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ABSTRACT

The influence of resources such as water, energy, land, and food on each other has encouraged
global communities to investigate their role in the sustainable development discourse and
develop contemporary measures to address interlinkages between these systems. The need to
develop these measures is prompted by the implications of these interactions on several
Sustainable Development Goals (SDGs), particularly those linked to the supply of these
resources. Recent developments suggest that the emergence of climate change insinuates the
overarching role that this phenomenon has on the already constrained supply of resources such
as water and energy. The inextricable interlinkage of climate change with water and energy
resources results in what is commonly known as Water-Energy-Climate Change (WECC)
nexus. This nexus has, however, not been extensively investigated particularly in the poor and
middle-income countries such as those in the Sub-Saharan Africa Region. In the context of
South Africa, it is argued that the WECC occurrence is aggravated by the overreliance of water-
intensive and greenhouse gas-emitting coal-fired power stations in the country’s energy
generating systems. This is despite the semi-aridity of the country which limits its freshwater
availability for various socio-economic activities. Existing literature which has dealt with
issues relating to the WECC nexus suggests that each of the WECC components is a threat to
South Africa’s socio-economic development, as well as ecosystem wellbeing. This, therefore,
requires an urgent need to identify and develop appropriate holistic strategies and policies to
coordinate the management of the WECC nexus in ways that will contribute to the formulation
of systematic approaches directed at building the adaptive capacity and resilience of all the
sub-sectors of the economy. Although there are now efforts targeted at understanding these
coupled interactions, existing arguments suggest that there is a lack of integrated approach
through which policy development processes intended at minimizing the negative impacts of
the WECC can be pursued. This deficit has been propagated and sustained by the continued
application of the silo or sectoral approach in the management of the WECC nexus. Thus, the
current state of affairs requires the adoption of holistic and system thinking approaches, and
the promotion of increased collaboration among different stakeholders mandated to manage
water and energy resources with climate change as a common challenge across all subsectors
of the economy. The current study, therefore, seeks to understand and explore the WECC nexus
in South Africa, with the view to promote a holistic and coordinated approach in its analysis.

This is done within the discourse of the Integrated Water Resource Management (IWRM)



framework, which was found to be effective in the sustainable management of water resources.
The selection of this framework is persuaded by the centric role that water plays in the socio-
economic development and ecological activities of the country, particularly the energy sector.

The study selectively applied the IWRMs’ principles of “water as a finite resource” and “public
participatory approach” to obtain the empirical evidence used to verify and validate the extent
to which this nexus is understood in South Africa. Although the empirical evidence was
obtained from different sectors and key stakeholders across the country, the Waterberg and
Highveld regions were purposefully used as case study areas. Three basic criteria were taken
into consideration in selecting these areas and relevant stakeholders appropriately. Firstly, the
role that these regions play in the provision of the country’s energy and water resources was
considered. This was motivated by varying climatic conditions coupled with the presence of
resources such as coal and water in these catchments. Secondly, the ability of the existing water
availability in these catchments to provide a meaningful comparison in response to erratic
climate conditions and usage within the energy sector. It is argued that the water usage and
availability in these catchments are driven by climate-related conditions such as temperature,
drought, and floods; as well as demand from the energy sector. And lastly, the prominent role
that different stakeholders from the sectors of water, energy and climate change play in
promoting coordinated and collaborated efforts to manage this nexus effectively. This was
motivated by varying perceptions provided by different research participants on several issues

such as the lack of integrated planning and policy development across these three sectors.

The selected principles of IWRM allowed for multiple methodological approaches to be
undertaken in this study. Firstly, a quantitative approach was used to verify the selected
converse interdependences between water, energy and climate change. For instance, the water-
energy interlinkage was verified through the amount of water used to produce electricity for
power stations located at the selected study areas. This approach was driven by the role that
water resources play not only in the energy but other sub-sectors of the economy, despite being
a limited resource in the country. Secondly, in applying the qualitative approach, several
research techniques were used to assess the suitability of a participatory approach to
comprehend the WECC nexus and suitability of current measures in South Africa. For example,
a participatory observation was used to assess the extent to which coordination and

collaboration practices are applied in the management of WECC. Also, the two approaches
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were corroborated by the literature appraisal, through which, the extent to which WECC has

been investigated locally and across international communities was verified.

The empirical evidence from this study suggests that the interlinkage between the systems of
water, energy and climate change is inevitable in South Africa. This is demonstrated by the
bio-physical data which conversely links interactions of the elements of water, energy and
climate change. Moreover, the results of the study disclosed that similar to most communities
around the globe, South Africa is still lagging in research and development of policies aimed
at holistically managing the WECC. These remarks are made despite the key role that policy
play in driving efficiencies in resource management and usage. This study further reveals that
the prevailing fragmented policy planning and development is exacerbated by a limited
understanding and minimal stakeholder consultation among key stakeholders in the water,
energy and climate change sectors. Also, the evidence from this study suggests that
considerations of WECC management from the water-centric theme are profound. This view
is encouraged by the country’s depleting water resources which, despite being central towards
essential socio-economic factors such as energy and food, are deeply affected by climate
variabilities. Lastly, it is argued in this study that participatory approaches play a key role in
assessing complex and multisector systems such as WECC. This study, therefore, recommends
that an effective stakeholder engagement which will result in a collaborative and coordinated
decision-making process should be promoted in the country. One of the most pivotal
implications from this participatory approach is that an informed, inclusive and integrated
policy development that is integrated across water, energy and climate change sectors is an

absolute imperative for South Africa.

The findings from this study make several contributions to the body of knowledge in
sustainable development. Firstly, they provide an improved understanding and awareness of
WECC in South Africa. This also proposes the utilisation of IWRM as one of the contemporary
measures suitable for capturing the risks and opportunities emanating from this nexus. This
contribution is relevant for promoting resource efficiency in the country, given the growing
concerns over water and energy demand and supply. Secondly, the study raises the importance
of both physical and social data in the decision-making phases of WECC. This argument calls
for the establishment of contemporary measures which will ensure that there is an
establishment of data handling, management, and accessibility systems intended at promoting

informed decision-making processes. Thirdly, an integrated approach, particularly from the
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planning, policy development, and implementation perspective is essential in addressing
complex systems such as WECC nexus. This finding is essential considering varying roles that
each sector plays in sustainable and national developmental endeavours. Given these
contributions, it can be concluded that the IWRM approach can be a vehicle through which the
risks and opportunities associated with WECC can be driven and managed in South Africa to

support the achievement of associated SGDs and national developmental objectives.

Key Words: Energy, Climate Change; South Africa, Nexus, Sustainable Development,
Integrated Water Resource Management
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CHAPTER ONE

FRAME OF REFERENCE

1.1. Background to the study

The decline in the earth’s carrying capacity has persuaded communities around the world to
adopt the sustainable development concept, which aims at promoting the attainment of socio-
economic growth without compromising ecological needs (United Nations [UN], 1972; UN,
1992]. This concept intends to improve the usage of natural resources such as water,
biodiversity, atmosphere, and land effectively in addressing the socio-economic welfare while
maintaining their protection against degradation. Despite this call for sustainable development,
human beings are confronted with a challenge to address a set of complex and interrelated
issues that are poised to cause insecurities in the supply of resources. For example, the rapid
population growth around the globe has immensely put pressure on the supply of critical yet
interdependent resources such as food, water, and energy. This resulted in the formulation of
Sustainable Development Goals (SDGs) which aim at meeting the needs of the present

generations without compromising those of the future (UN, 2002].

One of the key features of SDGs is the increasing need to recognize water and energy supply
as one of the fundamental necessities of modern life (Hussey and Pittock, 2012; Carpenter,
2015). Despite their significant role in sustaining socio-economic needs, these systems are
conversely connected in a concept known as Water-Energy (WE) nexus (Scott et al., 2011;
Siddigi and Anadon, 2011; Mabhaudhi et al., 2016). The connection between these two
resources is demonstrated through the role that energy plays in the water value chains
(abstraction, treatment and distributed) and visa-versa, the dependence of various energy
generating systems such as nuclear, coal-combustion and hydropower on freshwater. Recent
developments suggest that the inevitable occurrence of climate change and its implications on
these water and energy resources poses the risks towards their supply (Mukheibir, 2008;
Cammerman, 2009; Liu, et al., 2017). The converse interdependence of water and energy, and
taking climate change as a common challenge across all subsectors of the economy, results in
a complex configuration termed the Water-Energy-Climate Change (WECC) nexus. The

existence of this nexus does, however, result in wider societal challenges associated with the
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sustainable supply of key resources such as energy and food. For instance, Pittock et al. (2015)
are of the view that the drought between the years 2000 to 2007, which resulted from high
temperatures, reduced several countries’ water supply, and therefore, increased their energy
needed for water distribution. Contrariwise, the observed rise in energy demand resulted in
increased concentrations of greenhouse gas emissions which intensify climate variabilities thus
affecting water availability (Pittock et al. 2015). In Sub-Saharan Africa (SSA), these challenges
are at their highest level and hinder the socio-economic development goals of communities in
this region (Prasad et al. 2012). This is aggravated by the region’s over-dependence on
hydropower for their energy generation. In Kenya for instance, drought-driven water shortages
disrupted the country’s energy production and supply over the last few decades (Prasad et al.,
2012). In the Southern African region, the water availability for energy generation is
complicated by the shared water basins where upstream water usage activities affect
downstream ones (Mabhaudhi et al., 2016). These observations support the views of
Cammerman (2009), who argued that countries experiencing water limitations exacerbated by
climate variabilities while their energy demands are rising could face severe limitations in
attaining their SDGs.

In the context of South Africa, increasing population growth, industrialisation and urbanisation
are rapidly increasing the demand for resources such as food, freshwater, and energy
(Department of Water and Sanitation [DWS], 2013). It is, however, the freshwater limitations
that cause great concern for the country. These concerns are intensified by the role that water
plays across all sub-sectors of the economy particularly agriculture and energy. For instance,
it is indicated that 67% of the freshwater in the country is allocated to irrigation activities while
the power production sector is guaranteed approximately 2% (DWS, 2013). The country’s
freshwater limitations, aggravated by climate change, encourage the country to promote
sustainable management of its water resources to develop resilient systems to sustain socio-

economic and ecological activities such as energy and food production.

The above deliberations seem to suggest that the management of complex systems such as
WECC can be centralised around sustainable management of water resources (Cammerman,
2009; Head and Cammerman, 2010). Based on this observation, it would not be an
exaggeration to argue that the dire water situation in the country prompts the management of
WECC from a water-centric perspective. In light of this suggestion, one of the tools regarded

as vital in sustainably managing water resources is the Integrated Water Resource Management
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(IWRM) framework (Pollard and Du Toit, 2008; Leendertse et al. 2008) which could be
relevant to address the WECC. This approach is defined as a process that seeks to promote the
coordinated development and management of water, land and related resources, to maximize
the resultant economic and social welfare in an equitable manner without compromising the
sustainability of vital ecosystems (Global Water Partnership [GWP], 2000; Bindra et al., 2013).
By nature of its definition, implementation of the IWRM involves a holistic view of water-
related resources such as land use and users’ identification, understanding flow regimes,
coordination of institutional arrangement and socio-economic interactions within a particular
catchment. Aligned with the IWRM’s objective to enhance the management of water resources
in a risk-based approach, this study, therefore, assesses this framework’s role in understanding

the risks and opportunities emanating from this nexus.

1.2.  Thematic Considerations

This study is motivated by emerging socio-economic development endeavours in the country,
which heavily rely on water and energy resources that are prone to climate change impacts.
Secondly, it has emerged that water constraints in the country are one of the most critical factors
threatening other key subsectors of the economy (Walmsley et al., 2001; Mathetsa et al., 2016).
In the context of this study, it is argued that sustainable water resource management is of
importance in the promotion of the understanding, integration, and governance of nexus
systems such as WECC (Cammerman, 2009). This is motivated by observations that the nexus
elements are not managed in an integrated manner thus putting SGDs at risk of not being
achieved (Mabhaudhi et al., 2016; Nhamo et al., 2018). In the context of South Africa, the
socio-economic endeavours such as poverty alleviation, health systems, food production, and
job creation are dependent on water availability. However, the limited freshwater availability
aggravated by deteriorating water quality, below-average mean annual precipitation of 500
mm, and semi-aridity geographical location results in disruptions of socio-economic related
development in the country. Furthermore, the country is regarded as a climate-change hotspot,
thus affecting freshwater availability negatively (DWS, 2013; Intergovernmental Panel on
Climate Change [IPCC], 2007, Water Research Commission [WRC], 2017). These climate
variabilities account for water-reducing activities such as increased temperature and
evaporation rates, floods, droughts, deteriorating water quality as a result of high salt contents
emanating from key activities such as mining and agriculture, and compromised infrastructure
due to ageing and poorly managed systems. For instance, it is predicted that the country will

undergo water shortages of approximately 234 gigalitres as early as 2025 (Mukheibir, 2008;
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WRC, 2015). The observation suggests that the prolonging water shortages in the country are
expected to continue thus limiting the productivity of water-reliant sectors such as agriculture,
households (urban and rural) and energy supply.

Drawing from these deliberations, it is argued that South Africa’s power generation sector is
one of the areas that will be significantly affected by water shortages. This is due to the
country’s greater proportion of its electricity being produced from the coal-fired power stations
which, despite emitting greenhouse gases that potentially accelerate climate change and
consumes high water volumes (Singleton, 2010; Eskom, 2016). Furthermore, the majority of
these coal-fired power stations are situated in catchments such as the Waterberg and Highveld,
which are already experiencing constrained freshwater availability (Pather, 2004; Mukheibir,
2008). These freshwater constraints have already resulted in projects to augment water
availability for power generation and other key economic sectors such as mining in these
regions. This substantial dependence of the country’s electricity generation processes on
freshwater supply triggers the rethinking of contemporary measures that encourage the country
to adopt and implement climate change resilient strategies to sustain both water and energy
supply. Although literature concedes interdependencies between these systems of water,
energy and climate change, less attention has been paid to empirically examine this from the
water management perspective and its influences on the development of adaptation and
mitigation strategies such as policy. Given this observation, this study seeks to investigate
the extent to which the IWRM framework can be instrumental in ensuring that the
WECC is analysed and understood in South Africa, therefore, capturing its risks and

opportunities to promote sustainable development in the country.

1.3. Research Questions

Given the above considerations, the research process was guided by the following questions:

i.  What are the critical developments concerning the understanding of WECC
across the globe and in South Africa?
ii. Inwhat ways do the elements of water, energy and climate change demonstrate
interdependencies in South Africa?
iii. Isthe WECC nexus and its implications on SDGs understood in South Africa?
iv. How can the IWRM framework be implemented in enhancing the understanding

of risks and opportunities associated with WECC nexus in South Africa?



v. What are the implications of the findings of the study on the holistic
management of interactions between water, energy, and climate change in South

Africa and regional contexts?
1.4. Research aim and objectives

In light of growing debates on the influence of WECC on SDGs, it is significant to understand
how water, energy and climate change are linked to each other to develop effective tools to
mitigate this nexus impact. Therefore the study utilises the IWRM approach to assess the
occurrence of WECC nexus in South Africa. Given the aim identified above, the following

objectives were set out:

i. Empirically examine the interdependencies between water, energy and climate
change in South Africa mainly focusing on water-stressed catchments of
Highveld and Waterberg regions;

ii. Use a Participatory Approach to assess how the interlinkage between water,
energy and climate change is perceived by key stakeholders in South Africa;

iii.  Analyse the effectiveness of IWRM in establishing approaches that will endorse
a holistic and coordinated approach in WECC management;

iv. Contribute to the body of knowledge towards understanding the WECC nexus
in South Africa.

1.5.  Significance of the study

In light of the above discussions, the study is significant in the area of SDGs associated with

water, energy and climate change. These significances are highlighted in three ways:

Firstly, this study seeks to promote an understanding of the magnitude of the interconnection
and interdependency of the water, energy, and climate changes in South Africa. This will
further help in providing mitigation measures and adaptation strategies to the risks that this
nexus may be presenting to the country. Secondly, taking into consideration the sustainable
development role that depleted freshwater play in the country, the study is significant in
promoting insights that may lead to the effective management of water resources. Without
proper management of this resource; challenges such as health issues, drought, economic

collapse, as well as the loss of life may occur at an accelerated rate. Similarly, managing WECC



from the water resource management perspective could result in ensuring energy security,
despite climate change influences. Thirdly, this study suggests some of the tools that can be
used in assessing and addressing WECC related challenges. This should further accelerate the
development of integrated systems which will incorporate water and energy planning while
taking into consideration the climate change projections. The development of such strategies
will promote understanding of the role that each element of nexus plays in each other sector

thus encouraging effective planning and management.

1.6. Brief contextualization of literature

The section provides a brief literature contextualisation on WECC and IWRM implementation.
However, a detailed account of different views and studies on WECC development and IWRM
has been presented in Chapter Two of this thesis. The nexus studies have, in recent years gained
attention from international literature due to the significant role that it has on sustainable
development. The majority of these studies have, however, mainly focused on the inextricable
linkage between water, energy, and food, thus resulting in the nexus configurations such as WE
and Water-Energy-Food (WEF) (Prasad et al., 2012; Gulati et al., 2012; Cater and Gulati, 2014;
Cullis et al., 2019). There is now an emerging discourse on the work done on climate change,
water, and energy. This has been born out of the inextricable linkage of climate change to both
water and energy resources. For example, it is argued that the rise in erratic climate conditions
that severely impact on the production of key resources such as food and energy suggest that
climate change be incorporated in WEF or WE studies (World Economic Forum, 2011;
Jagerskog et al., 2014). Despite this observation, Liu (2016) pointed out that studies that
integrate climate change factors within the production of these resources are at an infant stage
and limited in poor and middle-income regions particularly those in the SSA. This necessitates
the need to increase the focus on research that analyses the nexus configurations given evolving
climatic conditions, particularly taking into consideration how these nexus affect societies in
the SSA region.

Climate change has significant effects on water resources due to its predominant linkages with
the hydrological cycle. For instance, Adams and Peck (2008), Natural Resource Defence
Council (NDRC, 2010), DeNicola et al. (2015), Scottish Environmental Protection Agency
(SEPA, 2017) and Nkhonjera (2017) concurred that climate change influence on water



resources is experienced through the occurrence of activities such as intensified precipitation,
increased evaporation rates, high water temperatures, changes in the distributions and
frequency of rainfall. These repercussions result in water shortages towards other subsectors
of the economy thus fortifying the need to elude from excluding climate change in societal and
economic related studies. One of the key studies that focused on climate change influence on
water and energy concluded that, despite being understudied as compared to WE and WEF,
WECC occurrence is one of the main emerging challenges affecting societal needs negatively

(Cammerman, 2009; Head and Cammerman, 2010).

It is further argued by Cammerman (2009) and Head and Cammerman (2010) that WECC
nexus can be assessed from the water resource management perspective. This is prompted by
the centric role that, despite being heavily influenced by varying climatic conditions, water
plays in the energy generation sector. In the SSA, which heavily depends on water-driven
technologies such as hydropower and coal-combustion, Urama and Ozor (2010) are of the view
that the region’s water shortages are critically affected by a multitude of instant and long-term
impacts of climate change. Studies in several regional countries such as Kenya, Democratic
Republic of Congo and Cameroon revealed that their electricity generation is frequently
reduced due to water shortages driven by climate repercussions such as drought and floods
(Mukheibir, 2008; Prasad et al., 2012; Conway et al, 2015). These persuaded different actors
to suggest studies that will incorporate climate change impacts when assessing the nexus and

its impact on regional developments.

In South Africa, this study reveals that the occurrence of different nexus configurations such
as WECC and WEF is unavoidable. In the context of WECC, for instance, despite being one
of the water-scarce countries around the world due to factors such as its semi aridity, it is argued
that the country is regarded as a climate change hotspot and one of the top emitters of GHGs
across the globe (IPCC, 2007; WRC, 2009; DWS, 2013; Nkhonjera, 2017). These GHGs are
largely due to water-reliant energy systems, particularly coal combustion which produces
approximately 90% of the country’s energy (Eskom, 2012). This is despite the country’s water
shortages which are attested by the existing over-allocation (as illustrated in Figure 1.1). These
water shortages are aggravated by factors such as increasing temperatures, variable rainfall
events, drought, and floods (DWS, 2013). Studies by Water Research Group (2009), Hughes
et al. (2012) and the Department of Energy (DoE, 2013) have suggested that the projected

increase in demand for water and energy in the country intensifies the need to improve the
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security of these resources, particularly considering the overarching role that climate change
plays in their supply. Despite these observations, there is limited research that links climate
change with water and energy resources in the country. This study, therefore, is crucial in
contemporarily assessing this nexus to ensure its risks and opportunities towards the country’s

national developmental objectives are captured.

Freshwater allocations in South Africa

M Irrigation
H Urban
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Rural
= Afforestation
B Power generation

M Transfer-out

Figure 1.1: Water allocations for various socio-economic sectors in South Africa
Source: DWS (2013)

The lack of integrated and holistic approaches in the management of WECC is widely reported
as a concern for most communities such as South Africa (Mabhaudhi et al., 2018; Nhamo et
al., 2018). This persuades researchers to investigate and develop contemporary measures to
manage different nexus configurations. One particular tool argued to be effective in
coordination and integration of complex systems such as WECC is the IWRM framework
(Cammerman, 2009; Head and Cammerman, 2010). This framework is defined by various
actors as a risk-based approach that promotes and coordinates the management of water and
land-related activities thus ensuring effective management of water resources (GWP, 2000;
Cammerman, 2009; Bindra et al., 2013). In South Africa, Pollard and du Toit (2008) are of the
view that this framework is viable as either a philosophy, process or management strategy that
is applied to ensure sustainable use of water by all users at catchment, regional, national and

international levels while maintaining the characteristics and integrity of this resource at the



catchment scale within agreed limits. According to GWP (2000), the IWRM is based on “4
principles that recognize the following:
I. Freshwater as a finite and vulnerable resource, essential to sustain life,
development, and the environment;
ii.  Participatory approach in water management and development;
iii.  Recognition and inclusion of women as they play a central part in the provision,
management, and safeguarding of water resources; and

iv. The economic value of water resources among all its users.”

The GWP (2000) further illustrated how the integration of IWRM into sustainable water
resource management objectives as well as implementation strategies must be adhered to yield
the desired results. As illustrated in Figure 1.2, the establishment of management instruments
and institutional frameworks are suggested as some of the effective implementation strategies
aligned with the IWRM. Despite the framework being promoted by different global
communities, studies by Rahaman et al. (2004), Biswas (2004, 2008) and Heldt et al. (2017)
have pointed out that lack of a well-defined clear implementation strategy is one of the
shortfalls of this framework. Nevertheless, case studies implemented in South Africa are
content that this framework is effective towards promoting the country’s sustainable water
resource management (Funke et al., 2007; Pollard and Du Toit, 2008). As such, this study
further investigates the possibility of adopting this framework in the management of WECC,

an approach that is untested across the globe.
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Figure 1.2: The general framework for IWRM
Source: GWP (2000)

1.7.  Research Design

This section gives a brief description of the overall methodological framework that was adopted
in this study. It briefly outlines the philosophy, description of the approaches followed,
characteristics of the case study areas and ethical considerations. The detailed methodological

approaches are mainly described in each chapter (Chapters two, three and four) of this thesis.

1.7.1. Research philosophy

Guided by the nature of the research, this section elaborates on the approaches used in
undertaking this study. Carr (2006) explained that the research approach highlights the
application of the principles to justify the types of methods and philosophies as far as a
particular study is concerned. Social researchers stipulated that a study can follow two main
types of approaches being qualitative and quantitative. For instance, Denscombe (2008)
explained that a quantitative approach in research is mainly associated with positivism. In this
approach, the study’s approaches are based on measurements and counting (Saunders et al.,
2009; Bryman, 2012). Bryman (2012) further contends that this research approach mostly uses
physical data to achieve research objectives and the results are mainly presented in the form of

tables and graphs. Contrary to positivism, Bryman (2012) pointed out that the naturalism
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approach uses tools such as observations and questions to attain their research objectives. In
studies of this nature, Bryman (2012) and Charmaz (2013) concurred that reality changes and
the views of participants are motivated by the people’s interpretation and attitude. Therefore,
this approach focuses more on human behaviours hence it is termed qualitative analysis
(Charmaz, 2013, Van Zyl, 2014). Based on these observations, either of these approaches can
be chosen to dictate the selection of tools to be used in collecting data in a particular study.

1.7.2. Methodological approach

The nature and complexity of this study permitted the application of a mixed-methods
approach, which involves the use of both qualitative and quantitative approaches to address
research objectives (Bless et al., 2013). The application of both these approaches, as illustrated
in Table 1.1, allows for the attainment of the research objectives through a credible and
validated manner. In the first instance, a rapid appraisal of the literature on the study subject
was conducted. In total, approximately 250 documents such as published papers, reports, and
policy documents were reviewed to provide an overview of the development of the subject
matter. Also, the study combined both primary and secondary data to attain empirical evidence

that allowed for the research objectives to be achieved.

In a qualitative approach, the primary data were collected through gathering the perceptions of
different stakeholders that play a pivotal role in the sectors of water, energy and climate change.
The stakeholders included representatives from the government sector, water and energy
utilities, research and academia, non-governmental organizations, donor-funders as well as
independent experts. Research techniques tools that were used were one-on-one interviews,
focus group discussions and the recording of participant observations. A semi-structured
questionnaire was used to direct this data collection method. The perceptions of these research

participants were analysed using a grounded theory approach.

In the gquantitative approach, the secondary data, which mainly comprises of rainfall, GHG
emissions, water, and energy statistics were attained from energy, water, and climate utilities
(i.e. Eskom, South African Weather Services, Department of Water and Sanitation, Department
of Environmental Affairs and Rand Water). Furthermore, the collected data were centralised
around two study areas used as a case study which allowed for the delineations and in-depth
inquiry of the subject by providing various sources of evidence and more variables rather than

data points only. Applying a case study on data used to verify WECC interactions allowed the
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research to focus on dealing with limitations and details of a complex situation (Denscombe,
2003). This case study was essential as it provided a comparative analysis of the results based
on the geographical dissimilarities between the two areas while it allowed for the delineation

of data collection points to the ground level.

Table 1.1: Summary of methods used to attain the study objectives

Objective Research method

Empirically examine the interdependencies | ¢ Literature appraisal

between water, energy and climate change in | e Engagement with organizations such
South Africa mainly focusing on water-stressed as Eskom and SAWS

catchments of Highveld and Waterberg regions. | e  Case study

Examine how stakeholders' perspectives can be | ¢ Literature appraisal
gathered and used in assessing water, energy and | ¢  Participants observation
climate change-related challenges in South | ¢ Case study

Africa. e Focus group discussion

e One-on-one interviews

Analyse the effectiveness of IWRM in|e Discussions and interviews with
establishing approaches that will endorse a experts\stakeholders
holistic and coordinated approach in WECC | e Literature appraisal

management.

Contribute to the body of knowledge towards | e Literature appraisal

understanding the WECC nexus in South Africa. | ¢ Engagement with different
organizations

e Focus group discussion

e One-on-one interviews

e Participants observation

1.7.3. Study Area

This sub-section provides a brief description of the geographical location and characteristics of
the study areas. Although another sampling was done at a national scale, a justification as to

why some vital information or data was delimited to these selected study areas is provided. The
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regions of Waterberg (Lephalale Local Municipality) and Highveld (Emalahleni and Steve
Tshwete Local Municipalities), illustrated in Figures 1-3 and 1-4 respectively, were selected
for this study as they are deemed vital in the promotion of sustainable socio-economic
development needs of the country (Emalahleni Local Municipality, 2019; Steve Tshwete Local
Municipality, 2019; Department of Environmental Affairs [DEA], 2014). The Highveld region
is situated in the Nkangala District Municipality and consists of the Emalahleni Local
Municipality (2 678km?) and Steve Tshwete Local Municipality (3 976km?) in the
Mpumalanga Province (Emalahleni Local Municipality, 2019; Steve Tshwete Local
Municipality, 2019). On the other hand, the Waterberg study region forms part of the Lephalale
Local Municipality (14 000 km?), which falls under the Waterberg District Municipality in the
Limpopo Province (Lephalale Local Municipality, 2019). The physical characteristics of these
two regions draw both similarities and differences. For example, as their contribution to
atmospheric pollutants such as GHG emissions is noticeable, both these regions are declared
air quality hotspots thus categorised as the Highveld Priority Area and Bojanala-Waterberg
Priority Area respectively (DEA, 2007; 2014). Furthermore, their major rivers, Mokolo
(Waterberg) and Upper Oliphants (Highveld) present some of the water-stressed catchments in
the country due to their limited freshwater resource availability. For example, Dabrowsky and
De Klerk (2013) observed that the Upper Oliphant experiences high levels of pollutants mainly
attributed to anthropogenic activities thus further exacerbating water shortages in this

catchment.

The other key similarity is the abundance of coal resources in these regions. The Highveld
region has over the decades been the centre of coal mining in South Africa. Furthermore, the
expansion of coal mining activities is planned as the regions’ coalfields boast more than 40%
of the total coal reserve of South Africa. As a result of the abundance of the coal resources in
these regions, the Highveld houses eight coal-fired power stations with a build capacity of
approximately 24066MW while only two, with a build capacity of 8400MW, are operated in
the Waterberg (Eskom, 2019). In addition to these activities, other land uses such as agriculture
occurs and contributes towards the country’s National Developmental Plans (NDP) and
associated environmental stresses. These regions’ climatic conditions such as varying rainfall,
water availability and temperature further presented noticeable differences that provided an

opportunity to select them for a study of this nature.
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1.8. Scope of the study

This study’s focus is on the linkages between water and energy systems under predicted climate
changes in South Africa. Its application was limited to the two principles promoting water as a
finite resource and participatory approach. This study had no intention to predict new climate
change variations but relied on recent information to determine the influence that it has on
water resources and energy systems. Lack of access to data at either study area or critical
institutions limited assessment of the selected interactions of WECC components. The research
participants who were engaged in this study may have had varying opinions regarding topics
such as climate change and electricity generation methodology. However, this was not used to
divert from the objectives of the study. Furthermore, the lack of willingness from other
participants to take part in the study also comes in as a limiting factor to the data collection

process.
1.8.1. Ethical considerations

The collection of data through the questionnaires, participants’ observations, interviews with
various stakeholders and gathering of the already collected data involved human participation
and interactions. Yin (2014) emphasised that such a study should explain how human subjects
will be protected. Bless et al. (2013) pointed out that the responsibility of ensuring that
participants are protected against abuse or any form of risk lies with the researcher. Based on
these, ethical clearance from the university was attained before the involvement of different
participants. A clearance certificate (attached in Appendix A) was given following a
commitment from the researcher to adhere to a considerable ethical approach towards this

research.
1.9.  Structure of the study

This PhD. thesis was carried out through the publication route. Thus, each chapter is based on
a paper that has either been published, accepted for publication or under review in
internationally recognized and accredited journals. Table 1.2 is a summary of each of the

articles comprising this thesis.
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Table 1.2: Summary of chapters

Chapter 1: Introduction, background information, research
question, aim and objectives, methodological considerations,

research limitations, and ethical considerations

This chapter is a research

conceptualization.

Chapter 2: Perspectives on IWRM and WECC globally,
regionally and in South Africa. This chapter is based on a
paper in the Journal of Energy in Southern Africa. Vol. 30,
No. 3. 11-21. DOIl: https://doi.org/10.17159/2413-
3051/2019/v30i3a5654  (Published). FREE ACCESS:
https://journals.assaf.org.za/index.php/jesa/article/view/5654

Assess the development

around nexus studies,
particularly WECC, across
the globe and in South
Africa. This chapter also
briefly discusses IWRM
and its relevance to

understanding WECC.

Chapter 3: Assessment of the Water-Energy-Climate Change
Nexus in South Africa: Towards the principle of water as a
finite resource. This chapter is based on a paper titled:
Assessing Water-Energy-Climate Change Nexus in South
Africa: Towards water as a finite resource. Development

Southern Africa. (Peer Review-Second draft)

Verify,  presents  and
discusses the results on the
occurrence of WECC in
South Africa. This is done
by quantitatively assessing
several interactions of this

nexus.

Chapter 4: Application of the participatory approach in
assessing Water-Energy-Climate Change nexus in South
Africa. This chapter is based on a paper titled: Application of
participatory approach as an analytical framework for Water-
South  Africa.

International Journal of Environment and Sustainable

Energy-Climate  Change nexus in

Development (Peer Review-First draft).

Validate, and

discusses the results on the

presents

perspectives of different
key stakeholders on WECC

occurrence in South Africa.

Chapter 5: Overall conclusions.

Synthesis, general
conclusions,
recommendations, and

future pointers.
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CHAPTER TWO

Perspectives on integrated water resource management and its relevance in

understanding the water-energy-climate change nexus in South Africal

ABSTRACT

It is increasingly acknowledged that the water-energy-climate change (WECC) nexus is one of
the synergies that pose a significant risk to the achievement of sustainable development goals
(SDGs), specifically numbers six, seven and thirteen. There are suggestions that climate change
outcomes such as increased temperature and drought episodes have implications for water
availability, which in turn affects energy production in countries dependent on hydropower,
pump-storage or coal-generated electricity, including South Africa. This development,
therefore, calls for improved understanding of how to effectively manage the challenges that
arise from this nexus, to mitigate the impacts it may have on achieving the associated SDGs.
This study, which is based on an in-depth appraisal of existing developments, assessed the
potential of the integrated water resource management framework in understanding the WECC
nexus and its implications for South Africa’s sustainable development endeavours, particularly
in the context of water resource management and utilisation. The study revealed South Africa’s
lack of integrated, effective, and efficient institutions and policy framework to
comprehensively manage the challenges emanating from this nexus. It identified an urgent need
to develop systems and processes through which South Africa can handle the challenges as

well as capture the benefits that may be obtained from this nexus.

Keywords: climate change, energy security, water resource management, sustainable
development

1 This chapter is based on: Mathetsa, S.M., Simatele, M.D., Rampedi, I.T. and Gericke, G. 2019. Perspectives
on integrated water resource management and its relevance in understanding the water-energy-climate
change nexus in South Africa. Journal of Energy in Southern Africa. Vol. 30, No. 3. 11-21. DOL:
https://doi.org/10.17159/2413-3051/2019/v30i3a5654 (Published). FREE ACCESS:
https://journals.assaf.org.za/index.php/jesa/article/view/5654
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2.1. Introduction

The sustainable development concept is premised on the assertions revolving around the
objective to meet the needs of the present generation without compromising those of the future
(Omer, 2008; Masters, 2009; Mathetsa, 2016). This definition embeds within itself the
importance of identifying strategies and systems aimed at supplying and conserving resources
within the socio-economic developmental needs of communities (United Nations [UN], 1972;
1992; Kubiszewski and Cleveland, 2012). This focus is regarded as a way of establishing a
balanced system on how to effectively achieve economic and social progress within the limits
of environmental sustainability, as well as aligning national development to the targets
embedded in the sustainable development goals (SDGs). Increased global and local demands
for resources in both domestic and industrial use have, however, exerted immense pressure on
natural resources to a point of untenable management. Chilundo et al. (2008) and Brazilian et
al. (2011) have pointed out factors, such as a rapid increase in population growth,
industrialisation and urbanisation, which are driving natural resources towards devastation.
These remarks, therefore, instigate a re-examination of how resources are used and safeguarded

in such a manner that SDGs are achieved.

As the supply of water and energy resources emerges as one of the central themes of modern
human life, their global demand is expected to increase as the need to attain SDGs intensifies.
The Global Water Partnership (2000) and Al Saidi (2017) have pointed out that water scarcity
in most global communities requires that their security be treated as a main topical issue within
sustainable development at large. It is, however, observed that obstacles such as rising climate
vulnerabilities exacerbate water scarcity (Natural Resource Defence Council, 2010; Ziervogel
et al., 2014; DeNicola et al., 2015; Nhamo et al., 2018), thus raising profound concerns as to
how a sustainable supply of critical resources can be attained. This underlines the persistent
necessity for society globally to strive for a balanced system across the management of natural

resources.

Given the threat that shortages of resources are posing to SDGs, it is widely reported that food
and energy production are amongst the essential socioeconomic sectors most vulnerable to
these constraints (Carter and Gulati, 2014; Carpenter, 2015; Rasul and Sharma, 2016;
Mabhaudhi et al., 2016). The extent of this vulnerability is likely to be experienced mainly in

countries such as South Africa, where water availability and supply drives both electricity
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generation and food production, while energy is one of the most critical drivers of water
treatment and distribution (Carpenter, 2015; International Energy Agency, 2016; Nhamo et al.,
2018). This points to the interconnection and interdependency between water and energy
systems, which most developing countries are struggling with and striving to supply on a
reliable and sustainable basis.

In many sub-Sahara African (SSA) countries, the interlinkage between water and energy
remains significant in the region, particularly in countries such as South Africa where coal-
combustion is still the main driver for electricity production. Energy generation through coal-
combustion, however, is one of the biggest contributors to human-induced climate change
through the release of greenhouse gases (Intergovernmental Panel on Climate Change, 2007;
Omer, 2008) which is widely perceived to be threatening human existence and exerting
enormous pressure on limited water resources (Mukheibir, 2008; Dennis and Dennis, 2012;
NKkhonjera, 2017). These considerations further highlight the coupling between the systems of
water, energy and climate change — the water-energy-climate change (WECC) nexus. Its
occurrence in South Africa corroborates the findings of Head and Cammerman (2010) who
argued that most global communities, particularly those at developing stages, are likely to be
faced with the WECC nexus. These dynamics call for critical questions relating to the WECC
management and its socio-economic and ecological interactions, in countries such as South
Africa which have been identified as climate change hotspots (Ziervogel et al., 2014; DeNicola
et al., 2015; Nhamo et al., 2018).

Despite the complex linkage of systems of water, energy and climate change, several studies
have concurred that challenges such as the pragmatic lack of coordinated planning, policy
integration, and a systematic approach impedes effective management of WECC and its
components (Cammerman, 2009; Hussey and Pittock, 2012; Rasul and Sharma, 2016;
Mabhaudhi et al., 2016; Stein et al., 2018; Nhamo et al., 2018). This challenge deepens doubts
about the attainment of SDGs linked to these components. In developing countries such as
South Africa, the risks associated with WECC are likely to be felt, as the lack of adequate and
integrated management of water, energy, and climate change systems is intense (Scott et al.,
2011). This necessitates the need to establish contemporary approaches that will broaden
understanding of this nexus and effectively manage it in a way that positively contributes to

sustainable development.
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Within the WECC nexus, water is regarded as the central component (Walmsley et al., 2001;
Prasad et al., 2012; Jagerskog et al., 2014). Its dominant role across various societal needs
suggests that it is sustainable management would benefit energy security while adapting to
climate change. This observation supports the need for a shift in paradigms and adopting
approaches that would facilitate sustainable systems of water resource management to
minimise socio-economic and environmental risks associated with the WECC nexus. Studies
within the sustainability sector have proposed different approaches for protecting and utilising
water, including integrated water resource management (IWRM). The GWP (2000) and
Leendertse et al. (2008), for example, found that this framework’s ability to raise sufficient
awareness, while promoting practical guidelines in a systematic and integrated approach,
makes it one of the most useful tools available to promote sustainable water resource
management. Considering the dire state of water resources in South Africa, there is a need to
explore the potential and value of implementing the IWRM framework to address the WECC

conundrum.

The present study examined developments in the WECC nexus to explore its effective
management through an integrative and holistic approach. Conducting a review on an emerging
and complex subject such as WECC is a crucial contribution to providing dependable and
general information regarding this nexus while identifying gaps that should be addressed. Bless
et al. (2013) suggested that a review of this nature involves searching and studying of previous
and current developments on the investigated problems without raising any controversy. The
present study also explored the IWRM framework with the view to utilising it as a tool to widen

the understanding and promotion of effective management of the WECC nexus in South Africa.

2.2. Methodology

This study examined the international developments, with an emphasis on SSA, especially
South Africa, in water, energy and climate change systems, and thus the WECC nexus and
IWRM framework. To this extent, a rapid appraisal of empirical academic and non-academic
literature such as project and industry reports, books and presented papers was conducted.
Additional developments were obtained from the Water Research Commission, a South
African-based research institute that conducts and publishes studies within the water and
environmental fields in the Southern Africa region. With a focus on themes such as sustainable

water resource management, energy security, and climate change impacts, the criteria for
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inclusion in the appraisal were based on global, regional and local studies focusing mostly on
different nexus types such as WECC, water-energy (WE) and water-energy-food (WEF). This
methodology was influenced by suggestions of the limited work done on WECC in South
Africa, which is intensified by a lack of broadened knowledge, and a fragmented policy
approach on the nexus. This appraisal was corroborated by extensive verbal interaction with a
specialist within the field of WECC to gain further information on this nexus and its challenges
within the SSA region.

2.3. Results and Discussion

2.3.1.  Contextual developments on WECC nexus

The SDGs numbers six, seven and thirteen underline the need for global communities to
maximise the reliable supply of water and energy, while combating climate change and its
related impacts (UN, 2015). Communities in SSA are faced with similar expectations. In South
Africa for example, Winkler (2006) expressed the view that most of the country’s socio-
economic developmental needs could be achieved through an increased supply of energy. This,
however, must be done within the parameters of safeguarding natural resources such as water,
land, and atmosphere. Although the need to address societal and ecological imperatives is
intensifying, studies have mentioned the complex interlinkage between some of the key
features of modern life as one of the synergies halting their attainment (Head and Cammerman,
2010; Bazilian et al., 2011; Pahl-Wostl et al., 2018). Among those interlinkages, the complex
connection between the systems of water, energy, food and, more recently, with the
consideration of climate change, gives rise to different forms of nexus. With uncertainties
emerging from these nexus, concerns over the reliable supply of resources such as food, water,
and energy, as well as their contribution towards climate change intensify. On the other hand,

climate change impacts the availability of these resources in numerous forms.

Recent studies have made contrasting reports about when and how the nexus within the
sustainable management discourse emerged (Siddigi and Anadon, 2011; Conway et al., 2011;
Muller, 2015; Pahl-Wostl et al., 2018; Simpson and Jewitt, 2019). While initial studies around
the nexus are mostly limited to water and energy interactions and in some instances incorporate
food production, Siddigi and Anadon (2011) suggested that the need to acknowledge and
understand the WE nexus was recognised as early as 1994. Muller (2015), however, asserted

that recognition of such interlinkages arose as early as the 1970s. Irrespective of when it
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emerged, the socio-economic influence of the nexus encouraged its discussions at various
global gatherings during the 2000s. For example, conferences such as the Gleneagles G8
Environmental Ministers’ meeting in 2007, the Davos World Economic Forum in 2008, and
Bali’s United Nations Framework Convention on Climate Change meeting in 2008 resolved to
strengthen the understanding and management of the water and energy interactions (European
Cooperation in Science and Technology [COST], 2009; Cammerman, 2009). Furthermore, the
Bonn Nexus conference in 2011 reflected mainly on the interactions of water and energy
together with food production, resulting in more studies embracing the triangular WEF nexus
(Conway et al., 2011). These observations fortified the discussions and investigations around

various types of nexus to gain momentum in both policy and research perspectives.

Until recently, most studies did not consider the impact of climate change on the nexus
configurations. Climate vulnerability studies prompted global researchers to consider their role
in food, energy, and water security. Studies in countries such as the United States (US), China,
Spain, and Australia were the first to focus mainly on the WE with brief considerations of
climate change influence. For example, Hussey and Pittock (2012) found that the WE study
conducted in the US in 2006 was one of the initial researches that embraced the climate change
role in the nexus. This and other subsequent developments resolved to fully incorporate climate

change in coupled triangular interactions of water and energy.

Despite the emerging interest in the WECC nexus and its sustainable developmental impacts,
studies on the in-depth understanding of this nexus and its consequences are still limited. This
is confirmed by limited documented information on this nexus both at a global and regional
level. Platonova and Leone (2012) and Yillia (2019) pointed out this as a concern for
developing countries, particularly those in the SSA. Nkhonjera (2017) suggested that this
region’s lacking behind on understanding climate change and its influential role in other sectors
such as water and energy is attributed to uncertainties in climate and hydrological modelling,
lack of financial resources and political will to develop and implement policy, particularly in
developing regions. This raises resistance in recognition of paradigms such as WECC as well
as policy development within them and is confirmed by recent studies in the SSA countries of
Cameroon, Kenya and South Africa where WE and WEF nexus are still at the centre stage
(Platonova and Leone, 2012; Ackom, 2014; Carter and Gulati, 2014; Mabhaudhi et al., 2016;
Wakeford, 2017; Yillia, 2019).
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The interlinkage between water, energy and climate change is a complex one, accentuated by
interdependencies in multi-sectoral systems. For example, studies by Carpenter (2015) and
Copeland and Carter (2017) observed that a substantial part of the global energy production
systems heavily depends on water availability for various processes such as raw material
extraction and cooling. Conversely, the treatment, supply, and usage of water, particularly in
domestic and industrial practices, is an energy-dependent process. This interdependency is
intensified by the distance of water users from water resources, which exacerbates energy needs
in the water value chain. Conversely, the global over-reliance on energy production on the
fossil fuel combustion processes results in the emission of greenhouse gases, which accelerates
climate change. Despite climate change’s influence on energy generation processes such as
cooling, Ziervogel et al. (2014) and Kundzewics et al. (2016) concurred that its role in water
availability is pivotal, as occurrences such as varying temperature, floods, precipitation, and
drought affect the hydrological cycle. These varying climatic conditions and other impacts such
as water pollution exacerbate water shortages, thus putting pressure on energy production and
its associated sectors. The severity of this water, energy and climate change interdependency
is experienced on a global scale already. For example, studies by Siddigi and Anadon (2011)
and Carpenter (2015) pointed out that some countries in Europe, South America, and Asia had
to reduce their electricity production because of water shortages intensified by climate

variabilities, particularly drought and increased temperatures.

The SSA, a rapidly developing region characterised by prolonged water shortages because of
its semi-arid geographical characteristics and increasing energy demands, is not immune to
WECC and its challenges. For example, while the region is striving to meet modern energy and
water demands, Serdeczny et al. (2015) observed that this region is one of those where climate
change outcomes will most be felt, in several sectors. Furthermore, Prasad et al. (2012) and
Conway et al. (2015) indicated that drought and freshwater shortages in hydropower-dependent
countries such as the Democratic Republic of Congo, Lesotho, Malawi, Kenya, Zimbabwe, and
Zambia resulted in disruptions to the supply of energy. Despite these noticeable impacts of the
WECC on the region’s socio-economic developmental needs, it is observed that WE and WEF
are still at the centre stage of nexus researches. Ackom (2014), Stein et al. (2018) and Yillia
(2019), however, suggested that the region should intensify how it considers climate change’s
role on WE and WEF, thus presenting the SSA with opportunities to look at prospects of
managing WECC effectively.
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South Africa is one of those SSA countries likely to be affected by risks emanating from
WECC. For example, despite the country’s well-documented water scarcity status,
approximately 90% of the electricity is generated from water-reliant coal-combustion, nuclear,
hydropower and pump-storage technologies (Eskom, 2016). Being one of the epicentres of the
national developmental plans, power generation is supplied with 2% of the freshwater available
in the country with reliable assurance, second only to the agricultural sector (Eskom, 2012;
Department of Water and Sanitation [DWS], 2014). The country is, however, ranked among
the top producers of greenhouse gases, largely because of emissions from the power generation
sector, specifically the coal-combustion technology (Carter and Gulati, 2014). The upsurge of
climate change and influence from other anthropogenic activities such as urbanisation, exert
pressure on already constrained water and energy resources. These observations show how the
systems of water, energy and climate change are inextricably interconnected in the country, as
elaborated in Figure 1. However, just like a situation in the global and regional context, the
country has demonstrated a lack of knowledge and integration concerning managing the
WECC and its risks. However, recent studies such as those by Mabhaudhi et al. (2016) and
Nhamo et al. (2018) concurred on the need to effectively manage the nexus in a holistic and
integrated manner. The present study, therefore, suggests the need for the country to broaden
its understanding of the WECC and to initiate discussions such as policy integration to combat

the risks associated with this nexus.
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Figure 2.1: Coupled interactions between water, energy and climate change in South
Africa.

2.3.2.  Governance of the WECC nexus

Earlier investigations on WECC highlighted that partial understanding of this nexus results in
a ‘silo” approach, especially from the governance perspective (Cammerman, 2009; Head and
Cammerman, 2010). Lack of a coordinated planning system, practices and policy development
between the sectors of water, energy and climate change is a concern in many countries.
Investigations are, however, gaining momentum elsewhere to minimise these governance
setbacks (Goldstein et al., 2008; Energy and Water Integrated Act [EWIA], 2009). For
example, the US study on WE recommended the development of an integrated policy on water
and energy (Goldstein et al., 2008). In response, the EWIA policy was developed with the view
to direct the US towards improving governance of the nexus through an in-depth analysis of
the impact of energy development and production on the country’s water resources (EWIA,
2009). Despite not being signed into law, this strategy encouraged other parts of the US and
other countries to broaden investigations of various nexus studies in an integrated manner. For
example, subsequent investigations and publications of reports such as the ‘Water-energy
nexus: Challenges and opportunities’ (United State Department of Energy [US DoE], 2014)
show efforts to promote a systematic, integrated and proactive way to address the nexus to

ensure a reliable supply of energy under different water and climate constraints.
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Despite such efforts and progress on incorporating all nexus components in planning, some
countries still lag. South Africa is one of those that still approach governance of water, energy
and climate change policy and implementation in isolation. Studies by Mabhaudhi et al. (2016)
and Nhamo et al. (2018) showed that sectoral approaches driven by sector mandates which
seldom refer to each other are cause for concern about effective governance of these systems.
This is despite the country’s adoption of the National Environmental Management Act,
Number 107 of 1998, which endorses the integrated environmental management approach as
one of its objectives. This policy segmentation demonstrates a fragmented approach and a lack
of collective effort from the key stakeholders in the management of energy, water, and climate
change. For example, with policies such as the National Water Resource Strategy (NWRS) in
place, the Department of Water and Sanitation (DWS) is mandated to ensure that management
and protection of water resources in South Africa are fulfilled (DWS, 2014). Water policies
mostly acknowledge the impact of climate change on water resources, but without providing a
plan as to how these will be dealt with. Policies relating to water resources’ adaptative and
resilient strategies on climate change are developed by the Department of Environmental
Affairs (Department of Environmental Affairs [DEA], 2015). This is a concern, as there would
be an overlap in terms of implementation. Furthermore, despite assurances on freshwater
supply for the energy sector, water resource constraints highlight the need for integrated
planning to secure water supply for power generation. However, recent delays in aligning water
supply to energy generation raise gaps in terms of policy planning and implementation between
these sectors. Similar misalignments are observed in energy planning. For example, despite
proposing a mix that will decarbonise power generation sector with reduced water
consumption, the 2010-2030 Integrated Resource Plan (IRP) highlights that 65% of the
country’s energy will still be generated using the water-reliant coal combustion process (DoE,
2010). This policy is silent on how the power generation sector will be reliably supplied with
water and provides little suggestions on the improvement of water management at the

operational level.

Furthermore, the IRP offers no strategy as to how the energy sector will reduce their greenhouse
gas emissions from coal-fired power stations, except through decommissioning of power
plants. Additionally, Madhlopa et al. (2016) noted that the IRP hardly addresses the water
impacts resulting from the lifecycle of energy production, mainly raw material extraction such
as coal mining, which is seen as the responsibility of the Department of Mineral Resources.

The National Climate Change Response Policy was drafted to manage challenges emanating
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from climate change (DEA, 2015). The policy further recommended that the adaptation
strategies be implemented within the NWRS, while climate mitigation strategies in the energy
sector include the reduction of carbon emissions (DEA, 2015). Trollip and Bouller (2017),
however, contended that this policy can be attributed to a lack of coordination and alignment
between the different role players in DEA, DWS, and DoE.

These observations point to a critical gap emerging from the governance of WECC
components, where governmental structures still operate in a segregated manner in South
Africa. This gap owes much to the unaligned institutional and policy framework within which
a coordinated and integrated approach towards the management of water and energy resources
in the context of climate change can be pursued. Several studies suggest delineating this
complex issue to effectively address it. For example, in addressing myriad water issues,
developing a consensus that proposes a shift towards ‘nexus thinking” when addressing issues
related to the WECC is an imperative one (Global Donor Platform for Rural Development,
2017; Taylor-Wood and Fuller, 2017). Reynolds and Cranston (2014) further suggested that
nexus thinking can respond to the risks associated with different configurations. Nexus thinking
is intended to promote viewing a specific problem from different angles to create an
understanding of the bigger picture holistically and systematically while addressing other
associated systems. Therefore, considering its centrality in WECC, an approach where water-
related challenges are addressed while equally considering issues arising from energy and
climate change could be an effective solution for this nexus. In Australia, studies by
Cammerman (2009) and Head and Cammerman (2010) suggested that this integrated approach
could be achieved through the implementation of the IWRM framework, which emerges from

the water management perspective.

2.3.3.  Towards the integrated approach

While the developments on nexus are still at an infant stage, research conducted on sustainable
water resource management resulted in the paradigms such as the IWRM, which focusses on
addressing complex systems involving water (GWP, 2000; Pollard and Du Toit, 2008; Heldt
et al., 2017). This research stimulated suggestions that effective management of water should
be at the apex of WECC as it may influence how to minimise the nexus risks to socio-economic
development (Prasad et al., 2012; Jagerskog et al., 2014). Cammerman (2009), for example,

asserted that lack of broadened understanding of the complexities and interactions around
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WECC may result in unsustainable management and utilisation of water, which crosscuts most
sectors, including food production. The question raised in this study is, however, how the
efficient management of water resources presents an amplified system that builds their
resilience towards climate change, thus easing energy insecurity and the associated sustainable
development threats.

While different approaches towards managing water may be applicable, Cammerman (2009)
and Bindra et al. (2013) contended that the IWRM approach is one of the useful tools that can
endorse structure and mutually enforce management of this resource holistically and
sustainably. Despite this framework being around for some time, Biswas (2008) and Nesheim
et al. (2010) maintained that it only started being amplified by scientists and the GWP around
the 1990s, and was strengthened only around the early 2000s. Initial discussions at various
gatherings such the Dublin’s UN-Water and Environment Conference in 1992, Rio’s World
Summit in 1992, Bonn’s International Conference on Freshwater in 2001, and the
Johannesburg World Summit on Sustainable Development in 2002, intensified the need to
implement this framework for improved water resources management. Furthermore, the
usefulness of this framework was recognised by at least 65% of countries which adopted it
before the Rio Plus Conference in 2012 (Al-Saidi, 2017).

According to GWP (2000), this framework can shed light on how to develop regulations and
regional plans for water governance in an integrated manner. This will ensure effective
environmental management while defining institutional roles and stakeholder participation
within the management of water resources. Studies within water resource management,
however, show that this framework continues to receive criticism from some practitioners and
scientists (Biswas, 2004; Fulazzaky, 2014; Heldt et al., 2017). For instance, Biswas (2004,
2008), found that the IWRM has demonstrated a lack of technical and institutional ability to
address water resource challenges, thus resulting in setbacks regarding how it is implemented.
This observation raises concerns within the water fraternity as to whether it is a practical tool
to provide solutions for current and future challenges. Biswas (2008) further emphasised that
this IWRM is not effective enough when applied across varying sectors such as agriculture and
energy or even at a macro scale. Other studies, however, presented a different observation,
arguing that IWRM can promote integrated management across different sectors such as
energy, food production and water (Leendertse et al., 2008; Nesheim et al., 2010). Bringing

together different water users with a common goal promotes integration as all views have the
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potential to be considered in planning and policy development. Doubts about the effectiveness
of IWRM resulted in other nations opting against its adoption. For example, some European
countries opted to implement the European Union Water Framework Directive, a policy

developed to provide alternative solutions to their water challenges (Heldt et al., 2017).

In many developing nations, such as those in SSA, lack of participation and political will still
weaken IWRM’s implementation. Muller (2015) raised factors such as the focus on growing
the economy as well as climate vulnerability as some of the challenges impeding IWRM
implementation in these nations. This underlines the need for a more robust and effective
approach if water resource management improvements are to be attained. In South Africa,
notably, challenges arising from coordination and policy implementation threaten the country’s
already stressed water resources to a point where its availability to sectors such as energy and
food production cannot be guaranteed. Funke et al. (2007), however, maintained that, through
a holistic and systematic manner presented in IWRM, this framework is a necessity if the
country is to address its short-term risks and achieve long-term security of water resources,
particularly those associated with scarcity and inequitable distribution, as well as mismatches
identified in agriculture, industry and energy sector located on heavily concentrated water
demand regions such as the Highveld in Mpumalanga. Funke et al. (2007) and Karar (2008),
however, indicated that the country’s application of IWRM is still limited to a water perspective

or policy development within this sector.

Given that WECC components are governed in segregation despite the interlinkages, can this
be mitigated by the IWRM’s ability to influence governance through the promotion of a multi-
participatory approach as well as consideration of different driving forces and their linkages?
Cammerman (2009) suggested that this framework’s proactive risk-based approach is one of
its strengths, one that can promote an integrated approach on policies and strategies, while
addressing associated challenges, particularly towards the socio-economic development

agenda. This is despite it arising from the water resource management perspective.

2.4. Conclusions

This study examined developments in one of the emerging paradigms that threaten the

achievement of sustainable development goals: water-energy-climate change (WECC) nexus.
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The study revealed two key findings. Firstly, it is evident that studies of the WECC nexus are
still limited internationally. Most nexus studies have, to date, focused mainly on water-energy
and water-energy-food configurations. A similar observation is made in South Africa where
there is an inextricable linkage between systems of water, energy and climate change.
Secondly, despite gaps being identified in the management of different nexus configurations,
South Africa still lacks policy integration. Currently, various government departments such as
the Department of Water and Sanitation, Department of Environmental Affairs and Department
of Energy generally address sectoral requirements instead of adopting an integrated approach.
The study contributes towards closing the existing knowledge gap on WECC, thus assisting
South Africa to understand and address myopia about the relationship between water, energy,
and climate change, and promote discussions on an integrated approach in the development of

institutional and policy framework.
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CHAPTER 3

Assessing Water-Energy-Climate Change Nexus in South Africa: Towards

water as a finite resource?

ABSTRACT

The constant supply of water and energy has become a cornerstone for sustaining modern
socio-economic and national development. However, the interdependency between them,
coupled with frequent changes in climate, threatens their continued supply and security. The
interaction between these two life-sustaining resources and in the context of climate change is
what is now commonly referred to as the Water-Energy-Climate Change (WECC) nexus.
Anecdotal evidence associated with the projected risks of the WECC nexus has triggered
research and policy interest across the globe, particularly in more advanced economies to have
a comprehensive understanding of how to manage and minimize its impacts on socio-economic
developmental goals. Despite this development, many less economically developed and
middle-income countries such as South Africa are lacking behind in advancing systems and
processes which will broaden their understanding of the WECC. This hinders progress in
building their adaptive capacity and resilience against the impacts of this nexus. It is argued in
this paper that for any country to broaden its understanding and build its adaptive capacity and
resilience to the impacts of the WECC, appropriate quality and reliable data must be collected
and exchanged with key stakeholders to facilitate and promote a well-coordinated response and
develop systematic actions and strategic approaches to address the risks associated with the
WECC nexus. Using rapid appraisal of existing information obtained from different
organisations, this study quantitatively analysed both historical and contemporary data
focusing mainly on the Waterberg and Highveld regions to understand the WECC
interlinkages. The results of the study analysed and discussed within the discourse of the
Integrated Water Resource Management framework particularly with the concession of water’s
status as a finite resource in South Africa, exemplify a series of interactions between the WECC

components such as those of water for energy provision. This study further discusses the

2 This chapter is based on: Mathetsa, S.M., Simatele, M.D., Rampedi |.T. and Gericke, G. 2019. Assessing Water-
Energy-Climate Change Nexus in South Africa: Towards water as a finite resource. Development Southern
Africa. (Under Review).
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importance of systems that will ensure acquisition, accessibility, reliability and quantifiable
data to effectively influence decision-making processes and policy development.

Key Words: Water; Energy; Climate Change; nexus; Integrated Water Resource Management,
South Africa, quantitative analysis

3.1. Introduction

The constant supply of water and energy resources has become an absolute imperative in
sustaining modern life. The intensified need for the provision of these resources to enhance
socio-economic development programs has resulted in an exponential increase in their demand
at a global, regional, national or local level (Hussey and Pittock, 2012; Spark et al., 2014;
Carpenter, 2015). Their supply, constrained by factors such as resource shortages, rapid
population growth, and other anthropogenic activities is, however, complicated by climate
change and associated environmental stresses. In recent years, the supply of these resources,
together with the need to address climate change, has been one of the central points for
discussions in the sustainable development discourse. These debates are intensified by the
growing indications of how water, energy, and climate change elements relate to each other
resulting in a phenomenon called Water-Energy-Climate Change (WECC) nexus
(Cammerman, 2009). Anecdotal evidence shows that the existence of WECC has a negative
influence on the attainment of environmental and socio-economic targets among communities
across the globe consequently necessitating the need to manage the challenges arising from this
nexus. These developments motivate the improvement of resilience and adaptive strategies that

may alter the potential impacts emanating from this nexus.

Given the growing need for measures to ensure water and energy security while simultaneously
combating climate change, the current actions seem to suggest a lack of understanding of how
WECC components are interlinked. One way to demonstrate this dearth of integration is the
existing segmented planning in policy development within the sectors of water, energy and
climate change which is exacerbated by lack of integration and application of analytical tools
to manage these WECC components (Bizikova et al., 2013; Rasul and Sharma, 2015; and Pahl-
Wostl et al., 2018; Gobin et al., 2019). This policy segmentation, mostly observed in the

developing and middle-income regions such as those in Sub-Saharan Africa (SSA), indicates a
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lack of progress in implementing the principles of sustainable ecological and socio-economic
development. The ’silo” approach on the policy planning and development within the WECC
elements can largely be due to insufficient knowledge and lack of adequate information
available to integrate these sectors. While there are calls for the implementation of coordinated
and holistic planning on managing of WECC risks and opportunities (European Cooperation
in Science and Technology [COST], 2009; Rahul and Sharma, 2016; and Cullis et al., 2018),
development of such systems should be based on sound empirical evidence and broadened

comprehension of the interfaces between water, energy, and climate change sectors.

Although WECC existences and its repercussions are, in general, experienced mostly in less-
developed and middle-income countries such as those in the SSA region, it is particularly real
for South Africa. For instance, the country’s scarce water resources play a central role in the
current supply of energy, coal-combustion. This, in turn, contributes towards climate change
which influences water availability. An observation by World Bank (2017) that constraints in
water and energy supply in the country raises critical challenges towards the attainment of its
national developmental plans, therefore, should persuade the country to strengthen its
understanding and development of adaptive and resilient systems to effectively address the
WECC nexus and its risks. Central to these challenges is, similar to most global communities,
segmentation in the country’s policy planning within the sectors of water, energy, and climate
change. Prasad et al. (2012), Mabhaudhi et al. (2016), and Nhamo et al. (2018), for example,
observed that despite being highly reformed within themselves, the country continues to
experience an intense “silo” approach in policy planning of the water, energy and climate

change.

One way of validating the existence of interfaces between the WECC components is through a
quantitative approach. This method allows for the presentation and analysis of different
components over some time using physical data thus assisting in understanding the past and
present trends (Bless et al., 2013). Also, Liu et al. (2017) and Aboelgna et al. (2018) concurred
that utilisation of both physical and social data is critical in providing vital knowledge towards
decision-making on issues related to different nexus configurations. The attainment of this
view, however, depends on the availability, accessibility, and usability of physical data. The
lack of systems to ensure reliable and quality data availability is demonstrated across the globe
particularly in the less-economically and middle-income regions, thus hindering the provision

of sufficient information for nexus and associated programs. In the SSA region, for example,
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Yillia (2019) argued that broadened understanding and progress towards nexus integration are
hindered by lack of information or data particularly at the grassroots level where most activities
are undertaken. Similarly, in South Africa, limited data and information are seen to be some of
the main reasons for current policy segregation and eminent nexus risks in the country (Gobin
et al., 2019). This, in turn, limits the decision-makers to draft policy and systems to effectively
manage the nexus. This observation primarily motivates for data analysis and subsequent
understanding of the interactions between the water, energy and climate change to be used as
a foundation for the development of resilient and adaptive systems to address WECC in a

holistic and coordinated manner.

Different approaches are being looked into in analysing and understanding interactions of
different nexus configurations with the view of managing it in an integrated manner. Bizikova
et al. (2014) suggest that these approaches should be investigated using water as an entry point
towards effective management of nexus configurations. Given this, Head and Cammerman
(2010) argued that the WECC should adopt the Integrated Water Resource Management
(IWRM) framework to promote a holistic, coordinated and informative approach towards this
nexus. This approach is acknowledged to be able to holistically address complex systems that
connect water and other ‘related’ resources such as energy and food (Global Water Partnership
[GWP] 2000; Fatch, 2009; Fulazzaky, 2014). In South Africa, the suggestion to adopt the
IWRM towards WECC is driven by the dire status of water resources in the country, which is
predicted to worsen thus impacting socio-economic activities such as energy. This IWRM
approach is, according to Bindra et al. (2014), able to consider other disciplines and involve all
relevant stakeholders in formulating sustainable solutions to ensure equity and efficiency not
only in water but other developmental challenges such as energy and food production. The
information related to water could, therefore, explore its coupling with energy and climate

change thus enabling holistic management of these elements.

Based on the above discussions, this study investigated the WECC interlinkages in South
Africa through the analysis of physical data. Specifically, the objectives of this study were to
provide rationale towards the significance of quantitative approach in substantiating WECC
existence to (1) propose the integration of policies and strategies based on sound empirical
evidence, (2) improve on data accounting, accessibility, reliability, and quality to solidify its
importance in WECC and (3) broaden the knowledge of this nexus configuration in South

Africa. A rapid appraisal of literature solidifies an argument of how water limitations
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experienced in the country motivate IWRM's role towards WECC understanding and
management particularly within the discourse of ‘water as a finite resource’ principle. This
study uses secondary information obtained from different stakeholders to analyse and draw
conclusions regarding the existence of WECC interchanges. Finally, recommendations of
possible actions to remedies security threats associated with WECC are presented.

3.2.  The significance of the IWRM Framework towards the WECC nexus

Although several scholars define the IWRM differently, its initial goal remains the promotion
of sustainable water resource management. GWP (2000, pp 6), for example, define the IWRM
as “a process which promotes the coordinated development and management of water, land
and related resource, to maximise the resultant economic and social welfare in an equitable
manner without compromising the sustainability of vital ecosystem”. This definition is
embedded in the need for coordinated and effective management of all aspects of water such
as the surface and groundwater and their hydrological boundaries as well as ‘related resources’
depending on or influencing this resource availability. In this case, dissimilarities that occur in
aspects such as food and energy generation, domestic utilisation as well as climatic variables
are highlighted as influencers or attributes from the interactions between human-induced

processes and natural systems such as water (Funke et al., 2007; Bindra et al., 2014).

Similar to any policy, strategy, process or system, the IWRM’s effectiveness is determined by
how it is implemented (Biswas, 2004; Heldt et al., 2017). GWP (2000), for example, base the
effective implementation of this framework on its ability to develop an enabling environment,
institutional roles, and management instruments that address water-related concerns. While it
is argued that the IWRM should not be viewed as a replacement for policy, its principles should
be able to facilitate the development of such strategies, tools or management guidelines which
would trigger sustainable water resource management. As part of its water reform, South Africa
has also been subjected to the implementation of the IWRM approach. To support this view,
Pollard and Du Toit (2008) observed that this framework is used in South Africa to facilitate
sustainable use of water by stakeholders at catchment, regional, and even beyond the countries
with shared resource basins. Furthermore, the IWRM framework is believed to have enabled
the country to develop administrative tools for enhancing sustainable water resource
management. For example, the post-apartheid water reforms, which were centralised around
the need for equity, efficiency and sustainability in the use and protection of water, resulted in

the utilisation of IWRM approach in developing policies and strategies such as National Water
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Act, 36 of 1998 and National Water Resource Strategy (DWS, 2004, 2013; Berjak, 2003; Karar,
2008; WRC, 2009; Pollard and du Toit, 2008). The application of this framework in some parts
of South Africa has, however, not been effective particularly at ground level. Claassen (2013),
for example, attributes this to factors such as limited experience, information, capacity and
innovation among various stakeholders. This raises concerns as to how effective water
resources and related aspects are managed at the grassroots level as this potentially impact on

water security, which in turn, affects socio-economic, industrial and ecological activities.

Although the IWRM’s main focus is on water resource management, Cammerman (2009) and
Fulazzaky (2014) argue that this framework can be considered as a tool to manage complex
systems, particularly those induced and generated by human interaction with nature. The
WECC nexus provides a good example of those complex configurations as it elaborates on the
inextricable linkage between the systems of water with energy and climate change, elements
that are closely linked to human activities. Given its gravity, holistic and integrated
management of WECC in a manner that influences the development of systems and processes
becomes an absolute imperative. This study, therefore, engaged with the IWRM, both as an

operational and analytical framework for addressing challenges associated with the WECC.
3.2.1. Water is afinite resource in the South African context

The IWRM framework is centralised around 4 principles. One of those principles emphasises
the necessity to fully recognise the finite and indispensable nature of freshwater (GWP, 2000).
Driven by the deteriorating water status across the globe, this principle compels communities
to adopt a holistic and coordinated approach in the sustainable management of water resources
(GWP, 2000; Funke et al., 2007; National Resource Defense Council, 2010; Carpenter, 2015).
The notion of holism promotes the management of systems focusing on wholes rather than
analysis or separation into parts. GWP (2000) and Funke et al. (2007), therefore, contended
that this holism approach within water resource management can be undertaken through
consideration of factors such as hydrological cycle and the role it plays towards other sectors,
various arrangements or landscape of a particular region. It is, therefore, suggested that
interaction between uses and users at various scales as well as governance practices form the
basis for holistic management of water at a local, regional or global scale particularly
considering its limited availability. This can, according to Cammerman (2009), be achieved
through the integration of water resource management within developmental planning in a

manner that eliminates segregation of processes such as policy and analytical tools.
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The overreliance of water and energy systems on each other presents systematic challenges
towards socio-economic developmental needs as it raises concerns over the security of supply
of these resources (GWP, 2000; Hejazi et al., 2014; Cullis et al., 2018). Moreover, water
resources security is under more scrutiny because of its intimate linkage to climate change and,
unlike energy, is limited in terms of alternatives. Within the SSA region, South Africa provides
an example of an illustrative water resource predicament in several ways. Firstly, its semi-
aridity, lower rainfall characteristics, deteriorating water quality resulting from anthropogenic
activities and over-allocation (DWS, 2014), suggest that its water resources are undoubtedly
finite. Secondly, its vulnerability towards climate change, as asserted by Nkhonjera (2017),
drive the current water status towards persistent deterioration. And lastly, its central role in the
country’s various socio-economic activities such as energy and food production persuades for
the development of effective adaptation and mitigation measures to use and protect these

limited water resources and this can be a costly exercise.

Despite these complications, the current water resource administrative tools in South Africa
are believed to be insufficient to address possible risks and opportunities (DWS, 2014). This is
likely to influence the multiple systems heavily linked with water thus affecting the attainment
of the country’s national developmental plans. Concerning this study, the largest “strategic
water user” of water in the country, energy, as well as consequences resulting from climate
change are identified as some of those sectors closely linked to water resources. Therefore,
despite being water-centric, advocating for the finite status of water resources as a central
theme of WECC can provide greater understanding and identification of risks associated with
the nexus in the country. Funke et al. (2007), for example, emphasised that South Africa should
adopt an inclusive dimension that would consider all hydrological cycles and water’s

interactions with other resources and the ecosystem.

3.3.  Methodological approach

Based on Liu et al. (2017)s’ suggestion for strengthening discussions and interpretations of the
WECC nexus configurations based on both physical and social measurements®, the current

study employed a quantitative approach using secondary data obtained from different

3 Physical measurement refers to the elements such as statistical data while social measurement is more about
perspectives of the stakeholders, etc.
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stakeholders* to analyse the interfaces between the water-energy, energy-water, energy-climate
change and climate change-water elements in South Africa. The data, collected by the
stakeholders between December 2018 and July 2019, predominantly focus on the regions of
Highveld and Waterberg. The choice of the two regions is informed by the fact that, despite
experiencing freshwater challenges such as limited quantities and poor quality, they play a
central role in the energy generation sector by housing 10 coal-fired power stations which, in
turn, contribute significantly towards the country’s GHG emissions. A purposeful sampling
method complemented by the snowball technique was used in identifying data sources. It was
important to use this purposeful random sampling method because the study speciality needed
to identify and engage with people that are responsible for the management of such data in
different organisations as illustrated in Table 3.1.

Table 3.1: Sources of raw data

Organisation | Role in WECC | Data Format Data verification
nexus process
Eskom Owns and operates | >.XIs (spreadsheet) on | Eskom internal and

power plants in South | water consumption vs | external  verification
Africa to ensure | energy produced 2008- | processes such as audits
electricity supply 2018

> link to GHG
emissions 2008-2018

South African | Operation of weather | >.XIs (spreadsheet) on | SAWS internal

Weather stations countrywide | Witbank and Lephalale | procedure  on  the

Services in  ensuring  the | rainfall versus | maintenance of

(SAWS) provision of climate | temperature 2008-2018 | measuring  equipment
services and software

Source: Based on fieldwork: 2019

In terms of data analysis, the study employed a rapid appraisal technique coupled with meta-
analysis. The rapid analysis involved a critical analysis of the whole data set while identifying
only the information that is of value to the topic under investigation. Whereas the meta-analysis

technique involved an analysis of the statistical data obtained from different sources. The data

# These include Eskom, South African Weather Services, and Department of Environmental Affairs
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from this process was progressively converted into different graphs such as bar charts and
trends to establish certain correlations.

3.4. Results and discussions

This section summarises outcomes of the identified points at which WECC components
interact in South Africa, particularly emphasizing on coupled water-energy interface, energy
contribution towards climate change and climate change influence in water resources. The main
issues highlighted in these presentations also address challenges South Africa must overcome
to progress towards achieving sustainable management of WECC particularly from the water
resource management point of view and to convert data into an information tool used for critical

decision-making process both in the private and public sector.
3.4.1. Coupled water-energy interchange

The first outcome of this study validates the inextricable interdependency of South Africa’s
water and energy supply systems on each other. Water is seen as an indispensable raw material
towards energy generation. Carpenter (2015), for example, asserts that the majority of the
energy-related water withdrawals are for energy generation and approximately 75% of those
are specifically for electricity production. In South Africa, the water-intense coal-combustion
process is the most reliable energy source as it contributes approximately 85% of the electricity
generated in the country. This observation, therefore, declares that freshwater input towards
South Africa’s power plants is a requisite. Exemplifying this assertion, Figure 3.1 illustrates
the indispensable role that water plays in the country’s electricity generation system. This
(Figure 3.1) is drawn from the data collected by Eskom from the coal-combustion power plants
located at the Highveld and Waterberg regions. The power plants in these regions contribute
approximately 32000 Megawatt (MW) of the country’s 45000 MW installed capacity.
Moreover, the graph (Figure 3.1) draws a comparison of the amount of water in litres (1) used
to produce Kilowatt per hour Send Out (KWhSO) electricity from each region between the
years 2008 to 2018.

From Figure 3.1, it is evident that the power plants within the Highveld consume more water
than those in the Waterberg. In 2008, for example, 3.51 was consumed by the Highveld power
plants to generate 1IKWhSO as compared to 0.1 I/KWhSO used by those in the Waterberg. On
average, Highveld power plants utilised 2 I/KWhSO more than those in the Waterberg over the

11 years recording period. This is influenced by the decreased generation capacity at the
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Highveld between 2008 and 2010, while this has increased in the Waterberg between 2014 and
2016. For example, Eskom (2019) highlights additional and reduction of generating units
between 2008 and 2011 as a contributing factor towards these varying water consumptions.
While Figure 3.1 highlights the significant role of water towards electricity generation, the
quantity required is influenced by several factors. Firstly, it is influenced by the capacity of
power plants. For example, the power plants in the Highveld have an installed capacity of
approximately 24000MW as compared to the 8000MW in the Waterberg, therefore, they use
more water in their processes. Secondly, the technology applied in each power plant. Despite
both technologies being water-dependent, all power plants in the Waterberg employs a dry-
cooled process in contrast to 6 of the 8 stations in the Highveld. This observation supports
assertions by Pather (2004) and Cullis et al. (2018) that the dry-cooling process uses
approximately 15% less water than the wet-cooling. Furthermore, Pather (2004) and DWS
(2014) concurred that the significant yet high water demands in the coal-combustion electricity
generation process drove the country to resolve to partial and fully dry-cooling technology in
their post-1980 power plants.

Water usage vs Energy generated

M Highveld

I/KWhSO
N

m Waterberg

2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
Average

Year

Figure 3.1: Water used per Kilowatt per hour Sent Out for the Highveld and Waterberg
stations
Source of raw data: Eskom (2019)

The above deliberations demonstrate that, despite the energy sector being considered a
“strategic water user” with a 2% freshwater allocation at a high assurance, it remains vulnerable
due to the finite status of water resources in the country. Efforts to maintain supply are done
through continual importing of approximately 90% of fresh water for energy generation from

the Usuthu, Vaal and Inkomati catchments to the power plants in the Highveld region. Also, as
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there are projected increases for water withdrawals in the energy sector, South Africa,
prompted by persistent water deterioration in the country, has driven the development of
schemes such as the Lesotho Highlands Water Project Phase 2, Nkomati, and Mokolo-
Crocodile Augmentation Projects. These initiatives are implemented to substantiate water
supply to the energy and other socio-economic sectors such as agriculture. Moreover, the
proportions in Figure 3.1 highlight the significance of data towards the quantification of water
requirements for energy generation, a critical factor in the planning of these constrained

resources.

Similar to the above observations, the role of energy towards water systems is equally
important. This is stressed across the globe with other countries such as the US and Australia
having effectively quantified the energy needed for their water supply value chains
(abstraction, treatment, and distribution) to inform the planning processes (Cammerman, 2009;
Carpenter, 2015). Besides, Gobin et al. (2019) contended that approximately 2-3% of the global
energy produced is consumed through the water supply systems and in South Africa; this
consumption is the third-largest electricity usage. This argument is supported by the South
African Cities Network (2014) who observed the increasing need for energy towards the water
and wastewater treatment driven mainly by rising population, industrialisation and
urbanisation. Moreover, the distanced geographical locations between intended users and water
sources aggravate energy demands (Cullis et al., 2018). Furthermore, the increasing population
coupled with industrialisation and urbanisation has resulted in increased water pollution thus

requiring efficient treatment.

Given the above arguments, it is observed that the effective management of energy towards
water provision requires the availability of reliable data that is easily accessible by all
stakeholders involved in this interrelation between these two systems. However, in South
Africa, data availability and accessibility are hampered by institutional frameworks that operate
in the “silo” system. This, therefore, creates a scenario where institutions make policies and
strategies that are not aligned with one another and resulting in deficiencies towards decision-
making processes regarding the management of energy and water resources. For example, this
study revealed a lack of cooperation in terms of data sharing among different systems and
operations mandated to ensure water and energy supply. This observation support Liu et al.

(2017)’s argument that information related to energy usage in the water value chain can be
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difficult to obtain therefore making it impossible to quantify the energy needed for water
provision in South Africa.

3.4.2. The energy sectors’ contribution to GHG emissions

The second scenario highlights the influence of the country’s energy system towards GHG
emissions thus elevating climate change. Contribution of the energy sector particularly from
the coal-combustion process towards climate change is a global challenge (Intergovernmental
Panel on Climate Change, 2014). In South Africa, for example, this coal-combustion process
is currently the most reliable source of the country’s energy and the main source of the GHGs
(Seymore et al., 2014; Cullis et al., 2018). To elaborate this observation, Figure 3.2 shows the
amount of Carbon dioxide (COz) and Nitrous oxide (N20) emitted from Eskom’s coal-fired
power plants, with marginal contribution from the Open Cycle Gas Turbines (OCGT). The
figure is based on the data collected and reported by Eskom from 2008 to 2018. The difference
in the contribution is attributed to coal power plants' ability to produce more GHGs as
compared to OCGT as well as the frequency of usage between these electricity sources. Eskom
(2019) states that OCTG usage is minimal and mainly occurs during electricity shortages from

coal power plants.

Figure 3.2: Relative CO2 and N2O produced during electricity generation
Source of raw data: Eskom (2019)

The contention from DEA (2015) that the CO, emissions in the country are largely due to
contributions from the energy sector is evident by the release of an average of 223 Mt? CO,
from 2008 to 2018 with the highest concentrations of 233 Mt? recorded in 2014. However, a
decrease in the CO. emitted is observed from 2014 to 2018. This corresponds with the
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observation of a 0.04% decline in the CO: recorded from the energy sector since 2012 (DEA,
2015). Similarly, higher concentrations of N>O are emitted from this sector. For example, it is
observed in this graph that the average N>O concentrations released from the electricity sector
are 2865 t? with the highest recorded figure of 2980 t2 in 2013. These observations intensify
the need to acknowledge the contribution of the country’s energy sector towards the GHGs.
The decline in the releases of the CO2 and N2O, however, is an indication of the increased effort
in managing these gases, and this could be attributed to the improved awareness of climate
change impact on natural and socioeconomic factors particularly the already constrained water
resources. For instance, the strengthening of GHG emissions legislation resulted in retrofitting
of emission plants and improvement in the reporting systems on these gases. However, there
is an intensified need to further develop and strengthen resilience and adaptive strategies such
as regulatory framework, technological and analytical tools to assist in making informed
decisions regarding the reduction of GHG emissions.

3.4.3. Influence of climate change on water resources

The last outcome highlights the role of climate change towards the country’s finite water
resources. Temperature variabilities are known to be the key driver towards the hydrological
cycle, thus influencing water availability. In South Africa, for example, Nkhonjera (2017)
argued that climate change-related aspects such as prolonged droughts, floods, and intensified
rainfall are already showing. Based on the data acquired from SAWS, Figure 3.3 draws the
linkages of varying temperatures and rainfall intensities within the Highveld and Waterberg
regions. In comparing the annual temperature between the two regions, it is evident that
Waterberg experiences a higher and more inconstant temperature than the Highveld. For
example, this region recorded a highly fluctuating temperature for two reporting periods of
2009-2011 and 2014-2017 while the Highveld remain mainly constant throughout 2008-2018.
These recorded temperature levels support an observation that Waterberg is one of those
regions in the country that are expected to warm significantly as a result of climate change
(Eskom, 2012).

Also, what is evident in Figure 3.3 is the varying rainfall patterns in each region and how it is
influenced by temperature. For example, the Highveld region recorded lower temperatures and
high, varying rainfall patterns in contrary to the higher temperatures and lower, constant rainfall
of the Waterberg region. The average rainfall in each of these regions, however, remains lower

than the country’s annual average of 495mm. This observation is supported by Mukheibir
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(2008) who argued that the temperature of the Inland is expected to increase by approximately
2-3°C as compared to the 1.5°C in the Coastal areas thus lowering the region’s precipitation
intensity, frequency, and duration. It is therefore argued that these unpredictable, variations,
and increased rainfall intensities, resulting from the projected global warming, will exert
pressure on the country’s already constrained water resources. This supports the views of
Eskom (2012) and Nkhonjera (2017) that climate variabilities in the Waterberg and Highveld
regions will intensify the increasing water demands for Oliphants and Mokolo catchments thus
impacting on both ecological and socio-economic activities predominantly energy and

agriculture.

Rainfall and Temperature of the Highveld and Waterberg Region
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Figure 3.3: Comparison of the temperature and rainfall interactions
Source of raw data: SAWS

3.5. Conclusions and recommendations

The interaction between water, energy and climate change in South Africa is unavoidable,
resulting in WECC nexus. This nexus, therefore, needs to be managed effectively to mitigate
its influence of water and energy security while combating climate change. The following
findings emanated from this study. Firstly, the dire status of water in the country could act as
a motivation for South Africa to manage this nexus configuration from the water resource
perspective. This could be done with the acknowledgement of water as a finite and
indispensable resource cross-cutting many socio-economic activities such as energy. Secondly,
data plays a crucial role in the quantification and understanding of the WECC interlinkages. It
should, therefore, be accessible, reliable and of good quality so that it can inform policy-makers

and relevant stakeholders in making critical decisions across all sectors. The study, however,
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revealed a lack of systems to ensure data availability and accessibility across different
stakeholders. This was evidenced particularly in the energy for water provision scenario where
it was difficult to obtain data due to challenges revolving around red-tape and in some instances
the lack of data.

While South Africa looks into holistic and integration prospects of effectively managing the
WECC, this study provides the following recommendations. Firstly, the study presents the
country with an opportunity to revise its system thinking in data management. Therefore new
endeavours such as digitalisation and regulatory frameworks should be developed to intensify
data capturing, accessibility and reliability. Secondly, the country’s policy development should
be drafted based on the information derived from the data. This could assist policy-makers in
making informed decisions on strategies within water, energy and climate change sectors.
Furthermore, the country should initiate policy integration to ensure that this nexus is addressed
holistically. Until such systems and processes are put in place the WECC nexus will continue

hampering national development and socio-economic growth.
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CHAPTER FOUR

Application of the participatory approach as an analytical framework for
understanding the Water-Energy-Climate Change Nexus in South Africa®

ABSTRACT

This study uses a Participatory Approach (PA) to assess the potential of this framework in
facilitating the development of well-coordinated, systematic and holistic strategies and
approaches for the management of the Water-Energy-Climate Change (WECC) nexus and
associated implications in South Africa. This is assessed within the broader context of the
Integrated Water Resource Management principle, which promotes a PA in the administration
of water resources. It is argued in the study that, despite the reasonable level of
acknowledgement and understanding of WECC, there is still a lack of integrated policy
development which is exacerbated by limited coordination and consultation among key
stakeholders. Thus, the current state of affairs requires the adoption of holistic and system
thinking approaches. This could be attained through the promotion of increased collaboration
among different stakeholders mandated to manage WECC challenges. Until such approaches
are adopted, the WECC nexus will continue to impede the country’s socio-economic

development and environmental wellbeing.

Keywords: participatory approach, WECC nexus, South Africa, integrated water resource

management, collaboration

4.1. Introduction

The emergence of climate change and its overarching role on water and energy resources has
intensified the need for investigating the Water-Energy-Climate Change (WECC) nexus
(Cammerman, 2009; Head and Cammerman, 2010; Mathetsa et al., 2019). This call is

prompted mainly by the repercussions of the WECC nexus on the Sustainable Development

5 This chapter is based on: Mathetsa, S.M., Simatele, M.D., Rampedi, I.T. and Gericke, G. 2019. Application of
participatory approach as an analytical framework for Water-Energy-Climate Change nexus in South Africa.
International Journal of Environment and Sustainable Development (Peer Review-First draft).
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Goals (SDGs). It is argued that the complex interconnection between these three components
necessitates a ‘“nexus thinking” approach, which recommends holistic and integrated
management of the WECC (Mukheibir, 2008; Cullis et al., 2018; Mathetsa et al., 2019). Several
aspects, however, indicate that the risks associated with this nexus have not been fully captured
on a global scale. Hence, the sectoral decision-making model is of limited value in
understanding the ramifications within the WECC nexus (Aboelgna et al., 2018; Brasilia et al.,
2008; Hussey and Pittock, 2012; Liu et al., 2017). This continued fragmentation reveals a lack
of urgency in integrating the management of this nexus, an observation mainly experienced in
poor and middle-income countries. In Sub-Saharan Africa (SSA) region, the lack of a
conceptual framework for understanding this nexus is at an all-time high, especially because
of existing challenges such as water scarcity, growing energy demand and lack of effective
systems to deal with climate change impacts (Cullis et al., 2008; Mathetsa et al., 2019). Failure
to recognise this “nexus thinking” has long term implications on the welfare of affected

communities which are predominantly poor and vulnerable.

Similar to international developments, South Africa is confronted with a lack of integrated
approaches to manage different nexus configurations such as the WECC complex (Mabhaudhi
et al., 2016; Nhamo et al., 2018; Prasad et al., 2012). This is demonstrated by the continued
fragmented approach in the planning and development of policies and strategies aimed at
addressing increasing water, energy and climate change challenges in the country (Gobin et al.,
2019; Mathetsa et al., 2019). This observation, coupled with a lack of urgency in the
implementation of proposed mitigation measures, suggests that there are limited coordination
and collaboration approach among key stakeholders such as researchers, policy-makers and
communities. Such limited interaction amongst these stakeholders intensifies the need to
develop contemporary measures to comprehend the WECC while promoting “nexus thinking”

in South Africa.

One of the prospects suggested by Cammerman (2009) is to manage the WECC nexus from
the water-centric perspective. This approach is feasible for countries such as South Africa as
they are confronted with a dire water status. Furthermore, Cammerman (2009) and
Cammerman and Head (2010) are of the view that the Integrated Water Resource Management
(IWRM) framework, one of the useful tools in facilitating sustainable water management, can
be effective in managing complex systems such as this nexus. This framework’s effective

implementation is based on four principles. One of these principles is the participatory
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approach (PA) which advocates for a collaborated and informed decision-making process
within the water resource management systems and related activities such as land use
(Aboelgna et al., 2018; Flammini, 2014; Global Water Partnership [GWP], 2000). With the
“nexus thinking”, Hoolohan et al. (2018) argued that engagement of stakeholders is pivotal in
bringing together actors from different spectrums to holistically promote the management of
different nexus configurations such as WECC. Moreover, engaging key stakeholders has the
potential to promote an effective decision-making process which is based on a common

understanding of the complexity and challenges brought by the nexus.

Given the implications of WECC on the achievement of South Africa’s SDGs, it is not
unreasonable to suggest that more integrated approaches are needed to understand and inform
decision-making processes in support of this nexus. This study explores the extent to which the
PA can be used as an analytical framework to assess WECC and improve the management of
this nexus in South Africa. Different techniques are used to examine the stakeholders’
perceptions of this nexus and gather suggestions on the development of resilient systems. The
study provides a brief appraisal of developments on the PA as a profound tool vital in the
management of complex systems such as water resources and nexus configurations. Of
particular importance in this study is examining the importance of the PA in mitigating the

impacts of the WECC nexus on all subsectors of the economy in South Africa.

4.2. An appraisal of the upsurge of the participatory approach as a decision-making tool

The PA, which is also referred to as “stakeholder engagement” or “public participation” is not
a new method in research or policy discussions. Studies focusing on the PA as a method of
addressing complex development issues affecting broader issues in societies have over the
years identified it as an important tool in critical decision-making processes. Chambers (1994),
for example, expressed the view that the PA advocates for the participation of various
stakeholders on issues where their welfare is of concern (Also see Babooa, 2008; Nyathi, 2008;
Legislative Sector Support [LSS], 2013). The advancement of this approach, mainly in
democratic societies, seeks to involve more local people in policy planning and
implementation, thus enabling the utilisation of indigenous knowledge in the development of
tools to manage emerging societal needs (Alam and lhsan, 2012; Dungumaru and Madulu,
2003). The potential of this approach lies in its ability to enable communication and an
inclusive decision-making process which allows for the consideration of views expressed by

various stakeholders. The approach is commended by Barreteau et al. (2013) for its ability to
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stimulate social cohesions thus consequently prompting decisions to be made based on the
realities and situations that affect broader communities. Also, Barbosa et al. (2017) are of the
view that the PA is critical as it promotes inclusive decision-making that ensures that the

outcomes of a particular decision are of acceptable quality.

Despite global debates on the importance and value of stakeholder engagement in facilitating
socio-economic transformations as well as improved environmental wellbeing, the top-down
approach still dominates the decision-making landscape in many societies, particularly in the
SSA region (see Kubanza and Simatele 2019). In most cases, the top-down systems are
dominated by decisions taken or made by powerful and influential players before the
consultation process or without profoundly considering the views of the communities at the
grassroots level (Chambers, 1994; GWP, 2000). The lack of meaningful engagements with
stakeholders mainly results in conflicts or contradictions particularly during the
implementation stages of the decision made. For instance, Nyathi (2008) is of the view that
several local decisions such as municipal demarcations in South Africa are often met with
conflicts as, in most cases, local communities perceive that the correct consultation processes

of inclusive decision-making or their considerations are not considered by the authorities.

In the context of SSA, Denby et al. (2016) are of the view that the region lacks behind in
applying participatory approaches as a tool for the development of projects or policies. Fatch
(2009), Mathekga and Buccus (2006), and Prinsloo (2008) have associated this ineffective
application of the PA with factors such as limited understanding of project contextualization
and resource constraints (i.e. financial) prevailing within the local and marginalized
communities. These limitations have, however, not prevented countries such as South Africa
from persuading the advancement of the widened stakeholder participation within its critical
systems such as policy development. For instance, the proclamation of Section 195(1) (e) in
the country’s constitution, which mandates the development of policies and strategies within
the reach of public comments, is an example of the endorsement of this approach (Nyathi,
2008; The Constitution of the Republic of South Africa, 2005). This encourages the
involvement of key stakeholders including the marginalised communities with an opportunity
to share their knowledge and understanding and thus assisting policy-makers to be aware of
the issues from a broadened perspective. Also, these developments have prompted several
resource-management policies such as the National Environmental Management Act (i.e. Act
no 107 of 1998) and the National Water Act (Act no 36 of 1998) to adopt stakeholder
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consultation as part of the decision-making process before issuance of permits (Department of
Environmental Affairs, 1998; Department of Water Affairs (DWS), 1998). From a legislative
and policy perspective, South Africa, especially in the environmental management space, has
made tremendous progress although concerns about policy and strategy implementation remain
untested.

4.2.1. Towards a participatory approach in the management of WECC nexus

The growing need to adopt the PA within sustainable development issues is driven by the rapid
development of new and complex challenges that cannot be addressed from a segmented or
sectoral perspective. The mounting challenge associated with water resource management is
one example which has persuaded international communities to recognize the importance of
stakeholder participation, resulting in the endorsement of the IWRM framework, which is
centred on the participation of country-specific (local communities) and international actors,
as one of its main principles (GWP, 2000; Suhardiman et al., 2015). Several studies have
acknowledged that the application of the PA is vital as it enables the development of inclusive
strategies and institutional frameworks such as Catchment Management Agencies (CMA)
within a particular catchment or basin intending to strengthen sustainable water resource
management systems (Butt et al., 2005; Du Toit and Pollard, 2008; DWS, 2013; Jingling et al.,
2010; Rahaman, 2004). The PA can bring key role players such as planners, users, service
providers, policy-makers, research experts, and local communities together to engage, raise
concerns or suggestions, and share the knowledge to promote equitable and sustainable usage
of water resources within a specific catchment. In the SSA, Madzungu (2004) pointed out that
the PA’s potential to promote the inclusive decision-making processes in water resource
management has prompted many regional countries to adopt this approach in facilitating

collaboration and coordinated development of solutions to challenges.

Despite its ability to influence water resource management positively, limiting factors such as
political will, lack of skills and technical know-how as well as financial implications continue
to hamper the effective implementation of the PA. For instance, Biswas (2008) and Suhardiman
et al. (2015) are of the view that lack of political will to develop policies based on wider
stakeholder consultation has resulted in failures to ensure that there is an inclusive decision-
making process to recognise the importance of the PA in some global communities.

Furthermore, Cheru (2002) observes that a lack of effective political leadership has done more
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harm to kill the spirit of grassroots ingenuity in natural resource management and community
involvement. In South Africa, however, developments are underway to ensure that PA-aligned
strategies are established to encourage the involvement of all key actors, particularly the
marginalised (Nyathi, 2008; LSS, 2013). For instance, DWS (2013) and Karar (2008) are of
the view that the successful establishment of the institutional frameworks and policies such as
CMAs and National Water Resource Strategy (NWRS) presents efforts made to align policy

development within water resources with considerations of the local communities.

While sustainable water resource management is embedded on a common understanding and
coordinated approach between policy-makers and other key stakeholders (Suhardiman et al.,
2015; World Economic Forum [WEF], 2011), it necessitates the need for a similar view in the
promotion of the “nexus thinking”. The successful implementation of PA within the water
resource management suggests that this approach can also be effective in the assessment of the
water-linked nexus systems such as WECC. For instance, Aboelgna et al. (2018) and Hoolohan
et al. (2018) are of the view that the use of a PA in addressing complex configurations such as
nexus has the potential to promote “nexus thinking” in a manner that equally addresses the
linked systems. Also, recent developments reveal that PA has proven to be effective in
addressing the three-legged Water-Energy-Food nexus through the assessment of the
perspectives of key sectors from natural science, social science, and humanities (Endo, 2015;
Wicaksono et al., 2017). In the context of WECC, which continues to bring challenges to
communities and how they respond to it, Aboelgna et al. (2018) and Cammerman (2009)
observes that a PA that promotes collaboration and multi-stakeholder approach of this nexus is
an absolute imperative. The application of PA in the WECC is persuaded by the need to fill the
knowledge gap between stakeholders and address socio-economic and environmental

challenges arising within different communities.

Regardless of the intents of PA to strengthen awareness, broaden understanding, and promote
integrated and holistic management of WECC, there are still exclusions and ineffective
consultation within the assessment of this nexus. These shortfalls are predominantly observed
through a lack of policy alignment and prevailing sectoral mandates between the three sectors
of water, energy and climate change (Hoolohan et al., 2018; United States Department of
Energy [US DoE], 2014; Wicaksono et al., 2017). In other countries such as Argentina and
Kenya, this lack of acknowledgement of PA systems has resulted in failures to consider

geographical locations, community preferences and exclusion of marginalised societies in the
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implementation of WECC-efficient projects such as renewable energy water pumping systems
(Platonova and Leone, 2012). In this instance, critical decisions are bound to be made without
full knowledge of local characteristics or proper stakeholder involvement.

While South Africa is experiencing climate change at various scales, there is a rising demand
for freshwater and energy resources. However, one of the critical challenges dominating its
decision-making process is a top-down approach aggravated by the political and socio-
economic pressure to meet the demand in service delivery (Wicaksono et al., 2017). This
suggests that the need to apply PA, where stakeholders’ welfare is of great concern, is not
effectively being adhered to. This is despite the constitutional mandate to ensure that key
sectors such as government departments, local communities, industries, experts and researchers
are consulted to provide a meaningful, well-informed and effective policy instruments within
the sectors of water, energy, and climate change. The widely reported sectoral mandated
policies, instigated by the prevailing lack of coordinated and integrated approaches (Godin et
al., 2019; Mabhaudhi et al., 2016; Mathetsa et al., 2019; Nhamo et al., 2018), demonstrates this
lack of implementation of the PA. These observations suggest that the effectiveness of WECC
management and the promotion of awareness, knowledge-sharing and informed policy
development can be comprehended through the discussion of this nexus within the discourse

of appropriate stakeholder engagement, thus the application of the PA.

4.3. Methodological consideration

This study is based on a qualitative approach which, according to Charmaz (2013) and Van Zyl
(2014), focusses more on assessing human perceptions and behaviours concerning the study of
interest. The study of this nature collects data by engaging with participants mainly through
interviews (Denscombe, 2003). A Grounded Theory (GT) was adopted as a methodological
and analytical approach for this study. Leady and Ormond (2013) view the GT as a research
approach that focuses mainly on developing a theory from the collected data. Also, this method
was selected due to its ability to apply both the deductive and inductive approaches (Charmaz,
2013). However, an inductive approach of the GT was preferred in this study as its systematic
approach of data condensation offers simplified, reliable and valid findings thus resulting in a

constructive theory on the status of the nexus (Mills et al., 2006; Thomas, 2006).

In selecting research participants, a non-probability sampling approach was used. In this

approach, the likelihood or probability of selecting the targeted population is not known (Van
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Zyl, 2014). In this study, this approach allowed for the purposive and snowball techniques to
be used in the selection and engagement with the targeted population. These two techniques(i.e.
snowball and purposive) were selected as they are crucial in the identification and selection of
individuals, groups or organizations that have the experience and educational qualifications
relevant to support the substantive arguments thus providing information or data necessary to
attain study objectives (Kirchherr and Charles, 2018; Tongco, 2007). These approaches
resulted in the selection of policy-makers within government (i.e. national government
departments), local government (i.e. municipalities), energy and water utilities or agencies,
Non-Governmental Organizations (NGOs), and academic and research experts. These research
participants are illustrated in Table 4.1. Validation of the participants’ experience was done
through the number of years they were involved in the respective sectors. A total of seven (7)
focus group discussions and eight (8) one-on-one interviews were held from the 30" of August
to the 10"™ of October 2019. The engagements were conducted through personal
communication with the research participants using a semi-structured questionnaire which was
drafted following the examples of European Corporation for Science and Technology [COST]
(2009) and Head and Cammerman (2010). The semi-structured questionnaire was organized in
four themes being demographic characteristics; assessment of the level of understanding of the
WECC, determination of the stakeholders’ perspectives on collaboration and coordination, and

policy development processes.

Furthermore, a telephonic conversation was held with a regional specialist who shared his
opinions on the WECC from the SSA perspective. Also, another data collection technique used
is the participants’ observation, which Dawson (2002) and Kawulich (2005) view as a tool
where the behaviour of participants is being observed during the discussion of the subject
matter under study. This technique was applied at a workshop held on the 07""-08" October
2019 arranged by the DMRE and attended by 45 stakeholders representing different
government sectors and relevant water, energy and climate change agencies. Responses from
14 participants who presented on various topics, however, were mainly used for assessment of
this study. This workshop aimed to discuss progress on energy efficiencies and renewable
energy within the government infrastructure in the country. Relevant protocols such as
permission to conduct this observation and informing the workshop attendees of this process

were obtained prior.
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Engagements with participants were used to formulate responses to the selected themes. The
research participants were given pseudonyms to protect their identity. The responses of the
participants were captured through an audio recorder and field notes transcribed verbatim and
kept in their original form. Each transcript was given a code for clear identification immediately
after the interview. The data were analysed through both the phenomenological and content
analysis. These methods involve a systematic analysis of responses from the research
participants using a GT (Bless et al., 2013). This approach has the ability to creating conceptual
frameworks from discussions by building instructive analysis from the data (Charmaz, 2013).
Also, a constant comparison, which highlighted similarities in the responses, was used to
analyse and transmute the outlined themes into findings and observations (Charmaz, 2013).

Table 4.1: Profile of research respondents

Pseudonym | Organisation Number of | Combined | Highest level
participants | years of | of Education
experience

WECC-A Department of Environment, | 3 41 Postgraduate
Forestry, and Fishery (DEFF)

WECC-B1 | Department of Water, | 4 64 Postgraduate
Sanitation and Human
Settlement (DWSHYS)

WECC-B2 | DWSHS 2 47 Postgraduate

WECC-D1 | Energy —Eskom 3 60 Postgraduate

WECC-D2 | Energy — Eskom 2 28 Postgraduate

WECC-D3 | Energy — Eskom 3 80 Postgraduate

WECC-E Water services — Rand Water | 2 22 Postgraduate

WECC-F Research and governance- | 1 32 Postgraduate
Eskom

WECC-G Research and Academia — |1 45 Postgraduate
Water

WECC-H Private—Climate Change | 1 10 Postgraduate
Consultant

WECC-I Research — Climate Change 1 20 Postgraduate
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WECC-J Non-Governmental 2 39 Postgraduate
Organizations (NGO)

WECC-K Research Agency — Energy 2 28 Postgraduate

WECC-M Local government — Tshwane | 1 24 Postgraduate
Municipality

WECC-L Research and Academia: |1 20 Postgraduate
Regional

WECC-C Department  of  Mineral | 14 Approximat | Postgraduate
Resources and Energy ely 200
(DMRE) workshop

Source: Based on field surveys (2019)

4.4. Results and Discussions

This section presents the outcomes of assessments of some key features (i.e. understanding,
policy development, and collaboration) that promote the holistic management of the WECC
nexus in the context of South Africa. This is vital in the strengthening of the development of a
policy framework that drives efficiencies in the water and energy supply while addressing the

growing climate change concerns in the country.

4.4.1. Key stakeholders’ perceptions of WECC in South Africa

This sub-section presents the perceptions of the research participants on the understanding of
the WECC in South Africa. Hoolohan et al. (2017), for example, are of the view that the
understanding of the nexus can be determined by assessing the perspectives of stakeholders
hence it was important for this study to obtain the diverse perceptions of these participants.
This was done to determine the extent to which the interconnection between these components
is embraced within the nexus in South Africa. The assessment was conducted through
responses from 43 research participants drawn from engagement with 16 organisations and
subject matter experts within the water, energy and climate change sectors (See Table 4.1). The

grouping and analysis of perspectives from these participants are illustrated in Table 4.2.
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Table 4.2: Perceptions of the research participants on WECC nexus in South Africa

Coupled WECC interconnection Number of responses | Percentage (%)
Water-Energy-Climate Change 18 42
Water-Energy 13 30
Water-Climate Change 9 21

Climate Change-Energy 3 7

Total number of engagements 43 100

Source: Based on field surveys (2019)

The responses indicate that 42% of the research participants were able to demonstrate that they
have sufficient knowledge of the WECC interconnections in its entirety. This means that the
research participants illustrated how equally the water, energy, and climate change components
interact. For instance, one response which entirely illustrated completeness on how this nexus
is understood was from respondent WECC-B; who stated that:
“The country’s electricity generation system heavily relies on water supply, which its
availability is negatively influenced by extreme climate conditions. On the other hand,
these climate conditions are exacerbated by the dominant energy production
technologies, particularly coal-combustion. Also, the consequences of climate change
impact the country’s energy generation systems” (Personal Communication: Focus

group discussion on the 19" " September 2019).

On the other hand, the majority (i.e. 58%) of the responses indicate that the perceptions or
knowledge of the research participants on the WECC is still sectorally-based. For instance,
30% of the participants, who operate mainly within the water and energy sectors, did not
acknowledge the linkage or implications of climate change on the water and energy resources.
These perceptions validate the findings of other studies in South Africa which argued that the
understanding of the nexus is dominated by sectoral boundaries (Mabhaudhi et al. 2016;
Mathetsa et al., 2019). These responses unravel some of the basic reasoning behind the
prevailing “silo” approach in the planning and development of policies by key departments
mandated to manage the water, energy and climate change sectors. This is amidst the call for
the sectors of water, energy and climate change to be managed in a holistic and integrated
manner (Cullis et al., 2018; Mukheibir, 2008). The empirical findings from this study reveal a

lack of common consensus on how WECC elements are interlinked in South Africa. These
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outcomes concur with those of Head and Cammerman (2010) and Liu (2018) who are of the
view that global communities are challenged with the prevailing limited mutual understanding
of the WECC nexus interactions, thus limiting their ability to comprehensively analyse this
nexus. Based on these observations, it is argued that the sectoral-based understanding results

in inefficiencies to promote the WECC “nexus thinking” in South Africa.

Amidst the lack of mutual understanding of the WECC interactions in South Africa, research
participant WECC-L observed that, as compared to other SSA countries, “South Africa has
elaborated significant progress in understanding and analysing the nexus that involves water,
energy, food, and climate change” (Personal Communication: a telephonic conversation with
Yillia, P.T. on 8" October 2019). This is corroborated by several initiatives such as technology
(i.e. dry-cooling, emission abatement, renewable energy, and carbon capture) and strategies
(i.e. National Water Resource Strategy, National Climate Change Response Strategy,
Renewable Energy Independent Power Producers) being developed and implemented in the
country. Furthermore, WECC-D;, WECC-D,, WECC-D3, and WECC-E mentioned these
interventions as a means to demonstrate the attention that WECC is receiving both at an
operational and planning phase in the country. To support this view, the discussion efforts such
as the WECC-Cs’ workshop (see Table 4.1) also highlight an initiative to promote a
multistakeholder awareness and understanding of this nexus. These developments are relevant
in the current landscape as there is a need for the country to identify and develop potential ways

to shape and promote a framework for a common understanding of the country’s WECC status.

The information gathered from the research participants demonstrates the ability of the PA to
support the unravelling of some of the prevailing WECC challenges such as limited
understanding and fragmented decision-making within the nexus system in South Africa. For
example, it was pre-assumed that, based on the experience and educational qualifications, the
research participants would demonstrate clearly how WECC elements are interlinked.
However, the responses reflect a not-so-clear understanding of the converse linkages. This is
most evident in the manner in which some of the core elements of PA (i.e. knowledge-sharing,
and awareness), were presented and perceived amongst the research participants. This
consequently provides the country with an opportunity to promote awareness and
communication among key WECC sectors within which the understanding of this nexus
configuration can be strengthened across society at large. This assessment further encourages

the focus on the relevancy of the “nexus thinking” in the development of mitigation measures
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and resilient systems to address the shortfalls emanating from the WECC (Aboelgna et al.,
2018; Gulati et al., 2013).

4.4.2. Collaboration and coordination as a means to implement WECC in South
Africa

Within the water resource management, the intensified need for coordination and collaboration
is driven by the shared river basins and dire water status of most international communities
(Barbosa, 2017; GWP, 2000; Pollard and Du Toit, 2008). Similarly, Head and Cammerman
(2010) and US DoE (2014) pointed out that coordination and collaboration across all the levels
of WECC are important as they raise opportunities for effective resource management and
allocation processes such as water transfer schemes, energy exports, and climate change
accords. Furthermore, collaboration enables the sharing of resources, data, and information
relevant to address the interconnections between water, energy and climate change. In the
Southern African region and South Africa particularly, significant collaboration is required

among water, energy, and climate change managers to tackle the WECC nexus challenges.

This sub-section follows the suggestions of Bizikova et al. (2013) and Wicaksono (2017) that
coordination and collaboration within WECC can be assessed and promoted through the
engagement of stakeholders. One of the key elements defining this study is assessing the
research participants’ views on the level of coordination and collaboration among various
WECC stakeholders in the country. Table 4.3 illustrates the views of different research
participants on the effectiveness of current coordination and collaboration efforts in the
country’s WECC position. These views are grouped according to the organisational affiliation

of the participants.
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Table 4.3: Views on the coordination and collaboration of WECC among research
participants in South Africa

Organisation\Sector | Are the current coordination | How can coordination and
and  collaboration  efforts | collaboration be improved?
effective to address WECC
challenges?

Department of | Partially yes. Initiates liaison | Promote the political will to

DWSHS with different role players to | adopt views from experts.
develop policies and measures to | Implement institutional
address water challenges and | mechanisms that are similar to
their association with the energy | those in IWRM. E.g. CMA.
and climate change sector.

DMRE No. WECC dominated by | Promote sectoral collaboration.
institutional barriers. Enable centralised of systems

such as data management.

DEFF No. Dissemination of | Cross-sectoral workshops,
information across these three | bilateral agreements,
critical  sectors is lacking. | coordinated social and physical
Collaboration with other | data management and research
government departments, | approaches, increase
research, and industries, | departmental interfaces.
particularly within the emerging
climate science is very poor.

Energy Industry —| No. Collaboration is still | Cross-sectoral  coordination,

Eskom sectorally  approached.  For | ministerial and bilateral
example, coordination can exist | agreements on water, energy
from the supply perspective but | and climate change.
is lacking in the implementation
of different strategies and
policies to increase efficiency.

The lack of translation of theory
into practice creates barriers of
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coordination across the

stakeholders.

Water Industry —| No. Key governmental | Collaborate with water-users to
Rand Water stakeholders not coordinated in a | promote awareness and water-
manner that collectively | saving initiatives.

addresses the WECC challenges.

Local government No. Local government not | Consider the localised
involved in addressing WECC | dynamics such as water and
nexus at a national level. energy requirements.
Strengthen the local level

interactions.

NGO No.  Communities  entirely | Enable community
excluded from WECC related | participation in critical
matters. decision-making processes.

Consider community
requirements. Establish

government-industry-
community committees that are

independently managed.

Research and | No. Sectoral approaches and | Combined research activities
Academia preferences still dominate the | within WECC to close the
WECC. Some departments are | knowledge gap between local
more coordinated than others. communities, industries,

researchers and policy-makers.

Source: Based on field surveys (2019)

The majority of the participants are of the view that the coordination and collaboration efforts
are insufficient to deal with the existing WECC challenges in South Africa. One significant
example is the lack of collaboration and coordination from key governmental departments in
the water, energy and climate change sectors particularly in the planning and development of
policy. For instance, when asked about collaboration amongst government stakeholders,

WECC-A explicitly raised concerns on the:
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“There is a lack of collaboration amongst the policy-makers and different stakeholders

such as local communities particularly in the inclusion of emerging science such as
climate change in the nexus”. - (Personal communication: focus group discussion on
the 20" of September 2019).

Responses such as the one given above raise questions about how collaboration can be enforced
when it's not being practised among key ministries of WECC. In Kenya, for example, the lack
of collaboration and cooperation among key levels of institutions resulted in conflicting and
duplicated plans in the country’s water, energy, and food supply systems (Aboelgna et al.,
2018). This corroborates the views of Mathetsa et al. (2019) that there is a lack of collaboration
among key sectors and organisations responsible for both operational and policy
implementation. This further intensifies the sectoral mandate approach and ineffectiveness in
the management of WECC. Another key challenge raised by research participants is the lack
of collaboration with other sectors such as industries and communities to address WECC
challenges. This is despite the communities’ crucial role in providing necessary information to
deal with WECC issues while at the end of the food-chain thus being highly implicated by the
nexus imminence (Aboelgna, 2018; US DoE, 2014). Also, the concerns raised by the
researchers and government sectors are the competition amongst research institutions which
further extend the knowledge gap between researchers, government agencies and communities.
This observation supports the views of Conway et al. (2015) who argued that there is an
exacerbation of the knowledge gap between both researchers and non-researchers which results
in exclusions during decision-making processes and, thus hindering the opportunity to identify

and incorporate all levels of society in the effective management of WECC.

The findings seem to suggest that the vertical (governmental) and horizontal (all sectors)
coordination and collaboration are not intensified in the country. This is worsened by
institutional barriers within the WECC resulting from the complex connection between these
three elements (Aboelgna et al., 2018). This pertaining situation is unlike in the water resources
management which DWS (2013), Karar (2008) and Pollard and Du Toit (2008) are of the view
that the establishment of institutional arrangements such as CMA has enabled the promotion
of collaboration and coordination. While Aboelgna (2018) suggested that changes in the
institutional structures, procedural and communication instruments are necessary for
promoting coordination and collaboration, participants, on the other hand, suggested

implementation of platforms such as co-planning and policy development, inter-ministerial
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task teams, cross-sectoral coordination, bilateral agreements, and joint committees across the
technical, research and academia, ministerial and local levels as well as enablement of financial
structures where WECC components are of concern. This seems to suggest that implementation
of the coordinated and collaborative strategy has the potential to trigger effective WECC
management thereby enabling tools such as funding, data, information, modelling, technology,
policy analysis, and political will to be implemented and to result in minimising the
implications of the WECC on all sub-sectors of the economy.

4.4.3. Perceptions of the research participants on the policy development on
WECC in South Africa

The policy is one of the key drivers of efficiency in resource consumption. The growing
demand for communities to address the water and energy efficiencies while curbing climate
change impacts suggests that robust policies are required. However, it is argued by Carpenter
(2015), Head and Cammerman (2010) and US-DoE (2014) that the complexity and
fragmentation of water, energy and climate change sectors require deviations in the decision-
making landscape of WECC with policy integration one of the key factors warranting these
changes. Driven by the interests of multi-stakeholders on WECC, this sub-section assesses the
views of research participants on the insight of the current policy decision-making landscape

in South Africa. The views of different participants are illustrated in Table 4.4.

Table 4.4: Perceptions of research participants on policy development in South Africa

Policy development on WECC | No. of participants | No. of responses Percentage
(%)

Policy integration 43

Fully 6 14

Moderately 14 33

Poor 23 53

Consultation during policy | 43

development

Fully 7 16

Moderately 11 26

Poor 25 58

Source: Based on field surveys (2019)
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The responses were divided into two sub-themes namely the views of participants on WECC
policy integration and consultations of key stakeholders during policy development. The
majority of research participants (i.e. 53%) are of the view that the current policies across the
water, energy and climate change sectors are not developed in integration. For instance,
WECC-A said that “despite the emergence of climate change as an overarching component in
the energy and water supply, the development of the climate change water, and energy policies
are still not aligned”(Personal communication: focus group discussion on the 20" of
September 2019). The segmented policy development, which is also observed by several
studies in the country (Conway et al., 2015; Mabhaudhi et al., 2016; Mathetsa et al., 2019),
validates the existence of sectoral mandate within different governmental departments. This is
a common challenge across different global communities (Aboelgna et al., 2018; Brasillian et
al., 2011). This segregation also raises concerns during the policy implementation stages in
which WECC-D;, WECC-D,, WECC-D3, and WECC-C highlights conflicting compliance
expectations from different policymakers. Also, responses from the participants confirm the
existence of sectoral mandated policies that are limited to certain coupled interactions. For
instance, WECC-B: pointed out that there is a development of “key departmental policies such
as Sustainable Hydropower Generation Policy which is responsible to ensure that there is
sufficient water available for the hydropower generation technology” (Personal
communication: focus group discussion on the 19" September 2019). Other research
participants, however, indicated that they are not aware of such policy thus suggesting a “silo”
approach in the development of these critical policies. However, several research participants
(i.e. 33%) have observed an improvement with regards to the development of policies in
consideration of each of the WECC elements. For instance, WECC-G and WECC-L stated that
the development of the energy policy, Integrated Resource Plan 2010-2013 in consideration
with water scarcity and climate change impacts is another example demonstrating the progress

made by South Africa on drafting policies that drive alignment of WECC nexus elements.

One of the key drivers of segregated policy development is the lack of consultation amongst
broader stakeholders in the WECC nexus (Cammerman, 2009; Head and Cammerman, 2010).
The findings of this study reveal that 58% of the research participants are of the view that the
current consultation approach among key WECC stakeholders is poor and unsatisfactory. This
lack of consultation is, according to Chambers (1994) and GWP (2000) aggravated by the top-
down decision-making approach practised in most societies. Despite the suggestions by Head

and Cammerman (2010) and Mohtar (2017) that complex problems such as WECC require a
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multiscale approach particularly at the policy-making level, the findings of this study suggest
that the current policies in South Africa are not integrated due to lack of stakeholder
consultation. This observation strongly suggests that there is a need for a revised decision-
making and policy development landscape which will be based on broader stakeholder
engagement with the intent to increase efficiencies to manage WECC nexus in South Africa.
Until such developments are achieved, the WECC nexus will continue to hamper the socio-
economic development as well as environmental wellbeing in the country. This assertion is
made given the current and projected impacts associated with climate change in South Africa.
Therefore, there is an urgent need for integrated policies and strategies that have a bearing on
addressing the challenges with WECC.

4.4. Conclusions

The study applied PA to assess the views of numerous WECC stakeholders and the
effectiveness of current tools such as policy development and collaboration to manage this
nexus in South Africa. Based on the perceptions of the research participants, the study revealed
three key findings. Firstly, it is evident that there are limited understanding and
acknowledgement of WECC existence in South Africa. This is validated by the least number
of research participants demonstrating their understanding of this coupled WECC
interconnections. This limited understanding is regardless of the notable level of education and
experience that the research participants have on either of the sectors. Secondly, despite the
growing need to address the WECC challenges, the study observes that a lack of coordination
and collaboration both vertically (decision-makers such as government departments) and
horizontally (stakeholders such as government departments, industries, and local communities)
scales still exists in South Africa. It is, however, noted that the need for collaboration is
comprehended by different stakeholders, given the efforts to discuss and raise concerns on lack
of it thereof. Thirdly, sectorally-driven policy planning and development are still dominant in
South Africa. It is, however, observed that there are efforts to integrate the development of
policies in recognition of the influence of each sector. Initiatives and engagement such as
ministerial committees, donor-funding, and research teams have been observed to promote

collaboration and integrated approach.

One of the contributions of this study is the important role that the PA plays in promoting a

holistic and coordinated management of WECC in South Africa. The three data collection

64



techniques applied in this study revealed that this approach is pivotal in assessing WECC, thus
maximising the opportunities of the country to capture the risks and opportunities that these
nexus have on all sub-sectors of the economy. It is, therefore, suggested that South Africa must
look into the prospects of developing the institutional and policy framework that will promote
the implementation of PA within the WECC nexus systems. Part of the requirements in this
process will be investments in skills development of those actors who are mandated to work
within the sectors that can manage the impacts of this WECC nexus. Also, the country must
establish a data management system from which all actors within the WECC system can draw
information to align their policies and strategies holistically.
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

5.1. Overview of the key findings of the study

This research attempted to establish the potential of the Integrated Water Resource
Management (IWRM) approach in the assessment of Water-Energy-Climate Change (WECC)
nexus in South Africa. This assessment is done to promote an integrated and holistic approach
to managing this nexus. Firstly, the developments on the global, regional and local studies were
reviewed to assess the context in which this nexus was researched, particularly in South Africa.
This is followed by an attempt to comprehend this nexus using two of the four principles of the
IWRM framework. In the first instance, the occurrence of this nexus in South Africa is verified
through the application of “water as a finite resource” principle. Secondly, the application of
the “participatory approach” principle to promote collaborative and coordinated governance of
this nexus based on the perceptions of key stakeholders was conducted. Given the undertaken
analysis, it can be confirmed that the study attained all its objectives. This study made several
important findings that drive the management of the WECC towards a holistic and integrated

manner.

Firstly, the study revealed that, although there is comprehensive research work conducted on
the nexus configurations such as water-energy-food and water-energy, studies around WECC
are still lacking behind. The deficit is mostly experienced in the Sub-Sahara Africa (SSA)
region and South Africa in particular. This is despite profound indications that the elements of
water, energy and climate change are conversely linked in South Africa where a lack of balance
in the management of one element influences the efficiency of the other two. This significantly
influences the country’s plans to attain its national developmental endeavours. One of the key
observations from the literature appraisal, which includes a review of key policies from the
three sectors, is that there is a prevailing “silo” approach in the planning and strategic
development of key policy as well as mitigation and adaptive measures to manage implications
of these three elements. These findings show the urgent need for South Africa to strengthen
investigations around WECC to comprehend this nexus. One of the proposed tools to

understand this nexus, the IWRM framework, is argued in this study to be suitable in
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understanding this nexus. This framework is suggested due to its ability to promote holistic and
integrated management of water resources and related activities such as land use, energy, and
food production. Also, this proposition is encouraged by the centric role that water plays in the

nexus and other sub-sectors of the economy.

The second major finding of this study advocates for the WECC nexus to be assessed and
managed from the water resource management perspective in South Africa. This is driven
mainly by the deteriorating status of the water quality and quantity in the country. The empirical
evidence obtained from the Waterberg and Highveld regions suggests that physical data can be
used to validate the occurrence of this nexus in South Africa. The findings of this research
provide an understanding of how water-related data and information can be useful to
investigate the inextricable linkage between water, energy and climate change. In general, the
sustainable management of water is vital in addressing the WECC as it is central in energy
production and influenced by climate variabilities in the country.

The third main finding highlighted the significance of the participatory approach in
understanding the WECC nexus and revealing some of the challenges that make the WECC
less governable. This approach is regarded as one of the most effective tools in addressing
complex issues that involve multiple stakeholders. The evidence from this study suggests that,
despite this nexus being understood and acknowledged by some actors, the stakeholders
revealed several gaps emerging from the management of this nexus. Examples of some of these
gaps include a lack of coordination and collaboration, segregated policy development, and
limited consultation among key stakeholders of WECC. This study reveals that stakeholder
engagement can influence the adaptation of contemporary systems that can positively influence
the management of WECC. This is based on the view that, during this approach, there is data,
information, and knowledge sharing among key stakeholders thus possibly driving decision-
makers towards informed decision-making. Also, these findings have significant implications
for the understanding of how complex systems such as WECC are interlinked and their role

towards the attainment of the country’s national developmental plans.

The fourth major finding highlights the importance of both physical and social data in the
management of WECC. It was revealed during the study that existing deficits related to data
management, particularly accessibility and reliability, from some sectors is one of the

challenging factors impeding the effective management of this nexus. This results in deficits
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such as uninformed decision-making particularly in the development of policies and strategies

aimed at managing these elements.

In conclusion, the above-mentioned findings highlight the need for a holistic view of promoting
effective management of WECC. This is to ensure resilient and adaptive measures towards
climate change, thus enabling processes to improve both water and energy security in the
country, which are linked to the attainment of the SDGs. Also, this study strengthens the idea
that the understanding and promotion of coordinated and integrated management of this nexus
can be achieved through the application of the IWRM. This can mitigate the risks emanating
from this nexus particularly those linked to sustainable development goals.

5.2. Key recommendations

For South Africa to attain her sustainable developmental goals the inextricable complex
interaction between the water, energy and climate change should not be ignored. Therefore the
following pointers can be taken into consideration to enhance the understanding and effective

management of the WECC nexus:

I.  Improve the management of water resources

Water plays a key role in sustaining all the sub-sectors of the economy in South Africa. As
such, there is an urgent need to enforce the sustainable management of this resource in the
country. It is suggested that improvements and enforcements of management instruments such
as monitoring and reporting be emphasised. The Department of Water and Sanitation, in
consultation with key stakeholders such as those in the agriculture, energy, local government,
and water user associations should lead the strengthening of water resource management at
catchment level. This can be done through initiatives such as integrated regional/catchment

studies, joint water treatment, and water reuse projects, integrated monitoring and reporting.

1.  Participation of stakeholders

Stakeholder participation in the management of WECC is an absolute imperative. The
stakeholder engagement in WECC should be widened to ensure that all actors particularly the
marginalised and those at the bottom of the value chain forms part of the decision-making

process. Their reasonable suggestions should be considered during policy development.
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Engagements activities such as stakeholder dialogue should be encouraged to ease the
identification of risks and opportunities emanating from this nexus. It is suggested that a WECC
Committee, governed by the presidency or nominated department, be established in different
regions or catchment where this nexus is of concern. The terms of references of the committee

shall be gazetted and include all stakeholders across different sectors in each region.

lii.  Monitoring and reporting

The current system of monitoring and reporting on water, energy and climate change is not
sufficient to address WECC challenges. For example, monitoring and reporting of key WECC
indicators such as greenhouse gases and energy consumption are only limited to big industries.
It is recommended that systems be put in place to ensure that the WECC indicators across all
levels of the value chain are captured and used decision-making processes. Also, modelling
such as those of water, energy and climate change prediction should form part of the planning

processes of these elements.

iv. Data management, integration, and accessibility

The WECC data from all key sectors should be managed in an integrated manner. It is
recommended that a central system that can be able to incorporate these data sets be established
and implemented across all key role players such as government departments and industry.

Also, there should be avenues to ensure the data is accessible to ensure transparency.

v. Collaboration and coordination

Collaborated and coordinated interactions among key WECC stakeholders should be improved
as the current ones are ineffective. These collaborations should be established at all levels of
governance such as ministerial departmental, local government or industries. Establishment of
strategies such as institutional frameworks is key in improving these collaborations. This is
likely to promote integration in planning, policy development, and implementation; and close

the gaps between these three sectors.

vi.  Policy integration

The policies on the elements of WECC should be aligned with each other and developed in an

integrated manner to drive resource efficiency and environmental wellbeing in the country. The
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current approach, which isolates policies between the sectors of water, energy and climate
change, is ineffective in managing WECC nexus It is, therefore, recommended that an advisory
panel or intergovernmental working group on WECC which should look to establish this policy

integration be established and implemented.

5.3.  Recommendations for future research

In light of the above conclusions and recommendations, the study highlights the prospects of
investigating contemporary solutions to South Africa’s WECC challenges. It is recommended
that these include systems for acquiring, centralised storage, validation, and accessibility of
physical data to enable informed decision-making by key stakeholders. This should further
promote the studies that incorporate or utilises this data into modelling and policy development
associated with water, energy and climate change elements. Furthermore, the study
recommends the investigation of possible ways of promoting a participatory approach within
WECC management. It recommended that further studies should seek to develop strategies to
ensure that tools such as stakeholder engagement are effectively used in understanding and

capturing the opportunities of this nexus.
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Good day
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Good day

You are herewnth mmvited to participate In an academic research conducted by Steven Matome
Mathetsa (Student Number: 1726197), a Doctor of Philosophy (PhD) student at the Unrversity of the
Witwatersrand's School of Geography, Archaeclogy, and Environmental Stadies.

The study research i titled Warer-Energy-Climarte Change nexus in South Africa: dpplicanion af
the Integrated Water Resource Management (TWRM) approach for sustainable development. Using
Waterberg and Highveld regions for case study, the research amims at applying the IWEM tool in order
to understand and improve the management of water resources within the context of an exashing water
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of this workshop'conferencesemunarmesting. All observations will be used strictly for ths research.
However, due to the focus of this research, your instituhion\organization\department may be identified
m any of the reports emanating from thes research. Your name or position will not appear in the report
and psendonyms will be used to prevent idenfity. No form of treatment'payment will be for vour
participation in the research. You mav opt not to take part or withdraw dunng the research and no
form of penalty will be mposed against you. Youwr participatton can only be confimed by sigmng the
formal consent form provided by the researcher and it wall which will include your consent regarding
usage of audic and photography

The outcomes of the study will be reported 1n the form of a thesis, academuc jowrnal, or af seminars or
conferences. A copy of the report or summary shall be made available to participants upon request.

Please contact researcher, supervisors or umversity s ethacs coordinator for further clamty.

Researcher: Steven Matome Mathet=a Ethies Coordinator: Shaun Schoemam
Tel: 072 720 44910071 399 6088\012 421 3025 Tel: 011 717 1408
Emnail: Email: shavn schoeman(@wits ac za

1 Co-Supervizor: Dr Isaac Rampedi
Tel: 011 717 6521083 383 6884 Tel:0115592425\0833060862
Email: danmy simatelef@iwits_ac.za Emanl: 1saacrign).ac.za
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E. CONSENT FORM (INTERVIEW)
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Formal Consent Form (Interview
I ymderstand that:

Steven Matome Mathetsa has requested an interview for his research titled Water-Energy-
Clhimate Change nexus_in_South_Afitca: Application of the Integrated Water Resource

Management (IWRM) appreach for sustminable development The following were
explained and understood by me:

* He is Doctor of Philosophy (PhD) student conducting research through the University
of the Witwatersrand.

® He has provided the title of his research.

® [ have been selected to be interviewed as he is interested in understanding issues
related to water, energy, and climate change interactions within the country or study
area.

* He indicated that the information received from this interview will be kept on his
password-secured computer and used in his final PhD report, academic publication
and\or conferences'\seminars related to the study.

® The duration of the interview is between 45 to 120 minutes.

® My participation is completely voluntary and if T feel uncomfortable at any point in
the interview it will be cancelled without penalty.

= Al information I provide will be confidential, used stnctly for this research and my
name of position will not appear in the report where I can be identifiable.

* Relevant quotes may be used in the research if T provide consent.

= He does not foresee any risks to me or loss of benefits due to my association with this
research.

*  He will provide a summary of his research findings to me on request.

= Should I have amy questions of concerns regarding the research he has provided me
with relevant contact details.

EResearcher: Steven Mathetsa %
0727204401071 3996088'012421302

steviemathetsailgmail com'steve mathetsa@eskom co.za

I hereby agree to participate in the research. Yes [ No [
I agres that the researcher may quote my answers in his research report. Yes [ No [
I agree that audio recording system may be used to capture information I provide. Yes [1No [
I agree that photography may be used during the interview. Yes[ONe [
Signatures:

I , agres to participate in Steven Mathetsa's research.
My sigmature below mdicates my consent.

Participant

Signature Date
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F. CONSENT FORM (FOCUS GROUP DISCUSSION)
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Formal Consent Form (Focus Group)
I imderstand that:

Steven Matﬂme Mathetsa lms mql.mted a pa:h.l:lpahun m the focus gmq:l d.lscussmu for his
ter_Eie 4 -

Thefo]lmnngwﬂ'emplamedmﬂlmderstﬂndb}rm

=  He is Doctor of Philosophy (PhD)) student conducting research through the University
of the Witwatersrand.

= He has provided the title of hus research.

= [ have been selected to participate in the focus group discussion as be is interested in
understanding issues related to water, energy, and climate change interactions within
the country or study area.

= He indicated that the information received from this focus group discussion will be
kept on his password-secured computer and used i his final PhDD report, academic
publication and\or conferences'seminars.

= The duration of the discussions is between 4 to 5 hours while focus group discussions
may be for the time scheduled.

= M}rpartlm'pahon iz completely vohmtary and if I feel uncomfortable at any point in

the discussions, I may withdraw without penalty.

= Al information I provide will be strictly used for the purpose of this research and my
name or position will not appear in the report where I can be identifiable.

=  PRelevant quotes may be used n the research if T provide consent.

= He does not foresee any nisks to me or loss of benefits due to my association with this
research.

=  He will provide a summary of his research findings to me on request.

= Should I have any questions or concerns regarding the research. he has provided me
with relevant contact details.

Researcher: Steven Mathetsa %
0727204401\071399608 80124213025

steviemathetsa@ gmanl com'steve mathetsaj@eskom co.za

I hereby agree to participate in the research. Yes ] No [
I agree that the researcher may quote ny answers in his research report. Yes L] No [
I agree that audio recording system may be used to capture information provided. Yes[JNe [
I agree that photographs may be used to capture information provided. Yes[INo [
Signatures:

I , agree to participate m Steven Mathetsa’s research.
My signature below indicates my consent.

Participant

Signature Date
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G. CONSENT FORM (PARTICIPANTS OBSERVATION)
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Formal Consent Form (participants’ observations
I ymderstand that:

Steven Matome Mathetsa has requested an interview for his research titled Water-Energy-
Climate Change nexus in_South Afiica: Application of the Integrated Water Resource
Management (IWRM) appreach for sustminable development The following were

explained and understood by me:

* He is Doctor of Philosophy (PhD) student conducting research through the University
of the Witwatersrand.

® He has provided the title of his research.

=  As adelegate at the workshop\conference'semimarmesting, I have been selected to be
form part of his participants to be observed during as he is interested in analysing
participants discussions arcund issues related to water, energy, and climate change
mteractions within the country or study area.

* He indicated that the information received from this participant observations will be
kept on his password-secured computer and used in his final PhDD report, academic
publication and\or conferences'\seminars related to the study.

= The observations will be undertaken throughout the duration of this
workshop'seminariconference'meeting.

= My participation is completely volmtary and if 1 feel uncomfortable at any point in
the observations I will request that I withdraw cancelled without penalty.

=  All mformation I provide will be used stnctly for academic purpose and my name or
position will not appear in the report where I can be identifiable.

= Relevant quotes may be used in the research if I provide consent.

= He does not foresee any nisks to me or loss of benefits due to my association with this
research.

*  He will provide a summary of his research findings to me on request.

= Should I have amy questions or concerns regarding the research he has provided me
with relevant contact details.

BResearcher: Steven Mathetsa %

0727204491'071399608810124213025
steviemathetsaf@gmail com'steve mathetsa@eskom co.za

I hereby agree to participate in the research. Yes [ No [
I agree that the researcher may guote my answers in his research report. Yes [] No [
I agree that andio recording system may be used to capture information I provide. Yes [ 1No [
I agree that photographs may be used duning the observations. Yes[Ne [
Signatures:

I , agree to participate m Steven Mathetsa’s research.
My sigmature below mdicates my consent.

Participant

Signature Date
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H. QUESTIONNAIRE

RE: Discussion

Research Title: Water-Energy and Climate Change Nexus (WECC) in South Africa: Application of
the Integrated Water Resource Management (IWRM) approach for Sustainable Development

Dear participant

These semi-structured questions are designed for the research project aimed at investigating the extent
to which the WECC nexus can be understood in South Africa. This is done in order to ensure that the

sustainable development risks associated with WECC are mitigated within the country.

Thank you for taking time to form part of this discussion session. The entire discussion should take you

about 30-60 minutes to answer.

For clarity, please contact:
e Researcher: Steven Mathetsa (PhD student —University of Witwatersrand)
Contact details: 0727204491/0713996088/mathetsm@eskom.co.za

e Supervisor: Professor Danny Simatele (Associate Professor at University of
Witwatersrand)
Contact details: 011 7176516/ 0833836884/Danny.Simatele@Wits.ac.za

e Co-Supervisor: Professor lIsaac Rampedi (Associate Professor at University of
Johannesburg)
Contact Details: 011 559 2429/ 0833969862/ isaacr@uj.ac.za

¢ Industrial mentor: Mr Gerhard Gericke (Senior Consultant: Applied Chemistry and
Water at Eskom)
Contact Details: 011 629 5721/ 083 270 1630/ gerhard.gericke@eskom.co.za
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SECTION 1: DEMOGRAPHIC INFORMATION
Kindly complete demographic information in the table below:

Participant’s institutional association

e.g. Government/Authority/Regulator, Non-
governmental organization, researcher\academic,
Expert\Specialist (Energy, climate change, water
resources, environmental), landowner, community

member, researcher

Designation/Position

Educational profile

Years of experience in the field

Contact details ( Optional)

Gender (Optional)

92




SECTION 2: DISCUSSION QUESTIONS

» What are the critical interactions between water, energy and climate change? Are those
interactions being fully considered during decision making?

» How can coordination and collaboration between all role players in policy, research and
development within WECC be encouraged?

» How do policies aimed at climate mitigation and adaptation effect policies developed in the
energy and water sector, and visa-versa?

» What kind of regulatory framework is necessary and feasible to minimise negative trade-offs
in the WECC in both public-sector planning and private enterprises?

» What new knowledge and skills are needed amongst public institutions in order to manage
complex issues associated with WECC nexus?

» How can we reduce our footprint on the above?

93




» What is the likely impact on the new regulations, standards and incentives related to WECC
nexus on the production processes and how best can we plan for them?®

» What role can the organisation play in the development of new policies and frameworks
aimed at minimising the WECC footprint?7

» How aware or involved is the community at large on the WECC nexus and what evidence
supports this?

» Are there an effort to implement the outcomes of the research and development by either
industries or policy-makers?

5 Mostly applicable to industries
7 Mostly applicable to industries
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1. Introduction

The sustainable development concept is premised
on the assertions revolving around the objective to
meet the needs of the present generation without
compromising those of the future {Omer, 2008;
Masters, 2009; Mathetsa, 2016). This definition
embeds within itself the importance of identifying
strategies and systems aimed at supplying and con-
serving resources within the socio-economic devel-
opmental needs of communities (United Nations
[UN], 1972; 1992; Kubiszewski and Cleveland,
2012). This focus is regarded as a way of establish-
ing a balanced system on how to effectively achieve
economic and social progress within the limits of
environmental sustainability, as well as aligning
national development to the targets embedded in
the sustainable dewvelopment goals (SDGs).
Increased global and local demands for resources in
both domestic and industrial use have, however,
exerted immense pressure on natural resources to a
point of untenable management. Chilundo et al
(2008) and Brazilian et al. (2011) have pointed out
factors, such as a rapid increase in population
growth, industrialisation and urbanisation, that are
driving natural resources towards devastation.
These remarks, therefore, instigate a re-examination
of how resources are used and safeguarded in such
a manner that SDGs are achieved.

As the supply of water and energy resources
emerges as one of the central themes of modern
human life, their global demand is expected to
increase as the need to attain SDGs intensifies. The
Global Water Partnership (2000) and Al Saidi
(2017) have pointed out that water scarcity in most
global communities requires that their security be
treated as a main topical issue within sustainable
development at large. It is, however, observed that
obstacles such as rising climate vulnerabilities exac-
erbate water scarcity (Natural Resource Defence
Council, 2010y Ziervogel et al., 2014; DeNicola et
al., 2015; Nhamo et al., 2018), thus raising pro-
found concerns as to how a sustainable supply of
critical resources can be attained. This underlines
the persistent necessity for society globally to strive
for a balanced systermn across the management of
natural resources.

Given the threat that shortages of resources are
posing to SDGs, it is widely reported that food and
energy production are amongst the essential socio-
economic sectors most vulnerable to these con-
straints (Carter and Gulati, 2014; Carpenter, 2015;
Rasul and Sharma, 2016; Mabhaudhi et al., 2016).
The extent of this vulnerability is likely to be experi-
enced mainly in countries such as South Africa,
where water availability and supply drives both
electricity generation and food production, while
energy is one of the most critical drivers of water
treatment and distribution (Carpenter, 2015;
International Energy Agency, 2016; Nhamo et al.,

2018). This points to the interconnection and inter-
dependency between water and energy systems,
which most developing countries are struggling with
and striving to supply on a reliable and sustainable
basis.

In many sub-Sahara African (55A) countries,
the interlinkage between water and energy remains
significant in the region, particularly in countries
such as South Africa where coal-combustion is still
the main driver for electricity production. Energy
generation through coal-combustion, however, is
one of the biggest contributors to human-induced
climate change through the release of greenhouse
gases (Intergovernmental Panel on Climate
Change, 2007; Omer, 2008) which is widely per-
ceived to be threatening human existence and
exerting enormous pressure on limited water
resources (Mukheibir, 2008; Dennis and Dennis,
2012; Nkhonjera, 2017). These considerations fur-
ther highlight the coupling between the systems of
water, energy and climate change — the water-ener-
agy-climate change (WECC) nexus. Its occurrence in
South Africa corroborates the findings of Head and
Cammerman (2010) who argued that most global
communities, particularly those at dewveloping
stages, are likely to be faced with the WECC nexus.
These dynamics call for critical questions relating to
the WECC management and its socio-economic
and ecological interactions, in countries such as
South Africa which have been identified as climate
change hotspots (Ziervogel et al., 2014; DeNicola et
al., 2015; Nhamo et al., 2018).

Despite the complex linkage of systems of water,
energy and climate change, several studies have
concurred that challenges such as the pragmatic
lack of coordinated planning, policy integration,
and a systematic approach impedes effective man-
agement of WECC and its components
(Cammerman, 2009; Hussey and Fttock, 2012;
Rasul and Sharma, 2016; Mabhaudhi et al., 2016;
Stein et al., 2018; Nhamo et al., 2018). This chal-
lenge deepens doubts about the attainment of
SDGs linked to these components. In developing
counfries such as South Africa, the risks associated
with WECC are likely to be felt, as the lack of ade-
quate and integrated management of water, energy,
and climate change systems is intense (Scott et al.,
2011). This necessitates the need to establish con-
temporary approaches that will broaden under-
standing of this nexus and effectively manage it in a
way that positively contributes to sustainable devel-
opment.

Within the WECC nexus, water is regarded as
the central component (Walmsley et al., 2001;
Prasad et al., 2012; Jagerskog et al., 2014). lts
dominant role across various societal needs sug-
gests that its sustainable management would benefit
energy security while adapting to climate change.
This observation supports the need for a shift in
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paradigms and adopting approaches which would
facilitate sustainable systems of water resource man-
agement in order to minimise socio-economic and
environmental risks associated with the WECC
nexus. Studies within the sustainability sector have
proposed different approaches for protecting and
utilising water, including integrated water resource
management (IWEM). The GWP (2000) and
Leendertse et al. (2008), for example, found that
this framework’s ability to raise sufficient aware-
ness, while promoting practical guidelines in a sys-
tematic and integrated approach, makes it one of
the most useful tools available to promote sustain-
able water resource management. Considering the
dire state of water resources in South Africa, there is
a need to explore the potential and value of imple-
menting the IWRM framework to address WECC
conundrum.

The present study examined dewvelopments in
the WECC nexus to explore its effective manage-
ment through an integrative and holistic approach.
Conducting a review on an emerging and complex
subject such as WECC is a crucial contribution to
providing dependable and general information
regarding this nexus while identifying gaps that
should be addressed. Bless et al. (2013) suggested
that a review of this nature involves searching and
studying of previous and current developments on
the investigated problems without raising any con-
troversy. The present study also explored the IWEM
framework with the view to uftilising it as a tool to
widen the understanding and promotion of effec-
tive management of the WECC nexus in South
Africa.

2. Methodology

This study examined the international develop-
ments, with an emphasis on S5A, especially South
Africa, in water, energy and climate change sys-
tems, and thus the WECC nexus and [WEM frame-
work. To this extent, a rapid appraisal of empirical
academic and non-academic literature such as pro-
ject and industry reports, books and presented
papers was conducted. Additional developments
were obtained from the Water Research
Commission, a South African-based research insti-
tute that conducts and publishes studies within the
water and environmental fields in the Southern
Africa region. With a focus on themes such as sus-
tainable water resource management, energy secu-
rity, and climate change impacts, the criteria for
inclusion in the appraisal were based on global,
regional and local studies focusing mostly on differ-
ent nexus types such as WECC, water-energy (WE)
and water-energy-food (WEF). This methodology
was influenced by suggestions of the limited work
done on WECC in South Africa, which is intensified
by a lack of broadened knowledge, and fragmented
policy approach on the nexus. This appraisal was

corroborated by extensive verbal interaction with a
specialist within the field of WECC with the inten-
tion to gain further information on this nexus and its
challenges within the S5A region.

3. Results and discussion
3.1 Contextual developments on WECC
nexus
The SDGs numbers six, seven and thirteen under-
line the need for global communities to maximise
the reliable supply of water and energy, while com-
bating climate change and its related impacts (UM,
2015). Communities in 55A are faced with similar
expectations. In South Africa for example, Winkler
(2006) expressed the wview that most of the coun-
try's socio-economic developmental needs could be
achieved through an increased supply of energy.
This, however, must be done within the parameters
of safeguarding natural resources such as water,
land and atmosphere. Although the need to address
societal and ecological imperatives is intensifying,
studies have mentioned the complex interlinkage
between some of the key features of modern life as
one of the synergies halting their attainment (Head
and Cammerman, 2010; Bazilian et al., 2011 ; Pahl-
Wostl et al., 2018). Among those interlinkages, the
complex connection between the systems of water,
energy, food and, more recently, with the consider-
ation of dimate change, give rise to different forms
of nexus. With uncertainties emerging from these
nexus, concerns owver the reliable supply of
resources such as food, water, and energy, as well
as their contribution towards climate change inten-
sify. On the other hand, climate change impacts the
availability of these resources in numerous forms.
Recent studies have made contrasting reports
about when and how the nexus within the sustain-
able management discourse emerged (Siddigi and
Anadon, 2011; Conway et al., 2011; Muller, 2015;
Pahl-Wostl et al., 2018; Simpson and Jewitt, 2019).
While initial studies around the nexus are mostly
limited to water and energy interactions and in
some instance incorporate food production, Siddigi
and Anadon (2011) suggested that the need to
acknowledge and understand the WE nexus was
recognised as early as 1994, Muller (2015), howew-
er, asserted that recognition of such interlinkages
arose as early as the 1970s. Irrespective of when it
emerged, the socio-economic influence of the
nexus encouraged its discussions at various global
agatherings during the 2000s. For example, confer-
ences such as the Gleneagles G8 Environmental
Ministers’ meeting in 2007, the Davos World
Economic Forum in 2008, and Bali's United
MNations Framework Convention on Climate
Change meeting in 2008 resolved to strengthen the
understanding and management of the water and
energy interactions (European Cooperation in
Science and Technology [COST], 2009; Cammer-
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man, 2009). Furthermore, the Bonn Nexus confer-
ence in 2011 reflected mainly on the interactions of
water and energy together with food production,
resulting in more studies embracing the triangular
WEF nexus (Conway et al., 2011). These observa-
tions fortified the discussions and investigations
around various types of nexus to gain momentum
in both policy and research perspectives.

Until recently, most studies did not consider the
impact of climate change on the nexus configura-
tions. Climate vulnerability studies prompted global
researchers to consider its role towards food, energy
and water security. Studies in countries such as the
United States (US), China, Spain and Australia
were the first to focus mainly on the WE with brief
considerations of climate change influence. For
example, Hussey and Pittock (2012) found that the
WE study conducted in the US in 2006 was one of
the initial researches that embraced climate change
role in the nexus. This and other subsequent devel-
opments resolved to fully incorporate climate
change in coupled triangular interactions of water
and energy.

Despite the emerging interest in the WECC
nexus and its sustainable developmental impacts,
studies on the in-depth understanding of this nexus
and its consequences are still limited. This is con-
firmed by limited documented information on this
nexus both at a global and regional level. Platonova
and Leone (2012) and Yillia (2019) pointed out this
as a concern for developing countries, particularhy
those in the S5A. Nkhonjera (2017) suggested that
this region’'s lagging behind on climate change and
its influential role on other sectors such as water and
energy is attributed to uncertainties in climate and
hydrological modelling, lack of financial resources
and political will to develop and implement policy,
particularly in developing regions. This raises resis-
tance in recognition of paradigms such as WECC as
well as policy development within them and is con-
firmed by recent studies in the S5A counfries of
Camerocon, Kenva and South Africa where WE and
WEF nexus are still at the centre stage (Platonova
and Leone, 2012; Ackom, 2014: Carter and Gulati,
2014; Mabhaudhi et al., 2016; Wakeford, 2017;
Yillia, 2019).

The interlinkage between water, energy and cli-
mate change is a complex one, accentuated by
interdependencies in multi-sectoral systems. For
example, studies by Carpenter (2015) and
Copeland and Carter (2017) maintained that, while
a substantial part of the global energy production
systems heavily depends on water availability for
various processes such as raw material extraction
and cooling, the treatment, supply and usage of
water, particularly in domestic and industrial prac-
tices, is an energy-dependent process. This interde-
pendency is intensified by the distance of water
users from water resources, which exacerbates ener-

gy needs in the water value chain. Conversely, the
global overreliance of energy production on the fos-
sil fuel combustion process results in the emission of
greenhouse gases, which accelerates climate
change. Despite climate change’s influence on ener-
ay generation processes such as cooling, Ziervogel
et al. (2014) and Kundzewics et al. (2016) con-
curred that its role in water availability is severe, as
occurrences such as varying temperature, floods,
precipitation and drought affect the hydrological
cycle. These varying climatic conditions and other
impacts such as water pollution exacerbate water
shortages, thus putting pressure on energy produc-
tion and its associated sectors. The severity of this
water, energy and climate change interdependency
is experienced on a global scale already. For exam-
ple, studies by Siddigi and Anadon (2011) and
Carpenter (2015) pointed out that some countries
in Europe, South America, and Asia had to reduce
their electricity production because of water short-
ages intensified by climate variabilities, particularly
drought and increased temperatures.

The 55A, a rapidly developing region charac-
terised by prolonged water shortages because of its
semi-arid gecgraphical characteristics and increas-
ing energy demands, is not resistant to WECC and
its challenges. For example, while the region is striv-
ing to meet modern energy and water demands,
Serdeczny et al. (2015) observed that this region is
one of those where climate change outcomes will
most be felt, in a number of sectors. Furthermore,
Prasad et al. (2012) and Conway et al. (2015) indi-
cated that drought and freshwater shortages in
hydropower-dependent countries such as the
Democratic Republic of Congo, Lesotho, Malawi,
Kenya, Zimbabwe, and Zambia resulted in disrup-
tions to the supply of energy. Despite these notice-
able impacts of the WECC on the region’s socio-
economic developmental needs, it is observed that
WE and WEF are still at the centre stage of nexus
researches. Ackom (2014), Stein et al. (2018) and
Yillia (2019), however, suggested that the region
should intensify how it considers cdimate change’'s
role on WE and WEE thus presenting the S5A with
opportunities to look at prospects of managing
WECC effectivelw.

South Africa is one of those S5A countries likely
to be affected by risks emanating from WECC. For
example, despite the country’s well-documented
water scarcity status, approximately 90% of the
electricity is generated from water-reliant coal-com-
bustion, nuclear, hydropower and pump-storage
technologies (Eskom, 2016). Being one of the epi-
centres of the national developmental plans, power
generation is supplied with 2% of the freshwater
available in the country with reliable assurance, sec-
ond only to the agricultural sector (Eskom, 2012;
Department of Water and Sanitation [DWS], 2014).
The country is, however, ranked among the top
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Energy used in the abstraction, treatment and
distribution of water 10 Various Water users

Water consumed in the energy generating

processes such

abpstraction,

generation of steam from demineralised water,
cooling as well as ashing processes

Figure 1: Coupled interactions between water, energy and climate change in South Africa.

producers of greenhouse gases, largely because of
emissions from the power generation sector, specif-
ically the coal-combustion technology (Carter and
Gulati, 2014). The upsurge of climate change and
influence from other anthropogenic activities such
as urbanisation, exert pressure on aleady con-
strained water and energy resources. These obser-
vations show how the systems of water, energy and
dimate change are inextricably interconnected in
the country, as elaborated in Figure 1. However,
just like a situation at the global and regional con-
text, the country has demonstrated a lack of knowl-
edge and integration with regard to managing the
WECC and its risks. However, recent studies such
as those by Mabhaudhi et al. (2016) and Nhamo et
al. (2018) concurred on the need to effectively
manage the nexus in a holistic and integrated man-
ner. The present study, therefore, suggests the need
for the country to broaden its understanding of the
WECC and to initiate discussions such as policy
integration to combat the risks associated with this
nexus.

3.2 Governance on the WECC nexus

Earlier investigations on WECC highlighted that
partial understanding of this nexus results in a “silo’
approach, especially from the governance perspec-
tive (Cammerman, 2009; Head and Cammerman,
2010). Lack of a coordinated planning system,
practices and policy development between the sec-
tors of water, energy and dimate change is a con-
cern in many countries. Investigations are, however,
gaining momentum elsewhere to minimise these
governance setbacks (Goldstein et al., 2008;
Energy and Water Integrated Act [EWIA], 2009).
For example, the US study on WE recommended
the development of an integrated policy on water

and energy (Goldstein et al., 2008). In response,
the EWIA policy was developed with the view to
direct the US towards improving governance of the
nexus through an in-depth analysis of the impact of
energy development and production on the coun-
try's water resources (EWIA, 2009). Despite not
being signed into law, this strategqy encouraged
other parts of the US and other countries to broad-
en investigations of various nexus studies in an inte-
grated manner. For example, subsequent investiga-
tions and publications of reports such as the “Water-
energy nexus: Challenges and opportunities’
(United State Department of Energy [US DoE],
2014) show efforts to promote a systematic, inte-
grated and proactive way to address the nexus to
ensure a reliable supply of energy under different
water and climate constraints.

Despite such efforts and progress on incorporat-
ing all nexus components in planning, some coun-
tries still lag behind. South Africa is one of those
that still approach governance of water, energy and
dimate change policy and implementation in isola-
tion. Studies by Mabhaudhi et al. (2016) and
Mhamo et al. (2018) showed that sectoral ap-
proaches driven by sector mandates which seldom
refer to each other, are cause for concern about
effective governance of these systems. This is
despite the country’s adoption of the National
Environmental Management Act, Number 107 of
1998, which endorses the integrated environmental
management approach as one of its cbjectives. This
policy segmentation demonstrates a fragmented
approach and lack of collective effort from the key
stakeholders in the management of energy, water
and climate change. For example, with policies such
as the National Water Resource Strategy (NWRS) in
place, the DWS is mandated to ensure that man-

15 Joumal of Energy in Southem Africa = Vol 30 No 3 - August 2019




agement and protection of water resources in South
Africa are fulfilled (DWS, 2014). Water policies
mostly acknowledge the impact of climate change
on water resources, but without providing a plan as
to how these will be dealt with. Policies relating to
water resources’ adaptative and resilient strategies
on climate change are developed by the
Department of Environmental Affairs (Department
of Environmental Affairs [DEA], 2015). This is a
concern, as there would be overlap in terms of
implementation. Furthermore, despite assurances
on freshwater supply for the energy sector, water
resource constraints highlight the need for integrat-
ed planning to secure water supply for power gen-
eration. However, recent delays in aligning water
supply to energy generation raise gaps in terms of
policy planning and implementation between these
sectors. Similar misalignments are observed in ener-
aqv planning. For example, despite proposing a mix
that will decarbonise power generation sector with
reduced water consumption, the 2010-2030
Integrated Resource Plan (IRP) highlights that 65%
of the country’s energy will still be generated using
the water-reliant coal combustion process (DoE,
2010). This policy is silent on how the power gen-
eration sector will be reliably supplied with water
and provides little suggestions on the improvement
of water management at the operational level.

Furthermore, the IRP offers no strategqy as to
how the energy sector will reduce their greenhouse
gas emissions from coal-fired power stations, except
through decommissioning of power plants.
Additionally, Madhlopa et al. (2016) noted that the
IRP hardly addresses the water impacts resulting
from the lifecycle of energy production, mainly raw
material extraction such as coal mining, which is
seen as the responsibility of the Department of
Mineral Resources. The National Climate Change
Response Policy was drafted to manage challenges
emanating from climate change (DEA, 2015). The
policy further recommended that the adaptation
strategies be implemented within the NWRS, while
cdimate mitigation strategies in the energy sector
include the reduction of carbon emissions (DEA,
2015). Trollip and Bouller (2017), however, con-
tended that this policy can be attributed to lack of
coordination and alignment between the different
role players in DEA, DWS and DoE.

These observations point to a critical gap emerg-
ing from the governance of WECC components,
where governmental structures still operate in a seg-
regated manner in South Africa. This gap owes
much to the unaligned institutional and policy
framework within which a coordinated and inte-
grated approach towards management of water
and energy resources in the context of climate
change can be pursued. Several studies suggest
delineating this complex issue to effectively address
it. For example, in addressing myriad water issues,

developing a consensus that proposes a shift
towards ‘nexus thinking when addressing issues
related to the WECC is an imperative one (Global
Donor Platform for Rural Development, 2017;
Taylor-Wood and Fuller, 2017). Reynolds and
Cranston (2014) further suggested that nexus think-
ing can respond to the risks associated with different
configurations. Nexus thinking is intended to pro-
mote viewing a specific problem from different
angles to create an understanding of the bigger pic-
ture holistically and systematically while addressing
other associated systems. Therefore, considering its
centrality in WECC, an approach where water-relat-
ed challenges are addressed while equally consider-
ing issues arising from energy and climate change
could be an effective solution for this nexus. In
Australia, studies by Cammerman (2009) and Head
and Cammerman (2010) suggested that this inte-
grated approach could be achieved through the
implementation of the IWRM framework, which
emerges from the water management perspective.

3.3 Towards the integrated approach

While the developments on nexus are still at an
infant stage, research conducted on sustainable
water resource management resulted in the
paradigms such as the IWRM, which focusses on
addressing complex systems involving water (GWE
2000; Pollard and Du Toit, 2008; Heldt et al.,
2017). This research stimulated suggestions that
effective management of water should be at the
apex of WECC as it may influence how to minimise
the nexus risks to socio-economic development
(Prasad et al., 2012; Jagerskog et al., 2014).
Cammerman (2009), for example, asserted that
lack of broadened understanding of the complexi-
ties and interactions around WECC may result in
unsustainable management and utilisation of water,
which crosscuts most sectors, including food pro-
duction. The question raised in this study is, howev-
er, how the efficient management of water
resources presents an amplified system that builds
their resilience towards dimate change, thus easing
energy security and the associated sustainable
development threats.

While different approaches towards managing
water may be applicable, Cammerman (2009) and
Bindra et al. (2013) contended that the IWRM
approach is one of the useful tools that can
endorse, structure and mutually enforce manage-
ment of this resource holistically and sustainably.
Despite this framework being around for some time,
Biswas (2008) and Nesheim et al. (2010) main-
tained that it only started being amplified by scien-
tists and the GWP around the 1990s, and was
strengthened only around the early 2000s. Initial
discussions at various gatherings such the Dublin's
UN-Water and Environment Conference in 1992,
Rio's World Summit in 1992, Bonn's International

16 Joumal of Energy in Southem Africa « Vol 30 No 3 « August 2019

100




Conference on Freshwater in 2001, and the
Johannesburg World Summit on Sustainable
Development in 2002, intensified the need to
implement this framework for improved water
resources management. Furthermore, the useful-
ness of this framework was recognised by at least
65% of countries which adopted it prior to the Rio
Plus Conference in 2012 ( Al-Saidi, 2017).

According to GWP (2000), this framework can
shed light on how to develop regulations and
regional plans for water governance in an integrat-
ed manner. This will ensure effective environmental
management while defining institutional roles and
stakeholder participation within the management of
water resources. Studies within water resource man-
agement, however, show that this framework con-
tinues to receive criticism from some practitioners
and scientists (Biswas, 2004; Fulazzaky, 2014; Heldt
et al., 2017). For instance, Biswas (2004, 2008),
found that the IWNRM has demonstrated a lack of
technical and institutional ability to address water
resource challenges, thus resulting in setbacks
regarding how it is implemented. This observation
raises concern within the water fraternity as to
whether it is a practical tool to provide solutions for
current and future challenges. Biswas (2008) further
emphasised that this IWNRM is not effective enough
when applied across varying sectors such as agricul-
ture and energy or even at a macro scale. Other
studies, however, presented a different observation,
arguing that IWNRM can promote integrated man-
agement across different sectors such as energy,
food production and water (Leendertse et al., 2008;
Nesheim et al., 2010). Bringing together different
water users with a common goal promotes integra-
tion as all views have the potential to be considered
in planning and policy development. Doubts about
the effectiveness of IWRM resulted in other nations
opting against its adoption. For example, some
European countries opted to implement the
European Union Water Framework Directive, a pol-
icy developed to provide alternative solutions to
their water challenges (Heldt et al., 2017).

In many developing nations, such as those in
SSA, lack of participation and political will still
weaken IWRM'’s implementation. Muller (2015)
raised factors such as the focus on growing the
economy as well as dimate vulnerability as some of
the challenges impeding IWRM implementation in
these nations. This underlines the need for a more
robust and effective approach if water resource
management improvements are to be attained. In
South Africa, notably, challenges arising from coor-
dination and policy implementation threaten the
country’s already stressed water resources to a point
where its availability to sectors such as energy and
food production cannot be guaranteed. Funke et al.
(2007), however, maintained that, through a holis-
tic and systematic manner presented in IWRM, this

framework is a necessity if the country is to address
its short-term risks and achieve long-term security
of water resources, particularly those associated
with scarcity and inequitable distribution, as well as
mismatches identified in agriculture, industry and
energy sector located on heavily concentrated
water demand regions such as the highveld in
Mpumalanga. Funke et al. (2007) and Karar
(2008), however, indicated that the country’s appli-
cation of IWRM is still limited to a water perspective
or policy development within this sector.

Given that WECC components are governed in
segregation despite the interlinkages, can this be
mitigated by the INRM’s ability to influence gover-
nance through the promotion of a multi-participato-
ry approach as well as consideration of different
driving forces and their linkages? Cammerman
(2009) suggested that this framework’s proactive
risk-based approach is one of its strengths, one that
can promote an integrated approach on policies
and strategies, while addressing associated chal-
lenges, particularly towards the socio-economic
development agenda. This is despite it arising from
the water resource management perspective.

4. Conclusions

This study examined developments in one of the
emerging paradigms that threaten the achievement
of sustainable development goals: water-energy-di-
mate change (WECC) nexus. The study revealed
two key findings. Firstly, it is evident that studies of
the WECC nexus are still limited internationally.
Most nexus studies have, to date, focused mainly
on water-energy and water-energy-food configura-
tions. A similar observation is made in South Africa
where there is an inextricable linkage between sys-
tems of water, energy and climate change.
Secondly, despite gaps being identified in the man-
agement of different nexus configurations, South
Africa still lack policy integration. Currently, various
government departments such as the Department
of Water and Sanitation, Department of
Environmental Affairs and Department of Energy
generally address sectoral requirements instead of
adopting an integrated approach. The study con-
tributes towards closing the existing knowledge gap
on WECC, thus assisting South Africa to under-
stand and address myopia about the relationship
between water, energy, and dimate change, and
promote discussions on an integrated approach in
the development of institutional and policy frame-
work.
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