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Introduction  
 

Climate change, biodiversity loss and resource depletion are global realities that are having 

increasingly serious negative impacts on global and national economies. Three major global research 

initiatives provide the scientific focus for these global dynamics, namely the Inter-Governmental Panel 

on Climate Change (IPCC) for climate science (IPCC, 2022), the Inter-Governmental Panel on 

Biodiversity and Ecosystem Services (IPBES) for ecosystem science (IPBES, 2019), and the International 

Resource Panel (IRP) for material flow analysis (IRP, 2019). All three global dynamics analysed by these 

scientific bodies translate into practical challenges at the national level. The Water-Energy-Food nexus 

brings into focus where all three of these global dynamics intersect, with serious economic challenges.  

Energy has traditionally been derived from fossil fuels extracted from the crust of the earth. This is a 

limited resource that is running out, and the combustion process relocates the CO2 locked in sub-

surface deposits into the atmosphere where it causes global warming with negative societal and 

economic consequences. Recently published scientific research shows that there are 16 earth-system 

tipping points that get activated at different intensities as warming proceeds through the 1.5-degree 

warming barrier, and beyond (McKay et al., 2022). Coal-fired power is also water-intensive. The 

transition to renewables is a transition from one set of non-renewable resources plus large quantities 

of water to another, namely to a combination of minerals and metals (especially rare earths) that will 

be required in greater quantities than if the economy remained dependent on fossil fuels (IRP, 2017). 

More copper, more steel, more rare earths and more cement will be needed compared to what will 

be required if the global economy remained dependent on fossil fuels. This has major implications for 

the mining industry, the structure of the power supply industry and everyday life (especially mobility, 

housing and food). South Africa has an ageing fleet of power stations, many of which need to close 

down over the next two decades. Funding to build new ones is unlikely, and renewables are now 

cheaper than the cost of running an existing coal-fired power plant and far cheaper than a new one. 

As South Africa’s Energy Action Plan makes clear, there are now 30 GW of renewables in the pipeline 

arising from decisions made in 2022.  

Water, on the other hand, is a scarce resource that is used inefficiently in South Africa. There are 5000 

dams, 3800 of which are small farm or town dams. Underground water is scarce, and around 30% of 

all piped water is wasted due to leaks and other inefficiencies. Agriculture uses 61% of the water for 

food production, thus constraining what is available for urban consumption and expanding urban 

populations. South Africa produces enough food to feed all South Africans, and yet around 30% of 

South Africans are food insecure. This is partly due to gradual disintegration of the natural systems 

that food production depends on (i.e., soils, biodiversity and water supplies), but it is also due to the 

fact that the food system is geared for middle class consumers and exports and not the needs of the 

poorest sections of society.  

Climate change has resulted in a global and South African commitment to Net Zero emissions by 2050. 

It is also a major threat to our future water supplies. Water resource consumption rates have generally 

tracked economic growth rates in South Africa, as have rates of fossil fuel-based energy consumption. 

If this continues without any decoupling, water resource constraints will join energy constraints as 

constraints on future economic growth (IRP, 2019). Climate change also drastically affects food 
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supplies, in particular via negative impacts on water resources (surface and sub-surface), soil quality, 

land-use change and ecosystem changes.  

It is clear that the water, energy and food systems need to change. The norm has been to manage 

these sectors independently, but research has revealed that these resources are interlinked in 

multiple, complex ways that may result in synergies and/or unintended consequences (Newell & 

Goldstein, 2019).  The impact of climate change on these resources further exacerbates the challenge 

of managing them in a manner that ensures sustainability and resilience.  

In response to these intersectoral challenges, the SA-TIED Phase II project has the workstream Water-

Energy-Food in the context of Climate Change (WEF CC) which aims to answer the following 

overarching research questions: what system changes (policy, regulatory, institutional, financial) are 

required to ensure that South Africa has long-term sustainable supplies of energy, water and food in 

the face of climate change? What are the related investments required to achieve this? What are the 

long-term economic consequences of sustainable supplies of energy, water and food relative to a 

business-as-usual scenario? 

Based on an understanding of the workings of the WEF nexus in particular contexts, strategic decisions 

can be derived and justified by evidence and the effect thereof measured. A deeper understanding of 

these resource flows could inform the appropriate policy and financial decisions that can lead to a 

more just transition in SA. In order to adequately address the research inquiry, the WEF CC research 

agenda is comprised of five focus areas which are more explicitly defined in their respective terms 

reference under Section 4. These focus areas are:  

1. Climate modelling to determine the future climate change impacts on food, energy, and 

water systems. 

2. Financial analysis of the investment requirements to achieve net zero by 2050. 

3. Financial analysis of the investment requirements to achieve water security by 2050. 

4. Land-use implications of future food needs in the face of urbanisation and population 

growth. 

5. The need for a hybrid modelling approach that builds on SATIM-GE. 

This research agenda paper is structured as follows: Section 2 follows after the introduction and will 

delve into the WEF nexus literature from which the project is derived, Section 3 will situate the WEF 

nexus within the South African context, Section 4 will provide summaries of the terms of references 

(TORs) for each of the five focus areas within the WEF CC project and Section 5 will conclude the 

agenda paper. 

 

Overview of the WEF nexus literature 
 

The emergence of the nexus debate  

The WEF Nexus emerged as a framework for resource governance in response to the inadequacies of 

traditional approaches where resources are managed in isolation from one another (Weitz, Strambo, 

Kemp-Benedict & Nilsson, 2017; Newell, Goldstein & Foster, 2019). The problem with the traditional 

approaches to resource governance is that they do not account for trade-offs and cascading effects 
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between resource systems and the systems within which they are embedded. By contrast, the WEF 

Nexus approach proposes a form of integrated resource governance where trade-offs are mitigated, 

vulnerabilities leveraged, and synergies maximised, simultaneously reinforcing the resilience of these 

systems in harmony with one another (Smajl, Ward, Pluschke, 2016; Weitz et al., 2017; Newell et al., 

2019). To achieve these outcomes, the WEF Nexus approach proposes systemic co-management of 

WEF systems and cross-boundary collaboration with coordinated resilience strategies in mind (Smajl 

et al., 2016; Weitz et al., 2017; Newell et al., 2019). For this reason, the WEF Nexus framework is 

represented as a supporting instrument for a green economy and resilient global development (Shlör 

et al., 2018)   

Although the first WEF Nexus-related article was published in 1988 (Cohen & Allsop, 1988), the 

concept only appeared in the international arena in 2008, when the World Economic Forum called for 

a better understanding of the interconnections between water, energy and food (Smajgl et al., 2016). 

Since then, there has been a rapid increase in WEF Nexus publications, with 2016 alone seeing 213 

publications of the total 1 399 publications identified in Newell et al.’s (2019) 44-year review of WEF 

Nexus literature.  

 

A call for cooperation across sectors and scales     

It was found that there was some uncertainty as to what precisely the term WEF Nexus represents 

(Urbinattii et al., 2020), with some authors arguing for a clearly defined concept to enable the 

identification of what is and what is not a WEF Nexus problem (Katz, Padowski, Golsdby, Brady and 

Hampton, 2020).  

Other authors argue that the ambition to construct a clearly defined concept is unrealistic and 

unfounded given the complex and context-specific nature of interconnected resource governance, 

arguing for fluid conceptualisations depending on the context and the need to prevent the stunting of 

possible negative impacts (Märker, Venghaus & Hake, 2018). Researchers, however, need to move 

away from quarrels about abstract conceptual clarity and instead move towards an empirical analysis 

of application. This move is promoted by Smajgl et al. (2016), who argue for moving from abstract 

considerations to practical application, and then empirical observation.   

From a practical perspective, the WEF Nexus was identified at the Bonn 2011 Conference on the 

‘Water Energy and Food Security Nexus – Solutions for the Green Economy’, as a tool within the 

sustainability solutions toolbox which could address the following key opportunities/challenges (Table 

1). 
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Table 1: Key opportunities/challenges addressed by a nexus perspective.    

  

                                                                          

                                                                                      

                                                              

Importance of a nexus perspective for the following resource security and sustainability 

opportunities/challenges:   

                                                                                      

                                                                          

                                                              

                                      

Increased productivity and efficiency of 

resources   

                                                              

                                                                          

Decoupling economic development from 

resource use (Hoff, 2011; Martin-Nagle et al., 

2012).  

                                                              

  

Waste as a resource in multi-use systems   

                                                                          

Cross-sectoral management can turn waste and 

by-products into resources for other products 

and services, boosting overall resource use 

efficiency (Hoff, 2011).  

                                                              

                                      

Stimulating development through economic 

incentives   

                                                  

                                                              

                                      

Economic instruments8 are required to 

stimulate investment towards innovations that 

help improve resource use efficiency9 (Hoff, 

2011).  

                                                              

                          

Governance, institutions and policy coherence   

                                                              

                                      

Multi-level governance and collective action 

require enabling conditions for horizontal and 

vertical policy coherence10 (Hoff, 2011).   

                          

Benefiting from productive ecosystems   

                          

A nexus perspective provides opportunities for 

improved ecosystem investment and 
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                                                              management, a critical task given our 

dependence on these ecosystem services (Hoff, 

2011).  

              

Accelerating access (integrated poverty 

alleviation and green growth)   

                                                                          

                                                              

                          

By sustaining our ecosystem services via a nexus 

approach, we are, in effect, maintaining our life 

support system. People experiencing poverty 

depend on these ecosystem services most 

directly, making it crucial to accelerate access to 

resources and sustain their functioning in a 

coordinated way (Hoff, 2011).   

                          

Capacity-building and awareness raising   

                                                                          

                                                              

                          

With a cross-sectoral approach comes increased 

complexity, which needs to be addressed via 

social learning and capacity building11 (Hoff, 

2011; Martin-Nagle et al., 2012).   

                                                              

              

Towards a Green Economy   

                                                              

                          

                                      

                          

              

                                                              

Nexus can assist in creating an economy that 

results in improved social equity and human 

well-being while significantly reducing 

ecological scarcities and environmental risks 

(Hoff, 2011).   

                          

  (Adapted from Hoff, 2011; Martin-Nagle et al., 2012)  

From the opportunities/challenges identified in Table 1, a possible understanding of the WEF Nexus 

framework emerges (Martin-Nagle et al., 2012:25):   

A nexus perspective increases the understanding of the interdependencies across the water, 

energy, food and other policies such as climate and biodiversity. The nexus perspective thus 

helps to move beyond silos and ivory towers that preclude interdisciplinary solutions. It opens 

the eyes to mutually beneficial responses and the potential of cooperation. We must think 

and act interlinked to realise direct and indirect synergy potentials.   

It is a call for cross-sector cooperation (water, energy, food), cooperation across multiple levels of 

state (national, provincial, local), cross-domain cooperation (public, private, and civil society), as well 

as transdisciplinary thinking (Martin-Nagle et al., 2012). The WEF Nexus is, therefore, a concept that 

extends further than just water, energy and food and encompasses a form of governance that can be 
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described as integrated resource governance. Although this is the preferred outcome, it is found that 

many WEF Nexus studies were sector-specific, not concerned with all levels of state (national, 

provincial, local), and not focused on all cross-domain actors (public, private, and civil society) (Foley 

et. al., 2005; Newell et al., 2019; Mguni & van Vliet, 2021).    

 

Cooperation: collaboration versus holistic integration   

The WEF Nexus literature clearly calls for better cooperation for the goal of integrated resource 

governance. What needs to be clarified is how this cooperation can and should manifest, as well as 

the techniques, tools and frameworks required to make the proposed forms of governance practically 

viable. This would shift the debate from conceptual refinement to the practicalities of flexible 

governance, from structural idealisation to practical possibility. Should cooperation come from fully 

integrated governance units into single WEF Nexus departments, or should autonomous units be 

strongly linked towards better collaboration? These different proposed forms of governance - 

collaborations vs integration - represent two possible understandings of the WEF Nexus and how its 

call for cross-sector cooperation can and should manifest.  Some authors who have given this question 

serious consideration include Smajgl et al. (2016), Weitz et al. (2017), Märker et al. (2018) & Urbinatti 

et al. (2020)   

Smajgl et al. (2016:538) introduce a “sectorally balanced, dynamic nexus framework” in which sectors 

are equally weighted when grappling with relationships and ripple effects of governance decisions. 

The Dynamic Nexus Framework, as it will be referred to from here on, is illustrated in Figure 2.1.  

 

 

 

Figure 2.1. Dynamic Nexus Framework 
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(Source: Smajgl et al., 2018:535) 

In contrast to this would be a traditional static-comparative and partial approach which gives unequal 

consideration to a specific sector while comparing states before and after the change. Instead, the 

Dynamic Nexus Approach emphasises the constant interaction between “the three sectors, and 

between the Nexus core and the three Nexus sectors” (Smajgl et al., 2018:535). The Nexus core refers 

to drivers, such as population growth and climate change, that simultaneously influence water, 

energy, and food dynamics, thus resulting in cross-sector feedback (Smagjl et al., 2016). Smajgl et al. 

(2016) tested the practical effectiveness of a Dynamic Nexus Framework in the transboundary context 

of the Mekong Basin. They found that it produces novel insights for cross-sectoral dynamics, as it 

“revealed how the occurrence, valency and magnitude of sectoral connections emerge and are altered 

as a consequence of single sector interventions in a water–food–energy Nexus” (Smajgl et al., 

2016:532)  

Weitz et al. (2017), Märker et al. (2018), and Urbinatti et al. (2020), however, caution against a 

framework that argues for the idea of full integration of sectors into one system as their research 

suggests this approach can lead to collaborative inertia. This is a crucial point to consider when it 

comes to generating the adaptive capacity needed when governing resilience, as cross-scale 

coordination is needed without paralysing the ability to be adaptive and creative — a factor that, in 

many ways, is determined by diversity and flexibility (Biggs et al., 2015; Wagenaar & Wilkinson, 2015).  

Märker et al. (2018) specifically uses a governance, policy and institutional approach to approach their 

proposed form of WEF Nexus integrations. This is very much the same as Weitz et al. (2017), and 

Urbinatti et al. (2020), who realise the WEF Nexus structural debate is essentially a debate about 

governance, the enactment of which will rely on policy and institutional transformation according to 

the best form of integration/collaboration. Urbinatti et al. (2020) highlight the benefits and 

disadvantages of perceived governance integration (sector and scale) by stressing that rigid 

integration may be disadvantageous; instead, they promote flexible governance arrangements. This 

point is also raised by Weitz et al. (2017), who propose the importance of neutral spaces rather than 

the formal merging of sectors.   

Märker et al. (2018) are, however, the only ones to practically explore these propositions. This is done 

by exploring possible pathways for achieving an integrated WEF Nexus governance framework and 

highlighting problems with institutional change and policy integration. This information is then used 

by Märker et al. (2018) to develop and practically explore two possible conceptual WEF Nexus 

frameworks.  

This first, represented by Figure 2.2, is known as the Holistic WEF Nexus Integration Framework, which 

describes a horizontal policy integration framework that defines the WEF Nexus as a single, fully 

integrated system.  
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Figure 2.2 Holistic WEF Nexus Integration Framework 

  (Source: Märker et al., 2018:294). 

 

The second, illustrated in Figure 2.3, is known as the Collaborative WEF Nexus Framework, and 

describes a vertical policy integration framework primarily based on existing structures and the 

reframing of the current institutional setting towards more collaboration.  

 

Figure 2.3 Collaborative WEF Nexus Framework 

 (Source: Märker et al., 2018:295). 

 

After developing these two theoretical frameworks, Märker et al., 2018 tested both for strengths and 

weaknesses in governing the WEF Nexus using two cases of integrated governance in Germany: The 
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German Sustainable Development Strategy (GSDS) 2016 and Section 90 of the Renewable Energy 

Sources Act.  

The GSDS 2016 had been developed by the German Federal Government in response to the call for 

coherent, holistic policy frameworks that could address each of the UN’s Sustainable Development 

Goals (SDGs), as well as the cross-references and interconnections between the 17 SDGs, including 

those directly and indirectly related to the nexus sectors (Märker et al., 2018). The development of 

GSDS 2016 was governed by the State Secretaries’ Committee for Sustainable Development (StsA). It 

consists of representatives from each of the 14 federal ministries and is directly connected to the 

Federal Chancellery (Märker et al., 2018). Therefore, the StsA constitutes a central authority 

responsible for a holistic strategy while being located on a supra-sectoral level, hence showing a high 

level of horizontal policy integration. As Märker et al., (2018: 296) write: 

“The 2016 GSDS provides an overarching strategy endorsed by a strong authority on a supra-

sectoral level and influenced by a broad variety of different actors. It formulates specific 

targets and measures for the FEW nexus sectors and accounts for interconnections between 

them. In this sense, the 2016 GSDS serves as a valid example of horizontal policy integration 

using the holistic FEW nexus framework.” 

The GSDS 2016 is, however, not without shortcomings, as it recommends a restructuring of the 

institutional setting, while evidence suggests that institutional settings usually do not change as fast 

as resource problems need to be solved (Märker et al., 2018). The strategy is therefore of great 

importance for actual policy integration, yet a strategy alone is simply as effective as the competences 

of the central authority who must endorse it. 

There are, however, alternative instruments of policy integration, such as Germany’s Section 90 of the 

Renewable Energy Sources Act, which represent vertical dimensions of integration and thus the 

second WEF Nexus Framework. The Renewable Energy Sources Act (EEG) represents the most 

important instrument for achieving renewable energy sources targets in Germany. This is because the 

EEG fixes a feed-in tariff specific to respective energy sources while ensuring feed-in priority for 

electricity generated from renewable sources (Märker et al., 2018). This includes the use of Biomass, 

which can have a significant impact on land use, ecosystem services and biodiversity (Märker et al., 

2018). This makes the case of bioenergy a prominent nexus example, as it simultaneously addresses 

water, energy and agricultural concerns (Märker et al., 2018). 

Section 90 of the EEG regulates the rules for setting up sustainability criteria (such as sustainable 

cultivation and production and reduction of GHG emissions) which needs to be met by producers to 

receive subsidies for the use of biomass as a source of electricity (Märker et al., 2018). These criteria 

are however not defined by EEG itself. Instead EEG authorises the Federal Ministry for the 

Environment, Nature Conservation and Nuclear Safety (BMU) in accordance with the Federal Ministry 

for Economic Affairs and Climate Action of Germany (BMWi) and the Federal Ministry of Food and 

Agriculture (BMEL) to choose the requirements and rules laid out in the Biomass-Electricity-

Sustainability Ordinance (BioSt-NachV), while the BioSt-NachV simultaneously strives to implement 

the EU Renewable Energy Directive (which has the role of directing the federal ministries to bind 

certain compensation payments to specific environmental and sustainable standards). 

This example of vertical policy integration is described by Märker et al., (2018: 297) who write: 
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“Using IAD framework terms, the EEG and the EU Renewable Energy Directive represent 

formal rules that are clearly assigned to the energy sector. However, in terms of criteria for 

the sustainable and environmental-friendly cultivation of biomass, BMU acts as the main 

actor, involving BMEL and BMWi in the action situation. The institutional outcomes of this 

action situation are specific sustainability requirements defined in the BioSt-NachV.” 

It is therefore indicative of a case study example of vertical policy integration among WEF nexus 

sectors because it is situated on a specific sectoral level which incorporates and draws together 

procedures that can lead to coherent policy outcome (Märker et al., 2018). Some potential 

shortcomings may emerge due to insufficient monitorisation, communication and shared information, 

making it of critical importance for these factors to be considered when implementing a form of 

vertical policy integration. Despite these potential shortcomings, Märker et al. (2018: 297) argue that 

by constantly adjusting and evolving the EEG, the “Federal Government uses and strengthens an 

existing institution to achieve overarching climate and energy targets without reconsidering basic 

structures”, making it an excellent case study of the success that can come from vertical policy 

integration.  

After analysis of the results, Märker et al. (2018) conclude that effective WEF Nexus governance 

requires aspects of both policy integration options depending on the context. As they write:  

“Since vertical policy integration requires lower levels of learning, it is easier to achieve. It 

builds on existing institutions and increases cooperation and is assumed to have a higher 

impact on policy implementation. However, regarding the overarching goal of sustainable 

development, it must be questioned whether various nexus-smart sector policies alone would 

equate to a practical governance concept for sustainable development.” (Märker et al., 

2018:297).  

Key Learnings  

What then emerges from these various debates? Smajgl et al. (2016) bring forward the workings of a 

dynamic and sectorally balanced nexus perspective. Although Weitz et al. (2017), Märker et al. (2018), 

and Urbinatti et al. (2020) agree with Smajgl et al. (2016) in that a dynamic, nested perspective is 

required, they caution against perspectives where sectors are balanced in a manner that turns them 

into a single sector (although this may be necessary at times). Further suggestions are made by Al-

Saidi and Elagib (2016), who argue that one must consider a prism-view of one sector that takes links 

to the other two sectors, much like the nested view proposed by Smajgl et al. (2016).   

In conclusion, these various arguments collectively suggest that a collaborative, dynamic WEF Nexus 

framework is required, which uses a nested view/prism view but not full sector integration — although 

this can be beneficial in specific contexts. It is, therefore, clear that although these are crucial 

considerations when setting up WEF Nexus cooperation in practice, context is vital. Conceptual clarity 

needs to emerge from the analysis of practical WEF Nexus governance applications in different 

contexts.  

 

Analytical capacity as a catalyst for cooperation and coordination  

The literature clarifies that although structural manifestation is context-specific, analytical capacity is 

necessary for any WEF Nexus approach (Hoff, 2011). What is meant by analytical capacity is a means 
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of analysis which can capture complex system component interactions, ripples and reactions using 

integrated assessment of water, energy and food at all scales, enabling quantitative trade-off analyses 

and better decision-making (Smajgl et al., 2016; Newell et al., 2019). One proposed way to do this is 

with concepts, perspectives, and analytical tools emerging from the field of Urban Metabolism (UM) 

— an area used to explain the physical material flows analysis (MFA) of resources through urban 

systems (Newell et al., 2019).  

To illustrate this approach, it is worth discussing the example of such an analytically supported 

decision support system based on MFA that can be found at the V&A Waterfront in Cape Town, 

South Africa (Swart, 2023). V&A Management decided to use a tool called GCX DASH that was 

developed by a Cape Town-based technical solutions company. It is an analytical tool that tracks the 

physical material flow of shared resources throughout the V&A Waterfront. Although it currently 

only tracks water, energy and waste, it still makes for an ideal case study of a Decision-Support-

System (DSS) based on material flow analysis (MFA) throughout an urban metabolism (UM) which is, 

in this case, a precinct/neighbourhood known as the V&A Waterfront.  

However, this quantitative MFA must be paired with qualitative perspectives, such as governance, 

socio-economic and political considerations (Foran, 2015; Newell et al., 2019). This is especially the 

case concerning the WEF Nexus, as interdisciplinarity needs to be at the core of a field that proposes 

cross-sectoral cooperation (Foran, 2015, Berman, Shwom & Cuite, 2019; Newell et al., 2019). Some 

suggestions are made by Newell et al. (2019), who propose a merger between industrial ecology’s 

quantitative UM approach with qualitative socio-political considerations to form a new kind of analysis 

referred to as Political Industrial Ecology (PIE).  

In contributing to this mixed method approach, research was conducted at the V&A Waterfront by 

investigating the quantitative MFA-based DSS (GCX DASH-) through a practical-social-governance 

(PSG) perspective (Swart, 2023).  

 

V&A Waterfront Case Study  

Decoupled Resource Use via data-based Resource Governance   

The use of GCX DASH enables the V&A Waterfront to enact a measure of decoupled resource 

governance. Decoupled resource governance means sustaining economic growth at a certain 

percentage while your dependence on resources goes flat or declines (UNEP, 2011). By using GCX 

DASH, the V&A Waterfront has largely decoupled a precinct’s economic and financial growth from the 

growth in carbon emissions, water, waste, and energy. Since practical examples of decoupled resource 

governance using a DSS are expressed in the literature as virtually non-existent, the V&A Waterfront 

presents a significant example on a global level. 

  

A practical governance result that emerged from the use of GCX DASH- was the ability to save time. 

What would usually be a time-consuming and expensive yearly black box carbon disclosure exercise 

became an automated updated real-time analysis of consolidated resource data and related carbon 

emissions data (Swart, 2023). This not only saved the V&A Waterfront time and money, but it offered 

them a birds-eye view of data displayed on a live online accessible dashboard as well as a monthly 
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Eco-Analytics Report (Swart, 2023). The company responsible for GCX DASH- is GCX, a sustainability 

solutions company that has had a contract with the V&A Waterfront since 2018.  

Projecting potential outcomes: better decision-making (CAPEX)  

It is the bird’s eye view of resource flows and patterns that allows the V&A Waterfront to know 

precisely what resources are being used on a monthly and yearly basis, in turn enabling them to make 

better decisions, as well as to set realistic sustainability-oriented performance targets for the year 

ahead (Swart. 2023). These annual targets are improvements on the previous year’s performance 

following a standardised set of metrics (e.g., emissions, water use per person, waste per person, 

energy use, etc.). These targets are not, therefore, wishful thinking targets designed for political 

performance that can be construed as greenwashing. They are rooted in reality and are realistic and 

achievable. The system, therefore, enables a deep level of learning that enables better decision-

making and the better setting of realistic targets.  

The dashboard also makes it possible to project potential outcomes over time, for example, in 2030, 

2040 or 2050, if the rate of improvement is maintained. In the case of the V&A Waterfront, this 

projection drives their CAPEX budgeting. Evidence suggests that with accurate key performance 

indicators (KPIs) and dynamic baselines, the V&A Waterfront has been able to compare buildings per 

square metre, enabling them to assess the performance of outliers while finding reasons for why these 

are outliers.  

Previously (before GCX DASH-), CAPEX used to be “...driven by who shouted the loudest” (Swart, 

2021). However, with the analytics tool in place, guided decisions directing CAPEX have been made 

that contribute ecologically and socially. As GCX 1(2022) explains: “You will be able to use data to 

identify where capital expenditure is required. So, yes, the dashboard does have the ability to indicate 

where it’s required.” This leads V&A 1 (2021) to describe the resource data flows enabled by GCX 

DASH- as “game-changing.”  

Unintended Consequences & Nexus thinking  

The accurate measurement of waste throughout the V&A Waterfront enables better decision-making 

surrounding waste. One such instance occurred when using waste data: the V&A Waterfront 

management realised they could only go up to 43% landfill diversion as going higher leads to a hefty 

gate fee at landfills (V&A 2, 2022). This means they are essentially paying more than they are saving 

for recycling high quantities, an unintended consequence that GCX DASH picked up since it displayed 

environmental data in relation to financial data, otherwise known as materiality. As V&A 1 (2021) 

states, “We’ve proven with the platform that anything above 43% doesn’t pay me to recycle”, once 

again highlighting the importance of picking up materiality rather than pure non-financial data in 

isolation.  

Realising these unintended consequences of recycling led the V&A management to seek alternative 

ways of dealing with waste. This is because the final assessment led to the approval of plans for a 

waste-to-energy plant using advanced pyrolysis treatment where all waste except glass and metal 

would go into the plant to make energy. In other words, the V&A Waterfront would stop effectively 

recycling on-site, as everything would be utilised for energy in the long run (V&A 2, 2022). Access to a 

complete data record of the V&A’s MFA (provided by GCX Dash-) enabled them to use nexus thinking 

regarding water, energy and waste. As V&A 2 (2022) explains:  



13 
 

Once we did the viability for the waste-to-energy, we knew that the amount of energy that 

we would be able to get from the waste-to-energy plant would be able to provide at least 

two-thirds of the energy required for the desalination plant. And the other third of that would 

be coming from the PV installations. So, it was kind of like a no-brainer for us. Because your 

payback period was within reach of what we were hoping for. And at least from a 

development perspective, we’re not putting additional strain on the system, it would be able 

to generate our own electricity, which is great.  

 This indicates an example of how the GCX DASH- allowed for decision-making that takes a nexus 

perspective: a single intervention was constructed that would have reverberating effects on three 

distinct resources, namely waste, energy, and water. Other proposed interventions stemming from 

solutions assessment via the dashboard include commissioning a blackwater treatment plant to help 

the V&A deal with their wastewater (V&A 3, 2022). The blackwater treatment plant is being 

constructed at the site of the V&A Waterfront's current sewage pump station and will, once 

completed, treat sewage water to a level two standard, making it safe to use for irrigation. The option 

is there to upgrade the blackwater treatment plant to level one standard, making the treated water 

safe for consumption, however, this will only occur after a trial period.  

In short, the GCX dashboard has allowed for the enactment of circular thinking as it made the V&A 

Waterfront aware that they have reached a ceiling regarding many of the systems meant to save and 

recycle resources. Significantly, MFA data underpinned this decision which, in turn, allowed for the 

proper nexus perspective to be possible and is thus a determining factor in enacting accurate nexus 

thinking.  

Green leases & shared value ecosystem.  

Another finding was the positive effects GCX DASH- had on the collaboration between tenants and 

landlords through supporting and reinforcing the enactment of green leases and a shared value 

ecosystem approach adopted at the V&A Waterfront. Green leases are essentially contracts between 

Growthpoint (including the V&A Waterfront) as landlord and their tenants, whereby they share the 

benefits and the expenses of driving efficiencies in water, energy, and waste (V&A Waterfront, 2022a). 

The shard value perspective refers to striving towards business outcomes that extend beyond just 

benefits for the shareholders and take a Social-Ecological Systems (SES) view in striving for holistic 

systems outcomes (V&A 1, 2021). With GCX DASH- in place, the V&A Waterfront can support both 

these agendas with accurate and up-to-date resource flow data displayed with excellent detail (for 

instance, they can show a specific tenant’s consumption or a particular room within the tenant’s 

building). This also helps with conflict resolution, as disputes can be resolved with accurate data (V&A 

2, 2021) 

Driving systems change: implications during Day Zero  

The enactment of green leases and a shared value ecosystem are catalysts for systems change, and 

an example can be taken from the water crisis in Cape Town (Day-Zero) (Shepherd, 2019). Because 

the V&A relies on tenants for their total consumption, it was paramount to drive down consumption. 

During the water crisis, the way to get tenants to participate was to get all the significant users 

together in a room and to show comparisons in consumption rates using the GCX DASH- while also 

highlighting who the significant users were (V&A 1, 2021). By offering the data, the V&A Waterfront 

got these large consumers to ask questions, eventually driving their changes. Realising how much 
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money their competitors save (made possible by showing the materiality of water consumption) 

incentivised the changes over time for many of these tenants.  

Power dynamics: relationships of trust for the goal of systems change 

Investigating how the implementation of GCX influenced the relationships between landlord and 

tenants leads to the logical conclusion that a DSS such as the GCX Dash enables shared information 

which is, in turn, critical in shaping the required relationships of trust needed to bring top-down and 

bottom-up governance structures into mutual relations. It is therefore argued that a shared DSS that 

tracks performances and stimulates better collective decision-making may be a part of the answer 

when it comes to shaping power dynamics via better connections to enable real, achievable systems 

change. 

 

Water, energy and food in South Africa 
 

The WEF Nexus presents a promising opportunity in addressing resource concerns but also represents 

a systems-based approach to governance in pursuit of the SDGs. In setting the research agenda, the 

following section provides a brief overview of South Africa’s national resource landscape to 

contextualize the current resource dynamics. 

State of Water in SA – overview 

South Africa (SA) is considered a semi-arid country and ranked the 30th driest country globally 

(GreenCape, 2022a). As a result of increasing temperatures, the country is expected to experience 

more extreme weather events, particularly flooding and droughts which will affect water supply 

(Department of Water, 2022) thus increasing vulnerability to water shortages  (GreenCape, 2022b). 

Between 2016 and 2021 (with the exception of 2018), the national storage of water has been noted 

to be below the national average (Department of Water, 2022). This is following a drought in 2015 

which severely reduced national dam levels and exposed water system vulnerabilities (Donnenfeld, 

Crookes & Hedden, 2018).  

Coupled to water scarcity, an uneven rainfall distribution and varying microclimates are characteristic 

of the region. As a result, summer rainfall is experienced in the eastern and central locations, winter 

rainfall in the western and south-western regions and all-year-rainfall in the remaining regions are 

shifting (GreenCape, 2022a) – see Figure 3.1. Roffe, Fitchett & Curtis (2021) highlight that climate 

research in SA focuses primarily on annual rainfall volumes, but not much on the changes in the timing 

of rainfall. They elaborate as this has negatively cascading impacts on crop yields and surface water 

supplies, which warrant more attention. 
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Figure 3.1: National rainfall distributions  

(Source: Department of Water, 2022) 

The Department of Water and Sanitation (DWS) is the centrally managed and mandated custodian of 

the nation’s water resources, responsible for the management of resources and implementation of 

national policy. Water is delivered to users via a well-developed infrastructural system, predominately 

by means of the 5569 rain-fed dams across the country (Department of Water, 2022). But, 

maintenance on existing infrastructure and asset renewal is currently experiencing a backlog of R36bn, 

where R12.5bn is required for refurbishment due to inadequate maintenance and R23bn required for 

renewal of dated infrastructure (Department of Water, 2022). This presents challenges as agriculture, 

which contributes 3% to GDP (relatively small but sustains livelihoods and supports national food 

security), consumes 61% of the national supply followed by 27% for municipalities with mixed uses 

(residential, commercial and industrial) cannot function without this supply (GreenCape, 2022a). 

Moreover, this impacts strategic users, most notably being Eskom and SASOL, who are reliant on 

supply according to contractual arrangements but also represent the energy sector which consumes 

2% of national supply. If compromised, energy and fuel shortages are likely to result (Department of 

Water, 2022). 

 

 

Figure 3.2: Water use in SA Figure 3.3: Financial contribution of each sector 
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(source: GreenCape, 2022a as cited in Department of Water and Sanitation, 2019) 

Despite the climate and demand profile, national consumption per capita is 34% higher when 

compared to international benchmarks (235l/day vs 175l/d) (Department of Water and Sanitation, 

2019). Moreover, it is predicted that demand will exceed supply by 10% by 2030 (Department of Water 

and Sanitation, 2019) driven primarily by ineffective tariff structures, inefficient use and wastage, and 

aging infrastructure underpinned by increased urbanisation, rising incomes and increased access to 

piped water (Donnenfeld, Crookes & Hedden, 2018). Even so, universal access to potable water is still 

not a reality for many. The 2021 StatsSA General Household Survey indicates that 45.2% of household 

had access to piped water in their homes, 29.4% had on-site water access, 12.2% accessed water via 

communal tap, 1.9% obtained water from neighbours while 2.7% still relied on water collected from 

river, streams, springs, stagnant pools and dams (Republic of South Africa, 2022). 

Analysis of the future water balance shows that with supply augmentation efforts (which must be 

diversified (GreenCape, 2022a)) and efficiency measures, the gap between the 2030 supply and 

demand can be considerably narrowed (Department of Water and Sanitation, 2019). An independent 

report commissioned by the World Resources Institute (WRI) 2015 indicates that South Africa will 

experience severe water stress by 2030 which is worsened by 2040 under current usage trajectories 

(Luo, Young & Reig, 2015) – see Figure 3.. Water security is central in supporting economic recovery 

and development (GreenCape, 2022a). 

 

Figure 3.4: Water Stress by Country: 2040 

(Source: Luo, Young & Reig, 2015) 

Key levers for development in the water sector have been identified as: supporting resilience to the 

impacts of drought events, pursuing water security linked to economic development and improving 

access to water (GreenCape, 2022a)  
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State of Energy in SA – overview 

South Africa’s energy1 sector is under the centralised control of the Department of Mineral Resources 

and Energy (DMRE), while the Department of Public Enterprises oversees the state-owned power 

utility – Eskom – that is responsible for the generation, transmission, distribution and sale of 

electricity. The National Energy Regulator of South Africa (NERSA) is responsible for regulating energy 

entities and granting licences.   

Eskom supplies 90% of the nation’s energy requirements, of which 85% is provided from coal-fired 

power stations (Eskom, 2022a). Figure 3.5 depicts the location of power stations, most of which are 

concentrated in the north-east, in proximity to coal reserves. 

 

Figure 3.5 Eskom's national power plant footprint 

(Source: Eskom, 2021b) 

The role of Eskom as the monopoly electricity supplier is a point of strong contestation as load-

shedding, implemented initially in 2007, is worsening to date and has detrimental effects on economic 

productivity. This is said to be due to rampant corruption plaguing the enterprise compounded with 

failure to maintain the generation fleet. Recent estimates by the South African Reserve Bank places 

the cost of load shedding (in terms of lost revenue) at R204 million per day at stage 3 and R899 million 

per day at stage 6 (News24, 2023) with another source estimating that prolonged stage 6 load 

shedding has a daily cost of R4 billion (Dumisa, 2023). 250 days of load shedding is predicted for 2023 

(increasing from just over 200 days in 2022), equating to an estimated loss to the economy of R230 

billion. This has massive implications for economic growth – owing to the inherent links between 

 
1 For the purposes of this report, ‘energy’ will only comprise of electricity and will exclude other considerations 
such as fuels. 
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energy and the economy, but the effects may be even longer term as the subdued economic growth 

makes the country an unattractive investment destination. 

Policymakers and practitioners are widely aware of the direct links between economic development 

and energy supply.  Despite initial intentions to provide universal energy access by 2012, the 

government was unable to meet this target due to generation constraints, increasing urbanisation and 

growing demand (Sustainable Energy Africa, 2014). A new target to achieve universal access by 2025 

was set by the Department of Energy (DoE, which was succeeded by the DMRE) detailed in the 

Electrification Roadmap (Department of Public Enterprise, 2019). Despite this, many South Africans 

remain energy poor – without access to the electricity grid and reliant on traditional energy sources 

(such as wood) (Guild & Shackleton, 2018) or having access but unable to afford electricity (Ye, Koch 

& Zhang, 2018).  

“Economic growth is an essential prerequisite for overcoming poverty. No country has 

achieved sustained economic growth without improving access to cleaner and modern forms 

of energy and the services that they provide. It is also globally recognized – based on the 

experiences of most industrial countries – that policies to “share” the benefits of growth are 

needed to address inequality and combat poverty. Energy services to support economic 

growth and energy policies to combat inequality in human welfare are thus both critically 

important.” (Karekezi et al., 2012, p.158) 

The Energy Progress Report indicates that 84% of South Africa’s population has access to electricity 

(IEA et al., 2022) – see Figure 3.6. Access to electricity is a central component of socio-economic 

development and the eradication of poverty and may address structural unemployment (Department 

of Energy, 2009).  

 

 

 

Figure 3.6: Access to electricity (% of population)  
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(Source: The World Bank, 2020) 

In 2021, electricity generation produced 207.6 million tons of CO2, with emissions related to the 

transport of coal to power stations accounting for 10% of that figure (Eskom, 2021b). Although 

somewhat dated, this places South Africa 15th in global CO2 emissions, yet, on par with China in terms 

of CO2 intensity per capita (WorldOMeter, 2016). The Nationally Determined Contribution (NDC) 

under the Paris Agreement seeks to significantly reduce these emissions aligned with limiting global 

temperature increase below 1.5°C (Republic of South Africa, 2021). Noting the heavy reliance and 

entrenched path dependence on coal, complying with the agreement will result in a 50% reduction in 

electricity derived from coal (Oyekale & Molelekoa, 2023) and a subsequent increased uptake in 

renewable-based energy generation. “According to the 2018 IPCC Report, coal-fired generation needs 

to be reduced by 78% by 2030 to keep the goal of limiting average global temperatures to within 1.5°C 

above pre-industrial levels within reach” (Eskom, 2022b, p.115). The International Just Transition 

Partnership launched at COP 26 sought to support SA’s decarbonation efforts with a 8.5 billion USD 

deal. 

Moreover, the energy generation process is extremely water-intensive; water is supplied from several 

freshwater systems located within proximity of the power stations, the most notable of which is the 

Vaal River Eastern Sub-System (VRESS) which supplies water to eleven power stations in the region 

(Eskom, 2018). Eskom has a license to withdraw 360 300 Ml from the VRESS per annum but has used 

320 000 Ml on average across all power stations (Eskom, 2018). Much of this water will be released 

for other uses as coal-fired power stations are decommissioned over the next two decades. This could 

contribute significantly to counter-acting the negative impact of climate on water resources, in 

particular in the North East of the country where there is considerable agricultural potential.  

 

State of Food in SA – overview 

In addition to the semi-arid classification, South Africa is also constrained in terms of productive land 

- 11% is arable and heavily reliant on rainfall, 3% is considered as fertile and only 1% has suitable 

climate and soil combinations (GreenCape, 2022b). Moreover, agriculture is deemed central to the 

economy forming the basis of food provision (GreenCape, 2022b), thus a robust agricultural sector 

supports food security. Even so, the sector produces enough food to meet the nutritional needs of the 

60 million inhabitants. This production is supported by advanced food, nutrition and agricultural 

programs, yet practically, these benefits do not reach many as the effects of nutrition issues (over and 

under nutrition), destructive agricultural practices and stark territorial asymmetries are extremely 

prevalent (FAO et al., 2022).  

South Africa’s high inequality is also reflected across the food system as food security is still strongly 

segregated along racial boundaries (FAO et al., 2022). A recent report from the Integrated Food 

Security Phase Classification (IPC), mapped the food insecurity across the country and categorised the 

various phases. It found that 16% of the population faced high levels of food insecurity which 

demanded urgent attention as these food gaps severely impacted livelihoods (Integrated Food 

Security Phase Classification, 2021). The report further highlighted four factors that serve as key 

drivers for national food insecurity, they are: 
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• COVID-19 – purchasing power of households was negatively affected by job losses 

experienced during the national lockdown. 

• Economic performance and employment – the national economy is in a period of stagnation 

(StatsSA, 2023), resulting in job losses and reduced income, impact the ability to purchase 

food. Figure 3.7 shows that the population has grown faster than the economy. 

• Cost of food – food price inflation has exceeded general inflation since 2015 – Figure 3.8 - 

which compromises the ability of people to afford food. 

• Weather – as agriculture is rain-dependant, the recent drought has impacted production and 

reducing supply, and thereby increasing prices. 

 

 

Figure 3.7: South Africa GDP vs population growth 2019-2022 

(Source: StatsSA, 2023) 

 

Figure 3.8: General CPI vs food CPI 
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(Source: FAO et al., 2022) 

Agriculture was the sole sector that experienced positive growth during the height of the Covid-19 

pandemic (StatsSA, 2023) which was crucial in offsetting the general economic decline and 

consequent job losses (GreenCape, 2022b). The sector’s income rose by 46% from R107.7 billion to 

R157.4 billion from the 2019/2020 season to the 2020/2021 season (Directorate: Statistics and 

Economic Analysis, 2021). Despite having the capacity to meet national demands, the sector is highly 

climate sensitive. Periods of irregular climate have increased the need to import foods2, in particular, 

staples such as maize (FAO et al., 2022), increasing the cost of supply while compromising livelihoods 

and food security. The sector features as a priority in the NDC not only due to its climate vulnerability, 

but also due to the knock-on impacts in job-creation, economic development and its role in attracting 

foreign direct investment (Republic of South Africa, 2021). 

The food sector is subject to market forces although the Department of Agriculture, Land Reform and 

Rural Development (DALLRD) and the Department of Forestry, Fisheries and Environment (DFFE) are 

ultimately responsible for supporting the agricultural sector. Both entities have mandates pursuant of 

sustainable agriculture that seeks to resolve historical inequalities, primarily through policy 

implementation, land reform and skills development programmes. While they are responsible for 

policy and land allocation, they have no direct influence on the production of food or on the supply 

chain within which it operates. The food system includes input component suppliers, agricultural 

production, livestock and fish but also processing, transportation, and all modes of retail (IFPRI, 2020). 

 

WEF Nexus research in SA - Research limitations, gaps and opportunities  

A detailed literature analysis (still in review) commissioned by the Water Research Council, undertakes 

a global perspective of WEF Nexus research, with its relevance to Africa. As described in the section A 

call for cooperation across scales (Botai et al., 2023), the review confirms the increase in related 

research post-2011, but it is worth noting that more than 90% of the published work is output from 

the Global North. A similar trend is noticed in the larger climate change and sustainability sciences – 

the lion’s share of outputs is from the Global North, thus their perspective generally drives the 

discourse (Collyer, 2016). This presents a significant issue: the WEF nexus discourse is largely driven 

from a perspective and context significantly different to that of the Global South. It is widely noted 

that research and operationalization must be context-sensitive to avoid maladaptation and 

unintended consequences (Mpandeli et al., 2018; Mabhaudhi, Mpandeli & Nhamo, 2020). As climate 

change impacts are experienced more acutely in the South where resource insecurity and vulnerability 

are more common (DARA, 2012; Anguelovski, Chu & Carmin, 2014; Islam & Winkel, 2017; Eckstein, 

Kunzel & Schafer, 2021) it is even more important that research and operationalization efforts account 

for local contexts.  

A recent dissertation produced in SA has taken a more local perspective on the WEF nexus while 

situated within the global narrative (Simpson, 2020). The author further supports that a ‘one-size-fits-

all’ approach cannot be undertaken to address WEF Nexus issues or implementation as context, 

 
2 Drought events in particular, the 2015 occurrence detailed in the ‘State of Water’ provides such an example 
of import requirements. 
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functional elements and varying scales cannot be accounted for (Namany, Al-Ansari & Govindan, 2019; 

Serrano-Tovar et al., 2019). 

From the perspective that the nexus discourse remains largely conceptual, Simpson (2020) undertook 

an extensive analysis of global metrics in order to develop a WEF Nexus Index. This was informed by 

preliminary studies, the first of which evaluated the WEF Nexus as a vehicle to achieve resource 

security. While the author argues that this is realistic, the growth in research and practical interest is 

driven in part by the resource and subsequent financial constraints experienced by private institutions. 

What is omitted is that these institutions must be prudent – as seen in the case of the V&A Waterfront 

and GCX DASH – to remain viable and can avoid the bureaucracy and institutional constraints generally 

prevalent in public spheres (Wichelns, 2017).  Furthermore, it is becoming clear that economic growth 

and human development will be stymied by WEF constraints, further prompting the emergent interest 

(Salam et al., 2017). Later in developing the WEF Nexus Index, a strong correlation between data points 

is evident, when compared to the human development index (HDI) – see Figure 3.9. This access and 

consideration of development is central to securing basic humans rights but are also at the core of 

sustainability challenges (Mabhaudhi et al., 2019; Nhamo et al., 2020). 

 

Figure 3.9: Plot of the HDI vs WEF Nexus Index (Simpson, 2020) 

Despite this finding, the central critique of the WEF nexus – the lack of implementation methods – 

remains. Simpson (2020) investigates this in the second part of the study, seeking to move the 

discourse from nexus thinking to nexus action. The rationale is firstly premised on global concerns 

around resource security, compounded by the visible effects of climate change. Secondly, competing 

interests and trade-offs of competing sectors in the nexus need to be holistically (and optimally) 

managed while finally, understanding the WEF nexus is a vehicle by which the SDGs can be realized 

(Simpson, 2020). The author also highlights that governance considerations are largely absent in 
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discourse and analysis, supported by Stirling (2015)  who argues that the relationships between actors 

and their networks across multiple domains, coupled with governance arrangements needs to be 

understood and accounted for, which is the third and final aspect. But this must be prefaced by 

contextual understanding of the interactions between WEF which is glaringly absent (Albrecht, 

Crootof & Scott, 2018) and could be greatly supported by the availability of more robust resource 

data, also largely missing. 

Thereafter, the research provided a local case-study of the WEF nexus in Mpumalanga. The case 

details a practical example of the intersection of water, energy and food in the province, where the 

impacts of competing decisions and interests become evident. The region experiences an ongoing 

friction between agriculture and coal mining (Simpson, 2020). Of the high potential arable land 

detailed in the section State of Food, 46% of the national land is located in the province, which is also 

where power stations have been located in proximity to abundant coal reserves (see section State of 

Energy). A quarter of this coal is exported, and another sizable portion is used for coal-fired power 

generation which supports the local economy, but agriculture in the region supports national food 

security and both have different yet competing water demands and environmental footprints 

(Simpson, 2020). “Current and future mining activities will have a significant negative impact on 

agricultural production, as well as long-term implications for food prices and food security” (ibid, 

p.36). Balancing these competing requirements is key to development and security but requires 

coordination and integration between numerous stakeholders, coupled with a reduced reliance on 

coal-based energy. The study is concluded with the following: WEF nexus analysis, supported by robust 

data, is required to influence integrated public policy and support decision-making to promote the 

sustainability of the region (Simpson, 2020)  

Overall, the study resulted in several significant findings – primary of which was the novel 

establishment of a country-level composite indicator, comprised of several variables from publicly 

available data. In essence, it provided a quantitative means to describe the access, availability and 

consumption of water, energy and food – indicating current progress. Nhamo et al. (2020) also 

produced an analytical tool, using similar inputs to visually depict national WEF access, availability and 

productivity to develop a set of WEF nexus indicators – see Figure 3.10. Ideally, the graph should be 

maximized and balanced, which would indicate that ‘resources are being developed and utilized 

holistically to achieve sustainability’ (Nhamo et al., 2020, p.20). Any deformation in the shape would 

indicate an issue, onset by a maladaptation from a sectoral approach, indicating where intervention 

would be required. 
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Figure 3.10: Performance of WEF Nexus indicators for South Africa in 2018 (Nhamo et al., 2020) 

As useful as these outputs are, practical guidance towards operationalization remains sparse. Despite 

the wide-ranging critique and potential of implementation, global and local scholars agree that the 

availability, reliability and access to robust data across scales to develop tools and conduct analyses 

strongly constrains research (Lawford et al., 2013; Biggs et al., 2015; Kaddoura & Khatib, 2017; 

Laspidou et al., 2020; Nhamo et al., 2020; Opejin et al., 2020; Simpson, 2020).  In contributing a theory 

of change framed towards implementation, Naidoo et al. (2021) centralizes the role of governance 

and institutions. For these scholars, success would require transformations that would align policies 

with nexus strategies and overcome the inherent limitations of sector-based planning. Outputs from 

analytical tools are useful in identifying where interventions are required, as evidenced in Nhamo et 

al.(2020) and Simpson (2020). 

Having developed this theory of change, the mechanism by which to operationalize the WEF nexus 

remains unanswered (Naidoo et al., 2021). However, Naidoo et al provide a conceptual foundation 

for moving from ‘WEF nexus thinking to WEF nexus action’. Six ‘levers’ are established in the 

framework, each leveraging the outputs of the predecessor. It describes the following: 

1) Establishing effective nexus outputs through evidence using tools, experiments and 

innovations contributing to an increasing capability base. 

2) Accounts for the additional capacity required in different contexts to deploy said evidence. 

3) Combines and mobilizes the capability with the capacity to manage the governance and 

operationalization in generating a supportive policy framework. 

4) Management of the effects of change within and across research, governance and policy 

agencies but also resource sectors. 

5) Packages the nexus system for deployment at other scales for polycentric and 

transformative change. Cascading environmental effects (external) and new WEF nexus 

capabilities (internal) are sought and continuously developed. 

6) Capacities and capabilities are renewed and reconfigured to account for changes, but also to 

incorporate innovations, alliances and updated policy  

                                                                                                      (Naidoo et al., 2021) 
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Understanding the WEF nexus operationalization is context specific, and still in its infancy in South 

Africa. It is now clear that it is a framing that is helpful for addressing regional challenges that include: 

- Challenges onset by climate change. It has been said to connect water, energy, food and 

climate to the economy (Naidoo et al., 2021) 

- Land degradation (Naidoo et al., 2021) and national land-use considerations and trade-offs 

(Simpson, 2020) 

- Reducing and limiting fuel-based emissions associated with energy generation. This is 

currently hampered by numerous factors, one of which is investment (Mpandeli et al., 2018) 

- Achieving water security increase constraints, pressures and demand (Lawford et al., 2013; 

Ding, Gilligan & Hornberger, 2019; World Economic Forum, 2021) 

- Increased population growth coupled with urbanization (Naidoo et al., 2021), coupled with 

the effect on land use and food demands 

- Critically, the lack of economic modelling scenarios that account for climate change impacts 

on the WEF for the Global South context.  

In setting the research agenda, this workstream aims to investigate these aspects from the perspective 

of the WEF nexus and climate change, and in particular the investment and capacity requirements in 

response to these aspects. This also illuminates the time, expertise but primarily the finance required 

for operationalization, for which current research does not provide means or surety (Zhang et al., 

2020).  

 

Setting the research agenda  
 

In light of the above literature review and given the obvious empirical resource challenges facing South 

Africa, the following research agenda is proposed. Led by the National Treasury’s SA-TIED initiative 

(SA-TIED, n.d.), this research agenda is a collaborative effort by several public institutions and South 

African Universities. The public institutions working with National Treasury include the National 

Planning Commission, the Presidential Climate Commission and the Development Bank of Southern 

Africa. The South African Universities include University of Cape Town, University of Stellenbosch, 

University of the Witwatersrand and University of Pretoria. Not only will this be the first 

comprehensive analysis of these three sectors and their intersectional dynamics, it also will be the 

first time this cluster of public institutions and universities have collaborated in this unique manner 

with respect to the WEF nexus challenges, supported as they are by such large, publicly funded 

research budgets (mainly provided by the DBSA and the SA-TIED project).  

 

The research programme is coordinated by the Water, Energy and Food in the context of Climate 

Change Workstream (WEF CC Workstream) of SA-TIED Phase 2. This workstream is led by Georgina 

Ryan from the National Treasury as the policy lead, and Professor Mark Swilling, Co-Director of the 

Centre for Sustainability Transitions in Stellenbosch University as the academic lead. The WEF CC 

workstream is one out of the six workstreams that make up Phase 2 of the SA-TIED Programme (SA-

TIED, n.d.).  
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Extensive research work by specialists in each of these sectors exists, and the NRF is funding two large 

integrated projects on the Water-Energy-Food Nexus3 that involve SA and international partners. The 

overriding research question that the WEF CC Workstream will address is as follows: what system 

changes (policy, regulatory, institutional, financial) are required to ensure that South Africa has long-

term sustainable supplies of energy, water and food? What, in particular, are the related investments 

required to achieve this? What are the long-term economic consequences of sustainable supplies of 

energy, water and food relative to a business-as-usual scenario? 

While conventional policy analysis tools will be used to address question one, considerable emphasis 

will be given to the financial analysis of the investment requirements for achieving energy security/Net 

Zero, water security and sustainable and affordable food supplies. The WEF CC Workstream will use 

an adapted version of the World Bank’s Beyond the Gap analytical framework for this purpose, that is 

structured according to the following analytical logic (Rozenberg & Fay, 2019): 

 

 
Figure 4.1: Analytical diagram of the World Banks’s Beyond the Gap framework 

  
(Source: Rozenberg & Fay, 2019) 
 
Modelling tools will be used that will build on the SATIM-GE model developed by UCT during Phase 1 

of SA-TIED (Merven et al., 2018). By leveraging the research and modelling expertise of the teams and 

progress made during Phase 1, this research aims to make a contribution to a deeper understanding 

of the conditions that could result in a just transition in South Africa if the appropriate policy and 

financial decisions were made.      

 

Investment requirements to achieve energy security and net-zero by 2050 

Context 

South Africa’s energy challenges are well-known: 85% of South Africa’s energy is generated by coal-

fired power stations, compared to a global average of 34%. The CO2 content of South Africa’s 

economic output is the highest in the world. As the world transitions to low carbon energy sources 

(with total investments now over $500 billion pa, which is double total investments in fossil fuels and 

nuclear combined), South Africa faces carbon border taxes on its exports, in particular to Europe but 

soon to other countries. In addition to having some of the best solar and wind resources in the world, 

this global transition comes at a time when South Africa’s fleet of coal-fired power stations is ageing 

and needs to be decommissioned. 

The Integrated Resource Plan stipulates that 11 000 MW of coal-fired power must be decommissioned 

by 2030, and 26 000 MW of renewables must be constructed. With 7 years to go, these targets are 

 
3 https://www.nrf.ac.za/call-for-pre-proposals-dutch-research-council-nwo-and-national-research-foundation-
nrf/ 
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unlikely to be achieved if nothing changes. The National Planning Commission has called for an ‘energy 

emergency’ and an accelerated rollout of renewables to end loadshedding in two years. All the 

research teams analysing investment requirements through to 2050 to achieve Net Zero by then agree 

that the cost is between $250 and $950 billion (see Table 2). The bulk of this investment will be from 

private sector investors, both local and international. At this stage, there is no evidence that additional 

coal-fired power stations will be fundable from public or private sources, whether local or 

international. However, a gas-fired backup and storage system will be required to support variable 

solar and wind generators, but this could be green hydrogen when the cost of hydrogen drops from 

$5/kg to around $1/kg. Nuclear energy remains far too expensive, although in a decade or so small 

modular reactors might become an option.  

For decades, governments across the globe have collectively committed to multi-national agreements, 

promulgated laws, and developed national strategies aimed at reducing greenhouse gas emissions 

(UNFCCC, 2016, 2021). South Africa, along with many other countries, is a signatory of the Paris accord 

of 2015 (UNFCCC, 2020). Within a domestic context, South Africa’s constitution recognises the need 

to prevent air pollution and ecological degradation as a basic human right (South Africa Government, 

2012).  This results in a collection of national strategies on how air pollution could be reduced to 

prevent further climate change (DoE, 2019; DEFF, 2020; NPC, 2012). These commitments and 

strategies are contradicted by South Africa’s ever-rising carbon emissions, thus, disregarding its own 

climate pledges.  

South Africa’s particular challenge, however, is not about adhering to global climate commitments for 

the sake of protecting the environment. This is important, but it is secondary to the challenge of 

energy security. Significantly, achieving energy security in the fastest and cheapest way also results in 

the decarbonisation of the economy. The reason for this is that renewables plus battery and gas 

backup are now a cheaper way to ensure energy security than depending on coal-fired power. It is 

clear that public and more especially private finance is essential to achieve the net-zero goal. So, the 

question then becomes, what are the investment requirements to achieve net by 2050?  

 

Table 2: Estimates of investment required to achieve net zero from various sources 

Source Budget Timeline Sector 

 2030 2050  

JET-IP* $98bln (2027) - Economy-wide 

BFT & CST - $250bln Energy 

UCT* $180bln $933bln Economy-wide 

NBI* $66bln $393bln Economy-wide 

World Bank $86bln $953bln Economy-wide 

ESKOM $80bln - Energy 

(Source: Nicholls (2022); World Bank (2022); NBI (2022); PCC (2022); Macmillan-Scott, et al (2022); 

The Presidency (2022). Authors conversion rate = 15:1).  

The table above shows that several institutions have modelled transition pathways along with 

investment requirements. These models assessed decarbonisation pathways with respect to the 

energy sector or on an economy-wide basis. The report by the Blended Finance Taskforce (BFT) & 

Centre of Sustainability Transitions (CST) reveals that the journey towards a full energy transition will 
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require capital investments of between 2 – 2,3% of South Africa’s GDP per year. The total investment 

requirement for the energy sector alone through to 2050 would be $250 billion. The Just Energy 

Transition – Investment Plan (JET-IP) released by the South African Government at COP 27 in 2023, 

the National Business Initiative (NBI), the University of Cape Town (UCT) and the World Bank have 

used an economy-wide lens to generate their estimates. Their estimates range from 3.3% to 8% of 

GDP per year (Macmillan-Scott et al., 2022; NBI, 2022; Nicholls, 2022; The Presidency, 2022; World 

Bank, 2022). The BFT & CST report estimated that just over $176 bn of the $250bn would come from 

private sector sources and the remainder would be covered by public finance (development finance, 

government, philanthropic initiatives) (Macmillan-Scott et al., 2022). Based on the NBI, BFT & CST, and 

UCT estimates, the investments will be required in six main areas: (i) renewable energy generation 

infrastructure; (ii) storage (battery and pumped hydro); (iii) gas backup; (iv) transmission and 

distribution; (v) early retirement of coal power stations; and Justice for workers and communities. 

Primary Research Question 

Taking into account the future impacts of climate change and the global dynamics of the energy 

transition that is underway,  what investments are required between now and 2030 that will ensure 

that it will be possible to achieve the energy and carbon targets as specified in the National 

Development Plan (NDP), the PCC’s Just Energy Transition Framework, the Just Energy Transition 

Investment Plan,  the South African NDC and the National Infrastructure Plan 2050?   

Supplementary Research Questions 

To answer the primary research question, the following supplementary questions will need to be 

addressed: 

• What is the funding gap between current levels of investment in energy infrastructures and 

what will be required to achieve the relevant energy and carbon SDGs and NDP goals, covering 

capital, operations and maintenance spending?  

• What policy and regulatory frameworks are in place that govern the flow of public and private 

investments in energy infrastructure and service delivery with respect in particular to 

technologies, service levels and resilience in the face of climate change? 

• Given the probable impacts of climate change on the global commitment to decarbonization 

over the coming decades, what should the financing targets be for optimizing achievement of 

the energy and carbon SDGs and NDP goals by 2030? 

• What policy and institutional changes will be required to enable this increased level of 

investment in climate resilient energy infrastructure and services to achieve the NDP and SDG 

targets? 

Research Strategy 

The PCC, NPC and DBSA have agreed to cooperate with SA-TIED with respect to an analysis of the 

energy sector within the wider policy framework set by the Cabinet approved National Infrastructure 

Plan 2050 (DPWI, 2022). A Steering Committee chaired by Professor Sampson Mamphweli from 

SANEDI will comprise representatives from NT, NPC, PCC and DBSA. The DBSA and PCC will provide 

the funding for the research and procure the professional team. The professional team will report to 

the Steering Committee which will, in turn, meet regularly to provide the professional team with 

strategic direction. The research work will build on South Africa’s well-developed energy modelling 

capabilities, with three major centres of excellence (Eskom, CSIR and UCT) providing useful 

information.   
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The overall objective of this study is to assess energy infrastructure investments required between 
now and 2030 (extending to 2040 and 2050), to achieve the energy and carbon targets of South Africa 
as well as the associated economic and socio-economic impacts of implementing climate mitigation 
policies. The specific objectives of the study are to: 

• Quantify climate pathway scenarios and energy infrastructure investments required to meet 
energy and carbon targets as specified in the NDP, the South African NDCs, and the SDGs;  

• Quantify pathway scenarios and energy infrastructure investments required to meet South 
Africa’s Just Energy Transition Framework taking into account the potential impact of current 
energy and climate policies, plans and regulations;  

• Conduct high-level economic and socio-economic impact assessments for shortlisted climate, 
infrastructure investments and JET pathways scenarios (maximum of 3 scenarios to be selected);  

• Where the developed pathway scenarios suggest a rapid roll-out of renewable energy projects 
outside the current policy environment, quantify these investment needs and highlight policy 
gaps. Also indicate what is possible for the private sector to invest, and what risk mitigation is still 
required for these projects;  

• Develop a methodology to assess other analyses and outputs within a “comparable common 
frame,” allowing the Parties to corroborate as well as critically evaluate each of these prior to 
developing their own perspective against the NDC range that is most feasible for the JET;  

• Identify and adapt the most appropriate methodological and modelling approach/es for 
mitigation costing analysis and economic impact assessment for RSA. This will include an analysis 
of the methodologies and assumptions underlying studies that have already been conducted, and 
compare or critique these, including carbon budget assumptions as described in the NDC;  

• Develop estimates of the marginal cost of carbon abatement in RSA using various technologies, 
acknowledging that policy uncertainty remains regarding the selection of mitigation pathways, 
considering the cost of transition and other barriers;  

• Assess the anticipated sectoral and industrial shifts, investment requirements, and socio-
economic implications of climate mitigation action across the RSA economy until 2050, with 
reference to the range of carbon abatement parameters contained in the NDC.  

• Set out key uncertainties and strategic policy options required to achieve SDG 7, NIP2050 and NDP 
goals, as well as long-term climate mitigation economic planning along with recommendations, 
taking into account the various costs/funding, climate, economic and social impacts of critical 
policy choices;  

• Identify investment barriers and financing gaps and highlight infrastructure cost drivers and the 
implications of different policy choices;  

• Engage policy makers and implementation agencies, to the extent possible, to work through the 
implications of policy choices and their trade-offs, in terms of costs and service levels. 

 

Financial analysis of the investment requirements to achieve water security by 2050 

Context 

Historically, increases in water use have tracked economic growth rates. However, there is a physical 

limit to the availability of water. The result is that many policy frameworks since 1994 have 

emphasized the need for greater water efficiency in order to decouple economic growth rates from 

rates of water use over time. This is also a global challenge, although in a number of jurisdiction water 

consumption rates have decoupled from economic growth rates (UNEP, 2015). However, as the 

impacts of climate change become more pronounced and severe, the need for this kind of decoupling 

has become more urgent (UNEP, 2015; IRP, 2019). The Day Zero event in Cape Town in 2018 brought 

this challenge clearly into focus (Simpson, 2020; Ding et al., 2019).  
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The preliminary results as of April 2023 of the first phase of research by the team appointed to do the 

water research reveals that there is a huge gap between current levels of investment in water and 

sanitation services and what would be required to achieve “universal access to individual services on 

the property”, which is a standard consistent with SDGs 6.1 and 6.2, and the NDP goals. Current levels 

of investment are between R34 and R38 billion per annum, which is roughly a quarter of the required 

levels of investment. To achieve universal access, annual investment levels in water and sanitation 

services would need to be between 2.3% and 2.7% of GDP, which is the equivalent of between R121 

billion to R131 billion per annum. The preliminary research suggests that the large gap between 

current levels of investment and what is required has much to do with declining quality of existing 

infrastructure due primarily to management deficiencies and the weakening of local government 

capacity to manage networked infrastructures. No matter the combination of public and private sector 

investments that arise, ultimately the revenues to ensure financial viability and sustainability will have 

to come from either increased tariffs or increased allocations from the fiscus, or both. How different 

financial flows are blended will affect risk, cost of capital and time frames. Reducing the cost of non-

revenue water from the current 41% to 20% and counteracting invasive alien plant infestation can 

offset the rising costs of water security.    

Primary Research Question 

Taking into account the future impacts of climate change on South Africa’s water resources, what 

investments are required between now and 2030 that will ensure that it will be possible to achieve 

the water targets as specified in the National Development Plan (NDP) and the Sustainable 

Development Goals (SDGs)?   

Supplementary Research Questions 

To answer the primary research question, the following supplementary questions will need to be 

addressed: 

• What is the funding gap between current levels of investment in water infrastructure (from 

bulk through to service delivery) and what will be required to achieve the relevant water and 

sanitation SDGs and NDP goals, covering capital, operations and maintenance spending?  

• What policy and regulatory frameworks are in place that govern the flow of public and private 

investments in water resources and service delivery with respect in particular to technologies, 

service levels and resilience in the face of climate change? 

• Given the probable impacts of climate change on water resources, what should the financing 

targets be for optimizing achievement of the water and sanitation services SDGs and NDP 

goals by 2030? 

• What policy and institutional changes will be required to enable this increased level of 

investment in climate resilient water resources and services to achieve the NDP and SDG 

targets? 

Research Strategy 

The PCC, NPC and DBSA have agreed to cooperate with SA-TIED with respect to an analysis of the 

water sector (including both bulk water resources and water services) within the wider policy 

framework set by the Cabinet approved National Infrastructure Plan 2050 and the SDGs. As of the 

time of writing (April 2023), the DBSA has tendered and procured the services of a professional team. 

A Steering Committee has been established to guide the research, chaired by Amanda Gcanga from 

the World Resources Institute The Steering Committee comprises representatives from the four 

partner institutions.  



31 
 

The Western Cape Economic Development Partnership (which is funded by the government) has 

agreed to make available their extensive analysis of the long-term water strategy challenges facing 

the Western Cape in the face of climate change. This will serve as a case study that will highlight the 

practical implications of climate change on water resources of a region, and the related investment 

challenges facing the City of Cape Town.  

The focus of this phase of work is on improving the modelling of water resources and so no additional 

water services scenarios will be run. The water services scenarios will therefore include two scenarios 

related to service level goals and four related to technology options. 

The two scenarios related to service level goals are: 

• Universal basic servicing.  

• Achievement of SDG6.1 and SDG6.2. 

‘Universal basic servicing’ allows for water and sanitation services to be shared between up to five 

households in urban informal and rural traditional areas, corresponding to the United Nations’ Joint 

Monitoring Programme (JMP) definition of ‘basic’ and ‘limited’ services for water and sanitation 

respectively. This is consistent with current South African water sector policy on basic service access, 

and it is also consistent with the global Beyond the Gap methodology.  

The achievement of SDG 6.1 and 6.2 uses the strict definition of safely managed services as a target, 

which includes universal access to individual services on the property. This is included largely for 

comparative purposes and to highlight some of the technical, financial and political trade-offs relevant 

to the debate on closing water and sanitation service gaps. 

The four technology options are specified as follows:   

• A full conventional option provides services using the current technology mix (status quo).  

• A low-cost option prioritises the lowest cost technologies, and shared services wherever 

possible (given the applicable goal).  

• An alternative technologies option attempts to minimise water use and energy use in the 

collection, storage, transport and treatment of water and wastewater.  

• A Water Conservation and Demand Management (WCDM) option is specified with the same 

technology mix as the alternative technology scenario but pushes demand reduction 

measures to what can be considered the maximum feasible level. All other scenarios contain 

a target to reduce losses to 26% (i.e., a 15% reduction from 41%) and demand management 

to limit excessive consumption. The WCDM scenario reduces the technical losses further, 

down to 20% by 2030, and remaining at this level thereafter. 

Land-use implications of future food needs in the face of urbanisation and population 

growth 

Context 

The NDC (Republic of South Africa, 2021) and Low Emissions Development Strategy (DFFE, 2020) sets 

the framework for analysing the future of food resources from a climate adaptation and resilience 

perspective (see Figure 4.2 below).  Following the South Africa report to the FABLE Consortium 

compiled by Dr. Odi Simelane and colleagues (Selomane & Reyers, 2020), if current trends continue, 

South Africa can expect low population growth (from 58 million in 2020 to 67 million in 2050), no 
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agricultural expansion, no afforestation target, low productivity increases in the agricultural sector, an 

evolution towards a high-sugar-content and processed-food diet (including meats and fat), and no 

change in postharvest losses. This corresponds to a future based on current policy, risks, and historical 

trends that would also see considerable advances in biodiversity loss, soil degradation and loss of 

agricultural land because of urbanization. This projection is premised on the assumption that the 

global GHG concentration trajectory would lead to a radiative forcing level of 6 W/m2 (RCP 6.0), or a 

global mean warming increase likely between 2°C and 3°C above pre-industrial temperatures, by 2100. 

The corresponding climate change impacts on crop yields by 2050 for corn, rice, soyabean, and wheat 

have been calculated by researchers and the results are alarming, to say the least. The alternative lies 

in adopting sustainable policies and practices that could reduce food losses, promote healthier diets, 

restore soils and catalyse sustainable land-use practices.  

 

Figure 4.2: Table showing mitigation target and sectoral scope to NDC. 

(Source: Selomane & Reyers, 2020) 

Primary Research Question 

Taking into account the future impacts of climate change on South Africa’s food resources, what 

investments are required between now and 2030 that will ensure that it will be possible to sustainably 

produce sufficient nutritious food as specified in the National Development Plan (NDP) and the 

Sustainable Development Goals (SDGs)?   

Supplementary Research Questions 

To answer the primary research question, the following supplementary questions will need to be 

addressed: 
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• What is the funding gap between current levels of investment in sustainable land-use and 

biodiversity management to ensure long-term sustainable supply of food and what will be 

required to achieve the relevant food-related SDGs and NDP goals?  

• What policy and regulatory frameworks are in place that govern the flow of public and private 

investments into sustainable food production with respect in particular to technologies, 

natural resource management and resilience in the face of climate change? 

• Given the probable impacts of climate change on food resources, what should the financing 

targets be for optimizing achievement of sustainable food production and consumption as per 

the SDGs and NDP goals by 2030? 

• What policy and institutional changes will be required to enable this increased level of 

investment in climate resilient food production and consumption to achieve the NDP and SDG 

targets? 

Research Strategy 

Given that the Terms of Reference for the Workstream emphasizes dealing with food in the context 

of climate change and in relation to energy and water, it is necessary to contextualise the food 

challenge within the wider challenge of climate change adaptation. The PCC has strongly 

recommended this orientation. At the same time, it needs to be recognized that unlike energy and 

water, there is no central state apparatus responsible for the regulation and delivery of food. It is a 

sector that is driven by a vast multiplicity of market players. Nevertheless, an adaptation focus helps 

to emphasize the underlying resilience dynamics such as land-use and biodiversity loss. 

Dr. Odi Selomane (former International Director of the Programme for Ecosystem Change and Society 

(PECS)) and now based at University of Pretoria will lead this research project. Ideally, this study should 

also be conducted using an adapted version of the Beyond the Gap methodology. But this may not be 

possible given that the food system, unlike the water and energy system, is not directly controlled by 

state agencies.  

Dr. Selomane’s research will build on the work he and his colleagues did for the 2020 FABLE Report 

in Pathways to Sustainable Land-Use and Food Systems produced by the International Institute for 

Applied Systems Analysis, Sustainable Development Solutions Network and The Food and Land Use 

Coalition (Selomane & Reyers, 2020). Using a ‘pathways’ perspective (Swilling et al., 2022), the 

research strategy is premised on a distinction between a Current Trends Pathway and Sustainable 

Pathway. The Current Trends Pathway assumes a global GHG concentration trajectory that would 

result in a radiative forcing level of 6 W/m2 (RCP 6.0), which would mean a likely 2 to 3 degrees 

warming by 2100 over pre-industrial levels. The Sustainable Pathway assumes a GHG concentration 

trajectory resulting in a lower radiative forcing level of 2.6 W/m2 by 2100, which is consistent with 

limiting warming by a maximum of 2 degrees. While the Current Trends Pathway would have 

devastating impacts on South Africa’s food supplies, the Sustainable Pathway could have more 

beneficial outcomes. Building on this research, more specific policy interventions and related 

investment requirements will be worked out.    

Climate modelling for future climate change impacts on food, energy and water systems 

Context 

South Africa has a well-developed and well-funded climate science community with many scientists 

playing important roles at international levels. There is a sufficient scientific consensus that South 
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Africa faces numerous climate change impacts. A vast literature now exists about these impacts 

(Mbokodo et al., 2020; Waggoner, 1983; Vandentorren et al., 2006). Consistent with global trends 

(IPCC, 2021; Kruger & Sekele, 2013), recent research shows that daily minimum and maximum 

temperatures across South Africa are rising (Kruger & Shongwe, 2004; Kruger & Sekele, 2013; 

MacKellar, New & Jack, 2014). Indeed, mean temperatures may well be rising at double the global rate 

in tropical and sub-tropical zones across central and southern Africa (Engelbrecht et al., 2015). In South 

Africa, more heavy rainfalls have been observed as well as an increase in intensity of these events, 

leading to flooding (Burls et al., 2019). Colder temperatures are decreasing, and warmer temperatures 

are rising (Kruger & Nxumalo, 2017). However, it is heatwaves (HW) that could have the most 

devastating impacts on health, food, energy consumption and water supplies. There is clear evidence 

that there is a substantial increase in the annual number of HW days in South Africa (Mbokodo et al., 

2020).    

Primary Research Question 

What are the primary climate change impacts on South Africa’s water, energy and food resources over 

the short-, medium- and long-term? 

Secondary questions:  

• What is the state of knowledge about global climate change impacts on the Southern African 

and South Africa regional social-ecological systems? 

• What are the specific impacts of climate change on the water, energy and food sectors 

without and with adaptation measures? 

• What adaptation measures would be most appropriate to limit the most negative impacts? 

Research Strategy 

Professor Francois Engelbrecht from the Wits Institute for Global Change will lead this research 

project. Building on previous work (Mbokodo et al., 2020; Engelbrecht et al., 2015), he will deploy the 

Conformal Cubic Atmospheric Model (CCAM) developed by the Commonwealth Scientific and 

Industrial Research Organization (CSIRO) in Australia, coupled with the CSIRO Atmosphere-Biosphere 

Land Exchange Model (CABLE), and in combination with six different Global Climate Models (GCMs). 

CCAM is a global model, but it can be used to develop regional climate models (RCMs) if sufficient data 

and capacity exists to parametrize the model using a stretched-grid variable-resolution mode 

(Mbokodo et al., 2020). Working with South Africa Weather Service data, it was possible to develop 

analyses of the changing frequency, duration and intensity of HW events over different periods, 

namely 1983-2012, 2010-2039, 2040-2069 and 2070-2099 (Mbokodo et al., 2020). This research will 

provide the basis for a more in-depth analysis of the impacts of these HW events in particular, plus 

other climate dynamics where relevant, on the future supplies of food, energy and water within the 

South African context. It will be worth exploring whether HW incidents could be used as the primary 

‘climate damage factor’ that will be required to develop a modelling tool (see next section).     

Modelling Review and Assessment 

Context 

During the course of SA TIED Phase 1, UCT researchers led by Bruno Merven further developed their 

SATIM-GE model. In their SA-TIED paper Climate Mitigation in South Africa Merven et. al. assess the 

models that have been developed to analyse South Africa’s existing and potential carbon trajectories 
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(Merven et al., 2021). Two tables from this report describe the most significant studies that have been 

done:  

 

 

Figure 4.3: Table of mitigation pathway studies and power sector studies from SA 

(Source: Merven et al., 2021) 

To support the SA TIED work and other policy-relevant initiatives (e.g., the NDC), the UCT researchers 

developed the SATIM-GE model. It is worth quoting them in full from this report:  

“In this paper, the linked energy-economic model for South Africa, SATIMGE, is used to assess 

the mitigation potential of the energy sector in the country and the associated macro- and 

socio-economic impacts related to changes in the energy system. SATIMGE is a hard-linked 

coupling of the South African TIMES (SATIM) and computable general equilibrium models 
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(eSAGE) (see Arndt et al. 2016 and Merven et al. 2017). SATIM is a bottom-up integrated 

energy systems model which captures both energy sector and process emissions. eSAGE is 

dynamic recursive, economy-wide of South Africa, based on the generic static and dynamic 

CGE models described in Lofgren et al. (2002) and Diao and Thurlow (2012). The modelling 

methodology, which follows that proposed by Lanz and Rausch (2011), addresses the 

shortcomings of single or extended models that either do not consider the energy system in 

appropriate detail or provide an aggregate assessment of economic indicators, whilst 

providing a consistent framework for assessing energy and energy mitigation policies and 

measures. Key developments in SATIMGE have been made since previous mitigation 

assessments using the same methodology. These changes are detailed in Merven et al. (2018; 

2019a; 2019b; 2020a; 2020b) and Hartley et al. (2019). To assess the full emissions impact, 

the energy model is further dynamically linked to spreadsheet models that (separately) model 

waste and AFOLU.” (p.9) 

It goes without saying that models are necessary for making sense of possible futures in light of the 

past and present trends. This helps policy makers to understand the implications of the decisions they 

are making today. To this extent, these models are of great significance. They require a vast range of 

inputs. However, they also contain assumptions that need to be interrogated. For the purposes of this 

WEF CC Workstream, it is particularly important to assess the macro-economic implications of future 

investments in energy, water and food security within an overall response to climate change and 

sustainability in general. For this, a model (or models) will be required that includes a climate change 

damage function (Peng et al., 2019) and the dynamics of finance/financial flows. The South African 

models do not include these two dimensions which, in turn, makes it difficult to properly assess the 

macro-economic implications of future investments in energy, water and food security.  

As the energy transition discourse intensifies in South Africa, SATIM-GE has become one of the most 

important and influential tools used to establish transition pathways, investment requirements and 

the least-cost optimal energy plan (Merven, 2020; Merven et al., 2019; Nicholls, 2022). What makes 

SATIM-GE unique in the South African context, is that it couples the SATIM energy model and the 

eSAGE model which is, in turn, based on a general equilibrium perspective (Hartley et al., 2019; 

Merven et al., 2019). This integration is recursive in nature. More precisely, the eSAGE model has two 

core GDP-related variables comprising (a) three aggregated sectors, namely agriculture, industry and 

services, and (b) household income which are assumed to drive up energy demand on the SATIM 

model (Merven, 2020; Merven et al., 2019). The eSAGE model provides the energy-related macro-

economic variables, including a power sector productive function for all energy activities, electricity 

prices, expenditure on expansion plans, and energy consumption function of households onto the 

eSAGE model (Merven, 2020). After multiple iterations, the energy mix, investment requirements and 

emissions are generated as a result from the SATIM model, and the socio-economic outcomes such as 

welfare, employment and GDP are outputs of the eSAGE model (Merven, 2020). With this approach, 

the SATIM-GE model is able to run several scenarios and extract the trade-offs between socio-

economic development and mitigation goals.  

SATIM-GE is an extremely useful tool for assessing energy policy options in light of changing 

circumstances.  However, because it does not include a climate damage function, it is not possible to 

quantify the economic impacts of changes in temperatures over time. The lack of a fully-fledged 

economic model that includes finance and the absence of a damage function constrains the ability of 

the SATIM-GE to provide a useful macroeconomic assessment of key risks (such as over-debtedness, 

deficits in the balance of payments, premature asset stranding, exchange rate tensions etc.) 
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associated with transitioning towards sustainable energy technologies (Giraud, 2022; Ndovela, 2023; 

Swilling, 2022). Although SATIM-GE may not have been designed for this, it does provide a useful 

foundation for achieving a more integrated economy-climate-energy model. This may mean, however, 

moving away from a ‘general equilibrium’ model, to what is increasingly being referred to as non-

equilibrium hybrid models. For example, the Green Swan Report by the Bank for International 

Settlements recommends that Central Banks seriously consider hybrid models if they want to 

integrate climate change into their macro-economic assessments (Bolton et al., 2020). The reason why 

hybrid models are attracting attention is because once economies are understood to be embedded 

within wider natural systems, it is no longer possible to retain assumptions about an underlying 

tendency towards equilibrium. Assumptions about a fundamental underlying tendency towards 

equilibrium may be appropriate for highly abstract models of economies, but when economies are 

understood as real-world complex systems rooted within wider social and natural systems, these 

assumptions become less useful.       

Building on the work of SATIM-GE, a novel hybrid model would be essential to advance the modelling 

of the way energy, climate and economy interact and impact each other. To achieve this would require 

drawing from international studies (Bovari et al., 2018, 2020; Campiglio et al., 2017; Yilmaz & Godin, 

2020). Together these studies have provided a framework for economic-climate modelling and have 

shown the importance of understanding the relationships between the energy transition and macro-

financial and economic dynamics in the context of climate change.   

Primary Research Question 

In order to appropriately assess the macro-economic and socio-economic implications of increased 

investments in climate resilient water, energy and food systems, to what extent will the SATIM-GE 

model need to be augmented with additional modelling dimensions that take into account key drivers 

like climate change damage factors and finance (specifically debt/GDP ratios)? 

Secondary questions:  

• What can be learnt from hybrid models that could help augment the SATIM-GE model? 

• What are the implications of including a climate change damage factor? 

• What are the advantages and disadvantages of including finance?  

Research Strategy 

The French Development Bank (AFD) has developed advanced capabilities for building hybrid models 

that include a climate damage factor and financial dynamics. The AFD hybrid modelling team works 

with several global South countries. Unlike many other similar international initiatives, the AFD’s 

approach is open source and focused on capacity building. It is for this reason that UCT’s modelling 

team has agreed to work with AFD within the SA-TIED framework. A MOU will regulate the roles, 

activities and IP-related matters involved in this unique research partnership between UCT, AFD, NT 

and CST.   

Based on extensive engagements with the UCT-based modelers responsible for managing the SATIM-

GE model, a paper will be compiled that assesses the SATIM-GE model in light of the needs of the WEF 

CC Workstream. The aim will be to determine whether it is configured appropriately for the purpose 

of assessing the implications of the water, energy and food challenges in the context of climate change 

for the evolution of the economy, and therefore the economic policy implications.  The paper will 

assess both the strengths and the weaknesses of the SATIM-GE model given the empirical realities 
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that South Africa faces with respect to water, energy and food supplies. This will provide the basis for 

making recommendations for how the SATIM-GE might need to be upgraded to handle these realities, 

or whether a complementary model should be developed.  

 

Conclusion  
 

The scope of research agenda adopted by the WEF CC Workstream goes well beyond a simplistic 

analysis of the implications of climate change for the water, energy and food sectors. The primary 

significance of the new and expanding literature on the WEF Nexus is that these three sectors cannot 

be addressed in isolation from one another. Instead, following the complex adaptive systems logic 

that underpins the WEF Nexus approach, it is necessary to understand the intersectional dynamics of 

the way the relations between them evolve in the context of climate change and associated macro-

economic impacts. However, to establish a foundation for such an intersectional nexus approach, 

detailed analyses of the three sectors is required. This is, therefore, the point of departure of the WEF 

CC Workstream, working in partnership with key public sector institutions and a number of South 

African Universities.  

The terms of reference for the water, energy and food studies as described above prioritizes the 

investment requirements for achieving the relevant NDP and SDG goals. This financial information will 

be a key input into the hybrid modelling work that will be required to develop a preliminary 

assessment of the macro-economic implications of the water-energy-food nexus in the context of 

climate change that will emerge from the AFD-UCT-CST-NT collaboration. The climate modelling work 

by the Wits Institute for Global Change will provide the second key input, i.e., a damage factor 

calculation that becomes an input into the hybrid modelling work.     

It needs to be acknowledged that this transdisciplinary research agenda could potentially result in a 

set of research outputs that not only provide South African policy makers with significant policy-

relevant perspectives and decision-support tools, but also contributes to the still nascent by fast-

growing global interest in general non-equilibrium hybrid models capable of assessing the macro-

economic implications the WEF Nexus in the context of climate change.  Furthermore, it will contribute 

to the still nascent research interest in the governance implications of the WEF Nexus.     
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