 6.69A and D there are sharp decreases in overall spending and sales as a 

percent of GDP, especially with higher levels of annual average economic losses per unit of 

GDP. This could suggest that adapting to climate change or increasing resilience to future 

climate or extreme weather events is a more significant economic challenge for those 

countries that face the highest relative economic burden from extreme weather events.  

 

The Climate Risk Index provides a useful summary of the available data on economic losses 

and fatalities from climate and extreme weather-related events, but with limitations. Firstly, 

the index only includes fatalities to measure non-financial damage, when there are a 

significant number of complications for health and well-being linked to extreme weather 

events (McMichael et al., 2008; McMichael and Haines, 1997; Watts et al., 2015). The lack 

of clear links between extreme weather fatalities and climate change impacts that affect 

them is also a limitation. However, it remains an interesting comparison nonetheless, which 

fits with the conclusions of the two previous studies in this area. Correlations are suggested 

between those countries with the highest economic losses in relative terms and lower levels 

of economic activity in A&RCC, and those with higher levels of A&RCC spending and higher 

absolute economic losses. This suggests an important outline of how the spending tracked 

by A&RCC responds to different types of climate-related risk. 

 

6.4 Conclusions 
 

This chapter, overall, indicates that making links between causes and effects between the 

economy and the environment is difficult, and should be done with caution. For analysing the 

data, there is a balance between reducing the number of observations (aggregating at the 

country level) to reduce noise and in aggregating data to the point where there is no 

evidence of a pattern. For the analytical lessons learned from this study, analysis requires 

programming visualisations in R to fit curved lines and easily plot logarithmic 

transformations, compared to the quicker visualisation tools but less-easy-to-use 

programming ability of Omniscope. Plotting with R also makes it easier to see patterns. 

 

From these comparisons, what can we say about green economy transformations and the 

ability of transactional data to explore them? While there is some evidence that 

transformations are happening, they appear to be complex and take a long time, likely 
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longer than the 4 years of LCEGSS data currently available. Overall, globally there is some 

relationship between better outcomes on the comparative indicators, green economy 

‘performance’ and prevailing wealth/past economic development.  

 

The sections of this chapter have made conclusions on comparisons along the way, but 

there are some general points to bring out. At the overall level, there is a relationship 

between countries that are ‘perform well’ on LCEGSS and EPI. Perhaps this only indicates 

that both approaches inherently favour wealthier countries, or that the measures that we 

have still reward richer countries in global comparisons, even when they do not compare 

well to countries in similar situations. There were some stronger connections with the RISE 

index and renewable energy spending, that gave indications of several interesting trends. 

Perhaps this suggests there is a greater relationship between the environment to create 

green economy spending and the green economy, rather than with environmental outcomes. 

 

From LCEGSS comparisons, sales per capita and FTEs as a percentage of working age 

population are the most interesting measures, but more historical data and further 

development of the taxonomy would continue to improve analysis. Data on inequality does 

not have significant availability, and this would be particularly interesting to explore in the 

future. Analysing relative measures of the green economy with current data is an 

improvement in tracking green economy transformations, but it is not perfect. Using PPP 

conversions with transactional data is an interesting analysis but its broader applicability 

requires further testing. We should also reflect on whether the green economy is similar in its 

composition between countries. If not, it may be challenging to ever measure it in a 

comparative way because estimating values for the same activities in different countries, 

may not distinguish the nuanced differences in how the green economy exists in practice 

with different technologies. 
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7. Trade flows in the global green economy 
 

7.1 Introduction 
 

The transactional data methodology can estimate export and import data, in addition to the 

measurements from Chapters 5 and 6. There is more complexity in compiling trade flow 

data, and a small number of countries represent a large majority (over 90%) of global trade 

flows. LCEGSS trade data for 64 countries is available; this covers the 53 countries with the 

highest share of global trade, and the remaining countries of the European Union that are 

not in that group. Another major difference is that, for historical reasons related to prior users 

and recipients of trade data, these data have been reported in Pounds Sterling, not US 

Dollars. As the interest lies in the trade flows (and their relative levels) between countries as 

much as the actual amounts, to avoid adding additional ‘noise’ to the data, the values have 

been left in Pounds Sterling. 

 

This represents one of the first major efforts to visualise and analyse this data. As 

previously, Omniscope & R were used to visualise and analyse: (i) the general scale of trade 

in LCEGSS goods and services in the countries for which data is available, (ii) the relative 

scale of trade, and (iii) the relative flows of exports between different countries using the 

innovative R package ‘Circlize’. 

 

Trade flow analysis is important because it has long been recognised that ‘What is the 

structure of the world economy?’ and ‘How does it change?’ are two key questions of 

international political economy (Smith and White, 1992). Understanding the location and 

interrelatedness of global supply chains and production networks, and increasingly global 

flows of goods and services, is rising in importance in economic geography (Bridge, 2008; 

Horner, 2017; Yeung and Coe, 2014). Analysing the composition of trade and what goods 

and services are traded has yielded important findings about the structure of national 

economies and what drives economic development. Engaging in exports of more complex 

products and a greater diversity of products has benefits for economic development, but that 

countries move within a ‘product space’ related to goods and services that they are currently 

producing (Hidalgo et al., 2007). The networks and interrelatedness of this product space 

conditions the way in which an economy can develop (ibid.). Export diversity increases 

rapidly beyond a minimum ‘threshold’ of economic size, but then reaches another threshold 
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for richer countries (Hu et al., 2011). An understanding of the landscape of exports in the 

green economy could suggest whether links to existing specialisms and product spaces 

exist, and suggest whether there are differences between countries in the composition of 

exports. 

 

Links between trade and the environment are multiple, complex and important, and the 

effects of trade liberalisation on the environment depend to the extent that environment and 

trade goals can be made complementary (UNDP and IISD, 2014). This requires an 

understanding of the scale and distribution of the trade in goods and services that may have 

positive impact on overall environmental impact of economies, which will be explored here. It 

is argued that trade policies should be designed with the aims of maximising development 

potential and raising living standards (Rodrik, 2001), and perhaps trade policies should be 

designed with the aim of not contributing to environmental degradation. The information on 

green economy trade flows could help design better trade policies to promote sustainable 

development and reduce inequality (given the links between increased complexity of goods 

exported and reducing inequality (Hartmann et al., 2017)), whilst attempting to avoid the 

negative effects of increasingly globalised trade. Moreover, geographers have frequently 

been silent on international trade and should develop alternative theories that recognise the 

geographical complexity and unevenness of trade (Sheppard, 2012). 

 

This demonstrates the wider context and the importance of analysing trade separately from 

overall green economy data. This chapter will focus on export data principally; with the 

current data and remit of this chapter, it is only possible to address some of these areas of 

interest, but this represents a significant effort where little visualisation and analysis of data 

has been undertaken.  

 

7.2 Overall scale of trade 

 

The global sum of exports in LCEGSS between the 64 countries in the dataset for 2015/16 is 

£492,219m (£492.2bn). By comparison, the World Bank’s World Integrated Trade Solution 

(WITS) database (using UN Comtrade data) estimates global exports at $14,639,042m 

($14,639bn) in 2016 (down from a peak of $20,925,321m in 2013) (World Bank, 2017b). 

This suggests that, accepting the differences in methodology and data coverage, LCEGSS 

exports are of a similar order to oil exports globally, estimated at $799,983m by WITS data 
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(crude petroleum oil and oils obtained from bituminous materials (HS6 code 270900): 

$352,883m, and petroleum oil and oils obtained from bituminous materials (preparations) 

(HS6 Code 27100): $447,100m) (World Bank, 2017b).  

 

National level values range from £18.09m (Malta) to £25,720.89m (China). Figure 7.1 shows 

that the UK is the second highest exporting nation in the dataset (£24,676.35m), with over 

£1 billion more in LCEGSS exports than the US (£23,671.46m). The second country from 

Asia in the top five highest exporting nations is Hong Kong (£20,760.91m). Despite its small 

size (population of 7.4m), Hong Kong is one of the largest trading entities in the world (5th 

highest exports in the WITS database at $582,557m (World Bank, 2017b)). Major LCEGSS 

export activities in Hong Kong include: Energy-Saving Consumer Products (£768m), Water-

efficient products (£327m), and several categories relating to the manufacture, supply and 

installation of Solar Trackers and Solar Up Draft Towers. The latter category may seem 

surprising, but it is perhaps a misnomer that includes Concentrating Solar Power. Spain is 

another large exporter in LCEGSS sectors (£17,221m), and principal export activities 

include: Manufacture of Special Mechanical Components (plus Equipment NEC Engineering 

Services) for Large Off-Shore Wind Turbines (£581.86m), Legal & Advisory Services relating 

to Corporate Renewables Policies (£496.55m), and Manufacture of On-Shore Wind Farm 

Central Control Systems (£328.74m). Germany (£13,825m) and France (£11,183m) have a 

lower share of global exports than the size of their green economies and their exports in the 

WITS database would suggest. This could always relate to where these countries export, as 

the WITS database covers a much larger group of countries than the LCEGSS Import and 

Export data. 
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Fig. 7.1: Total LCEGSS Exports for 64 countries (£m), colour-coded by Global Region. 

 

The scale of LCEGSS exports, should be analysed in relation with LCEGSS sales to 

understand the relative differences in export activity. Figure 7.2 represents exports as a 

percentage of sales for LCEGSS. Sales revenue and exports values may not strictly 

measure the same thing, and therefore this metric is examined as an indicative measure of 

the relative scales of exports and sales revenue, not a measure of the percentage of sales 

composed of exports. 
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Fig. 7.2: LCEGSS Exports as a Percentage of Sales, colour-coded by Global Region. 

 

A ratio of greater than 100% between exports and sales is possible, the United Arab 

Emirates (168%) being the example in Figure 7.2. High ratios for small, ‘export-driven’ 

economies are perhaps not surprising; Singapore (93%) and Hong Kong (87%) are small 

economies that are largely driven by exports, which is reflected in Figure 7.2. In World Bank 

export data, Singapore and Hong Kong’s ‘Exports of goods and services (% of GDP)’ values 

are 172.1% and 187.4% respectively (World Bank, 2017a). Denmark (87%) is perhaps a 

little higher than overall trade statistics would suggest, with exports of goods and services as 

53.6% of GDP (World Bank, 2017a). This is quite a high percentage, but Denmark has 

established economic specialisations in several important areas of the green economy 

(Danish Energy Agency et al., 2012). Important export activities in Denmark include, as may 

be guessed, wind energy (such as Large On-Shore Wind Turbine Tower Supply: £137.36m). 

Other activities include the supply of ‘greener fuels’, including Production (£208.54m) and 

Supply (£203.25m) of E85, 85% Ethanol blend fuels (perhaps given Denmark’s expertise in 

the oil and gas sector), and R&D, such as Static Hybrid System Solar Power Research: 

£176.85m (related to its status as a knowledge economy with high levels of public 

investment in education and research). Denmark had the sixth highest spend on R&D as a 

percentage of GDP in the world in 2015 at 3.01%, according to UNESCO statistics (World 

Bank, 2015). Luxembourg is not in a similar position to Singapore and Hong Kong as a small 
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exporting economy, which may be surprising as Luxembourg’s exports as a percentage of 

GDP is the highest in the world at 221.3% in 2016 (World Bank, 2017a)). Several countries 

with globally significant sales revenue in LCEGSS have low values for exports as a 

percentage of sales revenues, including the US (2.7%), China (3.4%), Japan (4.5%), and 

India (5%). Figure 7.1 showed that China is the largest exporter of LCEGSS goods and 

services, Figure 7.2 may, therefore, indicates more about the orientation of a country’s 

economy and the relative areas of specialisation and advantage, rather than giving a score 

of exporting ‘power’. 

 

Variation in export destinations for LCEGSS goods and services between countries can be 

explored using the detail provided by LCEGSS export data. Because all European Union 

(EU) member states are in the dataset, this is a useful comparison. LCEGSS exports to EU 

countries total £113,061.21m, or just under 23% of the ‘global’ total in the dataset. Figure 7.3 

shows that the UK has the highest exports in LCEGSS goods and services to EU countries 

at £7,225.47m. The other countries with the largest exports to EU countries are located in 

North America (the US: £6,784.64m) and Asia (China: £6,679.83m, Hong Kong £4,616.82m, 

India: £4,035.47m, Japan: £3,925.48m, South Korea: £3,833.06m). The EU country with the 

second highest exports to EU countries is Spain (£3,580.7m), again showing it as a 

significant exporting LCEGSS nation. 
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Fig. 7.3: LCEGSS Exports to the EU, colour-coded by Global Region. 

 

However, exports to fellow EU member states could constitute a larger proportion of 

European countries’ exports. Figure 7.4 shows LCEGSS exports to the EU as a percentage 

of each country’s total LCEGSS exports. The UK has the highest share of exports to EU 

member states (29.28%), which suggests that exports in the green economy to the EU are 

more important for the UK than other EU countries. Figure 7.4 suggests that other nations 

do not experience particular difficulty in accessing EU markets in LCEGSS, and EU member 

states have little difficulty in exporting goods outside the EU. Trade between countries 

outside of the single market could possibly be easier to track, or greater experience with UK 

transactional data could make it easier to track UK exports, so this figure should be 

interpreted with caution. Moreover, overall the share of total exports composed of exports to 

EU countries varies between 18.6% (Germany) and 29.28% (the UK), so no member state 

has very low levels of exports to EU countries. 
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Fig. 7.4: LCEGSS Exports to the EU as a percentage of total, colour-coded by Global Region. 

 
Fig. 7.5: LCEGSS Exports to the EU as a percentage of Sales, colour-coded by Global Region. 
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Figure 7.5 shows LCEGSS Exports to the EU as a percentage of LCEGSS sales, and shows 

a similar distribution of countries compared to Figure 7.2. This demonstrates again that the 

size of domestic and export markets are not necessarily linked. 

 

It would be informative to compare the relative level of exports to China and the US, as 

perhaps the two other major economies in the global green economy. The scale of green 

economy exports from China has become a significant question of international political 

economy; the US has imposed tariffs on imports of solar panels, in response to the 

perceived scale of Chinese exports to the US (Reuters Newswire, 2018). However, Figure 

7.6 shows that the US exports significant quantities of LCEGSS goods and services to China 

(£4,274.99m); more than any other country in the dataset. The five highest value export 

activities from the US to China at Level 5 could suggest the kinds of goods and services 

being exported: CAM Coding Services for Energy Storage Research (£201.74m), 

Engineering Functional Experimentation in Energy Storage R&D (£178.03m), Energy-Saving 

Consumer Products (156.58m), Unit Assembly of Prototype Fuel Cell Equipment 

(£146.47m), and Engineering Functional Research in Compressed Air in Cylinders and 

Caverns (£142.05m). Three of these relate to R&D services, one relates to prototype 

equipment and the other (Energy-Saving Consumer Products) is a significant export activity 

in many countries. The majority of the top 20 activities of US LCEGSS exports to China are 

assigned to the R&D, Services, or Installation activity codes. As previous discussion 

chapters have noted, the manufacture of components in the green economy is only one part 

of the overall economic impact of LCEGSS activities. This suggests that examining trade in 

green economy ‘goods’ only does not reflect the true nature of global flows in LCEGSS 

activities.  

 

Figure 7.6 shows that the UK is a less significant exporter in LCEGSS to China than other 

EU countries. Germany, Spain, Italy, and some major export economies in Asia all export 

significant quantities of green economy goods and services to China. Germany provides an 

interesting contrast with the UK; Germany has LCEGSS exports to the EU of £2,572.42m 

and to China of £2,108.72m, whereas the UK has £7,225.47m in LCEGSS exports to the EU 

and £1,530.3m to China. 
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Fig. 7.6: LCEGSS Exports to China, colour-coded by Global Region. 

 

Examining exports to China as a percentage of the total exports for each country would 

therefore be useful. As Figure 7.7 shows, US LCEGSS exports to China represent a greater 

proportion of national exports than for other countries (18.06%). Figure 7.4 showed that the 

US has a higher value of exports to the EU than to China (£6,784.64m, 28.66%); although 

China is US’ most important national export market. Three other countries have more than 

15% of total LCEGSS exports to China: India, Japan and Germany. The UK has a starkly 

different profile to other European countries, with only 6.2% of LCEGSS exports to China, as 

suggested in Figure 7.6. The difference is much clearer in percentage terms in Figure 7.7, 

however. 
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Fig. 7.7: LCEGSS Exports to China as a percentage of total Exports, colour-coded by Global 

Region. 

 

However, Figure 7.8 shows that China exports more in LCEGSS activities to the US 

(£6,589.7m), than the US exports to China. Other Asian states have highly significant trade 

flows into the US; four of the top five (and six of the ten largest) countries with the largest 

export flows to the US are in Asia. Exploring the highest areas of export value to the US 

from China may give some indication as to whether China’s exports to the US are 

significantly different from US exports to China; interestingly, some of these areas are similar 

to the highest areas for export from the US to China (coding services, R&D). 
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Fig. 7.8: LCEGSS Exports to the US (£m), colour-coded by Global Region. 
 

This suggests that the value of domestic sales revenues is not directly linked to the goods 

and services with large international trade; some sectors may have matured to develop 

domestic capacity, or use existing domestic supply chains. Perhaps measuring trade is 

difficult and the availability of data varies between sectors. When examining specific 

activities from a narrow sector of the economy like LCEGSS, flows between pairs of 

countries can yield surprising results. It requires challenging pre-existing assumptions of 

what these values ‘must’ be. For example, one might expect photovoltaic cells to be one of 

the largest export flows from China, given their political prominence. One must remember, 

though, that costs falls year-on-year, that componentry may be exported for final assembly 

in a target country (thus lowering the exported value), and that photovoltaic (PV) cells 

represent only a fraction of the cost of installing solar PV systems. The US’ National 

Renewable Energy Laboratory estimates PV cells as 12.5% of the per Watt DC cost of 

residential solar systems in the US ($0.35/W out of a weighted average of $2.80/W for 

different installation modalities) (Fu et al., 2017). Other technologies may be more expensive 

per MW of installed capacity, or more expensive relative to their outcomes in reducing 

environmental and climate impact. These are important factors to consider. Table 7.1 shows 

the 20 largest export sectors for China globally at Level 3. These are predominantly major 
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global renewable energy and low carbon sectors, but some of them are more experimental 

technologies (which are likely to have much higher costs).  

 
Country Level 1 Level 2 Level 3 Total 

Exports £m 
China Low Carbon Additional Energy Sources Energy Storage Research 3,990.31 
China Low Carbon Additional Energy Sources Fuel Cells 2,040.75 
China Renewable Energy Photovoltaic Other Related Equipment and Chemicals 1,636.33 
China Renewable Energy Renewable Energy General Consultancy Consultancy Services 1,416.24 
China Renewable Energy Wind On Shore Wind Farm Systems 1,078.20 
China Renewable Energy Wind On Shore Large Wind Turbine 985.51 
China Low Carbon Additional Energy Sources Molten Salt 964.83 
China Renewable Energy Wind Off Shore Large Wind Turbine 947.21 
China Environmental Water Supply and Waste Water Treatment Water Treatment and Distribution 848.30 
China Low Carbon Additional Energy Sources Compressed Air in Cylinders and in Caverns 814.88 
China Low Carbon Energy Management Technologies, Research & Development 793.30 
China Renewable Energy Wind Off Shore Wind Farm Systems 709.96 
China Renewable Energy Photovoltaic Systems & Equipment 648.77 
China Renewable Energy Biomass Biomass Energy Systems 473.11 
China Low Carbon Alternative Fuels Bio Fuels Alternative for Vehicles Only 464.02 
China Low Carbon Additional Energy Sources Thermal Mass 442.77 
China Renewable Energy Geothermal Consulting & Related Services 417.62 
China Low Carbon Building Technologies Windows 414.98 
China Renewable Energy Biomass Boilers and Related Systems 356.35 
China Renewable Energy Photovoltaic Photovoltaic Cells 334.20 

Table 7.1: Top 20 Export Global Sectors (from China) at Level 3 (£m). 

 

Figure 7.9 suggests that China has a greater share of LCEGSS exports to the US than the 

share of the US’ exports to China; 25.62% of China’s LCEGSS exports go to the US. For all 

countries in the dataset apart from the UK (6.25%), this share is over 20%. This suggests 

that the US draws in significant volumes of goods and services from many major trading 

partners. It should be remembered here that the dataset covers 64 major trading nations, 

and therefore might not include regional trade flows, and that LCEGSS is a relatively narrow 

sector of the economy. 
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Fig. 7.9: LCEGSS Exports to the US as a percentage of total Exports, colour-coded by Global 
Region. 
 
Spain has quite a high value for Exports to the US, as this is the largest as a percentage of 

Spain’s total exports. The relative size of the export markets for LCEGSS for each country is 

an important lens of analysis. The previous figures perhaps suggest that Spain has an 

export-driven Green Economy. Another factor could be that ‘Solar Tower Up Draft’ 

categories likely include Concentrating Solar Power (CSP), which has been deployed 

significantly in Spain for many years (International Energy Agency, 2009). 

 

Figure 7.10 shows that after the US and China, Spain has much lower levels of relative 

exports to the other countries in the dataset; the only other export market with over 5% of 

total exports are Japan and India. This is perhaps linked to particular specialisations in 

Spanish industry relating to wind power, concentrating solar power, amongst other sectors. 

For example, globally Spain’s largest LCEGSS export market at Level 5 is ‘Manufacture of 

Special Mechanical Components for large offshore wind farm systems’ (£581.86m); 

according to the US Department of Commerce’s International Trade Association, Spanish 

wind generation companies are operating in 20 states (International Trade Association, 

2017) and Spain is consistently ranked as one of the five largest world producers of wind 
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energy (Montoya et al., 2014; Sahu et al., 2013). CSP is deployed widely in Spain (with the 

highest installed capacity in the world (REN21, 2017)) and Spanish energy companies in 

general have invested in the US for a number years (International Trade Association, 2017). 

These are indications why Spain has high exports, relative to other EU countries, driven by 

Wind, (probably) CSP and more general renewable energy services. 

 

 
Fig. 7.10: Spain’s LCEGSS Exports to each country as a Percentage of Total LCEGSS Exports. 

 

By comparison, Figure 7.11 shows that the UK has significantly different export flows, with 

only two export markets at over 6% of the UK’s total exports. However, the distribution in 

Figure 7.11 has a much shorter ‘tail’; there are more export markets for the UK that are more 

than 2% of the total than for Spain in Figure 7.10. This could suggest that the UK has more 

opportunities to export to a larger group of countries, making it less reliant on major markets 

like the US and China, or that the UK (with higher proportional exports to EU member states) 

is more embedded within EU production networks than Spain, which may have sought 

export markets owing to circumstances resulting from the global financial crisis and lower 

domestic demand. The UK has higher exports overall than Spain (second only to China) so 
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there could be significant risks to LCEGSS exports if the UK’s trading relationship with the 

EU were to change. 
 

 
Fig. 7.11: The UK’s LCEGSS Exports to each country as a Percentage of Total LCEGSS 

Exports. 

 

Examining the US (Figure 7.12), its export flows are more similar to Spain’s than the UK’s, 

although perhaps not to the same extent; China, Japan, Germany and India are the largest 

export markets for the US. The question remains as to why is the UK so different when other 

countries have similar export profiles. The UK, overall, appears effective at exporting to a 

range of regional and international markets, but perhaps with a higher-than-average reliance 

on European export markets. 
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Fig. 7.12: US LCEGSS Exports to each country as a Percentage of Total LCEGSS Exports. 

 

7.3 Visualising and analysing trade flows 
 

Global ‘flows’ of goods and services are typically difficult to visualise, given the challenges in 

simultaneously representing the size, direction, start point and end point for many different 

flows. Hence, the R package ‘circlize’ has been used to generate circle plots (also called 

chord diagrams) (Gu et al., 2014) using export values from the LCEGSS dataset for the 64 

countries with available data. Circle plots are powerful for visualising different relations 

between many different ‘nodes’. The R package outlined in (Gu et al., 2014) and (Gu, 2017), 

formed parted of the approach of the Wittgenstein Centre (Sander et al., 2014), originally 

used for global migration flows (Abel and Sander, 2014). Circlize provides significant 

benefits in preparing data and providing better code to create circle plots. Colours were 

chosen from Paul Tol’s SRON qualitative colour schemes (Tol, 2018) to ensure readability. 

 

7.3.1 LCEGSS trade flows 
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In evaluating trade in environmental goods and services, Monkelbaan (2011) found that 

developed countries are larger portion of exports than they are of imports in environmental 

goods and services, and that developing countries are net importers. It should be noted that 

this study was based on internationally agreed codes for publishing trade statistics, which 

provide a limited number of codes that can parse environmental goods and services and 

may not count supply chain activities. These are perhaps the principal reasons why the 

findings below are significantly different. A UNEP study of South-South trade suggests that 

developing countries became net exporters of a set of renewable energy products in 2007 

(UNEP, 2014d). 

 

Beginning with the overall scale of exports in LCEGSS, Figure 7.13 shows that global 

exports in the green economy present a highly connected global economy. In coding Figure 

7.13 (and subsequent figures), the smallest country-to-country export flows were removed to 

improve the visualisation (the lowest 15% or 20%). As Figure 7.13 shows, many smaller 

flows are still plotted, further suggesting the complexity of global green economy trade flows. 
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Fig. 7.13: Circle Plot of Total LCEGSS Exports (£m), colour-coded by Global Region. 

 

Figure 7.13 shows several important trends. Firstly, the major exporting nations from section 

7.2, like the US, China, and Japan, are significant net recipients of export flows from other 

countries. The UK, the second largest exporting nation, has more exports to other markets 

than exports received. Overall, the figure suggests that LCEGSS goods are exported 

globally; there is little evidence of major regional preferences in LCEGSS exports. Figure 

7.13 demonstrates clearly where countries like Denmark, Chile, South Africa and Hong Kong 

generate significant exports relative to the overall level of trade activity in the green 

economy. 
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7.3.2 Activity code 

 

Being able to aggregate LCEGSS activities by ‘Activity Code’ presents the possibility to 

visualise and compare global flows in different types of goods and services. Trade statistics 

for products are generally recorded in the Harmonised Commodity Description and Coding 

System (Harmonised System, or HS). A new version (effective 1 January 2017) was 

published in 2016, with several updates that improved how it classifies environmental and 

socially important products (World Customs Organization, 2016), but even this was still 

based on recommendations from 2014. It still has limitations for fully defining the green 

economy, and it does not record trade in services. UN Comtrade statistics still use the 

Extended Balance of Payments Services Classification (EBOPS) from 2002 for services. It 

is, therefore, difficult to compare global flows in goods and services in the green economy. 

 

In the current export data from LCEGSS, there are a number of activity codes with 

formatting errors that mean that they may not feature in the following figures. They should 

therefore be interpreted with caution; they may not represent all 3,769 activities from 

LCEGSS. 

 

Figure 7.14 shows global export flows under the activity code ‘Manufacture’; this could 

broadly be interpreted as exports of manufactured goods in LCEGSS (but not necessarily 

including Supply and Distribution values). Figure 7.14 suggests that China exports more 

manufactured goods than the US, which receives a lot of export inflows, especially from Asia 

but with major flows from Europe too. The UK, too, appears to be a major exporting nation in 

manufactured goods. The pattern of flows for many other countries is similar to the overall 

values in Figure 7.13. 
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Fig. 7.14: Circle Plot of Manufacture LCEGSS Exports (£m) by Activity Code, colour-coded by 

Global Region. 

 

For the activity code ‘Services’, Figure 7.15 suggests that the US is a much larger exporter 

of services in relative terms (it should be noted that the scale changes for each circle plot, 

but a scale is provided on the nations with larger trade flows: adding minor ‘tick marks’ as 

well would have made the values difficult to read). The UK, China, and Germany (amongst 

others) seem to have high shares of the global LCEGSS services market. Other countries 

with high total exports in Figure 7.13, including Denmark and Hong Kong, have a lower 

share of Services than Manufacture. Italy and some other countries export more services 
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than manufactured goods, as a proportion of global exports. South Africa seems to export 

more services than might be expected: similar to South Africa’s share of global Manufacture 

exports. We can examine exports from South Africa to understand what these may be; major 

service export flows from South Africa include service provision for Energy from Waste, 

Energy Storage Research, Nuclear Science Services and Site Development Services from 

Nuclear Power (South Africa is the only country in Africa with nuclear energy), and 

Renewable Energy General Consulting. 

 

 
Fig. 7.15: Circle Plot of Services LCEGSS Exports (£m) by Activity Code, colour-coded by 
Global Region.  
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7.3.3 Industries and subsectors 

 

The global export flows from LCEGSS data for different industries and subsectors within the 

LCEGSS taxonomy can be visualised and explored. There have been partial studies of 

‘environmentally-friendly goods and services’ (Monkelbaan, 2011) and renewable energy 

trade (UNEP, 2014d), but the available data has, previously, precluded the possibility of 

comparing significant sectors of the green economy. 

 

Renewable Energy is a useful place to start, given UNEP’s prior study and high-profile trade 

disputes in renewable energy (Reuters Newswire, 2018). In this section, trade flows in all 

subsectors of Renewable Energy, and important industries such as Solar and Wind, are 

compared. UNEP analysed South-South Trade in Renewable Energy (with limitations 

caused by the Harmonised Systems (HS) codes, where only certain renewable energy 

products are directly identifiable) (UNEP, 2014d). This report suggested that developing 

countries are net exporters of these products, which seems to be true for some developing 

countries in LCEGSS data, but with some notable exceptions. 

 

Figure 7.16 shows the global exports activities under Level 1 ‘Renewable Energy’ in the 

LCEGSS taxonomy. There are key variations in global export flows; the US does not have 

significant exports (less than Denmark, Taiwan or Poland, for example) but there are high 

levels of exports flowing into the US from other countries. China is clearly the largest 

exporting nation in Renewables, and the UK and Spain are considerable contributors to 

global Renewable Energy export flows. South Korea and Taiwan also have a higher share of 

global exports in Figure 7.16 than for the overall LCEGSS values. Overall, export flows in 

Renewable Energy would appear to have a different profile to LCEGSS as a whole. 
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Fig. 7.16: Circle Plot of Renewable Energy LCEGSS Exports (£m), colour-coded by Global 

Region. 

 
This section provides the possibility to examine industries within Renewable Energy. The 

following two figures present the global trade flows in solar and wind technologies (the Level 

2 categories of ‘Photovoltaic’ and ‘Wind’ respectively). 

 

Figure 7.17 shows the global export flows for the solar industry, as estimated by the 

LCEGSS Level 2 category ‘Photovoltaic’ which, as previously noted, includes other forms of 

solar such as CSP and solar thermal. UNEP’s report shows photovoltaic (PV) cells and 

modules exports for many countries beyond the most high-profile, including Pakistan, 
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Tanzania, Chile, Ethiopia, and Iran (UNEP, 2014d). Figure 7.17 suggests that significant 

global trade in solar goods and services between a large number of countries exists; the 

differences in the flows compared to the UNEP data suggests that trade in PV cells and 

modules is only part of global solar trade. 

 

 
Fig. 7.17: Circle Plot of Solar LCEGSS Exports (£m), colour-coded by Global Region. 

 

A number of countries and flows stand out here, including Spain’s exports to the US (as 

highlighted by the International Trade Association), the exports of Pakistan, China, Hong 

Kong, Taiwan, and India appear to have a larger share of global exports than in other 
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figures. The underlying data further indicates that the global economic impact of solar 

energy deployment is not restricted to trade in solar panels; global exports of Photovoltaic 

Cells and Modules are estimated at £205.8m and £1,776.2m respectively, but exports of PV 

cell materials are £185.3m, and PV module mounting systems and ancillary componentry 

are £2079.59m combined (all at Level 4). Other major flows in goods and services include 

other parts for domestic and industrial-scale solar deployment (like solar trackers that 

orientate various solar technologies towards the sun: £7,279.67m globally), solar thermal 

(£1,008m), R&D services for static hybrid systems (£1,742m) (all at Level 5), and Solar Box 

Cookers (manufacture, supply, distribution and installation: £921.46m). 

 

These examples highlight both an important part, and a limitation, of transactional data 

measurement of LCEGSS globally. It is important that data collection measures all relevant 

technologies, goods and services, to fully understand the global economic geography of the 

green economy, and how it differs between different countries. Only focussing on one small 

part (such as PV cells and modules), even when this is due to data availability restrictions, 

provides a limited understanding of the green economy. Data from the UNEP report shows 

that a large number of countries in the Global South export PV cells and modules, which is 

an important but only partial understanding of the global landscape of export flows. 

Understanding the global flows in technologies like solar thermal and solar box cookers, 

which are effective in remote areas and developing countries with significant solar 

irradiance, is vital for understanding the potential of green economy transformations to 

improve the living conditions of millions of people. Solar thermal, for example, did not form 

part of the previous LCEGS definition for ‘Photovoltaic’. 

 

However, the monetary values of flows in these goods can be lower than others, and thus 

their impact can be obscured in more aggregated analyses. Solar trackers, for example, are 

contributing greatly to the economic impact of solar, whilst making the energy output of solar 

generation facilities higher by maximising the time its ‘payload’ spends facing the sun at the 

optimum angle. However, this is partly because it is an expensive technology that offers a 

10-25% increase in output but requires more maintenance (Bushong, 2016). Many countries 

could benefit from greatly increasing deployment of cheaper, fixed mount solar systems. But 

if data were not collected, there would no understanding of the geographies of important 

technologies. This suggests that exploratory analysis of the data is important to understand 

these nuances, not just the overall impact.  
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In Figure 7.18, there is a different profile in global export flows in the Wind sector. A different 

group of countries, compared to Solar in 7.17 have a larger share of global export flows, 

including Denmark, the Netherlands, Chile, China, and South Korea. 

 

Fig. 7.18: Circle Plot of Wind LCEGSS Exports (£m), colour-coded by Global Region. 

 

There are particularly large flows from Denmark and China to the US. Other European 

countries with larger domestic wind industries, such as Portugal, the Netherlands and the 

UK, are significant exporters in Wind. While the largest global export activity in Wind at Level 

5 is Rotational Wind Turbine components for Offshore Wind (£4,004.24m), this may be 

because it is a growing, but currently expensive, subsector of wind energy where some 
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countries have less domestic experience. As noted previously, the differentiation between 

Onshore and Offshore Wind is new to the revised definition of LCEGSS, but it does not 

cover civil engineering services that may be the largest point of departure between the two, 

and requires further precision and improvement in the future. The global size of Manufacture 

in Onshore Windfarm Central Control Systems (£3,167.87m) and Gear Boxes and Drive 

Chains for Offshore Wind (£1,805.72m) demonstrates the importance of measuring the 

economic impact of all economic activity that contributes to the green economy.  

 

The LCEGSS dataset includes ‘Low Carbon’ activities, a major difference to other 

measurement approaches that record environmental goods and services only. It is therefore 

useful to consider the global trade flows in Low Carbon sectors, especially where they may 

fall outside of other definitions, to understand how the data measured here may differ. The 

Alternative Fuels subsector of Low Carbon will be analysed first. Being based around the 

supply and distribution of consumable fuels, it might be expected that export flows in 

Alternative Fuels may be different to other LCEGSS sectors. Figure 7.19 presents a 

completely different profile compared to previous figures. Australia, South Africa, Chile, 

Hong Kong, Germany, Pakistan and Denmark are the major exporting nations. The US’ 

exports are notably low. Some of these smaller nations do not have larger exports relative to 

previous comparisons only, but are the largest exporting nations in Figure 7.19, particularly 

Denmark, Hong Kong, and Chile. Chile’s significant exports come from activities relating to 

biofuels as alternative transport fuels for vehicles, principally Butanol as a direct replacement 

for petrol and E85, an ethanol-petrol blend composed of 85% ethanol. South Africa and 

Denmark have larger shares of alternative fuel exports from E85 than Butanol. Other 

Alternative Fuel categories, including batteries and other more ‘experimental’ biofuel 

sources, represent less of global export value. 
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Fig. 7.19: Circle Plot of Alternative Fuels LCEGSS Exports (£m), colour-coded by Global 

Region. 
 

The Low Carbon category ‘Building Technologies’ largely refers to energy- and heat-saving 

products to lower energy use and emissions from buildings, including building energy 

management devices and controls, insulating doors and windows, and other heat retention 

materials. In addition to the manufacture, supply and installation of such technologies, it 

includes energy management and distribution software, and R&D services for developing 

new energy-saving technologies. 
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As Figure 7.20 shows, the global flow in Building Technologies categories is more similar to 

the overall Figure 7.13, with some notable exceptions; Mexico has larger export flows than 

the US in Figure 7.20. Examining the underlying data, Mexico’s largest export activities are 

energy saving windows (manufacture, supply and R&D) and energy management devices. 

Italy and Japan have a larger share of global exports in Building Technologies than 

elsewhere. The largest exports from Italy are slightly different to those from Mexico, 

suggesting specialisation in different technologies: Advanced Plastic Thermally Insulated 

Frames, Honeycomb Systems and Triple-Glazed units. 

 

 
Fig. 7.20: Circle Plot of Building Technologies LCEGSS Exports (£m), colour-coded by Global 
Region. 
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‘Environmental’ categories from the LCEGSS taxonomy feature less prominently in global 

export flows, with the exception of Energy from Waste (£57,457.19m). These categories 

include both technologies, facilities and services for environmental protection; the activities 

under the Environmental categories may be, by their nature, more localised. However, the 

global waste trade, and the transboundary movement of waste has frequently been criticised 

from environmental, social, health and legal perspectives (Pellow, 2010; Pratt, 2011). It is 

becoming increasingly complex, and no longer can be characterised as consisting of flows of 

waste from developed countries to developing countries (Lepawsky, 2015). China has 

banned the importation of 24 categories of recyclables and solid waste, upturning the global 

plastic recycling industry (Cole, 2017). An examination of activities from the Level 2 

LCEGSS category ‘Recycling and Recovery’ is, therefore, timely. 

 

The activities under ‘Recycling and Recovery’, however, include flows of waste collection 

equipment, the manufacture of recycled products with recycled feedstocks, the maintenance 

of equipment and other activities: not solely flows in waste to be recycled or recovered. 

Figure 7.21 includes these activities and others more readily associated with ‘Recycling and 

Recovery’, like the processing of recyclable materials, the supply of recycled feedstocks to 

other industries, and the collection of waste. However, Figure 7.21 aligns with the 

conclusions of Lepawsky (2015), who found that the global trade in electronic waste was 

increasingly global and complex, and that it could not be simply characterised as the 

transportation of waste from the Global North to the Global South. It is difficult to interpret 

global exports flows in Recycling and Recovery activities, as it represents the flows of 

equipment, services, the supply of materials to be processed and the exports of processed 

recycled products. However, it demonstrates the complexity and global nature of the 

recycling and materials recovery industries. 
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Fig. 7.21: Circle Plot of Recycling and Recovery LCEGSS Exports (£m), colour-coded by 

Global Region.  

 

Nuclear Energy is perhaps a ‘non-universal’ inclusion in the green economy. As an energy 

generation technology, it is low carbon and low in emissions of greenhouse gases, whilst not 

necessarily being renewable or ‘green’ energy. Data on Nuclear Power is available within 

LCEGSS partly for historical reasons, as earlier LCEGS definitions were developed in 

consultation with the UK’s Department for Business, Energy and Industrial Strategy (under 

its former titles of BERR (Business, Enterprise and Regulatory Reform) and BIS). As a 

sector without universal agreement on its role in green economy transformations, and given 

that data is available, it is a valuable point of analysis. Figure 7.22 suggests that Nuclear 
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Power has very different flows from other sectors. Many countries do not have significant (or 

any) nuclear facilities, and the plot’s scale shows that the overall trade volume is significantly 

lower. There may be some artefacts from how values are sometimes estimated in the 

transactional triangulation methodology that leads to estimates of small flows in certain 

countries. 

 

Fig. 7.22: Circle Plot of Nuclear Power LCEGSS Exports (£m), colour-coded by Global Region. 
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The largest Level 5 export in Nuclear Power from any country is ‘Legal Services’ under ‘Site 

Development Services’ from China at £7.75m (to all countries in the dataset), which shows 

the small size of global LCEGSS exports in Nuclear Power. South Africa is, notably, the 

largest exporting nation, but the export flows are almost all relating to Services, Engineering 

Services and Maintenance categories. Figure 7.22 does not, therefore, necessarily 

represent sales of fuel or the construction of nuclear facilities. Exports from the US are very 

low; only 4 Level 4 categories are over £1m in global exports: Site Development 

Services/Legal Services (£4.28m), Nuclear Fusion Research (£1.68m), Reactor Engineering 

Maintenance Services/Planned Preventative Systems (£1.23m) and Plant Commission 

Engineering Services/Commissioning Operations (£1.13m). This indicates that ‘exports in 

Nuclear Power’ do not necessarily represent issues of national security. Notably, some 

countries with established nuclear industries (including the US, India, France and China) 

have much lower exports than other countries, and lower than their share of exports in other 

sectors. 

7.4 Conclusions 
 

This analysis clearly suggests that the green economy is global and that trade in the green 

economy is global and complex, and should not be reduced to only considering flows in 

single products between pairs of countries. The export data estimates from the LCEGSS 

dataset provides evidence that global production networks in LCEGSS are complex, that 

many countries effectively export significant economic values in the green economy. The 

relative balance of exporting versus ‘being an export market’ varies between countries, but 

major economies with significant domestic markets for LCEGSS (as estimated in Chapters 5 

and 6 using the ‘Sales Revenue’ measure) are also major export markets for many 

countries. This could be an impact of considering full supply-chain value, rather than 

compiling export statistics by industry classifications based on single products. 

 

There is a greater variation between countries in LCEGSS data in exports than in sales 

revenue, which may have been expected, but it is borne out in the data. Much can be gained 

from analysing trade flows in the green economy, and many avenues for future research 

exist. Overall, Environmental categories are less prominent in global trade in the green 

economy than analyses of sales revenue; although there are some issues of interpreting the 

data in some sectors in environmental protection and remediation (like recycling).  
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Future research into trade complexity and the green economy is required, which may entail 

creating a ‘hierarchy’ of goods and services in LCEGSS. This would require classifying and 

coding the data at a more detailed level than Level 5 (the most detailed in currently 

published data). Complexity remains an underexplored issue in cross-country differences in 

overall economic performance (Ferrarini and Scaramozzino, 2013), but this is not 

necessarily an element of each economic activity in the LCEGSS dataset that is recorded, 

so its influence on green economy transformations is hard to define here. Understanding 

how to interpret the diversity of export destinations seen in the data and the smaller export 

flows in all analyses is important for future analysis of trade diversity. 

 

The analysis herein suggests that having a balance of trade deficit, or significantly smaller 

exports outflows than receipts of exports, does not mean that a country cannot have a 

strong green economy as analysed by the measures in Chapters 5 and 6. This suggests that 

global green economy trade can be transformational, and that the green economy is better 

conceptualised as complex global production networks rather than bilateral trade relations. 

Although many have called for research into the complexity of global economic systems 

more broadly, this chapter suggests that a change in how we approach the political economy 

and economic geography of the green economy may be required. With transactions between 

many countries and production networks appearing to be being similarly global, existing 

trade statistics may be not adequate for understanding this, and standard models and 

concepts frequently leave us with few useful tools (Sheppard, 2012). Although exports in the 

green economy clearly vary between countries, trade and production specialisations in the 

green economy appear more likely to vary significantly between countries compared to 

domestic sales revenue. The demands and consumption of green economy goods and 

services may be more similar between countries (as suggested by the sales revenue data). 

Overall however, this chapter concludes that the availability and analysis of global export 

data for LCEGSS gives significant insight in understanding the global contours of the green 

economy. 
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8. City-level analysis of the green economy using transactional data 
 

8.1 Introduction 
 

This chapter builds upon previous research to apply transactional data to explore how cities 

are responding to climate challenges (Georgeson et al., 2016b), and previous chapters that 

explored national, regional and global level trends. Analysing sub-national data is important 

for understanding green economy transformations; the landscape of the green economy 

might be different in cities compared to national-level data, this could vary between different 

types of cities. LCEGSS provides structured data to explore these questions, and may avoid 

the tendency amongst some city-level green economy studies to return to familiar case 

studies (like Copenhagen, or Bus Rapid Transit in Curitiba (Economics of Green Cities 

Programme, 2014; UNEP, 2010)), as excellent as those cities and their approaches may be. 

 

Some transactional data was previously used to estimate at the city level by Bishop and 

Brand (2013), but this ‘hybrid’ method did not have access to the full data. Other studies 

tried to identify what factors influence whether a city is ‘green’ (Floater et al., 2013), but 

could not undertake comparisons using data collected using the same methods. This 

chapter builds upon the previously published article that explored adaptation spending in 

cities (Georgeson et al., 2016b) and the methods employed in a pilot study with the C4013. It 

provides a more in-depth exploration of the city-level transactional data, comparisons with 

other datasets, comparisons between the city and national levels, and preliminary 

explorations of the experimental ‘green industry’ approach. 

 

The city-region has been identified as an important analytical lens for geographers 

interested in environmental politics, sustainable development and related issues. However, 

defining and quantifying the city, or its city-region/urban area, creates difficulties for 

researchers. For the collation of comparative and contextual data, the choice of the city 

proper or the metropolitan area has an impact. Cities and their regions have been identified 

as potential drivers of the green economy (Gibbs and O'Neill, 2017), and the definitions of 

both vary significantly in different contexts. These factors make comparisons between cities 

more difficult. We must, therefore, be more cautious in our exploration and analysis of the 

                                                
13 While the underlying data that was used in the C40 study is the same, none of the analysis from 
that pilot study with the C40 has been reproduced here. 
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data, where the characteristics of cities may vary with methodological or definitional 

differences. There are political dimensions to green economy transformations, which may 

not be measured by transactional data; populations of informal settlements are more likely to 

be isolated from the infrastructure and services that may be measured in transactional data 

(Satterthwaite and Dodman, 2013). 

 

Due to its relationship with the development of the pilot approach discussed in section 8.5, 

this chapter analyses data from 84 C40 member cities. There is, therefore, some degree of 

‘self-selection’ amongst the sample; while they represent cities from a number of countries 

and regions, and different levels of human development, they are all C40 members. There 

may be, therefore, some predisposition towards policies and sectors that contribute to the 

green economy. The cities in this chapter are not taken as representative of the world’s 

cities, but presented as an important subset for comparative analysis to contribute to 

understanding city-level green economy transformations.  

 

8.2 General LCEGSS comparison at the city level 

 

Prior research highlighted that, globally, there may be significant variation in the scale of 

economic responses to climate risks and challenges between different cities (Georgeson et 

al., 2016b). However, this research only explored adaptation; this section, therefore, 

explores the scale and the characteristics of the green economy in C40 member cities. 

Some comparative measures use GDP and population data collated by the C40 in a wider 

dataset that included proprietary survey data; however, the data on the cities’ demographic, 

economic and climatic characteristics are all derived from publically available data. As 

previously noted, there are differences in how the extent of a city is measured in different 

locations and between different data collection processes. In the population and GDP data, 

there are three ways of measuring city’s size; two for population statistics and one other for 

GDP. This chapter is, out of necessity, using all three but the inconsistencies in the available 

data should be noted. 

 

This section compares the cities in the dataset on several absolute and relative measures 

for the 2015/16 year, percentage changes for the years with available data (2012/13 to 

2015/16), and import and exports estimates. Imports and Exports are analysed at the 

aggregate level, not the inter-country trading estimates as analysed in Chapter 7. 
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8.2.1 Sales and employment 

 

Overall, LCEGSS sales revenue for the fiscal year 2015/16 varies from $315.72m (Dar es 

Salaam, Tanzania) to $59,756.69m (Yokohama, Japan); the city with the highest LCEGSS 

sales revenue therefore spends nearly 190 times more than the city with smallest.  The two 

largest cities are in Japan: Tokyo and Yokohama. The city values in this dataset are not 

adjusted for PPP, however the experimental approach from Chapter 5 suggested that this 

would only emphasise differences with non-dollar-denominated countries.  

 

Figure 8.1 shows the total LCEGSS Sales Revenue for 83 of the C40 member cities14. The 

group contains cities of different sizes and populations; for example, the city with the second 

lowest LCGESS sales revenue is Heidelberg, Germany ($343.2m), which has a much 

smaller city population (143,500) than Dar es Salaam (4.36m). 11 cities have LCEGSS sales 

revenues of over $20,000m: Chicago ($21,141.67m), Beijing ($21,296.94m), Moscow 

($21,609.11m), Shanghai ($25,368.81m), Paris ($30,553.7m), Los Angeles ($34,467.27m), 

Seoul ($36,282.14m), London ($49,767.2m), New York City ($58,447.51m), Tokyo 

($58,582.25m) and Yokohama ($59,756.69m). 

 

The presence of Tokyo and Yokohama at the top of this list raises an interesting question 

about comparisons between cities. It may be surprising that these two cities, and not New 

York and London, have the largest city-level green economies in terms of LCEGSS revenue, 

but the Greater Tokyo Area, which contains both Tokyo and Yokohama, has the largest 

estimated GDP (PPP) of any urban area: $1.6 trillion (Florida, 2017). Yokohama is a major 

port and home to a sizeable industrial sector, including biotechnology, semi-conductor firms, 

and global companies active across several sectors related to the green economy, including 

Hitachi, Toshiba, Mitsubishi, and Johnson Controls (City of Yokohama, 2014). As both 

located within the same metropolitan area, the population and economic activity of 

Yokohama is likely to be included in population and GDP statistics for Tokyo’s metropolitan 

area. Yet the two are separate cities in an administrative sense, but it seems likely that their 

economies are highly interlinked. Many firms claimed by the City of Yokohama as present in 

Yokohama have their headquarters in Tokyo, and the fastest journey between the two takes 

                                                
14 It is worth noting here that high resolution versions of all figures are available in Digital Appendix 
2A; the number of cities in the dataset and the handling of images by Word may make this particularly 
useful in this chapter. 
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18 minutes. It is an important reminder that the definitions of a city or urban area are fluid 

and complex, which must be accounted for in the certainty of our analysis based on city- and 

urban-level GDP and population data. 

 

Figure 8.2 shows that the profile for LCEGSS employment is slightly different, with some 

reordering of cities in the centre of the distribution. For example, Ciudad de México is higher 

than Hong Kong, and Sydney is 6 cities lower, compared to Figure 8.1. The largest cities by 

employment are the same in Figure 8.1. Employment estimates in FTEs ranges from 1,684 

(Dar es Salaam) to 325,218 (Yokohama). 12 cities have employment estimates over 

100,000 FTEs: Houston (102,947) and the 11 cities with sales revenues over $20,000m.  
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Fig. 8.1: Total LCEGSS Sales Revenue ($m) (2015/16) by City, colour-coded by Global Region. 
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Fig. 8.2: Total FTEs in LCEGSS (2015/16) by City, colour-coded by Global Region.
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Figure 8.3 compares LCEGSS sales revenue as a percentage of city GDP, for the 61 cities 

with GDP data available. Figure 8.3 shows an important caveat; richer countries are more 

likely to have GDP data, which affects our analysis15. Three out of five cities from India and 

five out of ten cities in Africa did not have GDP data available, and four of the five African 

cities in Figure 8.3 are in South Africa. Those cities in Africa in Figure 8.3 move from the left 

to the right of the distribution, compared to Figure 8.1, albeit as a much-reduced sample. 

This suggests that the green economy may be a more significant proportion of the overall 

economy in those cities. 

 

 
Fig. 8.3: LCEGSS Sales as a Percent of GDP (2015/16) by City, colour-coded by Global Region. 

                                                
15 The cities excluded because of unavailable GDP data: Dar es Salaam (Tanzania), Heidelberg 
(Germany), Addis Ababa (Ethiopia), Nairobi (Kenya), Amman Jordan), Accra (Ghana), Jaipur, 
Bengaluru and Kolkata (all India), Changwon (Republic of Korea), Lagos (Nigeria), Hanoi (Vietnam), 
Auckland (New Zealand), Dhaka (Bangladesh), Dubai (United Arab Emirates), Quezon City (the 
Philippines), Quito (Ecuador), Guangzhou and Nanjing (China), Rotterdam (the Netherlands), 
Yokohama (Japan). 
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Oslo stands out from Figure 8.3, with a LCEGSS sales revenue as percentage of city GDP 

of 10.04%. Three cities have LCEGSS sales revenue that is estimated at less than 3% of 

GDP: Basel (2.19%), Vancouver (2.59%) and Delhi (2.76%). The difference between the 

populations, economic situations, and geographies of these three cities (and other cities with 

a low percentage of GDP value, including New Orleans, Tokyo and Athens), suggests that 

there may be various reasons why the green economy may be estimated to be a small 

proportion of the overall economy. Differences in defining city boundaries for measuring 

GDP may be a factor; cities frequently benefit from human, physical and natural capital from 

beyond their city limits. These caveats suggest that other approaches to creating relative 

comparisons of city-level green economies may be required. 

 

This chapter uses two sets of population-based comparisons are used, based on ‘city 

population’ and ‘urban population’, to generate comparisons of LCEGSS sales revenue per 

capita. Some cities do not have data for either city population, or urban population, or both. 

Some values seem to be discrepancies (such as urban population lower than city 

population, suggesting that how ‘urban population’ is defined and recorded may vary 

significantly, perhaps sometimes only including the non-city urban population). These 

comparisons, while still useful, should be treated with caution. 

 

Figure 8.4 shows a large variation in LCEGSS sales revenue per capita (city population) 

values between the cities, ranging from the lowest (Dar es Salaam, $72.33) to the highest 

(Sydney, $80,830.20). However, the very high per capita values in Sydney and Melbourne is 

probably mostly due to large difference between the city and urban area populations. 

Sydney’s reported city population is 196,000, versus an urban population of 4.5m, and 

Melbourne’s reported city population is 122,000 versus an urban population of 4.2m. The 

other cites with higher LCEGSS sales revenue per capita (city population) have low city 

populations, some of them relative to higher urban area populations (Boston or Washington 

DC), and some are just smaller cities (Rotterdam and Amsterdam). Of the ten cities with the 

highest LCEGSS sales revenue per capita (city population), only Yokohama has a city 

population of over 1 million. This suggests that many cities draw upon resources from 

beyond narrowly-defined city limits. 
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Fig. 8.4: LCEGSS Sales Revenue per Capita (City Population) (2015/16) by City, colour-coded 
by Global Region. 
 
In both Figures 8.4 and 8.5, changing the distribution of the y axis may better show the cities 

with lower per capita values. But, it was deemed that was important to visualise the scale of 

the differences between in both Figures, other ways of displaying the data may be more 

appropriate for other purposes. 

 

Figure 8.5 shows LCEGSS sales revenue per capita (urban population), and clearly shows 

changing the definition of the unit of analysis affects the analysis. The cities with the highest 

LCEGSS sales revenue per capita (urban population) are Rotterdam ($12,680), Amsterdam 

($11,405), Oslo ($7,577), Quito ($5,509), and Copenhagen ($5,128). The difference in scale 

between the two measures is considerable, comparing Sydney’s LCEGSS sales revenue 

per capita (city population) ($80,830) to Rotterdam ($12,680) LCEGSS sales revenue per 

capita (urban population). Quito is an example of the inconsistencies in recording population 
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values, as its urban population is estimated to be lower than its city population. Its value in 

Figure 8.5 should be treated with considerable caution. Apart from Quito, other cities with 

high LCEGSS sales revenue per capita (urban population) values are in Europe and the US, 

along with Seoul and Sydney. The distribution between cities in different regions is, apart 

from those cities that may be outliers, similar between Figure 8.4 and 8.5; the cities with the 

highest per capita spending are likely to be in Europe and North America, with some in East 

Asia and Oceania (like Seoul and Sydney), although the sample is not representative. 

 

 
Fig. 8.5: LCEGSS Sales Revenue per Capita (Urban Population) (2015/16) by City, colour-coded 
by Global Region. 
 

Two values for employment as a percentage of population are calculated for city and urban 

populations to estimate the relative share of employment. Figure 8.6 shows LCEGSS FTEs 

as a percentage of city population, which shows high values for cities with low city 

populations relative to their urban areas (Sydney, Melbourne and Washington, DC). Dar es 
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Salaam (0.04%), Lagos (0.06%), Nairobi (0.07%), Addis Ababa (0.08%), and Karachi 

(0.12%) have the lowest values, but 29 cities have an estimate of less than 1% for LCEGSS 

FTEs as a percentage of city population. By comparison, this is lower than the national 

values analysed in previous chapters. 

 

 
Fig. 8.6: LCEGSS Employment (FTEs) as a Percentage of City Population (2015/16), colour-

coded by Global Region. 

 

Figure 8.7 shows a similar trend to Figure 8.5; much lower overall values for urban 

population-based comparisons, with higher values from European and North American 

cities. Four African and then four South and West Asian cities are grouped at the left of the 

distribution, and followed by similar values for a group of Latin American cities from Rio de 

Janeiro to Buenos Aires. Both sets of comparisons may suggest that comparing urban 

populations may be more useful as a comparison of the relative ‘size’ of cities, although 
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some cities may have inconsistent values for urban population. This chapter uses city and 

urban comparisons with these caveats to fully explore city-region green economies. Figures 

8.4 to 8.7 suggest that smaller cities may not be disadvantaged in generating revenue and 

employment in the green economy; cities like Portland, Rotterdam and Stockholm suggest 

that smaller cities could generate significant levels of green economic activity with effective 

political support.  

 

 
Fig. 8.7: LCEGSS Employment (FTEs) as a Percent of Urban Population (2015/16), colour-

coded by Global Region. 

 

8.2.2 Year-to-year comparisons 

 

As with the national level data in Chapters 5 and 6, city-level LCEGSS data is available from 

2012/13 to 2015/16. Although this is not necessarily a long enough time series to explore 
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long-term changes and transformations in city-level green economies, it is still useful to 

analyse. Figure 8.8 shows the overall percentage change in LCEGSS sales revenue from 

2012/13 to 2015/16. Percentage change in LCEGSS sales (2012/13 to 2015/16) ranges 

from 10.92% (Changwon) to 18.43% (Shenzhen), with five other cities with growth over the 

period of over 17% (Jakarta, Seoul, Los Angeles, Oslo, and Washington, DC). Moreover, 

only seven of the 30 cities with growth estimates for this period of over 15% are located in 

Europe, when Figures 8.5 and 8.7 showed many European cities with higher values. These 

values from Figure 8.8 suggest that cities of different sizes in different countries and regions 

can generate faster growth in the green economy, and this may be a more effective measure 

of green economy ‘transformation’ than static comparisons that appear to favour developed 

country cities.
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Fig. 8.8: Percentage Change in LCEGSS Sales Revenue from 2012/13 to 2015/16 by City, colour-coded by Global Region. 
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To further explore whether smaller cities are disadvantaged or not in generating higher 

percentage change in LCEGSS, Figure 8.9 shows the log(10) of LCEGSS sales in 2015/16 

plotted against percentage change in LCEGSS sales from 2012/13 to 2015/16. It suggests 

little correlation between the overall size of LCEGSS economic activity and percentage 

growth; the trend is slight. There may be some cases where larger green economies or a 

larger economy more broadly may positively influence the potential for green economy 

transformations (as estimated by percentage change in LCEGSS sales). Smaller or less 

developed cities also generate significant growth from lower overall levels of activity. This 

again suggests that the development of green economic activity is complex and influenced 

by a number of factors. 

 

 
Fig. 8.9: Log(10) of LCEGSS Sales Revenue (2015/16) and Percentage Change in LCEGSS 

Sales Revenue from 2012/13 to 2015/16 by City, colour-coded by Global Region. 

 

Figure 8.10 presents the same visualisation for percentage change in employment, as 

Figure 8.8 did for sales revenue. Figure 8.10 shows that the range of values for percentage 

change in employment are similar to the changes in sales revenue, however the order and 
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distribution of cities is different, suggesting that different sectors with different employment 

needs may contribute to LCEGSS growth in different cities. Across all cities, employment 

growth appears to be lower than sales growth; only 17 cities have growth in FTEs of over 

15%, compared to 30 cities for growth in sales revenues. Only three cities have percentage 

change in FTEs of over 17%, and the highest value (Sydney, 17.26%) is lower than the one 

for sales percentage change (Shenzhen, 18.43%). This may suggest that private actors 

within LCEGSS may seek growth in sales revenues ahead of growth in employment 

(suggesting that policies to target green economy employment may have certain benefits). It 

could also suggest that workers and companies are becoming more efficient or improving 

productivity. 
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Fig. 8.10: Percentage Change in LCEGSS Employment (FTEs) from 2012/13 to 2015/16 by City, colour-coded by Global Region. 
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It would be useful to compare sales growth and employment growth between these cities 

(Figure 8.11). There is a strong correlation between percentage change in sales and in 

FTEs, which may be expected. This varies somewhat, however; some cities generating 

higher levels (Sydney, Copenhagen and London) or lower levels (Barcelona, Chicago and 

New York) of growth in employment for similar levels of growth in sales. Differences in sales 

and employment growth here may be related to the sectors leading expansion in the green 

economy. 

 

 
Fig. 8.11: Percentage Change in LCEGSS Sales Revenue (2012/13 to 2015/16) and Percentage 

Change in LCEGSS Employment (FTEs) (2012/13 to 2015/16) by City, colour-coded by Global 

Region. 

 

8.2.3 Imports and exports 

 

This section examines the aggregate levels of imports and exports for the cities in the 

dataset. As Figure 8.12 and 8.13 show, the levels of exports and imports largely follow the 

overall levels of economic activity. 
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Fig. 8.12: Total LCEGSS Exports ($m) (2015/16) by City, colour-coded by Global Region. 
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Fig. 8.13: Total LCEGSS Imports ($m) (2015/16) by City, colour-coded by Global Region. 
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Exports in Figure 8.12 range from $26.44m (Dar es Salaam) to $5,140m (Yokohama), and 

imports in Figure 8.13 range from $27.93m to $5,173m (same cities). Although Figures 8.12 

and 8.13 show some variation between cities in the estimates of imports and exports, they 

do not clearly visualise whether some cities may import more than they export, or vice versa. 

The ‘balance of trade’ varies between Houston, with imports estimated as $152.33m higher 

than exports, and New York City, with exports estimated as $681.28m higher than imports. 

More cities have higher exports than imports, although the causes of these relationships are 

likely to be complex, as several significant export cities with major ports, like Singapore, 

Hong Kong and Yokohama, have higher levels of imports than exports. 

 

These relationships can be visualised as a ratio of imports to exports, where a value less 

than one indicates that imports are higher than exports, and a value greater than one 

indicates that exports are higher in LCEGSS than imports. This is illustrated in Figure 8.14. 

The values in Figure 8.14 range from 0.89 (Boston) to 1.60 (Vancouver), although the 

majority of cities have values closer to 1. The diversity of cities with positive import:export 

ratios suggest that cites in different situations are effective at generating export revenue in 

LCEGSS sectors. Slightly fewer developing and emerging economy cities have ratios above 

1.05 (Ho Chi Minh, Cairo, Nairobi, Nanjing, Kolkata, Durban, Hanoi, Salvador and Lima), 

than developed country cities, although this may be related to the ‘self-selection’ of C40 

membership. 
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Fig. 8.14: Ratio of Imports:Exports (2015/16) by City, colour-coded by Global Region.
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Comparing exports to overall LCEGSS sales revenue in each city is also useful. This 

compares the relative levels of exports and domestic sales, not how much of sales revenue 

is composed of exports. Figure 8.15 shows that these values range from 7.00% (Vancouver) 

to 9.29% (London). It appears that cities in North America frequently have lower levels of 

exports relative to sales than other regions. Several South and West Asian cities feature to 

the right of the distribution, unlike in several other comparisons. Only one US city has 

exports as a percentage of LCEGSS sales above 8.5, New Orleans, which has the fourth 

busiest port in the US (and the Port of South Louisiana is in Laplace, a New Orleans 

suburb). Washington, DC has higher exports as a percentage of sales than other US cities, 

suggesting that there could be different reasons for this, compared to New Orleans. The only 

cities in Africa from the dataset on the right-hand side of the distribution are Durban and 

Lagos; the port of Durban is the busiest in Sub-Saharan Africa. Another city with a high 

value with a large port is Jakarta: the busiest port in the Southern hemisphere (by container 

traffic) (American Association of Port Authorities, 2015). 

 

 
Fig. 8.15: LCEGSS Exports as a Percentage of Sales (2015/16) by City, colour-coded by Global 

Region. 
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However, not all cities with higher exports as a percentage of sales revenue values have 

major ports, suggesting that other logistics hubs are important in generating green economy 

exports and that many cities may export large quantities of services too. Moreover, many of 

the world’s busiest ports and export hubs are in China and other parts of East Asia, but their 

relative score for exports as a percentage of sales may be lower if there is strong domestic 

demand in LCEGSS, perhaps driven by strong national and local policy (Li, 2013; Reuters, 

2017; Weng et al., 2015). 

 

Exports per capita comparisons present similar challenges to sales per capita; Figure 8.16 

shows that high values for the two Australian cities, likely due to the small size of their ‘city 

proper’. The much lower value for Tokyo, compared to Yokohama, again demonstrates the 

difficulties of defining a city can affect these comparisons. 

 

Fig. 8.16: LCEGSS Exports per Capita (City Population) ($) (2015/16) by City, colour-coded by 

Global Region. 
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Figure 8.17 shows similar changes in the distribution to Figure 8.5. There is, perhaps, 

greater groupings of countries by regions, across five of the six regions. The main exception 

is Southeast Asia and Oceania. Again, Quito appears to be an outlier based on the 

inconsistency of how urban population is recorded. Seoul, Warsaw and Hong Kong seem to 

be notable exporters on a per capita basis. 

 

 
Fig. 8.17: LCEGSS Exports per Capita (Urban Population) ($) (2015/16) by City, colour-coded 

by Global Region. 

 

Finally, Figure 8.18 shows imports as a percentage of city GDP; again, this should be 

treated as an indicative comparative measure. The cities to the right of the distribution vary 

from emerging economy cities like Johannesburg, Cape Town and Mumbai, to European 

and North American cities which may have high demand relative to production like Oslo, 

London, and Portland. Beijing, Shenzhen and Seoul, which are to the right of the distribution, 

have all grown rapidly in recent decades, with significant manufacturing and/or technology 

sectors, and proximity to other major East Asian cities. The comparison is, however, limited 

by GDP data availability, particularly from cities in the Global South. 
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Fig. 8.18: LCEGSS Imports as a Percent of GDP (2015/16) by City, colour-coded by Global 

Region. 

 

In this section, caution has been taken to not overstate any patterns or correlations; this 

exploration suggests that multiple reasons could influence differences in city-level green 

economy trade activity. This, in itself, suggests interesting findings; a city’s size or 

geography may not be a barrier to participating in the global green economy, and many 

cities have considerable presence in global flows of goods in the green economy, beyond 

the cities that frequently feature in case studies. 

 

8.3 Comparisons with other data 

 

As with national comparisons, city-level LCEGSS transactional data can be analysed in 

concert with other datasets; following the pilot study for the C40 this represents the first 

major effort to conduct city-level analysis of LCEGSS as a measure of the green economy 

with other environmental and economic data. This section explores city-level LCEGSS in 
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comparison with economic, socio-demographic, climate, and environmental data. There are 

two main sub-sections; the first uses data collated by the C40 (all publically available), and 

the second explores some datasets available from Carbon Disclosure Project’s (CDP) Open 

Data Portal (CDP, 2018).  

 

8.3.1 Data from C40 cities 

 

The ‘city characteristics’ data collated by the C40 contains two types of variable from 

economic and climate measurements: categorical variables assigned to a ‘typology’, and 

numerical variables. This sub-section explores both types (categorical first), covering city 

industrial specialisations, Human Development Index (HDI) categories, climate and 

emissions, and population. 

 

61 of the cities in the dataset have an identified ‘industrial specialisation’, and Table 8.1 

presents both ‘group’ and ‘mean’ comparative measures. The former covers the aggregate 

data for cities in each group, that is, the sales as a percent of GDP for the total LCEGSS 

sales and GDP values for all cities in that ‘group’. The ‘mean’ measures are the average 

values of available city-level values for that measure in the grouping. While the ‘group’ 

measure may be preferable as it does not ‘flatten’ the distribution and permits a more 

comparable analysis, the availability of GDP and (city or urban) population data is not 

complete for several groupings in the analysis. Calculating a ‘group’ measure would either 

be an incomplete measure of some cities in that group, or the aggregate values would not 

be calculated from the same number of cities. While measuring the mean sales per capita 

values has limitations, they have used as the ‘group’ values were often not calculable. 

 

Table 8.1 may not be particularly illuminating as the distribution of cities between groups is 

uneven; 40 of the 61 cities have the ‘Business/Finance’ industrial specialisation. Some 

groups have few cities; therefore, any conclusions should be drawn with caution. 
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Industrial 

Specialisation 
City 

Count 
Total 

LCEGSS 
$m 

Total 
LCEGSS 

Employment 

Total 
GDP 

Total 
Population 

Urban 

Group 
Sales 
as % 
GDP 

Group Sales 
Per Capita 

Urban 

Mean 
LCEGSS 

as % 
GDP 

Mean 
LCEGSS 

Per 
Capita 

City 

Mean 
LCEGSS 

Per 
Capita 
Urban 

Mean 
Employment % 

City 
Population 

Mean 
Employment % 

Urban 
Population 

Business/Finance 40 611514.58 3160808.31 14346880 410483.81 4.26 1489.74 4.51 9882.40 2291.05 5.08 1.18 

Commodities 2 22071.81 117155.43 557409 6559.32 3.96 3364.96 3.81 7902.88 3174.57 4.19 1.68 

Local/Non-Market 5 38016.23 203550.32 919886 22065.66 4.13 1722.87 4.19 6386.79 1645.49 3.43 0.88 

Manufacturing 6 36778.97 188304.84 826194 18791.73 4.45 1957.19 4.18 7843.50 2876.78 3.99 1.47 

N/A - National 2 31197.65 165553.15 781975 12932.42 3.99 2412.36 3.99 2483.87 2436.99 1.32 1.29 

Trade and Tourism 2 20611.90 109682.26 470592 12433.90 4.38 1657.72 4.26 3212.29 2046.93 1.71 1.09 

Transportation 3 51810.03 278990.50 1201579 21944.50 4.31 2360.96 4.30 2149.31 1959.31 1.16 1.06 

Utilities 1 2523.72 13559.84 57654 3473.68 4.38 726.52 4.38 1440.55 726.52 0.77 0.39 

Table 8.1: C40 Cities Grouped by Industrial Specialisation. 
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Table 8.1 suggests that cities with a manufacturing specialisation may have a slightly higher 

share of GDP from LCEGSS activities, and LCEGSS employment in the higher ranges of the 

overall distribution. Only one city has a ‘Utilities’ specialisation (Curitiba), this should be 

treated with caution, especially as Curitiba has a major industrial sector (23% of Value 

Added in 2012) and a significant service economy (67% of Value Added in 2012) (Instituto 

Brasileiro de Geografia e Estatística, 2016). Two cities have the ‘Commodities’ 

specialisation (New Orleans and Houston), this group has the highest group sales per capita 

(urban population) but the lowest group sales as a percent of GDP. This suggests that the 

green economy may be a proportionally smaller where a city has a commodities 

specialisation, although the sample is only two. 

 

Table 8.2 shows the cities grouped by HDI typology; no ‘group’ variables were calculable as 

the gaps in demographic and GDP data were different between variables. Nevertheless, and 

accepting the fallibility of the ‘mean’ comparisons, there seem to be significant differences 

between the state of the green economy between different cities. Even accepting the 

problems with ‘city population’ comparisons, the variation in mean employment as a 

percentage of urban population and mean LCEGSS sales per capita (urban population) 

between the groups is considerable. The total LCEGSS sales for all five cities with ‘Low’ HDI 

typology is similar to the LCEGSS sales revenue in either Copenhagen, Berlin, or Bogotá. 

This suggests that the ability of actors within a city to dedicate economic resources to green 

economy transformations may be correlated with human development levels, accepting the 

limitations of the measures in Table 8.2. There is a significant skew towards ‘Very High’ 

cities in the data available. 

 

HDI 
Typology 

City 
Count 

Total 
Sales Total FTEs 

Mean 
Sales 
% 
GDP 

Mean 
Sales Per 
Capita 
City 

Mean 
Sales 
Per 
Capita 
Urban 

Mean 
Employment 
% City 
Population 

Mean 
Employment 
% Urban 
Population 

Low 5 6596.94 34586.43 NA 117.29 136.35 0.06 0.07 
Medium 12 57026.56 303907.05 4.83 736.81 594.83 0.39 0.32 
High 17 192834.38 1032146.96 4.18 1390.84 1206.83 0.75 0.65 
Very High 41 654487.97 3389507.68 4.37 11666.18 3394.49 6.05 1.76 

Table 8.2: C40 Cities Grouped by HDI Typology. 

 

Comparing cities by greenhouse gas emission levels could be useful to examine whether 

green economic activity is a response to ‘cleaning up’ existing ‘brown economy’ activities, or 

perhaps linked to efforts to lower environmental impacts, or avoid development pathways 

associated with higher levels of environmental degradation. Table 8.3 shows an interesting 
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trend in emissions per capita typology. There are high levels of green economy activity 

across relative measures in cities with ‘Very High’ emissions; these are cities in the US and 

Australia, Singapore, and Rotterdam. Melbourne and Sydney (and their low city populations) 

also skews these values. There are higher levels of green economy activity (on per capita 

and percentage of population measures) in the cities of the ‘Medium’ emissions per capita 

typology16, than in the cities of the ‘High’ emissions per capita group17. The cities of the ‘Low’ 

emissions per capita group have higher values on several LCEGSS measures, and the ‘Very 

Low’ group contains a variety of cities that makes it difficult to analyse. 

 

Table 8.3 provides some suggestion that cities with the highest emissions are generating 

economic activities that may reduce their emissions, and that cities with mid-range 

emissions are generating more green economic activity than some cities with higher 

emissions, which may need more policies to encourage green economy transformations. 

However, this comparison is limited by the lack of emissions data for cities from China, 

amongst others. 

 

Emissions 
Capita 
Typology 

City 
Count 

Total 
Sales Total FTEs 

Group 
Sales Per 
Capita City 

Mean 
Sales 
Percent 
GDP 

Mean 
Sales Per 
Capita 
City 

Mean 
Sales Per 
Capita 
Urban 

Mean 
Employment 
Percent City 
Population 

Mean 
Employment 
Percent Urban 
Population 

Very Low 9 62023.16 325297.62 1758.90 5.12 4189.25 2831.68 2.09 1.43 
Low 10 129972.14 689754.60 3766.33 4.02 4805.28 1931.39 2.52 1.02 
Medium 8 199400.63 981689.11 5569.92 4.05 8256.52 4028.99 4.27 2.07 
High 9 130987.86 705988.99 3363.08 4.73 3810.45 1828.70 2.06 0.98 
Very High 12 195705.65 1029214.96 10127.02 4.58 23837.52 3978.37 12.33 2.09 

Table 8.3: C40 Cities Grouped by Emission Per Capita Typology. 

 

The population typologies can be used for a categorical analysis of city size. Tables 8.4 and 

8.5 present the cities divided into five categories from ‘Very Low’ to ‘Very High’, on city and 

urban population respectively. While outliers may have affected these groupings and the 

relative and average measures, cities with smaller populations appear to have a greater 

concentration of green economy activities than ‘Very High population’ cities. The exception 

to this trend are Medium and High urban population typology cities, which contain some of 

the larger (but not the largest) ‘megacities’ in the dataset. However, the suggestion remains 

that smaller cities (perhaps with lower levels of urban ‘sprawl’) could be creating higher 

                                                
16 Cities with ‘Medium’ emissions per capita typology: New York City, Basel, Amsterdam, Tokyo, 
Venice, San Francisco, Caracas, and London. 
17 Cities with ‘High’ emissions per capita typology: Heidelberg, Johannesburg, Warsaw, Cape Town, 
Berlin, Hong Kong, Yokohama, Moscow, and Toronto. 
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relative levels of green economic activity, and that the very largest megacities could struggle 

in green economy transformations due to their scale. 

 

City 
Population 
Typology 

City 
Count Total Sales Total FTEs 

Group Sales 
Per Capita 
City 

Mean 
Sales 
Percent 
GDP 

Mean Sales 
Per Capita 
City 

Mean 
Employment 
Percent City 
Population 

Very Low 18 150340.77 779313.85 15797.67 4.62 19187.94 9.89 
Low 14 163016.27 868354.81 5838.44 4.13 5841.24 3.11 
Medium 18 162313.74 871248.80 2386.89 4.59 2314.24 1.24 
High 17 353534.54 1805142.65 2190.39 4.20 2139.04 1.09 
Very High 3 26594.56 142042.94 393.90 4.21 404.50 0.22 

Table 8.4: C40 Cities Grouped by City Population Typology. 

 

Urban 
Population 
Typology 

City 
Count Total Sales Total FTEs 

Group 
Sales Per 
Capita 
Urban 

Mean 
Sales 
Percent 
GDP 

Mean Sales 
Per Capita 
Urban 

Mean Employment 
Percent Urban 
Population 

Very Low 17 98681.37 511618.50 3334.95 4.67 4400.41 2.28 
Low 14 69065.99 367737.42 1514.27 4.31 1528.89 0.81 
Medium 15 153355.11 808098.37 1947.14 4.38 1991.94 1.05 
High 13 268659.02 1399125.71 2091.56 4.41 2056.35 1.07 
Very High 15 261427.67 1348350.32 877.61 4.18 819.90 0.42 

Table 8.5: C40 Cities Grouped by Urban Population Typology. 

 

The rest of this sub-section explores LCEGSS data and the non-categorical variables from 

the C40 ‘city characteristics’ data, covering: city and urban population, the city to metro area 

ratio, HDI Score, Change in HDI Score since 2005, GDP per capita, emissions per capita, 

and heating and cooling degree days. The potential correlation between the two sets of 

variables is shown in Figure 8.19, which indicates interesting positive and negative 

correlations. There are strong positive correlations between emission per capita, GDP per 

capita, and HDI Score, and the city population-based measures, and some negative 

correlations with city-to-metro ratio and city population-based measures, and between HDI 

Change Since 2005 and the urban population-based measures. 
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Figure 8.19 presents evidence for some stronger correlations, the following figures compare 

what appear to be the most useful correlations from seven of them. 

 

 
Fig. 8.19: Correlation Plot of City Characteristics Data and LCEGSS Measures. 

 

Figure 8.20 shows plots of a Log(10) of Urban Population and Log(10) distributions of 

LCEGSS sales, FTEs, Exports, and Imports. The four LCEGSS measures follow similar 

trends, which may be expected. There is significant variation in the data, but there appears 

to be a set of similar trends between cities in different regions. Although the significant 

variation suggests that there may be limits to the benefits of larger urban populations for 

related and relative changes in LCEGSS indicators, compared to other factors.  
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Fig. 8.20: Log(10) of Urban Population and A) Log(10) of LCEGSS Sales ($m) (2015/16), B) Log(10) of LCEGS FTEs (2015/16), C) Log(10) of LCEGSS 
Exports ($m), D) Log(10) of LCEGSS Imports ($m). Colour-coded by Global Region. 
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Fig. 8.21: Log(10) of City:Metro Ratio and A) LCEGSS Sales per Capita ($) (2015/16), B) LCEGSS Employment FTEs as a Percentage of Population 
(2015/16), C) Companies per 1000 Inhabitants, D) Exports per Capita ($) (all City Population). Colour-coded by Global Region. 
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Figure 8.21 (above) plots a Log(10) distribution of City:Metro Area ratio against 4 city-

population-based measures of LCEGSS. Significant outliers and the differences between the 

urban- and city-population based measures makes Figure 8.21 somewhat difficult to 

interpret. It appears that higher city-metro area ratios (which may suggest denser urban 

areas) are related to lower values on city-population based measures. Perhaps this indicates 

the difficulty of city-level analysis; lower city-level values related to lower city:metro ratios 

may be associated with more densely packed urban areas; the smaller difference between 

city and urban population values may mean that larger amounts of the city’s resources are 

reflected in the city values. 

 

Figure 8.22 shows a clearer trend between HDI Score and urban population-based LCEGSS 

measures. There are slow increases in the LCEGSS measures with low levels of HDI Score, 

but then sharper increases from a HDI Score of approximately 0.85. The skewed distribution 

of the cities in the available sample may affect this, however. Visualising these relationships 

with a logged distribution for HDI Score was not considered, as it would have obscured the 

HDI Score values. 
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Fig. 8.22: HDI Score and A) LCEGSS Sales per Capita ($) (2015/16), B) LCEGSS Employment FTEs as a Percentage of Population (2015/16), C) 
Companies per 1000 Inhabitants, D) Exports per Capita ($) (all Urban Population). Colour-coded by Global Region. 
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Figure 8.23, which shows Log(10) of Emissions Per Capita and four city-population based 

measures of LCEGSS economic activity, presents a slightly different landscape to the 

emissions per capita typologies. Sydney and Melbourne present a significant influence as 

outliers, but there is some correlation between cities with higher per capita emissions and 

higher spending in the green economy. There is a general connection between economic 

activity and higher emissions, and between higher economic activity at the city level and 

increases in LCEGSS spending. The positive correlations between GDP per capita and 

LCEGSS measures in Figure 8.19 also suggest this. Feedback between higher green 

economy spending and reductions in emissions, however, may be slower and require much 

greater levels of historic data. 

 

There is some evidence that larger cities are less ‘green’ in terms of emissions, with high 

productivity observed in US cities being associated with proportionally larger amount of 

emissions compared to smaller cities (Oliveira et al., 2014). Figure 8.23 (and Tables 8.4 and 

8.5) suggests that large cities, even with high levels of LCEGSS green economy activity, 

may struggle to reduce their climate impact due to challenges of scale. 
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Fig. 8.23: Log(10) and A) LCEGSS Sales per Capita ($) (2015/16), B) LCEGSS Employment FTEs as a Percentage of Population (2015/16), C) 
Companies per 1000 Inhabitants, D) Exports per Capita ($) (all City Population). Colour-coded by Global Region.
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Figures 8.24 and 8.25 compare the number of ‘Heating Degree Days’ (HDD) and ‘Cooling 

Degree Days’ (CDD) to urban population-based LCEGSS measures. Figure 8.24 presents a 

positive relationship between the LCEGSS measures and the number of HDDs, whereas as 

Figure 8.25 presents a slight negative relationship between the LCEGSS measures and 

CDDs, although in both cases there is significant variation. This should not necessarily be 

interpreted as cooler cities being more adept at developing the green economy, however 

richer cities appear to be located in cooler climates that require more heating and less 

cooling. The higher number of European and North American cities in the sample is probably 

an influence. Trends in the green economy may be, therefore, related to broader economic 

development, the economic and political power of more wealthy territories, and 

concentrations of wealth and capital. Moreover, more historical data in LCEGSS and other 

data would be more illuminating of trends between these factors and green economy 

transformations; ‘static’ comparisons again appear to emphasise underlying inequalities 

between cities in different countries and regions, and maybe obscure relative changes in the 

green economy. 

 

This section demonstrates the difficulty in comparing between cities on measures of 

economic performance; larger, richer cities are favoured by absolute metrics, and definitional 

issues complicate efforts to create relative measures of green economic activity from 

LCEGSS, alongside the previously identified difficulties of using GDP values. The 

explorations herein are presented with the knowledge of their shortcomings, but as an 

essential part of understanding what we can understand about green economy 

transformations between cities with available data. LCEGSS data can identify important 

trends within a city, and this analysis has made other important suggestions about green 

economy transformations. The limits of the data to answer research questions must be 

understood, especially when it relates to fundamental questions of delineating spaces and 

places. 
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Fig. 8.24: Heating Degree Days and A) LCEGSS Sales per Capita ($) (2015/16), B) LCEGSS Employment FTEs as a Percentage of Population 
(2015/16), C) Companies per 1000 Inhabitants, D) Exports per Capita ($) (all Urban Population). Colour-coded by Global Region. 
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Fig. 8.25: Cooling Degree Days and A) LCEGSS Sales per Capita ($) (2015/16), B) LCEGSS Employment FTEs as a Percentage of Population 
(2015/16), C) Companies per 1000 Inhabitants, D) Exports per Capita ($) (all Urban Population). Colour-coded by Global Region. 
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8.3.2 Cities data from the CDP Open Data Portal 

 

The Carbon Disclosure Project (CDP) has developed more data at the sub-national level 

relating to climate, carbon and environmental issues. Organisations that coordinate between 

cities and advocate on behalf of cities at the global level have partnered with the CDP; C40 

published data through the CDP’s Open Data Portal (CDP, 2018) and ICLEI Local 

Governments for Sustainability partnered with the CDP for a unified reporting platform 

(ICLEI runs the carbonn Climate Registry and the Global Covenant of Mayors for Climate & 

Energy) (ICLEI, 2017). More city-level data will be available from the CDP’s portal in the 

future, but this section briefly examines two currently available datasets. These cover energy 

sources in the city-level electricity mix (2015) and city-level emissions reductions targets. 

 

Table 8.6 presents a summary of comparisons between C40 cities of their ‘electricity mix’; 

the cities are grouped by the percentage of non-fossil energy in the electricity supply. As this 

data was self-reported, there were some inconsistencies, and if data only refers to utility-

scale electricity supply, then it may not include small-scale, domestic and off-grid supply. 

The cities with 100% non-fossil energy supply, notably, have relatively lower levels of 

LCEGSS activity. This likely shows the influence of hydroelectricity generation; all four cities 

report 100% of electricity from Hydro: Curitiba, São Paulo and Salvador (all Brazil) and 

Addis Ababa. Large quantities of hydroelectric, while low in emissions, present other 

environmental challenges and may not relate to recent green economy transformations. This 

dataset, published on the open data portal, is useful for analysis, but only 43 cities in 

LCEGSS data have electricity mix data. Moreover, longer term historical data on city-level 

energy mixes would allow better analysis of transformations.  
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Group 
City 
Count Total Sales Total FTEs 

Total 
Population 
City Total GDP 

Mean Sales 
Percent 
GDP 

Mean Sales 
Per Capita 
City 

Mean Sales 
Per Capita 
Urban 

Mean Employment 
Percent City 
Population 

Mean Employment 
Percent Urban 
Population 

0 5 58087.96 302499.38 42644.55 1282044 4.71 17169.53 1574.42 8.24 0.80 

1-20 8 250503.63 1296441.26 78362.94 4432048 4.59 7302.17 4032.03 3.88 2.14 

20-40 9 170913.47 871198.61 59477.55 3691726 4.60 18569.99 3322.51 9.83 1.70 

40-60 6 67476.78 359138.37 31236.40 1573649 4.23 6454.82 2444.77 3.44 1.30 

60-80 3 22989.29 120288.31 15896.44 303631 4.54 5511.74 3725.85 2.76 1.92 

80-99 8 97250.92 510650.43 43551.29 2309018 4.65 8245.61 2981.12 4.26 1.52 

100 4 22054.84 119223.07 31360.41 526633 4.22 902.59 538.40 0.48 0.29 
Table 8.6: C40 Cities Group by Electricity Energy Mix: Percent of Non-Fossil Energy Supply. 

 

Emissions 
Reduction 
Target 

Short Term 
Target (to 
2030) 

Long 
Term 
Target 

City 
Count 

Total 
Sales Total FTEs 

Total 
Population 
City 

Total 
GDP 

Mean 
Sales 
Percent 
GDP 

Mean 
Sales Per 
Capita 
City 

Mean 
Sales Per 
Capita 
Urban 

Mean 
Employment 
Percent City 
Population 

Mean 
Employment 
Percent Urban 
Population 

Y Y N 26 459777.65 2353443.28 201431.40 10449850 4.44 11055.43 2882.16 5.67 1.49 
Y N Y 3 27246.09 144925.17 10925.90 651150 4.16 8737.16 2656.16 4.64 1.41 
Y Y Y 8 153159.84 816054.30 42471.21 2115838 5.24 13096.44 3955.05 6.81 2.00 
N N N 46 318541.58 1701221.98 325466.22 5945331 4.16 2665.74 1354.89 1.43 0.73 

Table 8.7: C40 Cities Grouped by Emissions Reduction Target Summary Data. 
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Table 8.7 summarises more qualitative survey data to compare this between cities, whilst 

illustrating the challenges inherent in doing so. It presents 4 groups of cities: those with a 

‘short-term’ emissions reduction target (categorised as any target up to 2030), those with a 

long-term emissions target, those with both, and the cities from LCEGSS data that did not 

return responses. It was assumed that it was likely that they had no target, as no cities 

returned ‘null’ responses. This final category could therefore be considered an ‘NA’ category. 

Cities with both targets have the highest levels of LCEGSS spend, suggesting some 

correlation between long-term policy horizons, commitment to climate goals and levels of 

economic activity in the green economy (measured by LCEGSS). Cities with a long-term 

target had lower levels in the LCEGSS measures: the caveat being that there are only 3 

cities. Short term targets could be, therefore, more important for generating action in the 

green economy now, but this has a high level of uncertainty from the number of cities in the 

table and the static LCEGSS measures used. The difficulties with mean-based comparative 

measures should be considered too. 

 

Summary visualisations may be better for analysis of numeric variables, given the nature of 

the data and possibility for inaccuracies. The correlations between different variables from 

the electricity mix and various LCEGSS measures are presented in Figure 8.26. There are 

positive correlations between percent of fossil energy in the electricity mix and negative 

correlations with percent of non-fossil energy; it appears that bigger cities (higher absolute 

values in LCEGSS) have more polluting energy mixes, perhaps due to relying on a range of 

sources (or in some cases, solely coal), whereas a small city could be entirely powered by 

fewer non-coal sources. There is a strong correlation between the percentage of natural gas 

in the energy mix and absolute levels of LCEGSS economic activity. Amongst renewable 

and low carbon energy sources, wind has higher correlations with relative levels of green 

economy activity, which could reflect the economics of wind energy, the policies required to 

support it, or perhaps which cities have more wind energy (cities near coastlines in Northern 

Europe in particular).  
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Fig. 8.26: Correlation Plot of C40 Cities by Electricity Energy Mix and LCEGSS metrics. 

 

Other survey data available on the CDP portal currently present less structured, more 

qualitative survey data that makes comparative analysis more difficult. These include: Cities 

Risks Across different timescales, descriptions of cities’ sustainable infrastructure pipeline 

from the C40, cities’ self-identified water risks, self-reported economic opportunities from the 

green economy and project-level data (also from the C40). 

 

These datasets would require coercion into a more structured form that would remove large 

amounts of the descriptive detail; creating a variable of ‘number of climate actions’, for 
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example, may not create valuable, comparable data. In other cases, the details in self-

reported data may not be precise enough for comparative analysis. The self-reported survey 

data also vary in completeness and detail, making comparative analysis more difficult. The 

details, however, are useful for city-level analysis of risks and opportunities, the scale or type 

of responses that exists, and the (mis)alignment of priorities identified by city policymakers 

and the private sector in the green economy. 

 

8.4 Comparison of cities within countries: city-regions and the green economy 

 

Regions have been suggested as possible drivers of the new green economy (Gibbs and 

O'Neill, 2017), and city-regions have emerged as a geopolitical concept and drivers of 

wealth creation and distribution. Understanding the contours of cities within nations, and 

international comparisons of cities are both important, therefore. This section explores 

overall comparisons and relative comparisons of different principal sectors of LCEGSS for a 

group of cities and countries with at least three cities in the dataset. Friend et al. (2016) 

argued that calls for transformations should be put into practice, and research must be 

grounded in the realities that city-level actors face. One important ‘reality’ might be 

understanding the contours of the city-level green economy in relation to the national 

landscape. 

 

8.4.1 Overall comparisons 

 

These comparisons use cities from countries with at least 3 cities in the dataset: Brazil, 

China, India, Italy, South Africa, and United States. This group presents one country from 

each global region in the regional classification used in the cities LCEGSS dataset. Those 

cities are: 

• Brazil: Curitiba, Rio de Janeiro, Salvador, and São Paulo 

• China: Beijing, Guangzhou, Nanjing, Shanghai, Shenzhen, and Wuhan 

• India: Bengaluru, Delhi, Jaipur, Kolkata, and Mumbai 

• Italy: Milan, Rome, and Venice 

• South Africa: Cape Town, Durban (eThekwini), Johannesburg, and Tshwane 

(including Pretoria) 

• United States: Austin, Boston, Chicago, Houston, Los Angeles, New Orleans, New 

York City, Philadelphia, Portland, San Francisco, Seattle, and Washington, DC 
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Figures presenting city- and national-level LCEGSS measures are below, as with other 

sections in this chapter, they should be interpreted with caution due to the impact of city 

versus urban population, exchange rates, and differences in data collection. All these factors 

affect analysis of these values presented. However, the figures in this section suggest that 

cities differ from the national perspective in some ways. Figure 8.27 shows total LCEGSS 

sales revenues ($m) for these cities, and Figure 8.28 shows the employment estimate 

(FTEs). There are expected differences in total LCEGSS economic activity between the 

countries, but both figures suggest that the extent to which the national green economy may 

be concentrated in particular cities varies between countries. In Figure 8.27, São Paulo, 

Beijing, Shanghai, Milan and New York City appear to be particularly significant within their 

national contexts. These five cities are, perhaps not coincidentally, frequently identified as 

their country’s ‘financial capital’, or of particular economic significance. Figure 8.28 presents 

similar trends overall, although perhaps at slightly reduced levels. 

 

 
Fig. 8.27: City to National Comparisons across 6 Countries: LCEGSS Sales Revenue (2015/16) 
($m), colour-coded by Country. 
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Fig. 8.28: City to National Comparisons across 6 Countries: LCEGSS Employment (2015/16) 
(FTEs), colour-coded by Country. 
 
8.4.2 Relative comparisons 

 

While Figure 8.29 presents a comparison of LCEGSS sales revenue as a percentage of 

GDP; there should be some caution as city-level GDP estimates and national-level GDP 

figures are derived from different sources. Missing values for several cities in China and 

India is a challenge too. With those caveats, there is some suggestion that city-level 

LCEGSS is a lower proportion of overall economic activity than at the national level. This 

may reflect (previously identified) difficulties in estimating national GDP and mismatches of 

city scale. Several cities have higher values than the other cities in the country: Portland 

(United States), Cape Town and Johannesburg (South Africa). For Portland, this could 

represent a greater commitment to the green economy compared to larger cities. For Cape 
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Town and Johannesburg, this could suggest that more national LCEGSS activity is 

concentrated in these two cities. 

 

 
Fig. 8.29: City to National Comparisons across 6 Countries: LCEGSS Sales Revenue as 

Percent of GDP (2015/16), colour-coded by Country. 

 
Figures 8.30 and 8.31 present comparisons of LCEGSS sales revenue per capita for city 

and urban population values for the cities with the national values. Figure 8.30 shows that 

city-level figures lead to some difficulties in interpretation. For Brazilian, Chinese, and South 

African cities, the values suggest some variation from national LCEGSS values. Cities like 

Curitiba and São Paulo in Brazil, or Shenzhen in China, have higher per capita levels of 

economic activity. In Brazil, this may be because Curitiba has a considerable record of 

promoting sustainable urban development (beyond, but including, its BRT system) (Macedo, 

2013; Rabinovitch, 1992) and São Paulo is, arguably, the engine of the Brazilian economy: 

the largest city-level economy in Latin America (Pineda Hoyos et al., 2013), representing 

over 10% of the Brazilian economy (Instituto Brasileiro de Geografia e Estatística, 2013), 
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and home to 63% of established multinationals in Brazil (Prefeitura de São Paulo, 2010). 

Both are frequently considered to be among the wealthiest cities in Brazil. 

 

 
Fig. 8.30: City to National Comparisons across 6 Countries: LCEGSS Sales Revenue Per 
Capita (2015/16) ($) (City Population), colour-coded by Country. 
 

For several Italian and US cities, city population-based sales revenue per capita is many 

times higher than the national average. For the US, it seems unlikely that these values 

represent underlying variations in green economy activity, considering the population of 

these cities and their urban areas is estimated at 71.2m (approximately 22% of the US 

population). For urban population-based data (Figure 8.31), the relationship between city 

and national per capita spending is different, with fewer cities having a higher estimated per 

capita LCEGSS sales revenue. In Brazil, Curitiba and São Paulo still have higher values 

than the other two cities, but lower than the national value. In Italy, the Northern cities still 

outspend both Rome but are closer to the national value. In China, although some cities 

have missing values, the remaining cities have higher per capita spending than the national 

average, suggesting that LCEGSS economic activity may be concentrated in China’s rapidly 
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developing urban centres. In the US, only Portland and San Francisco have higher levels of 

per capita LCEGSS spending in the urban population-based comparison. Portland, like 

Curitiba, is recognised for its urban planning and investment in public transportation (Song 

and Knaap, 2004; Wheeler, 2010). Further research should explore whether higher per 

capita spending in the green economy is related to long-term urban planning trends that 

promote more sustainable urban development. 

 

 
Fig. 8.31: City to National Comparisons across 6 Countries: LCEGSS Sales Revenue Per 
Capita (2015/16) ($) (Urban Population), colour-coded by Country. 
 
In Figures 8.32 and 8.33, LCEGSS employment as an estimated percentage of city and 

urban populations are compared to national level estimates. The trends are somewhat 

similar to the population-based comparisons of spending in Figures 8.30 and 8.31, although 

the relative employment in all US cities (urban population) is lower than the national 

percentage in Figure 8.33; Portland and San Francisco are not higher than the national 

value in this case. The trends for other countries are broadly similar, and again in the case of 
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city population-based values in Figure 8.32, these appear to overstate the relative level of 

employment for a number of cities. 

 

The exception here is Italy, where the cities’ relative level of employment (urban population) 

in Figure 8.33 is similar to the national value, whereas for per capita (urban population) 

LCEGSS spending in Figure 8.31, it was higher than the national value. This suggests that 

Milan generates more sales revenue relative to the rest of Italy than employment. This could 

be due to the stock exchange and financial services in Milan, and the co-location of 

LCEGSS jobs that generate more revenue per FTE. 

 

 
Fig. 8.32: City to National Comparisons across 6 Countries: LCEGSS Employment as 

Percentage of Population (2015/16) (City Population), colour-coded by Country. 
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Fig. 8.33: City to National Comparisons across 6 Countries: LCEGSS Employment as 

Percentage of Population (2015/16) (Urban Population), colour-coded by Country. 

 
Care should be taken when interpreting Figure 8.34, city-to-national level comparisons of 

LCEGSS exports as a percentage of LCEGSS sales revenue, as South Africa appears to 

possibly be an outlier. For Brazil, China, India and the US, the city exports are a lower 

percentage of total city LCEGSS sales revenue than nationally, whereas for South Africa the 

national level is much higher at nearly 25%. This could suggest that South Africa has higher 

exports relative to domestic demand in LCEGSS, or that exports are not necessarily driven 

by the cities with available data. 

 

Given the complex nexus of factors that influence national and city level variations in 

LCEGSS domestic markets and exports, these values are likely to have multiple causal 

influences; lower percentage values could indicate higher domestic demand, lower levels of 

export activity, or both. Given that logistics hubs and the delivery of services are both 

frequently located in cities, this could suggest why exports are a higher percentage of sales 
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here; further data on a broader range of cities from these countries (and others) would be 

useful in exploring this further. 

 

 
Fig. 8.34: City to National Comparisons across 6 Countries: LCEGSS Exports as a Percentage 
of Sales Revenue (2015/16), colour-coded by Country. 
 
Figures 8.35 and 8.36 show the cities’ LCEGSS sales revenue and employment as a share 

of national LCEGSS values; the countries have been left on the x axes for ease of 

interpretation. There is some variation between countries, suggesting differences in the 

concentration of green economy activities between cities in different countries. São Paulo is 

the city with the highest share of national sales revenue and employment, and the reasons 

for this are probably similar to those previously outlined. Milan, Cape Town and 

Johannesburg are all close to or above 6% of national LCEGSS sales revenue and over 5% 

of national employment. Perhaps given factors relating to scale, no cities in China or India 

reach 2.5% of the national green economy. While the highest share of the US LCEGSS 
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economic activity is New York City, the significant share for cities like Chicago and Houston 

suggest that it is not merely a ‘coastal’ phenomenon. 

 

 
Fig. 8.35: City to National Comparisons across 6 Countries: City Share of National LCEGSS 

Sales Revenue (2015/16) (%), colour-coded by Country. 

 



 414 

 
Fig. 8.36: City to National Comparisons across 6 Countries: City Share of National LCEGSS 

Employment (2015/16) (%), colour-coded by Country. 

 

These patterns may follow existing patterns of concentrations of wealth and economic 

activities within countries, given the types of activities recorded by the LCEGSS taxonomy 

and evidence from previous chapters. However, the degree to which Brazil’s green economy 

may centre on the richer South (here represented by Curitiba, Rio de Janeiro and São 

Paulo) compared to poorer regions like the North East (Salvador da Bahia), or Italy’s green 

economy may be centred around the ‘traditional’ economic centres in Northern regions like 

Lombardy and Piedmont (Milan), is an important consideration when understanding the 

geography of green economy transformations in different countries.  

 

This section demonstrates that there may be important sub-national and regional trends in 

the development of green economy activities within countries. More comprehensive data 

would be required to consider these apparent trends further, with data on more cities, for 

more countries, chosen in a more systematic way. Major economic centres may be missing 
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from these comparisons, like Belo Horizonte in Brazil, Turin in Italy, Tianjin in China, and 

Dallas and Atlanta in the US. 

 

The composition of the green economy at Level 1 was examined, but this did not appear 

significant, although across most of the country groups, Low Carbon spending was 

frequently lower in cities in relative comparisons. This could reflect that Environmental 

spending is relatively higher in cities (perhaps owing to more waste and recycling collection 

and processing). 

 

Transformations must be grounded in reality to assist city decision-makers in negotiating 

them (Friend et al., 2016). Numerous factors influence transformations and this analysis 

alone could not provide the basis for decision-making alone, but it suggests that the green 

economy may follow existing patterns of development. Cities may need to consider where 

policies are required to break with these patterns where they represent path dependency, or 

support them where positive; for example, there is some evidence that cities with recent 

histories of sustainable urban planning have higher relative green economy activity. 
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8.5 The greening of industry: national and city comparisons and the future of green 

economy data 

 

The future directions for transactional measurement of the green economy can be explored 

through an experimental dataset, which could overcome some of the limitations in the 

approach used within this study. This could involve: broadly moving from measuring 

‘vertically’ isolated environmental activities to measuring ‘horizontally’ across industries to 

better understand the broader changes in each industry, instead of the more imprecise 

comparisons (such as using GDP) that are possible with current data. This methodology 

could highlight the relative change in green economy spending within an industry; growth in 

green economy spending, arguably, is not ‘relative’ decoupling if the ‘brown’ economy in the 

same sector is growing faster. In prior comparisons, it appeared likely that relative 

comparisons using GDP are not satisfactory, given the variability of GDP data, differences in 

collection methodologies, and the ‘mismatch’ between the more precise focus of LCEGSS 

measurement and GDP, which measures everything. 

 

The experimental methodology, elaborated for a pilot study for the C40 by kMatrix, combines 

existing data collection on LCEGSS and adaptation with an attempt to identify additional 

economic activities relating to environmental, climate and sustainable outcomes across each 

industrial sector. This required collating a full taxonomy of each industrial sector to be filtered 

for ‘green’ content in economic activity. Six categories of ‘green’ products and services were 

identified in the additional green measurement of the wider economy: Reduced Emissions, 

Reduced Energy Consumption, Reduced Waste, Increased Recycled, Improved 

Sustainability, and Reduced Embedded Carbon. Compared to the methods for LCEGSS, 

ascertaining whether these activities from the wider economy contribute towards one of the 

green economy ‘end purposes’ requires disaggregation and interrogation of the data at 

higher levels of detail than the ‘Level 5’ reported in previous chapters. This process (and the 

identification of new data sources) led to an improved identification of LCEGSS activities at 

these finer levels of detail, increasing the estimated value of LCEGSS activities in these 

sectors (LCEGSS values in this section are therefore not comparable to previous chapters).  

 

The new values, therefore, provide an estimation of the economic value under the six green 

economy categories, and the remaining ‘non-green’ economic value for an industrial sector. 

This can be combined with LCEGSS values and Adaptation Economy values (adaptation to 

climate change, and adaptation to other environmental risks) for a more complete estimation 
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of green economy production and consumption, and how it relates to the broader industrial 

sector. Further details on the pilot taxonomy are provided in Appendix 8A. 

 

Experimental data was available for 7 cities from the C40 membership: Copenhagen, 

London, New York City, Oslo, Portland, Sydney, and Vancouver, across three industrial 

sectors: Transport, Construction and Energy. Although a small sample compared to 

available data with LCEGSS, it represents an important exploration of whether this 

experimental data would be more effective for understanding green economy 

transformations. Understanding this would help in assessing whether the current dataset is 

sufficient. The data for each sector contains activities from LCEGSS, adaptation activities 

and the broader sector. The Transport sector green economy data covers 11 categories 

(further details in Appendix 8A): 

• (LC)EGSS: Alternative Fuel Vehicles, Energy from Waste (Transport only), Air 

Pollution (Transport only) 

• Adaptation: Transport Adaptation, divided into Airport, Bridges, Rail, Road, Transport 

Services, Vegetation Management and Waterways 

• Transport Sector: Air, Mail, Ports & Terminals, Rail, Road, Trams and Vessels 

 

The Construction sector green economy data covers 10 categories: 

• (LC)EGSS: Air Pollution (Buildings only), Building Technologies and Energy 

Management 

• Adaptation: Construction Adaptation, divided into Architecture, Construction & 

Retrofit, Energy Efficiency, Technical Services and Water Efficiency. 

• Construction Sector: Cleaner Processes & Materials, Construction Enterprises, 

Professional Services (Construction), Professional Services (non-Construction, 

supplying into the Construction industry), Suppliers and Manufacturers of Equipment 

and Suppliers and Manufacturers of Materials and Components 

 

The Energy sector green economy data covers 22 categories: 

• (LC)EGSS: Additional Energy Sources, Alternative Fuel Vehicle, Alternative Fuels, 

Biomass, Energy from Waste, Energy Management, Geothermal, Hydro, Nuclear 

Power, Photovoltaic, Renewable Consultancy, Wave & Tidal and Wind 

• Adaptation: Energy Infrastructure, Energy Systems and Professional Services 

• Energy Sector: Cleaner Manufacturing, Cleaner Processes & Materials, Conventional 

Power Station Operations, Fracking, Mining and Power Control 
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This data may provide evidence of relative or absolute decoupling; it may give some 

indication of whether ‘non-green’ sectors in an industrial sector are still growing, are ‘green’ 

activities within the industry growing, and if this growth is faster. It can suggest how ‘discrete’ 

green activities from LCEGSS relate to the newly identified green activities in the wider 

economy. While only offering fragments of answers to such questions, it presents the 

opportunity to understand whether this data could be used to analyse green economy 

transformations in different geographies. 

 

Firstly, the scale of the ‘green industry’ activities from this experimental data is explored to 

understand how it differs from LCEGSS. Figures 8.37, 8.38 and 8.39 show the absolute 

values of estimations of the new, experimental ‘green economy’ values for the six green 

categories across the 7 cities for which pilot data is available. 

 

These figures show that, although LCEGSS is a comprehensive approach, it did not capture 

significant quantities of economic activity relevant to understanding green economy 

transformations. In Transport, the highest value amongst the new estimates is London in 

2015/16 at $7,643.8m, rising from $6,123.8m in 2012/13 (Figure 8.37). For Construction, it is 

New York City at $14102.4m in 2015/16, rising from $11,283.3m in 2012/13 (Figure 8.38). 

The highest values for the new activities in Energy is also New York at $13,438.1m, rising 

from $10,785.6m in 2012/13 (Figure 8.39). Even for the smallest industry and city, there is 

$665.9m in sales revenue in the new green activities in Transport in Vancouver in 2015/16 

(Figure 8.37). 
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Fig. 8.37: Sales Revenue ($m) in Experimental ‘Green Industry’ Content in Transport for 7 Pilot Cities, colour-coded by Green Industry Category. 
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Fig. 8.38: Sales Revenue ($m) in Experimental ‘Green Industry’ Content in Construction for 7 Pilot Cities, colour-coded by Category. 
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Fig. 8.39: Sales Revenue ($m) in Experimental ‘Green Industry’ Content in Energy for 7 Pilot Cities, colour-coded by Green Industry Category. 
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Figures 8.37 to 8.39 suggest that the composition of the new green content between the six 

categories varies between cities, but the following figures provide better comparisons. 

Figures 8.40, 8.41 and 8.42 show the percentage share of the ‘green industry content’ 

between the six categories for each city for Transport, Construction and Energy There are 

significant differences; in Figure 8.40, Sydney, Vancouver and New York City have much 

lower proportional spends in ‘Increased Recycling’ in comparison to the European cities and 

Portland. London has much lower proportional sales in Reduced Energy Consumption. The 

proportional spend on reducing energy consumption in transport may be related to the 

presence of public transport networks (lower proportional spending in London, Portland and 

New York City, although Oslo, with its integrated public transport system, seems to be an 

exception). 

 

The availability of four fiscal years’ data allows some interrogation of relative changes in 

these activities. In Figure 8.40, the share of Reduced Energy Consumption in London is not 

only lower, but falling slightly on a proportional basis (although Figure 8.39 shows that 

overall, it is still growing). By comparison, New York City has the lowest share of spending 

on Increased Recycling in Transport but it seems to be increasing slowly. 

 

On new green industry/economy content in Construction, Figure 8.41 shows that there is a 

more even distribution of the six categories between the cities, although Reduced Energy 

Consumption in Copenhagen is an exception, which is decreasing on a proportional basis. 

Reduced Energy Consumption in Transport fell on a proportional basis in all seven cities, by 

around 1% in several cases. 

 

For Energy, Figure 8.42 appears similar to 8.41. There are similar patterns of which sectors 

are increasing and decreasing in proportional terms, and the proportional breakdown 

between the six sectors are similar. Because these 7 are from similar (relatively speaking, in 

global terms) economic situations (although perhaps with different political and policy 

outlooks), whether such trends are restricted to developed, energy- and resource-intensive 

cities cannot be confirmed. 
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Fig. 8.40: Share of Sales Revenue (%) in ‘Green Industry’ Content in Transport for 7 Pilot Cities, colour-coded by Green Industry Category. 
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Fig. 8.41: Share of Sales Revenue (%) in ‘Green Industry’ Content in Construction for 7 Pilot Cities, colour-coded by Green Industry Category. 
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Fig. 8.42: Share of Sales Revenue (%) in ‘Green Industry’ Content in Energy for 7 Pilot Cities, colour-coded by Green Industry Category. 
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Understanding the absolute and relative levels of spending in the new green industry 

categories is interesting, but the important development of this pilot methodology is that 

these estimates are comparable to the wider industrial sector. The sales revenue in the new 

green industry categories can be explored alongside LCEGSS, the ‘Adaptation Economy’, 

and ‘non-green’ economic activity, which permits absolute and relative comparisons 

between LCEGSS activities, the wider ‘green economy’ and the rest of the industrial sector. 

 

Figure 8.43 shows that in Transport, the revised estimates of LCEGSS are, a small 

proportion of the overall Transport sector, but LCEGSS may be growing faster than the 

sector as a whole. Figure 8.43 shows that the new green industry activities are a larger 

proportion of the Transport sector, and that they are growing faster LCEGSS. While the 

LCEGSS and ‘Non-Green’ transport economic activities in London and New York City may 

be similar in scale, the ‘green industry’ content in London’s transport sector has grown 

significantly and is larger than the green industry spending in New York City. 

 

This suggests that approaches that seek to define the green economy as a narrow set of 

activities without the wider economic context may struggle to contribute to measurement that 

aids our understanding of green economy transformations. There are, according to Figure 

8.43 (and Figures 8.44 and 8.45), significant levels of green economy activity that are more 

deeply intertwined with ‘brown economy’ activities. 

 

Figure 8.44 displays adaption activities in Construction, as well as the other three 

categories. It shows that, in Construction, adaptation spending (not just climate change-

related) is higher than LCEGSS spending in all cities, but lower than the green industry 

spending. Figure 8.44, like 8.43, suggests that while LCEGSS, adaptation and green 

economy activities are significant proportions of the Construction sector, ‘Non-Green’ 

activities still have the largest share. 
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Fig. 8.43: Sales Revenue ($m) in Transport by City, divided and colour-coded by Green Industry sector. 
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Fig. 8.44: Sales Revenue ($m) in Construction by City, divided and colour-coded by Green Industry sector. 
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Fig. 8.45: Sales Revenue ($m) in Energy by City, divided and colour-coded by Green Industry sector. 
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Figure 8.45 displays a significantly different profile compared to Figures 8.43 and 8.44. In 

Energy, it appears that LCEGSS activities are the largest segment of the Energy sector in all 

cities. This may be because renewable and low carbon energy, and other energy activities 

like Smart Grids, are well defined in LCEGSS and the underlying data. The green economy 

in Energy, arguably, receives more public and political attention than other green economy 

sectors. Figure 8.45 shows that the ratio of LCEGSS sales to adaptation spending is 

different, compared to Construction. There is a difference between ‘Energy Generation’ and 

‘Energy Infrastructure’ activities and, in some cases, economic activity related to energy may 

not take place within cities. The share of ‘Non-Green’ activities remains fairly static in all 

cities. 

 

Comparing the percentage share between the categories in each sector would be a more 

useful analysis, having gained a sense of the relative scale of these areas in each industry. 

Figures 8.46, 8.47 and 8.48 present the percentage share of total estimated industry sales 

revenue for Transport, Construction and Energy. 

 

Figure 8.46 shows the importance of conducting both absolute and relative comparisons; the 

differences of scale in Figure 8.43 obscure the relative levels of LCEGSS, green industry 

and non-green economic activity. Figure 8.46 shows that the share of sales revenue in 

LCEGSS in Transport in Vancouver is considerably smaller than the other cities. Only 

Vancouver has over 50% of Transport sales in ‘Non-Green’ activities in 2015/16 at 60.06%, 

although this has declined from 65.82% in 2012/13. This change in green economy 

composition has been generated from changes in new green economy content (an increase 

of over five percentage points), rather than LCEGSS (just over half a percentage point). 

Portland has the lowest share of Transport sales revenue from non-green economic 

activities at 36.7%, and also has the largest percentage point decrease in non-green 

economic activity at 8.43 percentage points. While this data is experimental, this suggests 

that there may be some relative ‘decoupling’ in Transport with lower shares of the overall 

economy from non-green activities over time, which could be evidence of green economy 

transformations in these cities in Transport. 

 

Figure 8.47 shows the same comparison for Construction; relative spending levels between 

the four categories are more similar. The share of Non-Green economic activities is 

decreasing in all seven cities and all have a percentage share of sales for Non-Green 

activity of under 50% in 2015/16. 
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There are some smaller differences in the relative shares; London has the largest non-green 

share in 2015/16 at 46.9% and a larger percentage share from LCEGSS than the other 

cities, except Copenhagen. In all cases, the adaptation sales revenue is approximately 

double LCEGSS spending, and the largest growth in relative share of the green categories is 

new green industry content, which demonstrates the importance of comparing these 

categories together. 

 

Figure 8.48 displays the same comparison for Energy. Portland has the highest share of 

non-green economic activity (from energy infrastructure) at 15.29%, and the lowest share of 

LCEGSS sales revenue (75.58%). The other cities have a lower percentage share from 

green energy industry content compared to Portland; the share of energy infrastructure 

green content in London is just over half the share of energy generation green content in 

Portland. This suggests that LCEGSS activities are more significant in relative terms in 

Energy than Transport or Construction. Figure 8.48 shows that adaptation is below 1.77% of 

Energy sector sales in all seven cities, which is considerably lower than its share in 

Construction. 
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Fig. 8.46: Share of Sales Revenue (%) in Transport by City, divided and colour-coded by Green Industry sector. 
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Fig. 8.47: Share of Sales Revenue (%) in Construction by City, divided and colour-coded by Green Industry sector. 
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Fig. 8.48: Share of Sales Revenue (%) in Energy by City, divided and colour-coded by Green Industry sector. 
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The final figures compare percentage change in sales revenue in the categories for each 

sector. These present a clearer picture of the relative changes in (rather than relative shares 

of) sales revenue in green and non-green economic activities. 

 

As Figure 8.49 shows, the Transport sector overall grew in all cities from 2012/13 to 

2015/16, but LCEGSS and new green content activities grew more quickly. More 

significantly, the ‘non-green’ economic activities in Transport have decreased in size; by a 

small percentage in Vancouver, Copenhagen and New York City, and over 10% in Portland 

and London. The new green content in Transport has grown more quickly than LCEGSS or 

the sector overall: by over 23% in all cities, but 29.69% in Vancouver, 30.91% in London and 

30.63% in Portland. This suggests that green economy transformations in Transport vary in 

both their rate and their composition between these seven cities, but there may be some 

degree of green economy transformation taking place. 

 
Fig. 8.49: Percent Change in Sales Revenue from 2012/13 to 2015/16 in Transport by City, 
divided and colour-coded by Green Industry sector. 
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For Construction, Figure 8.50 shows that the sector overall has grown by varying rates, but 

that there has been some degree of contraction in non-green economic activity, most 

notably in Oslo (-3.57%) and Portland (-3.56%), and by the lowest percentage in London  

(-0.91%). LCEGSS has grown faster than overall growth and adaptation, except in 

Vancouver (LCEGSS growth: 9.41%, Adaptation growth: 9.44%). This suggests that there 

may be greater focus on mitigation than adaptation, which aligns with analyses in previous 

chapters, but increasing adaptation activities relative to the sector more broadly is positive. 

The percentage growth in new green content from 2012/13 to 2015/16 is lower in 

Construction than in Transport, but still significant at around 20% in all cities. This suggests 

that these cities may present some signs of green economy transformations in Construction 

too. 

 

 
Fig. 8.50: Percent Change in Sales Revenue from 2012/13 to 2015/16 in Construction by City, 

divided and colour-coded by Green Industry sector. 
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In Figure 8.51, shows the percentage change in the Energy sector. The growth in non-green 

energy infrastructure in London (1.70% from 2012/13 to 2015/16) shows that there is not 

uniformity between the three sectors. The growth in ‘new green content’ between energy 

generation and energy infrastructure is between the values for the corresponding categories 

in Transport and Construction at around 25% in all cities, while the growth in LCEGSS is 

higher than Construction, but lower than Transport. 

 

With Energy, perhaps more than Construction or Transport, the limitations of our 

understanding of green economy transformations should be noted; these values include 

goods and services that may not be measured in other datasets relating to supply chain 

activities, maintenance, and other areas, but it does not include the sales revenue from 

electricity generation itself. This would not align with how the taxonomy is defined, based on 

how an economic activity can be identified as being green, low carbon, or environmental; 

once generated all electrons are the same. Therefore, it does measure the economic impact 

of existing ‘brown’ electricity generation. Given the importance of understanding path 

dependence in energy, whether there are relative and absolute changes in current spending 

in ‘non-green’ energy generation and infrastructure is still important; further spending in 

unsustainable energy risks ‘carbon lock-in’ (Unruh, 2000) and stranded assets. This 

provides a partial, but powerful, understanding of green economy transformations in energy, 

which is not possible with other data. 
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Fig. 8.51: Percent Change in Sales Revenue from 2012/13 in Energy by City, divided and 

colour-coded by Green Industry sector. 

 

This data contributes to research to understand how green economies are taking shape in 

different sub-national territories, and the implications for sustainability and green economy 

transformations. This section has only scratched the surface in analysing this data, owing to 

this chapter’s remit regarding LCEGSS and the research questions, the experimental nature 

of the data, and the small number of cities. Changes in the composition of economic activity 

can suggest that whether the overall environmental impact of these industrial sectors is 

changing, but other data would be required to confirm this. Sales revenue, as a measure of 

‘flows’ rather than ‘stocks’ in the economy, has limits for understand green economy 

transformations, however. This approach, though, seems to have significant benefits for 

measuring green economic activities to understand and explore green economy 

transformations. 
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8.6 Conclusions 
 

This chapter has conducted several different analyses of transactional data within cities, and 

it suggests that comparisons between cities using LCEGSS has limitations in some cases. 

These difficulties relate, in part, to the geographical definition of cities and the challenge this 

creates for analysing comparable measures. Comparisons between cities are also limited by 

the difficulty in obtaining comparable data and making variables more relative. This chapter 

has explored several approaches that have broadened our understanding of the role of 

transactional data in understanding the green economy in cities, and suggested insights into 

the composition of the green economy between cities, and between cities and the national 

level. In many cases, it seems that the green economy’s development may follow existing 

concentrations of wealth, investment and economic development. This is an important 

observation to improve attempts to design more equitable, more sustainable green economy 

futures. There may be positive ‘news’ for certain cities, however; some indicators in section 

8.4 suggested that small, compact cities that have focussed on sustainable urban planning 

and public transport for a long period (like Portland and Curitiba) have higher per capita 

levels of LCEGSS economic activity. For cities that have not followed similar policy 

pathways, it may be difficult to break path dependencies to deliver green economy 

transformations and more sustainable urban development. 

 

The experimental approach ‘full industry’ approach explored in section 8.5 clearly has 

benefits, and has the potential to reveal interesting trends in green economy 

transformations; compared to Figure 8.29, it would have more potential in comparing 

between cities and the national level. Section 8.5 shows some evidence of ‘decoupling’, 

although this is a small, self-selecting sample of cities from a narrow group of countries. It is 

wise to remain cautious in drawing conclusions, but the differences between sectors and 

between cities suggest how green economy transformations may be taking place. Future 

research will have to develop a more comprehensive approach that integrates LCEGSS, 

adaptation and ‘new green content’ categories with ‘non-green’ activities to create a more 

cohesive and comprehensive taxonomy.  

 

More data is required to understand the sub-national and regional variations in the green 

economy and transformations; section 8.4 provided a valuable exploration of this, and it 
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appears that there are variations in sub-national green economy trends between different 

countries. This could be explored with greater data coverage of cities within countries, and 

with data for a larger number of cities. A greater volume of historical data would permit more 

robust explorations of how the green economy is changing and where, and whether this 

represents green economy transformations. 
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9. Conclusions and further research 
 

9.1 Summary of principal findings 
 

This comprehensive study explored transactional data on the green economy, and how it 

can contribute to understanding green economy transformations. A revised definition of the 

green economy was used, based on a proposed framework from desk-based study and then 

compiled using existing data collection structures. It represents a significant effort to explore 

potential relationships between green economic activity and other socio-economic and 

environmental measures. This section summarises the principal findings of each chapter. 

 

Chapter 2 analysed existing green economy concepts, measurement, and the relationships 

between them, and identified four recommendations for improving the measurement of 

green economy transformations: better measures of ‘progress’ beyond GDP, broader 

measurement of economy-society-environment interactions, better economic measurement 

of green economy transformations, and alternative measurement approaches. It established 

the basis for seeking to explore the potential of alternative methods for measuring the green 

economy and their potential for improving our understanding of green economy 

transformations. Chapter 3 described and analysed the transactional triangulation 

methodology and its origins within business intelligence and cognate fields. Chapter 4 

presented the results of the desk-based study of green economy concepts, measurements, 

practices and policies, and the revised definition of the green economy proposed for the 

study. It then discussed the extent to which this definition was producible with currently 

available data collection structures and techniques, presented the revised definition and 

taxonomy that was used for the rest of the study, and presented two case studies of the 

revised LCEGSS measurement compared to other estimates of the green economy or 

similar sectors for the UK and the US. This established that there are similarities in the scale 

of these measurements, taking into account differences in measurement methodologies and 

definitions. The methodological contribution of Chapter 4 was to better align transactional 

data measurement of the green economy with EGSS, to propose a deeper classification to 

fill out the Resource Management classification, and to propose an extended definition that 

measures many activities relevant to the green economy worldwide. 
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Chapter 5 explored and analysed the global LCEGSS data from the revised approach 

outlined in Chapter 4. It identified that: there are significant variations in growth in different 

sectors of the green economy, the supply of alternative fuels is significant in scale in global 

LCEGSS, there are significant variations in regional green economies, the composition of 

each sub-sector by Activity Type varies, and comparing the relative level of employment in 

LCEGSS (as FTEs as a percentage of working age population) appeared to have significant 

potential as a comparative measure. Chapter 5 also compared LCEGSS and spending on 

adaptation and resilience to climate change; global LCEGSS spending is 23 times higher. 

Chapter 6 compared countries globally on measures from the LCEGSS dataset, and 

compared LCEGSS estimates to other datasets. At the global level, there appears to be 

some relationship between better outcomes on indicators, green economy ‘performance’ 

and prevailing wealth/past economic development. Chapter 7 explored trade in the green 

economy through analysis of export flows between 64 countries, representing over 90% of 

global trade, identifying key differences in the export ‘profiles’ of different countries and key 

activities that contribute significantly to global trade in the green economy. Chapter 8 

analysed city-level data in the green economy, including comparisons to other datasets, 

comparisons between cities and the national-level for a group of countries, and the first 

significant exploration of an experiment ‘full economy’ approach to measuring the green 

economy for seven cities in six countries. 

 

9.2 Contributions to understanding green economy transformations 
 

Of the four recommendations for transformational green economy measurement outlined in 

Chapter 2, the study addresses two of them: better economic measurement of green 

economy transformations and alternative measurement approaches (new methodologies 

and sources of data). The revised approach and accompanying data are also valuable 

because of the detail available and the global coverage, which makes it more able to assist 

decision-making. Although it has only been possible to discuss individual city- and country-

level activities in precision in a limited way in this thesis, this is still a significant implication of 

the research. Examining the transformation potential of the green economy is more 

important than creating a static value of the green economy, so this exploration of the green 

economy permitted by this data is a highly valuable contribution to knowledge about the 

green economy, and helps to develop the future direction of this data, which could be even 

more effective at understanding these processes. 
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This study makes an important contribution to understanding the geography of the green 

economy. Overall, this study has contributed to further the understanding of the global 

economic geography of the green economy, suggesting that there is some evidence of 

green economy transformations, although while recognising some caveats about the 

certainty of the conclusions along the way. It has contributed to analysing what impacts 

changing measurement approaches may have on green economy discourses. It has 

explored the value and role of global-level indicators and frameworks and that, while they 

are useful, they have their limitations. We must understand the local effects as well, and with 

the measurement framework used in this study (and the developments proposed for future 

research), the possibility to study more local-level impacts of green economy 

transformations. This study also explores and challenges assumptions of links between the 

green economy and environmental performance, and explores whether they simply follow 

wealth trends. The study contributes to moving the debate forward regarding what should be 

part of economic measurement of the green economy, and allows us to understand the limits 

of what we can explore with transactional data. 

 

9.2.1 Broader implications 

 

The broader implications of this study are that the green economy needs to be understood in 

its entirety, not just the most high-profile industries, the most exciting technologies or the 

most high-profile trade disputes. For countries, the size in economic terms alone does not 

give a country greater potential for an economy that is more green, but neither is it a barrier. 

Another important implication is that this study has highlighted that spending levels are 

important to measure but only one part of our overall understanding of green economy 

transformations. This is something, however, that has been done ineffectively for some time, 

and therefore this study attempts to move forward these measurement debates, especially 

given the shortcomings in existing processes highlighted. 

 

As the foci in the green economy may vary between countries, a broad but rigorous 

approach to measurement is therefore more important, as that allows data to examine 

sectors are relevant in a given national context in detailed examination of the data. This 

requires continued scrutiny of GDP data collection, what it is used as evidence of, of its role 

in economic policy, and its utility for analysis.  
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All indices and rankings seem to naturally favour those countries with higher human 

development and/or wealth; with some amount of variation between them; so, should we put 

significant faith in the variations between the ranking or relative performance of different 

wealthy countries? This could be one of the difficulties of ‘big data’ (although frequently the 

data in question is aggregated, which is not ‘big’); with enough variables, there is a chance 

of spurious correlations. This was an important consideration in leaning towards some of the 

more cautious conclusions in this analysis. 

 

On policy, this study has suggested that there are some interesting trends on renewable 

policies, where financial and carbon marketing policies appear to be related to countries with 

higher levels of relative economic activity in the green economy. At the city level, cities with 

a long history of effective environmental and planning policies have, in several key 

examples, higher relative levels of green economy spending. In this study, green economy 

development seems to follow existing patterns of wealth and development to some extent, 

but this also demonstrates the limitations of what can be explored using spending and 

employment data. There is a limit to how transformative we can assess these actions to be, 

compared to the transformation of economic activity. While it is difficult to give concrete 

policy and political recommendations (as, arguably, it should be), a consistent policy 

environment and broad political support for more sustainable policies could have some 

relationship to greater green economy activity. 

 

9.3 Future direction of research 

 

The study suggests that current LCEGSS data is an improvement on other available data 

and data that are not collected, due to costs or other resource constraints. This study 

suggests that, in future research, descriptions of activities and the names of activities at 

different levels of the taxonomy must be more focussed and better aligned in several cases 

to avoid overlap and misnomers. 

 

The analysis in this study contains significant evidence that while relative comparisons (such 

as percentage of GDP) are not perfect, they are still useful. Moreover, absolute comparisons 

only have limited benefits for understanding the differences in the global green economy. As 

noted in Chapter 7, comparative measurement of the green economy remains a challenge; 
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when estimating values for the same activities in different countries, there may be the 

nuanced differences in how the green economy exists in practice. 

 

An alternative and complementary approach was identified in the emerging data collection 

analysed in Chapter 8 that may have significant potential to address these challenges and 

improve explorations of green economy transformations in the future. The ‘full economy’ 

model and experimental approach in section 8.5 presents a ‘compete’ model for measuring 

the greenness of an industrial sector, but not one that has been fully structured in a 

taxonomy. While there is no double counting between LCEGSS and the ‘New Green 

Content’, there is a lack of consistency and coherence in having those two categories 

separate (and recorded in different formats in the taxonomy). Being able to divide by each of 

the green end purposes allows the continued separation of Adaptation, which is important to 

comparing the scale of adaptation and mitigation (Figure 9.1), and for measurement where 

the status of adaptation as in or out of the green economy is debated. 

 

 
Fig. 9.1: Proposed approach to move from experimental ‘full sector’ measurement to a future 
framework for measuring green economy transformations. 
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Future data collection and analysis should focus on green economy transformations. It 

would be an advantageous use of the data collection methodology (being developed from 

industrial definitions) to compare green economy sectors as a proportion of their industries 

as a whole, both within and between countries. 

 

The green economy activities of an industry could be calculated as percentage of the whole 

industry, and change in percentage share of the whole industry could be calculated to give a 

measure of the transition to greener production. Measuring the change in the share of green 

economy activities within an industry is a powerful way of using transactional data to analyse 

the scale, rate and trends of green economy transformations in key industries. 

 

The development of the full ‘Green Economy’ method would be highly useful for 

understanding economic development and aiding decision-making. In addition to the current 

development of the revised definition and the subsequent revised approach captured by 

LCEGSS, Chapter 4 and the desk-based research can contribute to continuing to improve 

definitions for measuring the green economy and understanding green economy 

transformations in the future. 

 

Beyond the proposed full sector measurement model, there are other ways in which 

research can be improved in the future. There is a benefit to being able to measure 

economic activities between different sectors using a consistent definition, but the LCEGSS 

data is not strictly comparable to national statistics and GDP measurement. A more 

consistent method for understanding the breakdown between ‘core’ and supply chain 

activities would allow more valid comparisons of the data with other measures. 

 

Moreover, tensions remain from the green economy being conceptualised both as a 

separate subset of the whole economy and a green transformation of the whole economy. 

This study provided the opportunity for a partial, rather than complete, restructuring the 

underlying process of categorising ‘green’ activities and collecting data using transactional 

triangulation in relation to the revised definition. If the transactional triangulation method 

(with case studies suggesting that it generates values for environmental goods and services 

within a similar range to other estimates) could be utilised to develop a method of comparing 

green economy activities to the wider ‘non-green’ economy in and across different industrial 

sectors, this would be of considerable benefit in tracking green economy transformations. 
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This could provide new approaches to analyse both specific activities of the green economy 

and green transformations in the whole economy. This study provides further input for future 

development of the dataset to develop this ‘full economy’ approach. 

 

Using this alternative approach in future could contribute to understanding how the scale of 

green economy activities compares to the economy as a whole and how changes in the size 

and composition of green economy activities relate to changes in the wider economy. This 

approach would be a powerful way of using transactional triangulation data to explore and 

understand green economy transformations. The revised conceptual framework outlined in 

Chapter 4 could contribute to the development of the ‘full economy’ model, by indicating how 

different green activities could be categorised and making it possible to compare mitigation 

and adaptation activities (and changes in them) against the composition of the broader 

economy. 

 

The social dimension of the green economy and its role in tackling inequality need further 

critical and empirical exploration; longer time series data and greater sub-national 

disaggregation would have benefits for fully understanding the distribution of the benefits 

from the green economy, and other data sources are required to understand the distribution 

of environmental and social impacts of green economy practices and policies. 

 

9.4 Concluding remarks 
 

This study has made a number of important findings, in conceptual, definitional, 

methodological, and empirical lines of inquiry relating to the green economy. It has explored 

the competing concepts of the green economy, discussed the potential for a transformational 

green economy and how measurement and concepts interact in the green economy. It 

proposed a new definition of the green economy, and then explored the version of this 

definition that proved possible with the available data collection structures. This study then 

explored this data at the global, national, regional and city levels, and conducted a number 

of comparisons with other relevant datasets. It also explored the trade in the green economy 

between 64 countries through data on exports of LCEGSS goods and services. 

 

Through these contributions and others, it has contributed to the understanding of the 

transformational green economy, the role of transactional data in measuring it, the 



 448 

differences in green economy transformations, and the ways in which green economy 

transformations could be better measured in the future. This research has pointed towards 

the direction of future economic measurement of the green economy, and what role this 

could play. The approach proposed in Figure 9.1 has significant potential to build upon the 

understanding that has been developed through this study, having explored green economy 

concepts, definitions, measurement, the LCEGSS revised approach and data and the pilot 

data in Chapter 8. Building upon the explorations of this study, this approach could be an 

important part of understanding the global geographies of green economy transformations in 

the future. 

 

Overall, this study has contributed to furthering debates around what should be included in 

green economy measurement, the importance of global and comparable measurement, and 

the importance of measurement for understanding the transformational green economy. It 

has proposed a revised definition of the green economy for measurement that contributed to 

a significantly revised measurement approach (LCEGSS). Through exploring this dataset at 

the city, national, regional and global levels, it has been possible to explore the contours and 

geographies of the green economy and generate hypotheses regarding the development of 

green economy transformations. All of this contributes to furthering our understanding of the 

green economy and its contribution to confronting the major environmental and climate 

challenges of twenty-first century. 
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Appendix 4C: Green economy phase 2 policy report findings 

 

Agriculture 

 

- Sustainable agriculture (United Nations Economic and Social Commission for Asia 
and the Pacific, 2012) 

- Green agriculture certification (Sultan and Harsdorff, 2014) 
- Enhanced extension services, Organic Fertilizer use, Sustainable Irrigation 

Techniques, Herd diversification, Rangeland rehabilitation and management, 
Conservation agriculture, Disaster risk management planning (Federal Democratic 
Republic of Ethiopia, 2015b) 

- Post-harvest storage (building inexpensive food storage facilities can reduce crops 
lost to pests and natural hazards) (United Nations Economic and Social Commission 
for Asia and the Pacific, 2012; United Nations Environment Programme, 2015a) 

- Ecological farming practices (United Nations Environment Programme, 2015a)  
- Soil fertility management, efficient and sustainable water use, crop and livestock 

diversification, and improving market access for smallholder farmers and 
cooperatives (United Nations Economic and Social Commission for Asia and the 
Pacific, 2012) 

- Organic farming (United Nations Economic and Social Commission for Western Asia, 
2013; United Nations Environment Programme, 2015a; Widuto, 2015) 

- Certified Organic Products (i.e. Coffee) (International Labour Office, 2014) 
- Carbon project extension service (United Nations Economic Commission for Africa et 

al., 2015) 
- Agri-environmental/sustainable green growth, advisory, training and extension 

services, integrated pest management (United Nations Economic and Social 
Commission for Western Asia, 2013) 

- Integrated soil fertility management. (Deutsche Gesellschaft für Internationale 
Zusammenarbeit, 2015) 

- Sustainable horticulture (United Nations Environment Programme, 2015a) 
- Degraded Pastures, Recovery Agriculture, Forest Integration, Direct Planting 

System, Biological Nitrogen Fixation, Animal Manure Treatment (Center for 
Sustainability Studies, 2014) 

- Emissions from livestock management (Brahmbhatt and Kathuria, 2015) 
- Adoption of biological nitrogen fixation, Greater use of integrated crop-livestock-

forest practices, Lower emission paddy rice variety, utilization of organic fertilizer 
(United Nations Industrial Development Organisation and Global Green Growth 
Institute, 2015) 

- Hydroponics (United Arab Emirates Ministry of Environment and Water, 2014)  
- Low-tillage/ minimum tillage/ No till methods/ Direct Planting System (DPS)  
- (Assunção and Chiavari, 2015; International Labour Office, 2014; Omilola, 2014)  
- Organic fertilizers, natural pesticides (Omilola, 2014) 
- Agricultural extension services (Organisation for Economic Co-operation & 

Development, 2015b) 
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- Degraded Pastureland Restoration (Assunção and Chiavari, 2015) 
- Sloping Land Conversion Programme (SLCP) (Soil erosion) (Weng et al., 2015) 
- Soil conservation Soil and water conservation structures/Soil management,  
- (Federal Democratic Republic of Ethiopia, 2015a; Lovo et al., 2015)  
- Watershed management, Tree-planting, NO2-free fertilizers (Lovo et al., 2015) 
- Technical innovations included mechanical dryers and shade covers to prevent crop 

losses (Kasterine et al., 2015) 
- Training and extension services for producers, particularly in high-risk areas such as 

riverbanks and steep slopes. (Kasterine et al., 2015) 
 

Other Environmental Protection Activities 
 

- Agro-Met Advisory (Global Green Growth Institute, 2014) 
- Geospatial Data Sharing for disaster risk management (United Nations Environment 

Programme, 2014a) 
 

Marine 

 

- Sustainable Fisheries (United Nations Economic and Social Commission for Asia 
and the Pacific, 2012) 

- Multi-species aquaculture, Sustainable fisheries, Marine bio-technology, Blue carbon 
(i.e. coastal vegetated habitats), Habitat protection, restoration (Economist 
Intelligence Unit, 2015) 

- Marine conservation (i.e. Marine protection fee per year by pleasure crafts) (United 
Nations Environment Programme, 2015c) 

- Sustainable cultured pearl farming: an economic activity in which sound 
environmental management and conservation are prerequisites to economic 
success. (United Nations Environment Programme, 2014a) 

 

Aquaculture 

 

- ASC (Aquaculture Stewardship Council) certification (WWF-Greater Mekong, 2014)  
 

Eco-tourism 
 

- Ecotourism development (United Nations Economic and Social Commission for 
Western Asia, 2013; United Nations Environment Programme, 2015d; United Nations 
Environment Programme et al., 2012) 

- Ecotourism services (United Nations Environment Programme and International 
Institute for Sustainable Development, 2014) 

- Green hotels (Sultan and Harsdorff, 2014) 
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Rangeland Management 

 

- Pastoral livestock management, Rangeland/Grassland Restoration (McGahey et al., 
2014) 

- Livestock and Pasture Land Management (Partnership for Action on Green 
Economy, 2014) 

 

Sustainable Mining/Mineral Processing 
 

- Sustainable Mining - ‘Mineral processing has moved towards clean non-ferrous, 
metallurgical, chemical, pharmaceutical and other processing industries that have 
less impact on the environment.’ (United Nations Environment Programme, 2015d) 

- Market-led, voluntary certification schemes – such as Fairtrade and Fairmined Gold 
(Benson et al., 2014) 

- Mercury-free gold-processing Plants, Sustainable Artisanal Mining Projects 
(Partnership for Action on Green Economy, 2014) 

 

Ecological Restoration 

 

- China’s large-scale ecological restoration projects to prevent desertification and soil 
erosion, enlarge the areas of forests, lakes, and wetlands, and protect biodiversity. 
(United Nations Environment Programme, 2015d) 

- Urban and Peri-Urban wetland parks (United Nations Environment Programme, 
2015d) 

 

Construction 
 

- Building Techniques for Mitigation: Water cool building envelopes, Wind towers, 
Passive solar building design, Airtight construction, High-performance envelope 
insulation, Ventilation with heat recovery, Plant/animal derived insulation, Cool 
paints, Phase change materials (PCM), Double skin façade systems, Self-cleaning 
façade solution (TiO2), Light pipes, Metering and water consumption information, 
Rainwater harvesting systems, Carbon sink building materials and products 
(harvested wood products, bamboo products), green concrete, green tiles, Green 
façades/walls, Building integrated photovoltaic (bipv) (Cam, 2012) 

- Passive houses/PlusEnergy houses (Federal Ministry for the Environment, 2014) 
 

Energy Efficiency 

 

- Condensers and cooling towers. (Vossenaar, 2013) 
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- Activities to Reduce Black Carbon Emissions –Cleaner Kitchen Stoves, (Climate and 
Clean Air Coalition, 2015) 

- Energy from waste gasification, heat networks (Green Investment Bank, 2014) 
- Zero-flaring Technologies (United Arab Emirates Ministry of Environment and Water, 

2014) 
- Advanced Cooling Systems (Pollin et al., 2014) 
- Micro-Irrigation, Waste Heat Recovery, CNG (Global Green Growth Institute, 2014) 
- Improved Household Biomass Cook Stoves Development & Promotion in Ethiopia 

(known as the National Improved Cook Stoves Programme, NICSP) has been 
developed with a goal of distributing 30 million cook stoves by 2031. (Federal 
Democratic Republic of Ethiopia, 2015a) 

- District cooling systems: (United Arab Emirates Ministry of Environment and Water, 
2014) 

 

Renewable Energy 

 

- Solar water heaters (84191910) (infoDev, 2014; Vossenaar, 2013) 
- Solar Water Heaters, In Tunisia, the programme for solar thermal market 

development (PROSOL) has led to the creation of employment as 42 technology 
suppliers and 1,000 installation companies were registered in the country after the 
implementation of the incentive policy (United Nations Environment Programme, 
2015a).  

- Off-grid technologies, such as mini-solar grids and off-grid, small-scale hydroelectric 
plants, have the potential to rapidly increase connectivity. In Rwanda, it was noted 
that off-grid energy programmes, such as solar and biogas, can contribute to 
increased energy access, less wood reliance and reduced poverty among rural 
populations (United Nations Environment Programme, 2015a). 

- Solar Lanterns (Climate and Clean Air Coalition, 2015) 
- Solar Heating/Cooling (International Renewable Energy Agency, 2015) 
- Anaerobic digestion tanks, Biogas reactors; and biogas refinement equipment (Asia-

Pacific Economic Co-operation Forum, 2012) 
- Solar heliostats. (Asia-Pacific Economic Co-operation Forum, 2012) 
- Energy from Waste Gasification (Green Investment Bank, 2014) 
- Biogas from agri-waste (WWF-Greater Mekong, 2014) 
- On-site waste product from biomass electricity generation (Nordic Development Fund 

and Inter-American Development Bank, 2014) 
- Small/Off-grid Hydro (Full Value Chain Breakdowns available) (infoDev, 2014)  
- Deep ocean water for air conditioning (United Nations Environment Programme, 

2014a) 
 

Sustainable Agro-forestry 

 

- Sustainable Agroforestry (United Nations Environment Programme, 2014b, 2015a) 
- Forest certification (United Nations Environment Programme, 2015a) 
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- Bamboo Products (Other Assembled Flooring Panels, Multilayer, of Bamboo 
(44187210) “Renewable bamboo-based products are substitutions of wooden 
necessities. Since bamboo is characterized by short growing cycle, these 
environment-friendly products can save a great deal of water, soil and air resources.” 
(Asia-Pacific Economic Co-operation Forum, 2012) 

- Timber forestry products (fine wood, construction timber, etc.) (United Nations 
Environment Programme, 2014b) 

- Non-timber forestry products (gum, nuts, forest fruits, etc.) (United Nations 
Environment Programme, 2014b) 

- Timber Forestry Products (Timber, Poles, Firewood, Withies) (United Nations 
Environment Programme, 2015b) 

- Non-Timber Forestry Products (Wild fruits, Wild vegetables, Mushrooms, Bushmeat 
(Hunting), Ropes, Honey, Fodder, Traditional medicines, Stimulants) (United Nations 
Environment Programme, 2015b) 

- Indigenous forest products (both timber and non-timber products like açaí and Brazil 
nut) (Viana et al., 2014) 

- FSC-certified rattan forestry (WWF-Greater Mekong, 2014)  
- Agglomerated cork (with or without a binding substance) and articles of 

agglomerated cork: Panels, boards, tiles, blocks and similar articles of agglomerated 
cork (United Nations Environment Programme, 2014d) 

- Community forest management (United Nations Environment Programme, 2015d) 
- Wildlife tourism, or non-timber forest products such as medicinal and aromatic plants 

(MAPS) which encourage conservation of forest assets and an additional source of 
income for indigenous forest communities. (Greene and Lemma, 2015) 

- Illegal logging Monitoring, (United Nations Industrial Development Organisation and 
Global Green Growth Institute, 2015) 

- Wildlife Protection and Nature Reserve Construction (Weng et al., 2015) 
- Key Area Fast-growing Timber Forests Construction (Weng et al., 2015) 
- Natural Forests Protection Programme (NFPP) (Weng et al., 2015) 
- Planted forests  (United Nations Environment Programme, 2015a)  
- Wildfire Reduction, (Climate and Clean Air Coalition, 2015) 
- Controlling forest and peat fires, (United Nations Industrial Development 

Organisation and Global Green Growth Institute, 2015)  
- Reforestation (United Nations Economic and Social Commission for Western Asia, 

2013; United Nations Environment Programme, 2014b, 2015d) 
- Conservation-linked afforestation approaches (Global Green Growth Institute, 2014)  

 

Water Resource Use 
 

- Rainwater Harvesting/Water harvesting (United Nations Environment Programme, 
2015d) 

- Non-traditional sources of water including: Desalination (United Nations Environment 
Programme, 2015a), 

- Wastewater re-use (United Nations Environment Programme, 2015a), 
- Drip irrigation (United Nations Environment Programme, 2015a), 
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- And small local water supply systems (United Nations Environment Programme, 
2015a). 

- Filtering or purifying machinery and apparatus for liquids: for filtering or purifying 
water (Asia-Pacific Economic Co-operation Forum, 2012) 

- Household filtering or purifying water machinery and equipment (84212110), Device 
for the removal of Heavy metal ions for industry uses; Membrane bioreactor; High 
rate anaerobic reactors; reverse osmosis filters for industry uses; Water purification 
Machine; EDI ultra-pure water equipment (ex- 84212190) (Asia-Pacific Economic Co-
operation Forum, 2012) 

- Technologies for rehabilitation of polluted water through oxygen ventilation (United 
Nations Environment Programme, 2015d) 

- Flood management (systems of water drainage and retention, flood walls and dikes, 
as well information and early warning systems (United Nations Environment 
Programme, 2015d) 

- Evaporators and dryers, for water and waste water treatment. (Vossenaar, 2013) 
- Storm Water Drainage (ICLEI-South Asia, 2015a) 
- Modern water-saving irrigation systems, non-conventional sources of water such as 

water reuse and desalination of brackish and sea water (United Nations Environment 
Programme, 2014c) 

- Water efficient infrastructure (United Nations Environment Programme, 2015a)  
- Demand management, local processing of black or grey water, wetlands 

restoration/conservation, water harvesting, water supply (incl. drought), water quality 
regulation, water biological water purification control temperature control, riverine 
flood control, urban storm- water runoff, coastal flood (storm) control, constructing 
wetlands, permeable pavements, protecting/restoring mangroves, coastal marshes, 
dunes and reefs (Organisation for Economic Co-operation & Development, 2015c) 

- Micro-Irrigation (Global Green Growth Institute, 2014) 
- Ion exchangers (United Nations Environment Programme, 2014d) 

 

Bio-economy 
 

- Bio-economic development (United Nations Environment Programme, 2015d) 
- Biotrade, i.e. economic activity associated with utilising the local biodiversity 

(Deutsche Gesellschaft für Internationale Zusammenarbeit, 2015) 
- Sustainable use and conservation of biodiversity (International Labour Office, 2014) 
- “Macro-algae can be used as biorefinery feedstock for bioconversions to platform 

chemicals, speciality chemicals and energy carriers (e.g. ethanol or butanol) and bulk 
carbohydrates, proteins and derivatives can be funnelled into in various value 
streams.” (Smáradóttir et al., 2014) 

 
Natural resource/landscape conservation 

 

- Wildlife management (United Nations Environment Programme, 2015d) 

- Protected areas (United Nations Environment Programme, 2015a) 
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- Investments in freshwater and ecological infrastructures, i.e. lake and river 

restoration (Green new deal and the question of environmental and social justice) 

(ICLEI-South Asia, 2015b) 

- Reduction of salinization/desertification (United Nations Environment Programme, 

2014b) 

 

Social Inclusivity 

 

- Care Economy and Green Economy (genanet, 2013) 

 
Waste Management 

 

- Informal waste management/waste picking/Waste Collectors (Benson et al., 2014; 
International Labour Organization, 2015) 

- Recovery of materials in wastewater (Federal Ministry for the Environment, 2014) 
- Recovery of Metals from Landfill (Average of 11,200 tons of metals recovered from 

landfills) (United Nations Environment Programme, 2014b) 
- Bio-Medical Waste Treatment Facilities (ICLEI-South Asia, 2015b) 
- Waste to organic fertilizers, Waste to biofuel facilities, Refuse-derived fuel (RDF) 

(United Nations Environment Programme, 2014c) 
- Recycling agricultural residues into organic fertilizers and fodder (United Nations 

Environment Programme, 2014c) 
- Second-hand shops (Office for National Statistics, 2015) 

 

Cleaner Production 

 

- Green Chemicals and Cleaning Supplies (Widuto, 2015) 
- Eco-friendly packaging materials (Widuto, 2015) 
- Green Cleaning and Recycling (Widuto, 2015) 
- Eco-design services (Widuto, 2015) 
- Capacity-building programmes and institutions for Cleaner Production such as the 

Kenya National Cleaner Production Centre and the Rwanda Resource Efficient and 
Cleaner Production Centre (United Nations Environment Programme, 2015a) 

- Closed-cycle manufacturing (United Nations Environment Programme, 2015a) 
- New Industrial Processes (NIP) E.g.; continuous casting, switching to cleaner 

fuel/feedstock Waste Heat Recovery (WHR) Measures (Goyal et al., 2014) 
- With top-gas-recovery turbines, coke dry quenching technology (in steel) (Goyal et 

al., 2014) 
- Waste Heat Co-production (Full Value Chain Breakdowns available) (infoDev, 2014) 
- Energy-efficient white goods/Energy-efficient consumer electronics (Federal Ministry 

for the Environment, 2014) 
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- Cogeneration units (Federal Ministry for the Environment, 2014) 
- Compressors, compressed air and vacuum technology (Federal Ministry for the 

Environment, 2014) 
- Biotechnology  • Nanotechnology  • Organic electronics Lightweight engineering 

technologies (Federal Ministry for the Environment, 2014) 
- Ultra-super critical thermal power plant technology, dry quenching technology, low-

temperature waste heat power generation, and regenerative combustion technology 
(Gouldson et al., 2014) 

- Labelled Products (Energy, Environmental, Organic)/Eco-labels (McCormick et al., 
2015) 

 

Green textiles 

 

- Yarn and thread; woven and tufted textile fabrics – green (Sultan and Harsdorff, 
2014) 

- Knitted or crocheted fabrics; wearing apparel – green (Sultan and Harsdorff, 2014) 
- Lower energy consumption in home electronics (Pollin et al., 2014) 
- Pulp and paper industry efficiency (Pollin et al., 2014) 

 

Carbon/Enviro Finance 

 
- Green offsets (Widuto, 2015) 

 

Green ICT 

 

- Green web hosting (Widuto, 2015) 
- Reduced energy consumption in servers and data centres (Pollin et al., 2014) 

 

Transport 

 

- Public transport infrastructure (United Nations Environment Programme, 2015a) 
- Green vehicles and fuels (United Nations Environment Programme, 2015a) 
- Electric Bikes, BRT (infoDev, 2014) 
- Lagos Urban Transport Project for Nigeria (Created the first Bus Rapid Transit) 

(Death, 2015) 
- Natural gas vehicles (Full Value Chain Breakdowns available) (infoDev, 2014) 
- Energy-saving tires, Rail vehicles and infrastructure, Traffic control systems, Filling 

station infrastructure for alternative, drive systems, Cycle paths, Car sharing (Federal 
Ministry for the Environment, 2014) 

- Sustainable Urban Transport Planning (Organisation for Economic Co-operation & 
Development, 2015a) 

- Low emission vehicles (Department for Business Innovation & Skills, 2015) 
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- Urban planning and reduced travel demand (passenger transport), Logistics 
improvements (Freight Transport), Vehicle efficiency and electrification (transport 
freight), (Gouldson et al., 2015) 

- Traffic Transit & Management Centres (ICLEI-South Asia, 2015b) 
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Appendix 5A: Additional Figures for Chapter 5 

 
Figure 5.A1: Global Map of LCEGSS as a Percentage of GDP. 
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Figure 5.A2: Map of LCEGSS Sales ($) Per Capita. 
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Figure 5.A3: Map of FTEs as a Percentage of Working Age Population.
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Fig 5A.4: Log(10) of FTEs as a Percent of Working Age Population and Log(10) of LCEGSS 

Sales as a Percent of GDP, colour-coded by World Bank Region. 
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Appendix 8A: Experimental ‘Green Economy/Industry’ Methodology 

 

8A.1 Data Collection and Reporting 

The following are a simplified decision tree for the six ‘green economy categories and an 

example of a line of data from the pilot data. 

 
Fig. 8A.1: Simplified Decision Tree for Green Industry Taxonomy (based on kMatrix, 2017, 

Unpublished) 

 
Table 8A.1: Example of Reporting Green/ Non- Green Values at Level 5 (from kMatrix, 2017, 
Unpublished)  

Level 2 Level 5 Total $m
Reduced 
Emissions

Reduced 
Energy 
Consumption

Reduced 
Waste

Increased 
Recycling

Improved 
Sustainability

Reduced 
Embedded 
Carbon

Combined 
Green 
Content

Non 
Green

Rail Engineering and Design 20.85 1.85 0.57 1.07 2.31 2.55 1.98 10.33 10.52
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8A.2 Green Economy Categories 

The following are examples of the activities measured in each of the six green economy 

categories in the pilot data: 

Reduced 
Emissions 

The Reduced Emissions category includes: 
• Development and implementation of household fuel economy systems 

for reduced emissions 
• Development and implementation of Industrial fuel economy systems 

for reduced emissions 
• Development and implementation of public sector fuel economy 

systems for reduced emissions 
• Emission systems maintenance 
• Consulting 
• Education 
• Car sharing schemes 
• Development and implementation of programmable thermostats and 

other heating controls 
• Development and implementation of telemetric systems fuel economy 

for reduced emissions 
• Weather-stripping and caulking 
• Development and implementation of Smart heating and cooling 

systems 
• Buildings cavity and roof space Insulation 
• Development and implementation of remotely controlled household 

appliances 
• Development and implementation of solar systems 
• Development and implementation of advanced power management 

systems 
• Development and implementation of geothermal systems 
• Development and implementation of biomass low emissions systems 
• R&D 

Reduced 
Energy 
Consumption 

The Reduced Energy Consumption category includes: 
• Development and implementation of power factor control systems 
• Development and implementation of high efficiency transformers 
• Development and implementation of low resistance cabling 
• Development and implementation of high temperature super 

conductivity systems 
• Development and implementation of low energy manufacturing 

processes 
• Development and implementation of low energy lighting systems 
• Development and implementation of low energy Treatment systems 

and plants 
• Development and implementation of low energy transport and logistics 

systems 
• Education and engineering consulting 
• R&D 
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Reduced 
Waste 

The Reduced Waste category includes: 
• Implementation of Zero Waste Action Plans 
• Control of polystyrene take-out food containers usage 
• Education and Consulting 
• Implementation of reduced waste purchasing practices 

 
• Discouragement of single use bags within the city 
• Product design services for minimised waste in manufactured products 
• R&D 
• Implementation of low waste processes for manufacture 

Increased 
Recycling 
 

The Increased Recycling category includes: 
• Increased diversion from landfill by increasing utilization of the SMaRT 

Station and it’s equivalent and associated sorting processes. 
• Diversion of organic waste from landfill by creating composting 

services 
• Implementation of Recycling and Waste Management in Multi-Family 

Dwellings 
• Programs for the provision of recycle bins in public places and 

businesses 
• Development of resources to promote free-cycle and re-use networks 
• Development of low waste and recyclable packaging 
• R&D 
• Education and Consulting 

Improved 
Sustainability 
 

The Improved Sustainability category includes: 
• Design of safer and more environmentally friendly products 
• Reduction of the environmental footprint of activities and products:  
• Demonstration of corporate commitment to climate change 
• Display of the sustainable advantage of products:  
• Selection and verification of labelling strategies 
• Development and implementation of initiatives to develop social 

compliance throughout supply chains 
• Development and implementation of initiatives to ensure that products 

are made under acceptable environmental, social and working 
conditions 

Reduced 
Embedded 
Carbon 

Embedded carbon as in “embedded carbon emissions” are the greenhouse 
gas emissions from the manufacturing of a product, in terms of CO2 
equivalent. These are calculated using a life cycle analysis of the 
production system, so the reduction of embedded carbon can occur 
anywhere in the supply chain. The Reduced Embedded Carbon category, 
therefore, includes products and services within the supply chain for: 
• Manufacture of consumer goods 
• Manufacture of logistics equipment 
• Processing of food and drink 
• Manufacture of construction equipment 
• Manufacture of building and other construction materials 
• Mines and quarries 
• Oil and gas  
• Processing of chemicals  
• Processing of coatings 
• Manufacture of automotive products not elsewhere classified. 

Table 8A.2: Examples of activities within the six ‘green economy’ categories (based on kMatrix 

(2017). 

Reference 

kMatrix (2017) London: Green Economy Pilot Research, Unpublished. 


