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Abstract

It is increasingly acknowledged that the water-energy-climate change (WECC) nexus is one of the synergies
that pose a significant risk to 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.
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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 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, 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, 2010; 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 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 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 (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 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-
gy-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 man-
agement 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 chal-
lenge 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 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). Its
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 (IWRM). 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 developments 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 INRM
framework with the view to utilising 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 SSA, especially South
Africa, in water, energy and climate change sys-
tems, and thus the WECC nexus and IWRM 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 SSA 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 (UN,
2015). Communities in SSA are faced with similar
expectations. In South Africa for example, Winkler
(2006) expressed the view 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 climate change, give 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 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, Siddiqi
and Anadon (2011) suggested that the need to
acknowledge and understand the WE nexus was
recognised as early as 1994. Muller (2015), howev-
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
gatherings 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
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; 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
WEEF 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, particularly
those in the SSA. 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 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).

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-
gy 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 SSA, a rapidly developing region charac-
terised by prolonged water shortages because of its
semi-arid geographical 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 WEEF 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 WEEF, thus presenting the SSA with
opportunities to look at prospects of managing
WECC effectively.

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-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 to various water users

Water consumed in the energy generating

processes such

as coal

abstraction,

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 already con-
strained water and energy resources. These obser-
vations 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 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 climate 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 strategy 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 DokE],
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
climate change policy and implementation in isola-
tion. Studies by Mabhaudhi et al. (2016) and
Nhamo 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 objectives. 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-
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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-
gy 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 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 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, 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 (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 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 climate 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
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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 INRM 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 [WRM'’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 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-cli-
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 climate change, and
promote discussions on an integrated approach in
the development of institutional and policy frame-
work.
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