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Key messages

The resource nexus is the set of context-specific critical interlinkages between two
or more natural resources used as inputs into socio-economic systems of provision
such as energy, water, and food. The resource nexus approach is to look at these
interlinkages in a systemic manner.

Nexus research addresses important issues of security, access to resources, and
development that might have been overlooked in eco-innovation research.

This policy outlook claims eco-innovation can tackle nexus challenges. \We propose
an alignment as ‘nexus innovations' These are characterized by addressing more
than one resource simultaneously across different scales while minimizing problem

shifting and enabling social capabilities.

Relevant applications are numerous. We expect in particular more to come in regions
and areas that have been ‘'white spots’ on the eco-innovation map, i.e. regions with a
poor record in environmental policy in the past; this is because nexus innovations are
close to development needs and enable implementing the SDGs.

In order to disseminate and upscale such nexus innovations, country contexts and
institutions matter; a few key insights are proposed and explained.
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This Inno4SD outlook addresses the re-
source nexus, i.e. the narrative of the water — ener-
gy — food interlinkages, that has become popular
in the recent few years. More broadly, the nexus
approach refers to critical trends related to the use
of key natural resources, illustrated by the use of
water needed for both energy and food production.

While research about interlinkages has
a long tradition in sustainability research, the ‘ne-
xus' debate has emerged after 2011 with 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 spe-
cific sector and attempting to reach out to others,
and a distinct attempt to grapple with urgent social
issues on the ground, such as access to resources
and security. The nexus attracts attention because
it provides a holistic and systemic view enabling
fresh thinking on emblematic issues. We therefore
discuss how such concept could facilitate new solu-
tions for research and actors on the ground, dubbed
here 'nexus innovations.

The nexus concept has a slightly different
narrative compared to eco-innovation. It is more of-
ten applied to assess future risks and to analyse the
crossrods of environmental changes, the demand
for resources, and the manifold security ramifica-
tions. And, yet, this policy outlook argues in favour
of eco-innovation opportunities that can be un-
leashed tackling the nexus challenges. It gives a ra-
tionale for policy-makers what those nexus innova-
tions are about and how they can be addressed.

The nexus has a strong relation to sustai-
nability transitions and the SDGs. With regards to
the SDGs, their implications on the future use of re-
sources are seen as fairly mixed:on the one hand,
implementing the SDGs will lead to an increase in
demand for a number of resources, such as increa-
sing demand for land, mineral fertilisers, water,
biomass and food in order to meet SDG 2 of ending
hunger and achieving food security;on the other
hand, the SDGs also endorse the sustainable pro-
duction and consumption agenda, and call for global
increases in resource efficiency as well as reducing
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resource consumption. Against such desirable syn-
ergies, this paper sees an advantage of the nexus
concept in enhancing policy consistency, exploring
trade-offs and synergies across the SDGs, and ena-
ble learning and innovation. In doing so, the nexus
concept can be considered both urgent and impor-
tant.

This outlook proposes a number of policy
pillars, each illustrated by a case:

(1) Improving knowledge, capacity, and policy
learning

(2) Shared understanding of the nexus challenges
and key projects.

(3) Leadership, participation and shared visions of
the future.

(4) Short- and long-term scenarios and transition
roadmaps.

(5) Systemic policy for nexus system innovations.

(6) Governance for resource nexus innovations.
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THE CHALLENGE OF THE
RESOURCE NEXUS




The narrative of the water-energy-food
nexus is nowadays often used to portray the com-
plexity of nature and its interactions with societies?.
This approach refers to the numerous interlinkages
and competing demands for the use of natural re-
sources, or systems thinking. This is perhaps best
illustrated by water needed for both energy and
food production. Research conceptualizes the ne-
xus as a set of interactions, comprising important
drivers for the use of resources. Natural resources
serve as direct inputs in the production processes of
another resource or they can substitute the use of
another resource. Indirect effects related to specific
uses of resources also have to be taken into account
because claims for a particular use of one resource
can compete with other demands, as in the case of
land use for either food or bioenergy production.

Such a systems thinking approach has a
long tradition in sustainability research (Wichelns
2017). The nexus debate has emerged only at the
beginning of the 2010s (Hoff 2011, Andrews-Speed
et al. 2012, 2014) to offer a more integrated
approach to studying resource use and manage-
ment. In fact, nexus terminology is increasingly
popular, possibly at risks of becoming a ‘buzzword,
as a recent editorial in Nature (2016) suggests, and
being subject to quite different perceptions from
stakeholders (Cairns &Krzywoszynska 2016; Green
etal. 2016).

What can be considered new in the ne-
xus approach is, first, a systemic resource-based
approach to environmental challenges taking into
account issues emerging across all resource use
patterns rather than originating from one or few
selected flows and, second, a distinct attempt to
grapple with social issues on the ground, such as
access to resources and security.

Against the background of research, plan-
ning and management often being organized along
single 'silos’ of providing water, energy, etc., the aim
of the resource nexus approach is to look at the con-
nections between the resources in a more integra-
ted manner. These interlinkages are manifold and
complex, as all resources need others as inputs for

The challenge of the resource nexus

their production and along value chains to the deli-
very of goods and services for final consumers. The
nexus attracts attention because it provides a ho-
listic and systemic view enabling fresh thinking on
emblematic sustainability issues. We shall discuss
below how such concept could facilitate adequate
innovative solutions, engaging researchers, entre-
preneurs and innovators on the ground, dubbed
here 'nexus innovations.

2.1. Definition and scope of the nexus

Our contribution defines the resource nex-
us as the set of context-specific critical interlink-
ages between natural resources used as inputs into
socio-economic systems of provision. The nexus
can be conceptualized as a set of critical interlink-
ages between the different natural resources, with
human activities shaping the drivers, intensity and
efficiency of resource use, and humans and the en-
vironment either benefiting or being impacted by
the outcomes of resource use. Different drivers lead
to criticality in such interlinkages, such as over-
using minimum supply conditions, passing critical
threshold values, and indeed numerous trade-
offs. Hydroelectricity may serve as a case where an
expected provision of electricity won't occur under
conditions of an extended drought, creating knock-
out impacts for customers and regions.

Recent nexus scholars (Bleischwitz et al
2018) propose a scope for the nexus that compris-
es all direct and indirect resource inputs into so-
cio-economic processes at appropriate scales, tak-
ing into account (see Box 1, Figure 1):

s \Water: serving all environmental functions and
being a system of provision in itself, as illustrated
through the Dublin principles on water and sustain-
able development (1992);

Fossil fuels and other fuels such as nu-
clear, renewable energies such as geothermal, hy-
dro, wind, and solar, and with a long tradition of
energy systems thinking;
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= Food: food is seen as a system of provision, as
there is usually a series of processing steps be-
tween biomass production and consumable food,
all of which depend on inputs of energy, water and
other resources.

s Land: Land is an ultimately limiting factor of pro-
duction and serves all environmental functions of
support, regulation, provisioning, and cultural ser-
vices.

are relevant because:

- They make up for ~50% of resource use in most
industrialized countries (measured in physical units
as used in Material Flow Analysis methodology);

- The costs for manufacturing industry are signifi-
cant (Wilting &Hanemaaijer 2014) and the potential
for eco-innovation enor-mous;

- Base metals, critical materials and construction
minerals are relevant for the SDGs related to water,
energy, and urbanisation; mineral fertilizers are re-
levant for food production;

- Materials have been assessed as being important
intermediaries of environmental impacts (UNEP
2010: 81).

- One may consider subcategories for metals and
critical materials, construction and industrial min-
erals and a separate account for mineral fertilizers.

The studies published by Chatham House
(Lee at al. 2012) and by the Transat-lantic Academy
(Andrews-Speed et al. 2012 and 2014) share a wid-
er recogni-tion of resources as manifold inputs into
economic processes in line with the approach pro-
posed in this Outlook; so has McKinsey Global Insti-
tute (Dobbs et al. 2012) with a focus on opportuni-
ties for some industrial sectors.

There is also a large number of regional
case studies, e.g., on India (Rasul 2014), South Asia
(Mukheriji, 2008, Rasul 2014), and the MENA region
(Siddigi and 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 at different scales.

Having such a five-node nexus of wa-
ter-energy-biomass-land-minerals leads to more
complexity compared to the majority of previous
studies that analyse a two-node or a three-node
nexus. In line with recent sustainability research (Liu
et al. 2015: 3), it also captures ‘a bigger picture’ and
facilitates bringing in the social dimension. We con-
sider this approach as flexible and open: case stud-
ies may focus on a few core critical interlinkages,
and may also analyse interlinkages within some of
these dimensions, such as biomass, land use and
food.
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Box 1: The many faces of nexus

The contemporary debate features anumber of approaches to the resource nexus with different views on which
resources ought to be considered as part of the concept. The most widely acknowledged scope covers Water —
energy - food (Hoff 2011, Slingerland et al. 2011, Bazilian et al. 2011, Lawford et al. 2013). Other studies focus
on:

»The water — energy nexus (Ackerman und Fisher 2013, Glassman 2011, Howells and 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, Ringler et al. 2013, PBL 2014, Sharmina
et al. 2016) as main biotic resources originate from land use patterns;

«Water - energy — food and mineral fertilizer (Mo and Zhang 2013), 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 inten-
sity of using water and energy during extraction processes.

A recent publication of the UK nexus network underlines interactions across other systems such as
health and cities, as well as interdependencies with climate change (Cairns, Willesdon, O’'Donovan 2017).

Figure 1. The resource nexus

Input (major or minor prevision
of A needed to produce a
service from B).

em@a) Substitution (A may substitute
B for a certain).
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Figure 1 shows the many ways in which
the use of key resources interacts. Some nexus
issues may be more obvious than others, such as
the connection between food and water suggests.
Others have become more pressing recently, such
as the water inputs needed for energy production
when droughts occur. Biomass is considered to be
part of the dimensions for food, energy, and land -
thus illustrating the interlinkages between systems
of provision across different scales. Accordingly this
illustration is putting more emphasis on the sys-
tems of provision rather than the supply of re-
sources itself.

2.2 The narrative of the nexus

The nexus challenges are pertinent for
many actors, involving private companies, devel-
opment agencies, infrastructure planning units for
water and energy, and international organizations.
The challenge for decision-makers is that all ac-
tivities that are intended to use a specific resource
should be based on the knowledge about the fol-
lowing factors: the estimated inputs needed from
other resources in the future, how those may com-
pete with other demands, and what critical events
might arise that may put constraints on such supply
in the future.

Box 2: Food demand and groundwater depletion

The extended novel narrative of the re-
source nexus should, therefore, also address:

= The resource interlinkages across use patterns,
especially along what is known from consumption
research as 'systems of provision’ (Ben Fine and
Ellen Leopold), i.e., the essential services of public
importance;

= Human security, a ‘nexus on the ground; and live-
lihoods of the one billion+ people living below the
poverty line (Biggs et al. 2015);

= Political and economic security, partly as a tool for
analysing conflicts related to natural resources
within regions or across borders and partly as a tool
to assess supply chain securities.

The resource nexus concept becomes rele-
vant for risk assessments especially in water and
energy planning, but also for land use planning and
for strategic investments. Furthermore, it can be
seen as systemic in addressing all relevant issues
that can be related to the use of natural resources
in societies and across many scales.

Alarming rates of groundwater depletion worldwide are caused by demand for food, primarily due to water withdrawals for

irrigation agriculture. Approximately eleven per cent of non-renewable groundwater use for irrigation is embedded in interna-

tional food trade, of which two-thirds are exported by Pakistan, the USA and India alone. A vast majority of the world's popu-

lation lives in countries sourcing nearly all their staple crop imports from partners who deplete groundwater to produce these

crops, highlighting risks for global food and water security. Some countries, such as the USA, Mexico, Iran and China, are partic-

ularly exposed to these risks because they both produce and import food irrigated from rapidly depleting aquifers.

Source: Dalin et al. 2017
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ECO-INNOVATION TO ADDRESS
THE NEXUS CHALLENGES




3.1 Nexus and eco-innovation
opportunities

Much of the nexus narrative has been
built-up to understand risks stemming from critical
interlinkages and how they would affect people. Yet,
it is also a compelling narrative for opportunities —
and here the narratives of resource efficiency and
eco-innovation become evident. Minimizing trade-
offs and exploiting synergies across the use of re-
sources is a common understanding of both nexus
approaches and those opportunities. It should also
be common ground to avoid waste and making re-
source use more circular, from business operations
onto supply chain management. What needs to be
recognized is a wider opportunity of both approach-
es coming together. In comparison to the nexus
with its focus on security especially in fragile re-
gions, the current understanding of eco-innovation
has strong bearings in pioneering manufacturing in-
dustries and policy actors across the environment
and economy — quite often in mature or emerging
regions with import dependencies on commodities®.
The overarching challenge of bringing those two
narratives together thus shouldn’t be underesti-
mated. Yet it seems promising to try, and it may
help turning the bias on risks and threats inherent
to the nexus conceptinto a joint narrative of deliver-
ing SDGs and opportunities to eco-innovate. Need-
less to say any understanding of innovation should
include both technological and non-technological
innovations introduced by various actors (including
public sector and partnerships).

Nexus innovation needs to be a change that
goes beyond measures to focus on single materials.
One should also strongly consider equity issues and
a focus on improving access for deprived actors —
giving it a boost in developing and emerging soci-
eties. As an example when things went wrong one
may consider the first generation of biofuels and
their policy incentives, overlooking implications for
food and land use at that time. Nexus innovations
could be small such as an application of drip irriga-
tion in farming and land use and should typically be
related to an SDG. By design it should correct sys-
temic deficiencies and reconfigure system-level

Eco-innovation to address the nexus challenges

structures and dynamics by introducing mutually
reinforcing innovations to respond to a nexus chal-
lenge. These changes will often include new prod-
ucts or services but, in order to ensure systemic im-
pacts, they have to come with an enabling mech-
anism. The latter may be co-created by actors on
the ground such as farmers or SMEs, by introducing
collaborative business models, innovation alli-
ances, and go ahead via ambitious standards and
norms, as well as conducive policy and regulatory
frameworks. The boundary of nexus innovation
should encompass elements in the system to crea-
te Schumpeterian dynamics. Innovating together
and enabling people may influence the entire sys-
tem dynamics towards a more sustainable mode of
production and consumption. Such eco-innovation
needs to internalize changes within innovation sys-
tems that usually reside outsideinnovators’ strat-
egy. It will often require new collaborations, often
involving public-private partnerships, within and
across sectors, value chains and supply chains, and
may require adapting regulatory frameworks.

Nexus innovation has to differentiate and
compare key resource interlinkages, and likely en-
vironmental pressures and impacts associated with
alternative eco-innovative solutions. Energy transi-
tions towards a low carbon system have partly un-
derestimated the nexus challenges of dealing with
water, land use and the need for materials. The con-
cepts of a circular economy and resource efficien-
cy are very much in line with main aims of a nexus
approach. Some related indicator systems (DMC/
RMC) are more narrow and should be widened to
capture nexus dimensions. Material flows analysis
(MFA), for instance, does neither address water nor
land.

Furthermore, due to its broad boundaries,
it needs to include both economic and social ration-
ale behind the choices to support one or another
innovation pathways. This requires a reflection, col-
lective deliberations and new forms of evidence on
how trade-offs between different uses of different
resources can be addressed.
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3.2. Energy transitions

The Paris Agreement on climate change of
2015 has paved the way for a deep decarbonisation
of our economies, i.e., a major transformation of the
energy system towards low carbon societies. A nex-
us innovation approach would underpin such new
direction by adding insights on how all alternative
energy sources — unconventional fuels, bio-energy,
wind and solar — come with additional demand for
water and materials and for land. Indeed assessing
labour implications is also pertinent. It is thus of
utmost importance to go beyond a ‘carbon’ indi-
cator and add such nexus dimensions in scenarios,
integrated assessment modelling as well as other
modelling tools. Nexus modelling tools are emerg-
ing (WEAP-LEAP, CLEW, ENV-Linkages, ENGAGE,
SAVi) and should be used for the development of
energy transitions, especially if regions are exposed
to nexus risks of water stress and food security is-
sues. However, issues of critical materials needed
for low carbon technologies point straight forward
at the international nexus dimension of any nation-
al lead market for clean energy — such national
forerunners usually import critical materials and
should trace the sustainability of supply conditions.
Similar nexus dimensions arise with using bio-ener-
gy that may have been produced under conditions
elsewhere that are unsustainable for water, land,
and food dimensions of bio-energy. It is also worth
noting coal production as a source for nitrogen, and
thus there is a need to innovate for alternative sup-
ply paths for fertilizers.

3.3 Implementing the SDGs

It will be decisive to bring both a nexus and an
eco-innovation perspective into the implementa-
tion of the sustainable development goals (SDGs)
launched in 2015. 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:

s Goal 2: "End hunger, achieve food security and
improved nutrition and promote sustainable agri-
culture” — implies increasing demand for land, mi-
neral fertilisers, 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 de-
mand for materials.

= Goal 7: "Ensure access to affordable, reliable, sus-
tainable and modern energy for all” — is likely to im-
ply increasing demand for bio-energy and renewa-
ble energy, plus more traditional energy

sources, which again implies more demand for land,
biomass, water and materials.

s Goal 9: "Build resilient infrastructure, promote in-
clusive and sustainable industrialization and foster
innovation” — will require more construction mate-
rials, metals and other materials.

Adding the promotion of economic growth
to it, as well as efforts to eradicate hunger and en-
hance health, demand for resources increases if one
conidered reaching these SDGs in isolation. At least
for key metals (aluminium, iron ore, copper and
nickel, which altogether make up for 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 leading to new
and additional demand compared to business as
usual forecasts (see for food and land use issues:
Obersteiner et al. 2016). The situation for energy
fuels is less straightforward as climate policy will
probably lead to restrictions for 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 de-
mand will be difficult to achieve.

On the other hand, the SDGs also endorse
the sustainable production and consumption agen-
da, and call for global increases in resource efficien-
cy as well as for aims to achieve sustainable and

resource-efficient infrastructures by 2030 (Goal 9)
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and sustainable management and efficient use of
all resources by 2030 (Goal 12). Moreover, they aim
to "improve progressively, through 2030, global re-
source efficiency in consumption and production
and endeavour to de-couple economic growth from
environmental degradation (...)" (Goal 8).

The balance between such expected de-
mand 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.

Analysing and developing nexus innova-
tions will thus have a key role to play in delivering
the SDGs 2 (food), 6 (water), 7 (energy), 9 (infra-
structure and industrialization), 12 (sustainable
consumption and production) in a more integrated
manner. Bringing nexus and eco-innovation closer
together, it should clarify trade-offs and identify
synergies. A joint approach of the nexus and eco-in-
novation will also be required to develop principles
for a sustainable management of resources (SDG
12) and to understand future dynamics on resource
markets and within societies.




WHAT CAN POLICY MAKERS/
BUSINESS/OTHER STAKEHOLDERS DO?




4.1 Improving knowledge, capacity, and
policy learning

The resource nexus needs a better knowl-
edge base together with people using it. Policies
need to encourage collaborative transdisciplinary
research, engaging various stakeholders in gen-
erating and validating context-specific evidence
towards solutions (Cairns, Willesdon, O'Donovan
2017). The dynamic nature of the challenge requires
that the evidence cases for such knowledge base
need to be compared and continuously adapted
based on an on-going learning process that inter-

Box 3: Operationalizing the urban nexus

What can policy makers/business/other stakeholders do?

prets and prioritizes validated evidence in a tranpar-
ent way. A knowledge base should be able to pro-
vide data on critical resource interlinkages as well
as other key data on footprints. The establishment
of an international open-access database would
be a huge step forward. In addition, there should
be capacity build-up on training and policy learning
related to such knowledge base, especially for plan-
ners of energy systems, water systems, and actors
related to the SDGs. There is a need to integrate the
notion of risk and uncertainty in such analysis, while
integrating the pre-cautionary principle at the heart
of the process.

The Urban NEXUS is a tool made for stakeholders to aide designing urban development solutions. It has been
developed by the German Development Cooperation (GIZ on behalf of the BMZ) together with ICLEI, the Inter-
national Council for Local Environmental Initiatives. Developed in 2014 there have been early pilot projects in
Nashik, India, and in Dar es Salaam, Tanzania, and more than thirty urban cases in the meantime.

4.2 Shared understanding of the nexus
challenges and key projects

Nexus platforms need to involve many
stakeholders who bring with them diverse percep-
tions, understandings and interests that explain
how they frame the problem. Various stakeholders
will perceive the same problem through different
lenses focusing on aspects of technology and in-
frastructure, environment, economic and business
models, policy and regulations, as well as culture
and values. All these perspectives are valuable for
policy in the context of the nexus and decoupling.

Policy processes should directly include
nexus issues in a regional or national process to as-
sess the resource base towards implementing SDGs
and delivering green growth, a process in which
these various frames are transparently presented,
explained and supported with the use of evidence.
It should help to make risk assessments and better
planning, and facilitate key projects on such nexus
innovations by comparing successful niches and

Source: http:/www.iclei.org/urbannexus.html

process enriches the evidence base by bringing new
stakeholders in, revealing the motivations and posi-
tions of stakeholders as well as prepares the
foundations for the vision and strategy on how in-
novation alliances can tackle the nexus issues.

Such key projects may comprise:

= Transboundary river management with better
planning for hydropower and co-benefits.

= Development of urban green space and urban
farming.

= Development of business niches with local people
at the Bottom of the Pyramid® towards eco-inno-
vations with a potential to grow and become inter-
connected.

= Enabling new alliances for collaborations with in-
ternational companies seeking community involve-
ment and eco-innovation across borders with local
benefits.



= Engaging with investors, large companies, and in-
ternational organizations that are under pres-

sure to serve long-term goals with more short-term
returns.

(Box 4)

4.3 Leadership, participation and shared
visions of the future

The nexus challenges have the strength of
being oriented towards a mid-term horizon of 10 —
30 years, which is in line with planning for water and
energy infrastructures, land use, mining projects,
and investments for producing capital goods (Fla-
chenecker, Bleischwitz, Rentschler 2017). Key
projects as outlined above are important for esta-
blishing ties between stakeholders, in particular
when the institutions are weak. Overall it requires
a strong buy-in from both stakeholders affected by
the challenges as well as those who may be instru-

Box 4: Tropical fruit waste valorisation

What can policy makers/business/other stakeholders do?

mental in solving them. The latter may not be di-
rectly affected by the challenges, but they may
consider their contribution beneficial, if evidence on
short-term benefits and co-benefits can be estab-
lished. Water management, food security, sustaina-
ble energy systems, transitions for resource-inten-
sive industries, and sustainable urban development
are key areas. Policy and think tanks need to estab-
lish and provide a platform for developing future
scenarios of dealing with nexus and a shared vision
of the future. Indeed, this should add a long-term
view too, e.g., the year 2050.

The main value added of the process is
creating shared visions based on various perspec-
tives, and combining potentially conflicting in-
terests into a ‘future project’ by creating short- and
long-term incentives for key actors.

(Box 5)

Along with the rise in exported exotic foods there is a corresponding increase in waste streams associated with

these foods, representing a high volume re-source of biobased chemicals and materials, for example, dietary fibres, pectin,

colourants, pigments and anti-oxidants. Valorising these waste streams into commercial products such as pectin and dietary

fibres seems paramount.

Box 5: California and the nexus

Source: Matharu et al. 2018.

At the start of 2014 California was in state of emergency because of severe drought conditions and implications for

electricity supply, followed by the introduction of California’s first-ever mandatory water consumption cut backs for urban cen-
ters in 2015. Much has happened since. The Electric Program Investment Charge (EPIC) supports nexus innovations. Seawater
desalination is being applied large-scale. California Energy Commission (CEC) establishes better data management. A number
of institutional partners collaborate to tackle nexus challenges and maintain California’s pole position in innovation, merging

them with emerging concepts such as the sharing economy and the internet of things (laT).

Source: Perez Henriquez 2018.



4.4 Short- and long-term scenarios and
transition roadmaps

An overarching vision needs to be trans-
lated into more tangible strategies on how to both
kick-start the process, identify potential asset los-
ses and sunk investments, and follow up on itin the
medium to long term. Planning will need to expli-
citly recognize the interdependencies between uses
of various resources and seek flexible solutions to
overcome the current and avoid future lock-ins in
the resource- and capital-intensive functional sys-
tems (e.g. energy and water supply) that contribute
to unsustainable use patterns. Scenarios and road-
maps are examples of strategic tools well suited
for dealing with complex challenges of winners and
losers requiring both short- and long-term out

What can policy makers/business/other stakeholders do?

looks. The tools that allow creating roadmaps and
scenariosprovide a practical framework for develop-
ing shared understanding of alternative innovation
pathways (scenarios) and contribute a foundation
for implementation of complex multi-actor innova-
tion projects (roadmaps).

It will be essential to bring new evaluation
perspectives in such scenarios and roadmaps, in or-
der to identify risks and gains of eradicating poverty
and enabling access to key resources for the world's
poor. Research should support these processes
via modelling efforts, potentially by soft linking
bio-physical tools with macro-economic modelling
and applying system dynamics as appropriate®.

Box 6: The Integrated Dynamic Assessment nexus model (IDA3) and ENGAGE

The IDA3 model has been developed at UCL as a vehicle for teaching multi-country, multi-regions nexus modeling, capturing

the dynamics and trade-offs between resources. Furthermore, it allows for the subdivision of the study area into sub-areas,

allowing the representation of regions within a country. The fully encompassed model emphases the importance of dynamics

between nexus components, providing flexibility both in terms of geographical boundaries and scale. To assess macro-econo-

mic effects of the nexus, UCL develops the computable general equilibrium model ENGAGE. Source: Spataru 2018.

4.5 Systemic policy for nexus system in-
novations

Policy makers are an important stakehold-
er in making system innovation possible; one may
also consider them actors towards an ‘entrerpre-
neurial state' (Mariana Mazzucato). Nexus chal-
lenges require an innovative, coordinated and coher-
ent policy response based on a policy mix that both
directly supports eco-innovation and also ensures
that wider regulatory and policy frameworks favour
the sustainability transition.

The direct support can be delivered by ded-
icated market and financial instruments such as re-
source taxes or resource dividends (Thomas

Source: Matharu et al. 2018.

Pogge), allowing a degree of risk in the case of par-
ticularly promising investment, whereas the en-
abling environment can, step-by-step, develop a
strong regulatory framework of ‘inclusive institu-
tions' (Acemoglu / Robinson 2012) as well as re-
moving regulatory barriers, environmentally harm-
ful subsidies and other forms of support that fa-
vours actors or technologies that contradict the di-
rection agreed in the vision.



What can policy makers/business/other stakeholders do?

Box 7: The German Progress ||

The 2mGerman Resource Efficiency Programme (ProgRess) released in 2016 addresses principles, strategies for action, and
measures for the sustainable use of resources in a comprehensive manner. It monitors innovation along value chains and ac-
tion areas such as buildings, ICT, and international development. It features the VDI Centre for Resource Efficiency with its sup-

port tools for SMEs, and a number of other platforms aiming at systemic policies towards the doubling of resource efficiency.

Source:http:/www.bmub.bund.de/en/topics/economy-products-resources-tourism/resource-efficiency/german-re-

source-efficiency-programme/progress-ii/

4.6 Governance for resource nexus inno-
vations

The resource nexus requires revisiting ex-
isting governance structures and mechanisms. Con-
versely, it also should be applicable if the state is
weak and institutions are weak too — as it is often
the case in developing countries. Resource govern-
ance’ is an attempt to provide lessons learned es-
pecially for resource-rich countries, with key areas
such as transparency, accountability, diversification
and revenue management®,

This angle is important and should be en-
riched with thinking about eco-innovations. Such
governance will concern all dimensions of govern-
ance, including leadership, strategic deliberation,
participation, responsibility and accountability, im-
plementation, and monitoring and evaluation. Re-
solving nexus challenges require envisaging alter-
native forms of governance that exist in parallel
to, or even substitute, established institutions and
organizations. On the one hand, the challenge is to

Box 8: Towards eco-Innovation governance in Chile

design and implement viable governance approa-
ches that make optimal use of existing capacities
and power structures by stimulating collective ac-
tion on the ground.

On the other hand, the challenge may be
to innovate and create new governance structures
when existing settings do not suffice or are mobi-
lized against the desired change. The latter suggests
that design of policy and governance need to take
into account the dimension of power and leadership
as well as organizational capacity, technical compe-
tences and budgets. In the global perspective, the
governance catered for the nexus challenges is likely
to rely on the regionalized polycentric coordination
of collective action towards a global coordination.
This regionalized bottom-up perspective comple-
ments other planetary governance approaches,
such as ‘earth system governance' (Frank Bier-
mann) that appear more top-down. Indeed global
governance approaches need to combine both bot-
tom-up and top-down.

Chile is world's largest copper producer and major exporter of agricultural, forestry and fishery products. The country bene-
fitted from the commodity price boom leading to significant growth rates over the past 15 years.Since 2010, Chile strived to
strengthen its environmental institutions and design a comprehensive environmental policy framework. It launched a major
Green Growth Strategy in 2013, supported by a National Programme on Sustainable Consumption and Production. Measures
include the market development of renewable energies, enhancing water security including desalination technologies applied

in mining, and green fiscal incentives.

Source: Perincek 2017
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While the nexus and eco-innovations have often
been seen as separate issues by now, this policy
outlook brings both concepts together. We provide
a nexus definition and suggest a narrative, centred
around critical interlinkages to integrate multiple
sustainability goals like the SDGs. As an additional
strengths within the broader policy debate, we un-
derline the nexus underpinnings at the interface
with security and strategic investment choices. A
nexus angle can help assess synergies and trade-
offs of resource use, be it for energy transitions and
low carbon societies or be it for the SDGs. For sure,
more transdisciplinary research will need to be done
post the EU H2020 programme and existing net-
works. Our proposed knowledge base would be a
huge step forward.

Yet, this policy paper proposes nexus inno-
vations for a number of stakeholders too. Core proj-
ects can be defined towards new innovation alli-
ances, all supporting new scenarios and transition
roadmaps. We cautiously expect those processes to
be taking off whenever systems thinking is called
for to overcome wicked problems and multiple ris-
ks, and be especially helpful in emerging and de-
veloping countries. In a perspective and along with
John A. Mathews (2017), global green shifts could
well lead to a sixth wave on transitions along food,
water, resources, and energy, with China and India
becoming global hubs of nexus innovations.Our take
away policy steps to counter the nexus
risks and unleash eco-innovations are:

= Assess nexus risks at local, regional, national,
and transnational levels as well as for main value
chains. Start with obvious risks such as droughts
and knock-on effects on food security and electric-
ity production. Identify critical thresholds and inter-
linkages. Reassess planning for systems of provi-
sion.

= Assemble relevant stakeholders and experts to
establish a knowledge base and joint risk assess-
ments. Look out for impacts on SDGs, livelihoods,
and vulnerable actors including SMEs. Keep in mind
vested interests and have an eye on existing regu-
latory failures.

Future outlook

= Map potential eco-innovations that could mini-
mize risks and turn them into opportunities. As-
sess demonstration projects and feasibility studies
towards upscaling; analyse barriers and drivers.
Identify main actors in those innovation systems.

= Establish innovation alliances across innova-

tive SMEs, other companies, investors, and actors
for lead markets. Develop market roll out and tai-
lor-made support schemes. Learn from experience
abroad. Assess environmental and socio-economic
impacts.

= Build-up foresight capacity and develop transition
strategies. Include the regulatory frame and inter-
national market developments. Seek to establish
international alliances.



' The authors would like to thank Andrea M. Bassi for useful comments. An earlier version of this Policy
Outlook has been published entitled ‘The Resource Nexus and Resource Efficiency: What a Nexus Pers-
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