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Introduction to Part Twelve: The Resource Nexus and 

its Relevance 

Raimund Bleischwitz 

Introduction 

The complexity of nature and its interactions with societies is nowadays often discussed under 

the narrative of the water–energy–food nexus.1 This nexus approach refers to interlinkages 

among the use of natural resources, illustrated by water needed for both energy and food 

production. While research about interlinkages has a long tradition in sustainability research 

(Wichelns, 2017), the ‘nexus’ debate has emerged since 2011 in a couple of conferences and 

think tank papers. What can be considered new is the balanced approach across key sectors, 

rather than originating from one specific sector and reaching out to others, and a distinct attempt 

to grapple with urgent issues on the ground, such as access to resources and security. The nexus 

attracts attention because it provides a holistic and systemic view that enables fresh thinking on 

emblematic issues and could facilitate new solutions for research and actors on the ground. 

With high popularity in a number of policy circles such as the OECD, UN and World 

Economic Forum, the term nexus might be seen at risk of becoming a buzzword used by a 

variety of stakeholders that all subscribe to quite different notions (Cairns & Krzywoszynska, 

2016; Green et al., 2016). An editorial in the journal Nature suggests that this is exactly the 

case, if the popularity of the term is not supported by in-depth studies. Thus, the resource nexus 
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needs a better conceptualization for both research and stakeholders. This section of the 

Handbook seeks to contribute to such clarification of the nexus concept. 

Our introduction gives an overview on the debate and reviews the scope of the nexus. 

The subsequent chapters of this section have been carefully selected to shed light on important 

aspects. In doing so, we seek to demonstrate how the nexus concept underpins ongoing research 

on risk assessments and how it may facilitate efforts for transformations to sustainability, in 

particular implementing the UN Sustainable Development Goals (SDGs). The following 

propositions will be discussed in this introduction and throughout the section: 

1. The nexus underpins environmental research. Having an understanding of resource-

related interlinkages strengthens long-standing research efforts and allows the silo 

mentality of isolated planning for water, energy, food and other resources to be 

overcome. 

2. The nexus contributes to security research. Analysing the conditions of access and 

use within fragile regions and geopolitical hotspots needs this resource dimension for 

risk assessments and developing integrated solutions. Potentially, nexus research 

moves from risk assessments towards tangible benefits for water security, food 

security, etc., thus also contributing towards delivering the SDGs. 

3. The nexus contributes to new economic thinking. Building upon research on natural 

capital and ecosystem services, it supports analysis on supply chain risks and can 

grasp the business opportunities of a comprehensive resource efficiency and circular 

economy approach that explicitly accounts for such interlinkages across companies 

and from an international perspective. 

These propositions shall structure the following subsections of our introduction. We will give 

an overview on the nexus debate and suggest a definition in the next subsection. We will then 

discuss the security angle before we address the economic dimension. While the other 

contributions to this section are mentioned several times throughout this introduction, the 
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outlook will give a concise summary of their scope and conclude on the relevance of future 

nexus research. 

The Resource Nexus: Overview and Key Issues 

Overview and Systemic Relevance 

The resource nexus comprises the numerous linkages among different natural resources on 

different scales. Research conceptualizes the nexus as a set of interactions, in particular in 

relation to important drivers for the use of resources (Andrews-Speed et al., 2012, 2014; Hoff, 

2011). 

Against the background of research, planning and management often being organized 

along single silos of water, energy etc., the aim of the resource nexus approach is to look at the 

connections in a more integrated manner. Such interlinkages are manifold and complex, as all 

resources need others as inputs for their production and along value chains for the delivery of 

goods and services for final consumers. 

In general terms, resources serve as direct or functional inputs in the production process 

of another resource, or they can substitute the use of another resource. Indirect effects also have 

to be taken into account because claims for a resource can compete with other demands, as the 

case of land use for either food or bio-energy production may illustrate. 

[TS: Insert Figure 59.1 about here] 

Error! Reference source not found. in Figure 59.1 above shows the many ways in 

which the use of key resources interact. Some nexus issues may be more obvious than others, 

such as the connection between food and water (see e.g. Carole Dalin’s contribution in this 

section, Chapter 60). Others have become more pressing recently, such as the water inputs 

needed for energy production when droughts occur. 
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The implication for decision-making is that all activities that are intended to manage a 

specific resource shall have knowledge about the estimated inputs needed from other resources 

in the future, and how those may compete with other demands. This is relevant for risk 

assessments, especially in water and energy planning, but also for land use planning and for 

strategic investments. Furthermore, it is systemic in addressing all relevant issues that can be 

related to the use of natural resources in societies and across many scales. 

What Resources Should be Considered 

The contemporary debate has a lack of clarity on what resources ought to be considered as part 

of the nexus. The most widely acknowledged scope covers water – energy – food (Bazilian et 

al., 2011; Hoff, 2011; Lawford et al., 2013; Slingerland et al., 201. Other studies focus on: 

 The water – energy nexus (Ackerman & Fisher, 2013; Glassman, 2011, Howells & 

Rogner, 2014), inspired by the huge amount of energy needed for water pumping 

and by the impact a drought might have on electricity production; 

 Water – energy – food – land (European Commission, 2012; PBL, 2014; Ringler et 

al., 2013; Sharmina et al., 2016) as main biotic resources originate from land use 

patterns; 

 Water – energy – food and mineral fertilizer (Mo & Zhang, 2013; see also Minpeng 

Chen et al. in this section, Chapter 62), pointing at the potential depletion of such 

resources, their relevance for food security, and their complex supply chain with 

recovery opportunities from e.g. waste water; 

 Water – energy – minerals (Giurco et al., 2014), illustrated by declining ore grades 

and the high intensity of using water and energy during extraction processes. 

The studies published by Chatham House (Lee et al., 2012) and the Transatlantic Academy 

(Andrews-Speed et al., 2012, 2014) share a wider recognition of resources as manifold inputs 
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into economic processes in line with Figure 59.1 above; as has McKinsey Global Institute 

(Dobbs et al., 2012) with a focus on opportunities for some industrial sectors. 

There are also a large number of regional case studies, e.g. on India (Rasul, 2014), South 

Asia (Mukherji, 2008; Rasul, 2014; see also Adnan Hezri and Michelle Kwa on Asia in this 

section of the Handbook, Chapter 61) and the MENA region (Siddiqi & Anadon, 2011), which 

assess those resource interlinkages that are most relevant in the region. Without being 

exhaustive here it can be said that the resource nexus concept is fairly often applied on the 

ground on different scales. 

A Suggested Definition and Scope 

We define the resource nexus as the set of context-specific critical interlinkages between two 

or more natural resources used as inputs into socio-economic systems. The aim of the resource 

nexus approach is to look at critical connections in a more integrated manner, in particular at 

minimum supply conditions, threshold values, synergies and tradeoffs. The nexus can be 

conceptualized as a set of critical interlinkages between the different natural resources, with 

human activities shaping the drivers, intensity and efficiency of resource use, and humans and 

the environment either benefiting or being impacted by the outcomes of resource use. 

In line with Figure 59.1 above, research may adopt a scope that comprises all direct 

resource inputs into socio-economic processes on appropriate scales, especially taking into 

account the following resources: 

 Water 

 Energy (fossil fuels and other fuels such as nuclear) 

 Food and biomass. Food is often referred to in nexus research; however, there is 

usually a series of processing steps between biomass production and consumable 

food (harvest, separation of edible fraction, milling, peeling, pressing, drying, 

cooking etc.), which depends on inputs of energy, water and other resources. One 
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could also acknowledge the many ways in which crops can be directly used as food, 

especially for livelihoods of the poor. 

 Land, because it is an ultimately limiting factor of production and serves all 

environmental functions of support, regulation, provisioning and cultural services. 

 Materials and minerals (with suggested subcategories for metals and critical 

materials, construction and industrial minerals and a possible separate account for 

mineral fertilizers), because: 

o Materials make up ~ 50% of resource use in most industrialized countries 

(measured in physical units according to Material Flow Analysis methodology); 

o The costs for the manufacturing industry are significant; 

o Base metals, critical materials and construction minerals are relevant for the 

SDGs related to water, energy and urbanization; mineral fertilizers are relevant 

for food production; 

o Materials have been assessed as being important intermediaries of 

environmental impacts (UNEP, 2010, p. 81). 

Having a five-node nexus of water–energy–food–land–materials (see Error! Reference source 

not found.) leads to more complexity compared with the vast majority of previous studies that 

analyse a two-node or a three-node nexus, but we propose in line with Liu et al. (2015, p. 3) 

that it also captures greater reality, and thus it facilitates bringing in the social dimension. We 

consider this approach to be flexible and open (as the contributions to this section demonstrate): 

case studies may focus on a few core critical interlinkages, and may also analyse interlinkages 

within some of these dimensions, such as biomass and food. 
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The security dimensions of the nexus 

A relevant element of the whole debate about the resource nexus is the acknowledgement of 

the security dimensions (e.g. Lee et al., 2012), along with a focus on how people are affected, 

how regions might run into serious conflicts and what threats and risks might affect other 

countries. It can be considered a relevant feature of the debate that (a) addresses the 

interrelations between science and the human dimensions beyond the traditional scope of 

environmental research and (b) may yield insights into potential future knock-on effects such 

as conflicts and disruptions of supply. The following graph can be seen as illustrative of how 

the security notion is being integrated with the nexus debate (it should be noted that the scope 

in this figure differs slightly from what we discuss, as land and materials are not explicitly 

referred to). 

[TS: Insert Figure 59.2 about here] 

Water, energy and food security are fundamental for human life and well-being. As 

regards to water, access to clean drinking water is a key UN Sustainable Development Goal 

(SDG 6) and considered a human right. The current provision is unsatisfactory for some 750 

million people lacking such access, and for the 2.5 billion people without access to improved 

sanitation. The challenges of supplying 7 billion people with clean and safe water, with a further 

1 billion expected by 2030, are likely to increase. Looking ahead, the growing middle class, 

ongoing urbanization and the risks of climate change are all adding to the pressure. 

A resource nexus view allows the complexities of environmental change and supply 

issues to be dealt with. An interesting angle is the intersection with drivers for demand, security 

of supply, governance and innovation. In the future, this is very likely to become more 

important. Recent evidence on the dangerous conjunction of high prices for food and water and 

social tensions could be witnessed during the Arab uprisings in 2011. Sternberg (2012) points 

to the drought that occurred in Northern China as a global trigger mechanism for higher food 

prices; the International Food Policy Research Institute (Breisinger et al., 2011) underlines 
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additional domestic factors such as malnutrition, the phasing out of food support programmes 

and a high share of angry young men caring for their families. Indeed, other factors have been 

relevant too, and may have contributed even more. 

Another striking observation can be seen in the return of geopolitics since the rise of 

China, Russia and others. Traditionally, one looks at political risks and threats stemming from 

potential conflicts between one of the superpowers and their neighbours or between powerful 

states. Resource risks emerge from an asymmetry between such powerful states using their 

command over resources as a control mechanism to enforce their political will upon weaker or 

dependent nations. In line with this, major suppliers such as Russia and Brazil look at their 

resources as strategic assets; major commodity platforms such as China and India impose all 

kind of policies to maintain their development interests all over the world. They all have 

established state-owned enterprises with tremendous power in international markets and do not 

adhere to principles of the Atlantic Charta (1944), i.e. a liberal order with open markets and 

open access, the rule of law and democracy. 

As a case study, one might consider the conflicts arising in the South China Sea. There 

are territorial disputes involving both island and maritime claims among several sovereign 

states within the region, namely the People’s Republic of China, Brunei, the Republic of China 

(Taiwan), Malaysia, the Philippines and Vietnam. Those disputes (see Error! Reference 

source not found.) are over fishery rights, the potential exploitation of strategic reserves of 

crude oil, natural gas and a number of minerals all located in the seabed, and indeed over 

important shipping lanes. China looks at the region as an area of core interest and as non-

negotiable (i.e. on a par with Taiwan and Tibet), whereas other nations claim their rights within 

the 200-mile zone acknowledged by international law. Incidents between those nations since ~ 

2011 can be characterized as gunboat diplomacy, recently involving the US Navy. A dispute 

settlement attempt at the International Court of Justice has been without success as China did 

not accept the verdict in 2016. Border disputes are aggravated by Chinese efforts to transform 

reefs into islands (partly used as a military base), claiming that those islands would extend 

Chinese territory. As historian Herfried Muenkler reminded observers, the Great War (WW I) 
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emerged out of a similar constellation in Europe in 1914, and the situation should be taken 

seriously. The nexus point to make here is the access to a number of resources that all can be 

considered vital interests. 

[TS: Insert Figure 59.3 about here] 

For a long time, cases like this have been disputed as potential ‘resource wars’ (e.g. 

Michael Klare), i.e. interstate or national conflicts over access to and control over a natural 

resource such as oil. This debate continues and is controversial on the issue of whether or not 

resources are a strong causal factor for such conflicts. Research applies advanced methods to 

prove the relative contribution of key factors to such conflicts and, by and large, arrives at 

mixed results. Establishing analytical coherence and having a representative and 

comprehensive sample selection is a research frontier (see e.g. Halvard Buhaug). A lesson 

learned can be seen in the historic record of how many contentious disputes have been resolved, 

although the case of the China Sea also shows how easily pre-existing conflicts can turn 

relatively minor disputes into matters of intense nationalism. 

The important point from a nexus perspective is that those resource interlinkages enhance 

existing conflict constellations, as actors and their interests potentially multiply. Additional 

repercussions arise around transboundary issues, as the perspectives on using e.g. water not 

only differs between upstream and downstream actors but also between user groups such as 

agriculture, energy, industry. 

The changing climate is likely to enhance geographical disparities and increase 

international tensions. The World Bank (2012) report on the likelihood of a plus 4º C world 

warns that such a change would significantly exacerbate existing water scarcity in many 

regions, particularly northern and eastern Africa, the Middle East and South Asia. In such a 

world, food security could be substantially undermined. Compounding these risks is the adverse 

effect of projected sea-level rise on agriculture in important low-lying delta areas, such as in 

Bangladesh, Egypt, Vietnam and parts of the African coast. As countries have started to fortify 
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borders to keep mass migration out, a number of security repercussions related to the resource 

nexus can be expected. 

Another security dimension arises with regard to internal conditions of weak states, often 

called failing states or fragile states. In line with water, energy and food security this can be 

called a human security dimension rather than interstate or international security. Previous 

research has often looked at it in the realm of the ‘resource curse’, the inability of resource-rich 

states to turn their natural endowments into well-being. So-called conflict minerals are a nexus 

case in point. They can be characterized as those minerals whose control, exploitation, trade, 

taxation, or protection contribute to, or benefit from the context of, armed conflict. The actors 

directly involved in these activities can be warlords, rebel groups, a country’s regular national 

army, or renegade members of the army. The armed actors use the profits derived from conflict 

minerals to finance their purposes (e.g. purchasing weapons, ammunition and supplies) and in 

some instances to enrich them. In such cases, conflict minerals are a main driver for 

perpetuating armed conflicts. Conflict minerals thus may not cause a conflict, but they are a 

factor in how a conflict evolves and how long it lasts. International customers and consumers 

are indirectly involved through using those minerals in a number of products (e.g. ICT). 

Conflict minerals such as coltan, a mineral mined in Africa and used e.g. in mobile 

phones, may cover a significant share of some 20% of the world markets, perhaps even more 

(Bleischwitz et al., 2012). But the issue goes much further. Nexus research can shed light on 

how the livelihood of actors on the ground is being affected (Biggs et al., 2015) and how poverty 

and lack of access to food and water often drives people into small-scale artisanal mining, which 

in turn affects ecosystem services and land use. The following figure illustrates further resource 

interlinkages and the scales that are involved. In the end, relevant industries are affected as 

relevant production sites might be located in fragile areas and supply chain security is at stake. 

Add the need of those materials for low-carbon technologies and the scope for nexus research 

should become obvious. 

[TS: Insert Figure 59.4 about here] 
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In order to enhance supply chain security and avoid reputational losses, a certification 

of value chains, such as the one proposed by OECD’s due diligence guidelines, will certainly 

increase transparency and help to establish accountability (Gupta & Mason, 2014). However, 

certifying single materials will be challenging since global value chains are organized along 

products and are difficult to monitor (Bleischwitz, 2014). The cumulated risks and threats can 

be described from a nexus perspective as follows: first, the environmental and social 

repercussions on the ground may deteriorate, if certification is not accompanied by dedicated 

support programmes; secondly, illicit or criminal actors will be able to switch to more profitable 

activities, clearly with environmental and social security implications; third, non-compliant 

weak links along the value chain (such as refinery processes in China) may find ways to by-

pass rules and supply parallel markets without any such certification. 

In fact, many commodity suppliers beyond those of conflict minerals can be considered 

fragile; in particular, new suppliers are at risk of suffering from the ‘resource curse’, the 

institutional inability to transform natural endowments into prosperity for the poor. The price 

rally of the 2000s may have offered opportunities to escape the various traps of 

underdevelopment. Fragile states would nevertheless need to build up capacities to comply with 

international social or environmental standards, or develop comparable rules. As a constraint, 

their institutions are often ‘extractive’ (i.e. not inclusive; see Acemoglu & Robinson, 2012) and 

yet too weak. 

With stress multipliers such as climate change, volatile commodity prices and pressure 

from population growth – factors that are very difficult to be influenced by those states – risks 

of violent conflicts increase, and many of these countries may actually fail. This is especially 

likely in those countries that are in a post-war or civil war period, such as Afghanistan, Iraq, 

Libya, Syria and others. 

[TS: Insert Figure 59.5 about here] 

The combination of these factors could translate into cumulative risks of what we call a 

redux of the resource curse (Bleischwitz et al., 2013): triggered by the emergence of a food 
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and/or water crisis – whatever the causes may be – local and national governance mechanisms 

are vulnerable and may not be able to cope with such a shock. If people start rioting for access 

to water and food and if the existing institutional resilience is low, fragile states and regions 

will be put at risk of further instability, where the above-mentioned mechanisms might escalate. 

Any such escalation will certainly affect all three security dimensions, inter-state and 

international, the human security, and supply chain security for essential materials. Needless to 

say, it will deter the implementation of the SDGs – unless nexus research can turn risk 

assessments into governance opportunities of better collaborations. By pointing at critical 

interlinkages related to actors, nexus research should be able to do exactly this. 

The economic dimension of the resource nexus 

Another relevant feature of the nexus concept complementing environmental research and 

being able to reach out to stakeholders addresses the economic dimension. It stems from 

dynamics of human production processes that are all underpinned by inputs of resources. Our 

introduction considers two main entry points for economic analysis: 

 Prices and the relevance of the price mechanism 

 Natural capital and the material basis of the economy 

Prices and the Relevance of the Price Mechanism 

With the exception of non-municipal water, livelihood-based and barter-type of exchanges, all 

resource inputs into economic activities have a market price, which is determined via supply 

and demand on markets and their regulatory settings. In that regard, the resource nexus 

approach can become operationalized with monitoring physical exchanges and existing market 

prices in a first instance, which should yield insights about demand trends and relative 

scarcities. For purposes of scoping risks one may not necessarily need to add shadow prices 

that reflect negative externalities or other non-market costs. 
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As the demand is expected to increase for all resources on a worldwide level it is essential 

to monitor and analyse commodity prices. Future research activities should be based on such 

analysis and should aim at filling the gap that exists between the areas of food and energy where 

a number of relatively sophisticated price monitoring mechanisms exist (e.g. from the Food and 

Agriculture Organization (FAO) and International Energy Agency (IEA)) compared with land 

and materials where such capacity is lacking. 

Between 2005 and 2011 commodity prices roughly doubled, essentially erasing the long-

term price decline that had occurred in the 1980s and 1990s. Since 2011 most commodity prices 

have declined, especially for energy commodities. While the additional energy supply coming 

from both unconventional fuels and renewable energies should be regarded as a trend and a 

potential ‘game changer’, any such additional major supply has not occurred for metals and 

agricultural commodities. At the Mining 2014 conference in Brisbane, Australia, most analysts 

forecast an upturn of prices even as key commodity prices continued to slide. Drivers for 

upward demand trends are urbanization, housing and infrastructure, mobility, and food 

consumption, which will all require minerals and related value chains. 

Although the long-term future price expectations face major uncertainties and the 

resources boom of the 2000s may have faded, a commodity crunch may return, if those drivers 

continue and if neither major new discoveries come on stream (caused by low investments 

following low prices), nor resource productivity activities deliver large scale. Two trends are 

of special interest for any socio-economic nexus research: 

 More fragmented commodity prices, i.e. prices for oil and gas may stay lower than 

prices for metals and agricultural commodities. Water prices are fragmented anyway 

as they are determined at a local or regional level; 

 With the majority of economic growth expected to come from outside OECD 

countries, commodity prices will increasingly be determined there, i.e. partly outside 

the Western liberal order. 
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The World Economic Forum expects ensuing global risks such as protectionist measures, 

resource nationalism and geopolitical tensions. The resource nexus can be seen as an additional 

driver underlying those global risks that impacts especially the regional and national level. It is 

likely that these risk factors will lead to abrupt supply disruptions for commodities in the near-

term and long-term future. 

Accordingly, price volatility is likely to remain high. Price volatility is additionally 

triggered by uncertainties about future demand and short innovation cycles in key markets 

downstream that often do not match with long-term planning of investments in the supply of 

energy, water and minerals. 

The relevance of the price mechanism for analysing the role of natural resources and 

materials in economies is underlined by data from the EU suggesting that the share of material 

costs in overall production costs for manufacturing companies is in the order of 40%, i.e. higher 

than the share of labour costs.2 The significant share of material costs is a relevant parameter 

for modelling approaches that yield net economic benefits while raw material consumption is 

being reduced (CE / BioIS, 2014). The currently used data are based on surveys and capture 

not only the costs of energy and materials but also those of natural resources, products or semi-

finished products as well as the added value e.g. processed natural resources from upstream 

activities. Some studies thus suggest removing as many costs as possible related to the supply 

chain and focusing on the pure costs of using natural resources in economies (Wilting & 

Hanemaaijer, 2014); tentative results following such an approach, however, also arrive at shares 

of up to 60% of those basic raw material costs for industries such as food, chemicals and base 

metals and related exports, while the share in total final demand is lower. 

The approaches used to calculate the share of resource costs in overall production costs 

are certainly a useful starting point for modelling purposes. More research is needed to arrive 

at an accurate representation of total resource costs – and proper values! – in economies; this is 

especially relevant for land accounting. The important point to stress is the relevance of such 

life-cycle material costs for the competitiveness of industrial sectors and whole economies, 
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extending the scope of analysis beyond the few sectors supplying raw materials. A nexus 

modelling approach thus should help to establish knowledge on how a number of resource-

dependent industries perform over time, how international commodity trade (and virtual trade 

with water etc. hidden in early stages of the value chain) can be incorporated and how the 

performance may change once nexus-related shocks occur. Future modelling approaches 

should link single resources in the most comprehensive manner and capture prices as well as 

physical units of resource use. 

The historic evidence of the two oil price shocks occurring in the 1970s suggests that 

security issues and the political economy of natural resources matter for supply and for 

commodity prices. The more contemporary evidence are e.g. the export restrictions in the 

markets for rare earth elements or for some agricultural commodities during seasonal shortages. 

The nexus concept should be able to help identify potential future supply shocks that may occur, 

if water stress and food stress hit vulnerable regions that are home to significant extraction or 

manufacturing processes and could be put at risk. Accordingly, modelling approaches should 

capture the nexus interlinkages between resources and socio-economic systems, perhaps 

starting with key interlinkages, and integrate shocks and other non-linearities as well as 

different scales as comprehensively as possible. 

Expressing the relevance of the price mechanism nexus for critical interlinkages research 

might actually focus on changes on the ground with relevance for the people over the next few 

years. Applied nexus research could thus support resource governance in key countries and 

regions as well as along supply chains. 

Resource Economics, Natural Capital and the Material 

Basis of the Economy 

The well-established principles of shifting the resource base from using non-renewable 

resources onto renewable resources are intuitively appealing, yet they have to be critically re-

examined. Environmental research reveals very limited capacities of eco-systems to provide 
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additional renewable resources on a large scale. The seven principles developed by Bringezu 

and Bleischwitz (2009, p. 8) instead focus on increasing resource efficiency and assume that 

non-renewable resources will continue to have a share in providing materials (albeit possibly a 

smaller one compared with today); they are as follows: 

1. Secure adequate supply and efficient use of materials, energy and land resources as 

reliable biophysical basis for creation of wealth and well-being in societies and for 

future generations. 

2. Maintain life-supporting functions and services of ecosystems. 

3. Provide for the basic institutions of societies and their co-existence with nature. 

4. Minimize risks for security and economic turmoil due to dependence on resources. 

5. Contribute to a globally fair distribution of resource use and an adequate burden 

sharing. 

6. Minimize problem shifting between environmental media, types of resources, 

economic sectors, regions and generations. 

7. Drive resource productivity (total material productivity) at a rate higher than GDP 

growth. 

We may now compare the resource nexus with the natural capital concept. Natural capital has 

been defined as ‘the elements of nature that directly and indirectly produce value or benefits to 

people, including ecosystems, species, freshwater, land, minerals, the air and oceans, as well as 

natural processes and functions’ (UK Natural Capital Committee, 2014, p. 8), a definition 

evidently much broader than our definition of the resource nexus that focuses on the direct use 

of resources as inputs into economies. Many nexus papers, however, also analyse direct 

pressure on ecosystem services3 and provide case study evidence, or make reference to 

established methodologies such as material flow analysis and other environmental accounting 
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tools. The ability to analyse relevant environmental pressures through the resource nexus is 

furthermore supported by carbon accounting and the wider debate about ‘planetary boundaries’ 

(Rockström et al., 2009; Steffen et al., 2015) where the resources of nitrogen, phosphorus and 

freshwater are featured, and the carbon indicator can be traced back to the use of energy and 

other resources. 

For the purposes of this introduction we may propose that environmental pressures 

related to energy, materials, land, water and biomass/food can well be treated with the resource 

nexus. However, it is certainly fair to also conclude that the wider indirect environmental 

impacts and changes in the state of the environment are likely to remain outside the scope of 

the resource nexus unless there is substantial progress in interlinking different types of models 

(Liu et al., 2015). 

Having expressed the likely limits of the resource nexus concerning environmental 

changes, which are an essential part of the research agenda on natural capital, the nexus concept 

could be expected to complement weaknesses in prevailing attempts to conceptualize natural 

capital research, which focuses on understanding ecosystem services and valuing nature. A 

critical appraisal of the Natural Capital Accounting (NCA) framework seen from a nexus 

perspective could, in our view, start from the following issues: 

 To what extent does NCA accurately reflect minerals and other raw material 

resources? 

 Does NCA lead to an understanding of how such raw material resources are used 

throughout value chains and in societies? 

 Does NCA increase the knowledge about resource interlinkages as well as why and 

how resources could potentially be used in a more sustainable manner? 

As the explanatory power of the natural capital framework also seems to have some limits, this 

introduction concludes that the resource nexus offers a perspective close to natural inputs in 
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production processes and relevant for decision-makers about using resources actors that is 

likely to enhance understanding of the material basis of economies. 

Related to the latter, the nexus can put the evidence provided by the geological surveys 

(British Geological Survey, US Geological Survey and others) into a sustainability perspective. 

While geologic assessments do not find much evidence of absolute physical scarcities in the 

supply of resources for a time span of some decades, the resource nexus underlines other 

constraints (Bleischwitz et al., 2011) that can be translated into restrictions for future decision-

making and international guidelines for planetary mineral consumption (Nickless, 2016): 

 Applying findings on limited absorptive capacities of ecosystems to the output side 

of resource-intensive production processes along with nexus constraints 

 At the input side of extractive industries (due to increasing energy- and water-

intensity of extraction) with relevant implications for the supply of resources 

o A minimum amount of water needed for cooling a power station, or generating 

electricity from hydropower, or for irrigation in agriculture in order to safeguard 

food security 

o A minimum of energy needed to run key industrial activities or to keep a water 

distribution system running 

o A minimum of biomass and land to feed a certain number of people based on 

current agricultural patterns (likely conflicting with aims to increase bio-energy 

or biomass production for other purposes) 

o A minimum of materials needed to produce one unit of a certain product based 

on current technology. 

An interesting development discussion is related to decoupling resource use from GDP and the 

saturation effect in societies, i.e. a stage in development when a capital stock (housing, 

infrastructure, manufacturing industry etc.) will have been built up and countries will be able 
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to increase GDP without further major increase in resource use (Bleischwitz et al., 2017). The 

development of scenarios about resource futures should take such saturation effect into account. 

As most minerals and metals can furthermore potentially be subject to advanced 

recycling processes, societies may be able to provide more and more materials from secondary 

sources and, accordingly, establish a circular economy based on a low material input and 

throughput (EMF, 2014). At the same time, the innovation-oriented perspective of enhancing 

resource productivity is enriched by insights into resource interlinkages, e.g. on how water 

savings translate into energy savings etc. Industrial symbiosis is a well-tested concept for 

business collaborations that seeks to fertilize by-products and synergies using outputs of one 

production process as input into another, as discussed further by Teresa Domenech Aparisi in 

Chapter 63. 

Nexus perspectives on the SDGs 

It will be interesting to bring a nexus perspective into the implementation of the SDGs launched 

in 2015. A nexus approach suggests that the SDGs are likely to have major implications for 

future resource markets. However, those implications are mixed: 

On the one hand, many of the new SDGs will lead to an increase in demand for a number 

of materials: 

Goal 2: ‘End hunger, achieve food security and improved nutrition and promote 

sustainable agriculture’ – implies increasing demand for land, mineral fertilizers, 

water, biomass and food. 

Goal 6: ‘Ensure access to water and sanitation for all’ – implies investments in 

water supply and a water distribution infrastructure, i.e. increasing demand for 

materials. 

Goal 7: ‘Ensure access to affordable, reliable, sustainable and modern energy for 

all’ – is likely to imply increasing demand for bio-energy and renewable energy, 
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plus more traditional energy sources, which again implies more demand for land, 

biomass, water and materials. 

Goal 9: ‘Build resilient infrastructure, promote inclusive and sustainable 

industrialization and foster innovation’ – will require more construction materials, 

metals and other materials. 

Adding the promotion of economic growth, as well as efforts to eradicate hunger and enhance 

health, the signals for future demand for resources stemming from the SDGs are clearly 

upwards. At least for key metals (aluminium, iron ore, copper and nickel, which altogether 

make up more than 80% of world production of metals), for construction minerals, for biomass 

and food, for water and for arable land, the SDGs are very likely to lead to new and additional 

demand compared with business as usual forecasts (for food and land use issues, see 

Obersteiner et al., 2016). The situation for energy fuels is less straightforward as climate policy 

will probably lead to restrictions on using fossil fuels, if political efforts succeed, although 

major suppliers may not join any future international agreement and have announced plans to 

expand production; if prices for fossil fuels stay low, efforts to curb demand will be difficult to 

achieve. 

On the other hand, the SDGs also endorse the sustainable production and consumption 

agenda, and call for global increases in resource efficiency as well as for aims to achieve 

sustainable and resource-efficient infrastructures by 2030 (Goal 9) and sustainable management 

and efficient use of all resources by 2030 (Goal 12). Moreover, they aim to ‘improve 

progressively, through 2030, global resource efficiency in consumption and production and 

endeavour to decouple economic growth from environmental degradation (…)’ (Goal 8). 

The balance between such expected demand increases and other goals, however, is not 

entirely clear, in particular as key terms (such as sustainable management and efficient use of 

all resources) are insufficiently defined and will leave space for quite different implementation 

pathways. Nexus research will thus have a key role to play in clarifying trade-offs and 
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identifying synergies. It will also be required to develop principles for a sustainable 

management of resources and to understand future dynamics on resource markets and within 

societies. 

Outlook 

Emerging from sustainability research, the nexus approach can be seen as a relatively new and 

promising attempt to bridge the gaps between environmental research and the human 

dimension. The definition and the scope provided in this introduction suggest a high relevance 

for a number of established research areas such as environment and development, international 

relations and modelling. It is also an opportunity for trans-disciplinary research as actors on the 

ground have driven the application of the nexus from the very beginning and stakeholders 

would need to be included in any research design. The ‘added value’ of a nexus approach comes 

from the dedicated aim to overcome a silo approach in managing water, energy, food and other 

resources, as well as from the focus on critical interlinkages. In short, it is about minimizing 

risks and enhancing opportunities. While being part of research it is also a compelling narrative 

for stakeholders and actors on the ground. Such relevance becomes even more obvious when 

the new SDGs are to be implemented by the year 2030. 

Research, however, needs to strengthen the conceptual understanding and clarify those 

critical interlinkages. Subsequent chapters of this section of the Handbook address: 

 Water and the interlinkages with energy food security and land; discussing water 

related risks, in Chapter 60 Carole Dalin also develops propositions about a more 

sustainable water management. She discusses the heritage of the Integrated Water 

Resource Management approach and the value a nexus perspective may be able to 

add. Crossing the regional scale she also analyses virtual water trade on a global 

scale and develops conclusions on how a nexus approach can help decision-makers 

and sustainability research. 
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 Fertilizers are a relevant interlinkage across minerals, food, and biomass. In Chapter 

62 the authors, Minpeng Chen, Yunfan Wan and Li Yue discuss the relevance of 

fertilizers for food production and analyse the interlinkage with energy markets and 

water consumption. They also look at the environmental impacts of fertilizers. 

Applying a nexus perspective, they conclude on fertilizer management within 

multiple resource management. 

 Industrial symbiosis can be seen as a bottom-up concept applied by business actors 

and related networks since the 1990s; in line with our nexus concept it also stresses 

the relevance of materials. In Chapter 63 Teresa Domenech Aparisi analyses the 

concept in relation to the nexus and lessons learned from a number of international 

case studies. She looks in particular at opportunities, if such a concept can be 

enhanced, and she draws conclusions for a future alliance of research on industrial 

symbiosis and the nexus. 

 Asia and the role of institutions is at the core of the contribution made by Adnan A. 

Hezri and Michelle Kwa in Chapter 61. Asia is becoming a hub for a number of 

megatrends in relation to the resource nexus, and it is clearly relevant for both the 

security dimension and international economics. The contribution looks at expected 

drivers of demand for all resources considered in our nexus section. 
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