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Abstract 
This article discusses issues on resources availability to achieve climate adaptation and resili-
ence for cities and infrastructures. In the age of climate change, there could be cascading 
failures through a range of infrastructure breakdowns. Direct and indirect damage costs could 
exceed what had been estimated in traditional risk assessments. This could be exacerbated 
through abrupt price peaks in international supply chains of minerals, and through events 
happening in remote parts of the world that affect extraction and vulnerable industries. The 
core argument made here is one of feedbacks: climate adaptation has significant resource 
implications, and how resources are being used will have implications on climate strategies. 
Industrial Ecology has a role to play assessing those interactions and providing a better grasp 
of the spatial dimension of material flows, partly to track those flows and align them to spe-
cific actors, and partly to address interlinkages across different flows and their stocks (‘the 
resource nexus’). Methodological novelties are needed to better understand the resource 
base and the socio-economic dimension, especially on innovations and transitions that can 
help to cope with the challenges ahead. Altogether this would enable research to establish 
an evidence base on sustainable materials to deliver parts of the UN Sustainable Development 
Goals (SDGs) and to re-assess infrastructure assets and the mineral resources in the age of 
climate adaptation and resilience. 

Keywords: resource management, circular economy, climate change, materials efficiency, 
methods, economic analysis 
 

Conflict of interest statement: The authors have no conflict to declare. 

 

Address Correspondence to: 

Raimund Bleischwitz 

University College London (UCL ISR / BSEER), UCL Institute for Sustainable Resources, Central 
House 14 Upper Woburn Place London WC1H 0NNLondon, United Kingdom of Great Britain 
and Northern Ireland. 

http://jie.yale.edu/special-issue-industrial-ecology-climate-change-adaptation-and-resilience


 2 

Email: r.bleischwitz@ucl.ac.uk 

 

1. Introduction 
Despite the ambitious long-term goal of the Paris Agreement to keep a global temperature 
rise this century well below 2 degrees Celsius above pre-industrial levels, climate change is 
ongoing. With the current CO2 concentrations reaching the highest levels in the past 800,000 
years, average global temperatures are increasing, intensifying  societal challenges of coping 
with: rising sea levels; shifting vegetation zones; and more frequent and intense natural haz-
ards. The media discusses weather extremes such ’hothouse’ of warm temperatures and the 
degree to which this might or might not be related to climate change. Academia explores risks 
of self-reinforcing feedbacks that could put the Earth system towards a planetary threshold 
and would likely cause serious disruptions to ecosystems, society, and economies (Steffen et 
al. 2018). Both angles – media and science – are difficult to test against evidence. What is 
evident, however, is the urgent need to incorporate adaptation and resilience within plan-
ning, especially for the built environment. Planners, investors, policy makers and other rele-
vant stakeholders have no other choice but to face risks and get prepared for disruptions and 
shocks related to climate change. ‘Expect the unexpected’, originally coined by Oscar Wilde 
more than hundred years ago, is becoming a buzzword of modern management language.  

This article seeks to develop a perspective for mineral resources towards climate ad-
aptation and resilience. It attempts to offer a holistic view on: climate adaptation; minerals; 
the construction industry; and the built environment. Can industry deliver a supply of miner-
als in the quantities and qualities needed to cope with future demand? What type of systems 
thinking and strategies are required to deal with risks and uncertainties and maintain value 
creation for future generations? It is argued here that climate adaptation has significant re-
source implications, and how resources are being used has implications for climate strategies. 
This is more than just a technical or an engineering perspective; it aligns with the UN Sustain-
able Development Goals (SDGs). Such view on industrial systems, value chains and urban in-
frastructures is not only enshrined in SDG9 on industrialization, SDG11 on cities, and SDG13 
on climate change, but can also be seen as essential for provisioning basic services to the 
people and for creating public values. This argument therefore adds a socio-economic per-
spective – in particular a concern for the poor and marginalized people and neighborhoods 
often lacking access to basic services such as affordable housing and energy (SDG7) and clean 
water (SDG6), and whose livelihoods are most vulnerable to impacts of climate change (Adger 
et al. 2014, Biggs et al. 2015).  

2. Challenging demand trends for minerals: New scarcities and the nexus 
Broader risks of resource availabilities and vulnerable infrastructures in the built environment 
have been overlooked in many climate debates. Both, however, matter not only for low car-
bon pathways but also their demand for copper, steel and a number of specialty metals such 
as lithium (Tokimatsu, K. et al. 2017). Urban systems and infrastructures are crucially depend-
ent on a reliable supply of minerals and materials for a range of possible pathways. Are those 
resources available in the future, and can industry be expected to deliver? 

More minerals are needed in the near future. In a recent report based on macro-eco-
nomic modelling, the OECD (2018) expects global materials use to more than double from 79 
Gt in 2011 to 167 Gt in 2060. Non-metallic minerals, such as sand, gravel and limestone, rep-
resent more than half of total materials use, and are projected to increase from 37 Gt in 2011 
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to 86 Gt in 2060. These projections are broadly in line with others, such as Hatfield-Dodds et 
al. (2017) and UNEP’s International Resource Panel (UNEP 2017). Assessing requirements for 
infrastructures and key goods and taking into account trends observed since 1950, Christman 
(2018) foresees that aluminum demand could even be eight times the current production 
levels by 2050 and the production of cement would need to grow by a factor of 7 to meet the 
2050 level of demand.  

All such projections underline the relevance of minerals for development. Foresight 
indeed requires careful analysis of demand drivers and possible innovations. The urbanization 
and infrastructure development in China triggered an unprecedented demand for cement 
over the last twenty years. The OECD estimates a stabilization in the future demand for con-
struction minerals in China around the year 2025, in line with our observations on a saturation 
effect (Bleischwitz et al. 2018a). However such trends will unfold and a decoupling of GDP 
from the inputs of mineral resources occur in China and across the globe, it is clear that de-
mand trends for mineral resources are upwards. Will the industry be able to deliver? 

Geological scarcity may not appear to be an issue to meet expected demands for min-
eral resources (Meinert, Robinson, Nasser 2016; Christman 2018), as regional scarcities could 
be overcome by international trade. Research and complexity analysis however needs to ad-
dress the dynamic nature of relationships between reserves, resources, cut-off grades and 
ore grades; the ability to account for local economic, social and environmental factors when 
performing global assessments; and the role that technology improvements play in increasing 
the availability of economically extractable mineral resources (Northey, Mudd and Werner 
2018). As a result, the scale of investments required to produce high-volume and high-quality 
materials can be expected to increase, aggravated by the challenges described below (Fig 1). 
More than ever, the industry will be challenged to innovate and to attract investments risks 
and uncertainties. 
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Figure 1: Issue areas concerning mining, minerals and sustainable development 

 

Abbreviations: EIDs= emerging infectious diseases; OSH = occupational safety and health; 
TVET = technical, vocational, and education training; CCS = carbon capture and storage; IFFs 
= illicit financial flows; FPIC = free, prior and informed consent; PPPs = public and private 
partnerships. 

 

Source: Columbia Center on Sustainable Investment, UNDP, UN Sustainable Development 
Solutions Network, World Economic Forum. 2016. Mapping Mining to the Sustainable De-
velopment Goals: An Atlas. unsdsn.org. 

 

In order to match supply and demand, Industrial Ecology methods of material flow 
analysis (MFA) and indicators such as the ‘material footprint’ (Wiedmann et al 2013) help 
tracking the use of materials from mining to end-users at an international scale. Those meth-
ods have proven useful for contemporary debates on interdependencies and resource gov-
ernance (Ali et al. 2017) and can be disseminated e.g. through UNEP’s International Resource 
Panel (UNEP 2010, 2017). At more disaggregated levels, MFA models on key materials are 
needed such as the one established on aluminum, as are ways to integrate such data in 
macro-economic models (see Winning et al. 2018 on steel) as well as in corporate reporting.  
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Energy and water are likely to be limiting factors for mining and along supply chains, 
as well as the sustainable management of the enormous amount of mining waste that would 
be generated (Christman 2018) and related interventions in biosphere integrity (Murgia, 
Bringezu and Schaldach 2016). Limits to growth – a well-known report to the Club of Rome in 
the early 70s of last century focusing on resource availabilities and new scarcities may emerge 
(Bleischwitz and Rentschler 2018: 283) at the intersection of climate impacts and related en-
vironmental pressures, resource governance and resilience. Managing extraction with a social 
license to operate under conditions of water stress and requirements for reliable energy in 
mining and during next stages of the supply chain is a real challenge.  

The resource nexus is a powerful concept addressing resource interlinkages and new 
scarcities. It can be defined as a set of context-specific critical interlinkages between two or 
more natural resources used in delivery chains towards systems of provision for water, en-
ergy, food, land, and materials (Bleischwitz et al. 2018b, Fig 2).  

 

 

 

Figure 2: The Resource Nexus 

 

Source: Bleischwitz et al. 2018. 

 

Based on current research, the nexus is a useful tool helping to assess trends and to 
identify expected bottlenecks for security of supply. It needs further development to assess 
criticalities and their impacts. Future limitations in the availability of water, the transfor-
mations of the energy sector towards low carbon and wider nexus ramifications can lead to 
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systemic risks for resource availabilities. How will a ‘social license to operate’ be affected, if 
biosphere integrity and local livelihoods are at risk? The minerals industry is increasingly wor-
ried about the need to obtain new permissions in light of public concerns (CBI 2018). Moreo-
ver, will a water-stressed region that is being driven into social unrest in a fragile country be 
able to maintain capacities to deliver materials of sufficient quality and in time? Which regions 
are at particular risk due to social unrest, governance instability or resource availabilities? 
Such future risk assessments will need to go beyond geological availabilities and the calcula-
tion of ‘reserves’, (being thought of as reserves that are economically feasible to extract), and 
they will need to extend risk assessments related to a ‘resource curse’ of resource-rich devel-
oping countries due to corruption and institutional failures (see here e.g. the work of the 
Natural Resource Governance Institute, NRGI).  

Rather, the nexus challenges and new scarcities require interdisciplinary research at 
the interface of resources, environmental and socio-economic methods and – in a broader 
perspective – a world-wide mapping of suppliers and geopolitics (Bleischwitz et al. 2014). In-
dustrial Ecology is well placed to study embodied material use and other footprints in up- and 
downstream operations via environmentally-extended input-output analysis, to assess inter-
dependencies and vulnerabilities of supply (Vivanco et al. 2017; Tukker et al. 2016). As a re-
sult, research should be able to extend the established Resource Governance Index that 
measures the quality of governance in the mining sector in 81 countries1 into international 
environmental relations with users; it should also be able to develop novel tools for corporate 
reporting against future risks. 

New frontiers arrive through limits to Input-Output-Analysis and the need to 
strengthen the spatial dimension, in order to capture local and regional stress and analyses 
key actors along supply chains. Bottom-up MFA approaches for urban areas (Schiller et al. 
2018) are an innovative complement to global analysis, and soft-linking both will require ef-
forts from many researchers. New approaches of a Life-Cycle Sustainability Analysis (v.d. Voet 
& Guinee 2018) could help to explore opportunities for livelihoods. Consequently, research 
may stress resilience coming from domestic supply, in particular locally available minerals in 
contrast to imported biotic or abiotic materials. This will also underline the need for govern-
ance and novel methods, some of which are highlighted below. 

3. A matter of weight?! Reconsidering sand and cement 
Industrial Ecology has made valuable contributions to material flows and their environmental 
impacts, quite often around the contested issue of weight (Matthews et al. 2000; v.d. Voet 
2004). Perhaps it is now time to reconsider. While a key indicator such as Domestic Material 
Consumption (DMC) clearly has a bias towards construction materials it also becomes clear 
that the SDG 11 on sustainable urbanization as well as climate action (SDG 13) and adaptation 
will require tons of construction materials for establishing and maintaining infrastructures, 
and their resilience against extreme weather and flood prevention. Addressing minerals, the 
UK industry urges policy makers to make a link between the need for more and better housing 
and infrastructure and the raw material supply chain that enables them to be delivered, warn-
ing that increasing demand for aggregates is unlikely to be met as permitted reserves are 
declining steadily and not being replenished at an equivalent rate (CBI 2018). 

Cement has been the key material for construction. If the world moved to a per capita 
production of cement compared to standards of developed countries, which are around 0.6 
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metric tons2 per capita and per annum it would reach around 4.6 billion tons annual produc-
tion. Interestingly, the world cement production is expected to increase to 4.83 billion tons in 
2030, or perhaps even more as estimated by Christman (2018). A reason for such rapid catch-
up process is the enormous cement production in China, which is at 2.5 tons per capita and 
dwarfs the levels currently observed in the industrialized countries. It is estimated that be-
tween 2011 and 2013, China used more cement to pave its way towards development than 
the US did in the entire 20th century. The ‘Belt and Road Initiative’ and the set-up of the Asian 
Infrastructure Development Bank indicate an appetite for more infrastructure connecting 
Asia, East Europe, South-East Asia, and other parts of the world. As expressed above, a key 
question for foresight on the future demand for materials is the question on any saturation 
level for materials (Bleischwitz et al. 2018a) in general and in China in particular as well as on 
eco-innovation pathways for construction materials (see on concrete: Lehne and Preston, 
2018). 

Within such analysis about expected demand for minerals and construction materials, 
sand returns as a concern. This may or may not come as a surprise. Concrete, i.e. the finished 
product for which cement is the binder, is the main driver for sand demand worldwide. The 
concrete required to build a house uses on average 200 tonnes of sand, a mile of a highway 
requires 15,000 tons.1 Even more sand might be needed to provide resilient infrastructures, 
like flood defenses, or soils stabilization to withstand hotter temperatures and weather ex-
tremes, and to reduce landslides. Chinese Poyang Lake has started dredging due to Chinese 
cement production. Major island building projects in Dubai led to depletion in the sea floor 
around Saudi Arabia, so that sand from Australia needed to be imported. Extracting and col-
lecting sand from river beds and sea beds damage microorganisms feeding the base of the 
food chain. Further indirect impacts are shore communities open to flooding and erosion. In 
the absence of good regulation of sand extraction across countries, illicit trade with sand has 
started to emerge (Torres et al. 2017; Beiser 2018).  

What is new is the dimension of international trade for heavy materials such as sand, 
which has been less important in earlier decades when sand was thought of as being available 
almost abundantly and in every region. But granularity and other quality features of sand 
availability matter. Now with excessive demand and some local scarcities, the transportation 
costs become less relevant and hence international trade is on the rise. In a similar vein, the 
international trade with water has been rising over the last ten years and can be expected to 
rise further due to regional water stress driven by impacts of climate change.  

Parts of industry are ready to pioneer changes. The World Business Council on Sus-
tainable Development (WBCSD) has been running a cement initiative for many years reaching 
out especially to industry in emerging economies. Low carbon concrete and cement can make 
use of alternative fuels and improves energy efficiency via dry-kiln with pre-calciner. It can 
recover waste heat, efficient grinding processes, etc., and would use less water; altogether it 
could reduce operational costs by 15%. Novel types of cement are available that could absorb 
CO2 (UNEP 2016). Lightweight skyscrapers can make use of ‘carbon-neutral’ timber and bam-
boo that will need to be produced in a sustainable manner with re-use options at the end of 
the life time. To become more resilient, more permeable materials e.g. for pavements are 
needed to lower flooding risk; the case of Melbourne with its ‘bluestone pavement’ might 
serve as an example. The key to innovation is a mission to sustainability with new pathways 

                                                      
1 Data from Business Insider, The world is running out of sand — and there's a black market for it now, 11 June 2018. 



 8 

and economic incentives supported by a larger alliance of manufacturing, waste producers, 
policymakers and researchers that comprehensively address the system of supply chains and 
building regulations (Bleischwitz and Bahn-Walkowiak 2007; Kemp et al. 2017; Tangtinthai et 
al. 2019).  

Again, Industrial Ecology can play a leading role in research about the life cycle of con-
struction materials, its environmental impacts and its users across a number of applications, 
as well as future sustainable management. Building upon existing strengths of working with 
multi-regional input output tables, Industrial Ecology could support deriving tools for con-
struction industry and urban development planners that minimize the use of sand and other 
environmentally-intensive materials, promote a more circular economy (Geng et al. 2019) 
across regional users and at a global scale, and enable the market introduction of sustainable 
construction materials with new business models, 3D printing, reuse and recycling of demo-
lition waste. Assimilating local knowledge will be useful too, as evidenced through experience 
from traditional flat mud roofs that are good at absorbing and evaporating rainwater. 

4. More resilient infrastructures 
Extreme weather and impacts of climate change can be considered stress tests for the infra-
structures that underpin modern societies and, therefore, put at risk achieving SDG9 on resil-
ient infrastructures and inclusive and sustainable industrialization and SDG11 on sustainable 
cities in all countries. Interdependencies and systemic risks may arise through ICT and trans-
portation, e.g. for food security of private households. After the hurricane Sandy in 2012, for 
instance, parts of New York experienced cascading effects from power outages leading to 
shortages in cash, food, and fuel. In the age of climate change, there could be cascading fail-
ures through a range of infrastructure breakdowns with indirect damage costs exceeding 
what had been estimated in traditional risk assessments, and it could all be exacerbated 
through vulnerabilities and abrupt price peaks in international supply chains and through 
events happening in remote parts of the world. 

Roughly $2.5tn a year is spent on infrastructure and planned to last for a couple of 
decades. A systems approach to sustainable infrastructures is needed to align requirements 
for adaptation with future smart grids and other forms of more intelligent energy systems 
able to cope with a large share of renewable energies and their distribution. A system view 
will have to go beyond physical infrastructures such as the built environment, roads and dis-
tribution systems for energy and water. This will address the role of ICT, big data and 
knowledge for an advanced industry, reinforcing the need to address minerals and critical 
materials. A systems approach to climate change risk assessment of infrastructure has there-
fore been developed that comprises a number of stages (Dawson et al 2018) analyzing climate 
variabilities, vulnerabilities of infrastructures, potential knock-on effects, interdependencies, 
and systemic risks. For the future, it could be expected that planners, utility providers, local 
and national authorities carry out regional, sectoral, and national risk assessments along the 
lines outlined above. Tools founded on Industrial Ecology and nexus analysis principles that 
help to understand risks in both a regional and a geopolitical dimension, and to explore po-
tential pathways towards resilient infrastructures are needed.  

Concepts promoted by UN Habitat, the various sustainable cities initiatives (e.g. C40, 
ICLEI, Future Earth Urban Knowledge Action Network) and concepts such as urban land tele-
connections (Schiller et al. 2018) all go beyond low carbon and seek to develop systemic 
changes. The nexus approach (see figure 2) can be applied at local and regional scales and 
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helps to trace linkages between the built environment, water, energy and food. For instance, 
China’s ‘sponge city’ initiative helps to reduce urban flood risks by increasing green spaces, 
restoring wetlands and using permeable materials to absorb rainwater and delay runoff (Bai 
et al. 2018). Alongside with developing such novel materials and applying it through architec-
ture and planning, the buried network of pipelines, cables, and hidden spaces of underground 
need to be mapped. 

 

 

Figure 3: The Role of Minerals Research for Climate Resilience – Footprints, Nexus, Actor 
Networks 

 

Source: own compilation. 

 

There are many relevant research perspectives for Industrial Ecology in analyzing re-
source implications of more resilient infrastructures and supporting assessment tools that are 
needed: 1. tracing the inputs of minerals, energy, water, and other resources via footprint 
analysis along supply chains; 2. assessing resource interlinkages along chains of delivery via 
nexus analysis and adding a spatial dimension to assess vulnerabilities; 3. adding actors and 
their networks to capture attitudes and different speeds of adaptation and innovation. Econ-
omists and accountants should also reconsider the valuation of assets in light of climate risks, 
and planning requirements for maintaining access to minerals reserves (CBI 2018).  

5. The governance of resources 
Addressing the socio-economic dimension of managing minerals is clearly important in order 
to match supply and demand – cost curves and commodity price analysis are established and 
research increasingly addresses international value chains, wider demand patterns and 
macro-economic implications. In addition and with regards to the SDGs, people and policies 
matter too. The energy transition and a transformation towards a circular economy will come 
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at different speeds dependent on how actors take on challenges and innovate, how policies 
unfold, and how citizens trigger action in different regions of the world. To underline the lat-
ter, one may think of responses to heavily polluted cities, the sustainable consumption 
agenda, quests for stating a ‘climate emergency’ and the socio-political movement of ‘extinc-
tion rebellion’. Fig 3 gives an impression about stages in the life cycle of minerals when people 
matter: at the cradle when a ‘social license to operate’ ought to be obtained, along supply 
chains for management decisions, and then after processing minerals into products for con-
struction and the built environment when purchasing decisions are being made and concepts 
of sharing and re-use are applied. Mineral economics and policy (Tilton and Guzman 2016) 
will benefit from an extended scope into analyzing patterns of final demand. Governance in-
cludes alliances and policy-making at different levels (Bleischwitz and Bahn-Walkowiak 2007; 
Kemp et al. 2017; Tangtinthai et al. 2019). 
 

Analyzing stakeholders, therefore, is a key to understand and optimize systems as well 
as to transformations. In line with for example New Institutional Economics and Nobel laurate 
Elinor Ostrom, actors’ rationality is imperfect and strategy development requires learning and 
time. Analyzing users will go beyond surveys and interviews and there is potential for meth-
odological novelty, developing benchmarks on ‘what works’, and applying insights for fore-
sight analysis. On the socio-economic dimension, econometric analysis of competitiveness, 
resource use and greenhouse gas emissions is progressing along with enhanced data availa-
bility and methodological advancements (Flachenecker, Rentschler 2018). If, for instance, en-
ergy-intensive industries such as steel and aluminum become more ‘circular’ the global ram-
ifications with winners and losers and environmental impacts might differ widely (see Win-
ning et al. 2018 on steel); a critical variable is the demand for electricity that comes with more 
use of secondary steel, and whether such demand is met by coal or clean energy. Wider socio-
economic perspectives would address risks of conflicts and the cultural dimension of resili-
ence, thus contributing to methodological novelties. For a start, research should assess actors 
along supply chains of main construction materials and assess eco-innovation opportunities 
for resource efficiency. Depicting the role of actors is critical in modelling too, as decision 
making shifts from goals and targets onto implementation and transitions. 

 
The remarks on risk assessments above imply capacity building on foresight analysis. 

Foresight research should address different dimensions including ‘shock scenarios’ that take 
into account cascading failures of critical infrastructures and conflicts; new ‘business as usual 
scenarios’ incorporating saturation effects and/or adaptation to climate change; ambitious 
scenarios blending smart adaptation, abatement and a circular economy; and, finally, review 
scenarios for interim assessments (Bleischwitz et al. 2018b). Such capacity building will need 
to include knowledge on data and modelling in relation to socio-technical systems and gov-
ernance; it can apply tools of machine learning and artificial intelligence as well. Beyond re-
search, foresight will need an underpinning by international organizations and co-creation 
with stakeholders. The International Energy Agency has developed a reputation on its energy 
outlooks – and yet there is no counterpart for minerals. Visible organizations on minerals 
comprise UNEP’s International Resource Panel, the Natural Resource Governance Institute, 
and – with limitations – the Green Growth Knowledge Platform (GGKP). If they engaged in 
more foresight analysis, actors on the ground will benefit and steps can be taken to integrate 
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minerals into the United Nations Sustainable Energy for All Initiative (SE4All), Integrated Wa-
ter Resource Management (IWRM) and into the global strive for accountability and sustaina-
ble sourcing. 

 

6. Conclusions  
Looking at the evidence and issues discussed by this editorial it can be concluded that the 
importance of a mineral resource perspectives need to be raised to achieve climate change 
adaptation, resilient infrastructures, and sustainable cities. Life-cycle assessments and mate-
rial flow analysis of supply chains for construction materials are needed for planning the ur-
ban space of tomorrow. The  research perspective presented here brings together strands of 
industrial ecology with natural resources research and socio-economic perspective. Moving 
from regional cases and single resources into a systems perspective, Industrial Ecology could 
develop a better grasp of the spatial dimension of material flows, partly to track those flows 
and align it among actors, and partly to address international supply chains and trade.  

A related perspective comes with interlinkages across different flows and their stocks 
in society (‘the resource nexus’) and will be decisive for a successful achievement of the SDGs, 
in particular for pursuing sustainable cities and climate change action along SDGs 11 and 13 
in alignment with SDGs on water (SDG6), energy (SDG7), responsible consumption (SDG12), 
and land use (SDG15). Methodological innovations around Industrial Ecology should 
strengthen socio-economic governance dimensions and would enable foresight studies on 
sustainable materials for the delivery of the SDGs. Pursuing such perspective should ulti-
mately increase the resilience of entire urban systems. 

It is clear that climate adaptation has significant resource implications, and how re-
sources are being used has implications on climate strategies. Addressing the role of mineral 
resources for strategies of resilience can and should generate co-benefits. A combination of 
bottom-up studies, comparative assessments, governance and foresight should be able to 
generate strategic options and pathways for key actors. Doing so, research could come up 
with tools for regional planners and industry. In such perspectives future research in and 
around Industrial Ecology towards resilient and sustainable provisioning services in urban ar-
eas for the delivery of SDGs and beyond is needed. 
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