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Why Integrated Modelling?

Climate mitigation decisions affect multiple sectors

Traditional modelling often treats sectors independently

Integrated approaches help reveal cross-sector impacts

There is a need for policy coherence

South Africa CLEWs Model



What is the CLEWs framework?

* Climate, Land, Energy, Water systems framework - abbreviated CLEWs -

introduced by IAEA as a tool for integrated assessment of resource

systems

* Recognises that the interdependent nature of energy, land and water

creates synergies and trade-offs

* Energy, land and water, and resulting interactions, contribute to and are

vulnerable to climate change

Alexander et al., 2025; Howells et al., 2013 %



What is the CLEWs framework?
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Overview of the RSA CLEWs Model

* National-scale integrated model for South Africa
 Model period: 2020 - 2055

* Developed to explore cross-sector interactions
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Overview of the RSA CLEWs Model

 The RSA CLEWSs model includes key emissions-intensive
sectors — energy, land, livestock and waste — and the

interlinkages between them

 The water system is included in the model as a key input into

the above sectors
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Overview of the RSA CLEWs Model

* |Importantly, CLEWs is not a modelling tool in itself; rather, it is a
framework that can be applied using various modelling tools such as

TIMES, MESSAGE, and OSeMOSYS.

* For this research, OSeMOSYS was chosen as the modelling tool of choice
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Understanding OSeMOSYS

Least-cost optimisation tool used to design and analyse long-term energy

pathways

Open-source and freely available

Widely used by governments for national planning processes
Compatible with CLEWs application

Interface: Modelling User Interface for OSeMOSYS (MUIO)

Howells et al., 2013

(%



Understanding OSeMOSYS
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 New graphical interface enabling broader engagement
« Used in capacity building (i.e. EMPs)

« Paper (under review) explores the pedagogical benefits of the interface =
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RSA CLEWs model sector coverage

Sector Description

Energy

Supply-side

Includes electricity and liquid fuel sectors. The power sector is split into generation,
transmission and distribution, with power generation containing the most detail.

Demand-side

Includes South Africa’s five demand sectors: residential, commercial, transport, agriculture
and industry sectors.

Land-use

Consists of cropland (irrigated & rainfed), grassland, built-up area, forestry, waterbodies, and
an ‘other’ category (comprising Wetland, Shrubland & Sparse Vegetation, Bare area).

Livestock

The livestock sector is modelled in OSeMOSYS using the Mode of Operation (MoO) feature
to represent two distinct livestock practices: 1) current livestock practices and 2) climate-
friendly livestock practices, both covering sheep, cattle and goats.

Waste

Includes the solid and liquid waste sectors.

Water

Includes surface and groundwater abstraction, evapotranspiration, and water for crop
production and thermal power plant cooling.

Emissions

Emissions attached to the above sectors (excluding water)




Sector interlinkages currently modelled

Water — Energy Nexus
 Water needed for cooling thermal power plants

Energy — Water Nexus
* Energy (i.e. electricity) needed for pumping and treating water
* Energy needed for irrigation technologies in agriculture sector

Energy — Land Nexus
* Energy (i.e. diesel) needed for preparing and harvesting crops

Water — Land Nexus

 Water needed in agriculture sector for crop production
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Sector interlinkages currently modelled

Livestock-Land Nexus
« (Grass)-land required for maintaining livestock

Waste-Energy Nexus
« Potential for landfill gas (from waste sector) to generate electricity (LFG
power plant) in energy sector
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Challenges in developing the model

Data availability and access

Sector integration

« Aligning assumptions across CLEW system

Model scope

« Balancing model complexity (with transparency and usability)

Institutional capacity

« Limited institutional capacity for developing and maintaining integrated models

(-
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Potential nexus interactions/insights

Land and energy Land and agriculture-water

* Energy (diesel) required for field Land and Water (r.)reu'plt.atlon) IS neec.:led for crop
preparation and harvesting agriculture production (irrigated and rainfed) and other
* Land for power plants (i.e., solar, wind land uses (forestry, grassland). '
farms) system Increased food demand coupled with dryer

conditions will add additional stress to the
land-water nexus

Energy

system

Energy-water
e Effect of increased electrification on the water

\ J system (water needed for cooling thermal

power plants)
* Energy needed for water pumping and
treatment
* Energy needed for irrigation systems in the
agriculture sector South Africa CLEWs Model %



Initial (preliminary) insights

)
Land and
agriculture
system
Energy
system
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Precipitation scenario

The country experiences drier conditions (i.e.
receives less precipitation)

Amount of water needed for irrigation (per
unit of land) increases by the same amount
that precipitation decreases to compensate for
drier conditions

This creates stress on the sectors (energy and
land) that rely on the water system

Result: earlier coal phase-out due to an
increased demand for water for irrigation in
the agriculture sector

Sl
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Key messages & reflections

* |Integrated modelling supports coherent policy analysis
* National models complement global IAMs

« Building modelling capacity is key for evidence-based planning
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