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Overview

1. Integrated assessment of climate-land-energy-water (CLEW) 

nexus;

2. Life cycle assessments of electricity generation technologies: 

indicators for environmental and human health impacts;

3. Coordinated Research Project (CRP) on the assessment of the 

potential role of Nuclear Power in National Climate Change 

mitigation strategies



Integrated assessment of climate-land-
energy-water (CLEW) nexus



Rationale for the integrated 
assessment of CLEW nexus

 Agriculture and energy sectors are responsible for 90% of 

freshwater withdrawals

 Supply and treatment of water consumes approximately 7% of 

electricity produced

 3-4% of final energy consumption is used in agriculture

 Energy, agriculture and land-use change contribute more than 90% 

of GHG emissions

 A growing share of cropland is used to provide biofuel feedstocks



CLEW as part of broader development 
challenges: Agenda 2030 for SD
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 The SDGs are not 17 separate ambitions but highly interlinked challenges requiring coordinated 
action



• Energy for fertilizer 
production

• Energy required for field 
preparation and harvest

• Biomass for biofuel 
production and other energy 
uses
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• Water for biofuel crops  (rain -fed and 
irrigated)

• Water needs for food, feed and fibre 
crops (rain-fed and irrigated)

• Energy for water processing and 
treatment

• Energy for water pumping
• Energy for desalination

• Water available for hydropower
• Water for power plant cooling

• Water for (bio-)fuel processing

CLEW framework

 Basic idea: the land, energy and water resource systems are highly integrated 

and any assessment of these resources should ideally treat them as such



 2009-2010: Basic idea developed with partners from UNIDO, IIASA, SEI and KTH;

 2011: First case study Mauritius assessing cross sectoral impacts of biofuel policy;

 2012: Side event at Rio +20;

 2012-2015: CRP conducted with 10 participating countries (Australia, Brazil, Cuba, 
Germany, India, Lithuania, Mauritius, South Africa, Syria and Thailand);

 2014: special chapter on “ The climate-land-energy-water-development nexus” in 
the  UN Global Sustainable Development report 2014; 

 From 2015: Increased interest in CLEW associated with Agenda 2030 for SD due to 
its relevance for the SDGs;

Brief history of CLEW at the Agency



Highlights of 2016
 Launch of UNDESA capacity building program on “Modelling Tools for Sustainable 

Development Policies” and associated web platform at UNHQ in New York;

 CLEW model used in World Bank project in Mauritius;

 Development of CLEW training material;

 Delivery of CLEW training during workshop on “Modelling tools for Sustainable 
Development”; First collaboration with UNDP on CLEW;

 Mission to Uganda to discuss progress on national project and develop plan for 
completion of project ;

 Scoping mission to Ghana in collaboration with UNDP and UNDESA to conduct situation 
and problem assessment and plan national CLEW project;



Plan for 2017

 Completion of national projects in Nicaragua and Uganda;

 4 new national projects in Ghana, Mongolia, Bolivia and Mexico;

 Publication of CLEW synthesis report.



Mauritius case study

Issue:
Sustainable development
Vulnerability to climate change

Options: 
Renewable electricity targets
Renewable fuel targets



Mauritius case study

28% of land

60% of water

60% of electricity

??% of liquid fuels

Sugar industry



Mauritius case study

Source: Howells et al, 2013

Policy: Renewable ethanol production

2030
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Mauritius case study

Source: Howells et al, 2013

Policy: Renewable ethanol production
2030



The CLEW framework

• The aim is not to:
– Forecast or predict
– Be prescriptive

• But rather to provide 
stakeholders with:
– Insights into key inter-

linkages and dynamics of 
the energy-food-water 
nexus

– Robust findings to support 
cohesion in policies and 
measures



Life cycle assessments of electricity 
generation technologies



Assessment approach 
 Technologies

• Coal and gas (with and w/o CCS), Photovoltaic power, Concentrated solar power, 
Hydropower, Geothermal, Wind power, Nuclear energy, Biopower

 Life cycle perspective (from cradle to grave)
• Extraction of raw materials, Fuel supply chain, Production of power plants, 

Transportation, Operation, Maintenance, Decommissioning

 Indicators
• Environmental impacts (GHG mitigation potential, eutrophication, acidification)
• Resource (water and land) and material use (iron, copper, aluminium, cement)
• Waste generation
• Human health impacts



Water use

 With the exception of biomass and CSP, less water withdrawal 

is needed for renewables as compared to conventional power



Land occupation
 Nuclear and gas-fired electricity technologies have the smallest land 

footprint

Source: based on UNEP database, 2017



Life cycle assessment of long term 
electricity scenarios

 Select environmental impact indicators
• Region / technology based

• Indicators reflecting technology improvements in the energy sector 

over the modelling period

 Vintage the indicators in the energy system model

 Perform scenario analysis

 Analyze long-term environmental implications



Scenarios for the future global energy 
mix: Particulate Matter exposure

Source: UNEP, 2015



CRP on the Assessment of the potential role 
of Nuclear Power in National Climate Change 
mitigation strategies



CRP – Collaborative Research Project
Assessments of the Potential Role of Nuclear Energy in National Climate 

Change Mitigation Strategies 
 Time frame: 2017-2020;
 Countries: Armenia, Australia, Chile, China, Croatia, Ghana, Lithuania, 

Pakistan, South Africa, Viet Nam, Turkey, Ukraine and USA;

 The overall objective of this CRP is to support Member States in national 
level evaluations on the potential role of nuclear power in GHG mitigation in 
preparation of their NDCs under the Paris Agreement. Another important 
objective is to develop analytical framework for the assessment of support 
mechanisms to address investments in low carbon technologies, including 
nuclear;

 Outputs: analytical / methodological frameworks, country case studies



1st Research Coordinated Meeting, 
March, 2017

 Direct or indirect involvement in NDCs preparation: Australia, Chile, Croatia, 
Lithuania, Viet Nam;  

 Majority of countries’ proposals converge into long term scenario analysis
of their energy systems;

 In addition, some countries will also include LCA indicators (environmental 
and social) and methodology to analyze various support mechanisms for 
low carbon investments;

 Some countries will also include input-output analysis, statistical methods 
and general equilibrium models.



Thank you!



Back up slides



Simplified illustration
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The CLEWs framework
• Time horizon typically one or more decades

– Intended for longer term assessments and studies
• Bottom-up analysis

– Representation of physical systems
– Full value chain (e.g. “well to wheel” or “field to fork”)
– Identify cost-effective strategies subject to constraints

• Scenario based analysis
– Explores alternatives, risks and uncertainties through scenarios and sensitivity 

analysis
– Assesses the role of technology and technology change
– Tests policies and measures

• Flexible
– Model user chooses system boundaries
– Model user chooses level of detail
– Model user chooses geographical coverage
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