
1

www.ecn.nl

Solar energy,water and food
in the context of  REN21; focus on Sub - Saharan 

Africa

Huis van Europa  middag

Den Haag

23 juni 2017

Paul van den Oosterkamp

ECN, Policy Studies, Amsterdam

Outline

• Global risks landscape

• Energy and water Nexus

• Global Status Report REN21: the main findings

• MENA and Sub-Saharan region

• Solar energy : PV and CSP

• What can we do as the Netherlands, Europe ?

• Concluding remarks

Global risks landscape

Source: Global Risks Report, 

World Economic Forum, 2014.

The relationship of energy, water and 

food

• Energy, water and food resource systems are fundamentally 
interrelated.

• We need energy to produce essentially all forms of food and to treat 
and move water.

• We need water to cultivate food crops and to generate essentially any 
form of energy.

• We need food to support the world’s growing population that both 
generates and relies on energy and water services.

• Land availability also constitutes an important element in each of these 
three resources, e.g. for crop production for food or energy purposes. 

• This intricate and variable relationship is since recently referred to as 
the “Energy-Water-Food Nexus”.

For example

Quite generally, for some analysts it would refer to:

• Mutual linkages between energy and (fresh) water production.

• Interdependence of biomass (land-use) for energy resp. food supply.

• Effects of climate change on power plants and crop yield.

More specifically, for others it would mean:

• Hydropower is subject to water availability and variability.

• Wind turbines can be built on dikes and dams.

• Some biofuel options require lots of water (rain or irrigation).

• Industry is generally a water-intensive sector.

Fresh water is the issue

Data sources: Shiklomanov, 1993; UN FAO Aquastat Database; Graedel et al., 2014.
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Water stress

Renewable water resources per year per capita (m3, 2010).

Source: UN WWDR, 2014; UN FAO Aquastat database.

Our Water- Energy Nexus study

• We have made an overview of the existing literature and expertise in 
this domain, which encompasses many different aspects.

• We have indicated where the current shortcomings and gaps are in the 
knowledge about this subject.

• We have analyzed the water requirements for a broad range of energy 
technologies, particularly those relevant for ECN.

• We performed a regional inspection contrasting several scenarios for 
energy-water needs in the Middle East against local water availability.

• We presented our work at workshops, such as in Hanoi (Vietnam) and 
Thimphu (Bhutan), in view of gaining regional Nexus insights.

The main focus of this study

• In our report we especially focus on the water needs of energy supply.

• Therein we are mostly interested in the power sector.

• We thus do not go into much detail for a range of other issues.

• These include the environmental impacts from energy on water.

An important distinction needs to be made:

• Water use / requirements: withdrawal versus consumption.

• Water withdrawal: volume of water removed from a source.

• Water consumption: volume of water removed from a source but not 
returned to it (e.g. due to evaporation).

• Water discharge: the difference between these two: volume of water 
withdrawn that is returned to the source (but typically degraded).

A thermal power plant: 

Rankine cycle

Energy technology: water withdrawal

Data source: our literature review.

Not only large differences in water withdrawal levels exist between different types of 

electricity generation technologies, but especially between different cooling options.

Energy technology: water consumption

Not only large differences in water consumption levels exist between different types of 

electricity generation technologies, but especially between different cooling options.

Data source: our literature review.
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Report and article

Halstead, M., T. Kober, B. van der Zwaan, 

Understanding the Energy-Water Nexus, 

ECN Report no. ECN-E-14-046, Sept. 2014, 

Petten, The Netherlands.

http://www.ecn.nl/publications/ECN-E--14-046

van der Zwaan, B., M. Halstead, T. Kober, 

“The Energy-Water Nexus”, WEENTech, 

Bhutan Journal of Research and 

Development, 2015.

Africa: TIAM-ECN model

Cost based 

analysis 

with 

multiple 

scenarios

Application: power supply Middle 

East and the Paris Climate agreement

What are the water withdrawal and consumption implications of these possible 

scenarios, if the same cooling techniques are used for future deployment?

Middle East: water withdrawal

By 2050 various CCS options (and nuclear power) become major water withdrawers.   

Middle East: water consumption

By 2050 CSP technology and various CCS options become major water consumers.   

Findings and recommendations of the 

study

• The type of cooling is at least as determinant for the water needs of 
power production options as the type of energy technology used.

• There are large uncertainties and many gaps in the literature regarding 
water use of different energy technologies.

• Scenario analysis can provide insight in the water implications for 
regions or countries of different energy technology deployment paths.

• Since in some regions or countries, water is (becoming) as important as 
energy supply, joint analysis / optimization / policies are necessary.

• Our impression is that, while substantial stress points may exist in some 
places, only few are totally insurmountable: costs are key.

• Integrated Assessment Models (IAMs) may be useful, as they allow for 
analyzing trade-offs between costs, efficiencies and emissions of 
energy, and perhaps in the future also availability and costs of water.
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Observations & implications for the 

MENA and Sub - Saharan region

• The MENA and Sub-Saharan region a large region with lots of 
heterogeneity in terms of both energy and water issues.

• In all MENA and Sub/Saharan countries (like elsewhere in the world), 
energy planning should include analyses of water needs and 
implications.

• There are multiple linkages between energy and water systems, that 
should be carefully considered so as to avoid resource bottlenecks.

REN21 is a global multi stakeholder network dedicated to the 

rapid uptake of renewable energy worldwide.

Industry Associations:
ACORE, ALER, APREN, ARE,

CREIA, CEC, EREF, GOGLA,

GSC, GWEC, IGA, IHA, IREF,

RES4MED, WBA, WWEA

Science & Academia:
Fundacion Bariloche, IIASA, ISES, NREL, 

SANEDI, TERI,
NGOs: 
CAN, CEEW, FER, GACC, 

GFSE, Greenpeace 

International, ICLEI, ISEP, 

MFC, SLoCaT, REI, WCRE, 

WFC, WRI, WWF

International 

Organisations:

ADB, APERC, ECREEE, 

EC, GEF, IEA, IRENA, 

RCREEE, UNDP, UNEP, 

UNIDO, World Bank

National 

Governments:

Afghanistan, Brazil, 

Denmark, Germany, 

India, Norway, 

South Africa, Spain, 

UAE, UK, USA

Total global capacity was up 

9% compared to 2015, to more 

than 2,016 GW at year’s end 

(920 GW not including hydro)

➜ Solar PV - 47% of newly 

installed renewable power 

capacity in 2016

➜Wind - 34%

➜ Hydropower - 15.5%

Global Status Report REN21: the main findings

By year’s end, 

renewables 

comprised an 

estimated 30% of 

the world’s power  

generating  

capacity and 24.5% 

of global electricity 

demand

Power Sector

Auctions are the most 

rapidly expanding 

form of renewable 

energy policy support.

Renewable energy 

auctions held in 34 

countries in 2016 –

more than double the 

year before

Renewable Energy Policy Landscape

75 GW of solar PV 

capacity was added 

worldwide

Global solar PV capacity 

totaled

303 GW

Solar PV
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Total capacity of 

water collectors 

increased by 5% to 

456 GWth

Solar heating and 

cooling 

technologies have 

been sold in at least 

127 countries

Solar Thermal Heating and Cooling

38% of global 

population are 

without clean cooking 

facilities - approx. 2.7 

billion people

Distributed Renewable Energy for 

Energy Access

Sales of off-grid solar 

systems reach 8.1 

million units 

worldwide

Sales were highest in 

sub-Saharan Africa, in 

particular in East 

Africa

Distributed Renewable Energy for Energy Access

Solar energy :  PV
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Basic solar cell structure
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Where are we now?

Commercial PV technologies

30

Flat plate: wafer-based silicon

(market share >90%)                 
- monocrystalline

- multi-crystalline (& quasi mono)

Module efficiencies 16 ∼ 22%
Ridder Solar

Concentrator (market share <1%)
- multi-junction III-V semiconductors

- silicon  

Module efficiencies 25 ∼ 35%

Abengoa/ConcentrixFhG-ISE

First SolarHyET SolarWürth Solar / Manz

City of the Sun (NL)

Flat plate: thin films (market share <10%)

- silicon

- copper-indium/gallium- diselenide / sulphide (CIGSS)

- cadmium telluride (CdTe)

Module efficiencies 8 ∼ 16%
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Module price-experience curve

Effects of volume and innovation

31

19-23% price decrease for every

doubling of cumulative installed

capacity

Solar thermal power system

Solar thermal power system

Solar Energy: Fundamentals, Technology, and Systems, Arno Smets et al

Delft University 2014

Solar concentrators

Solar Energy: Fundamentals, Technology, and Systems, Arno Smets et al

Delft University 2014

Types of concentrators : 

Parabolic through

Solar Energy: Fundamentals, Technology, and Systems, Arno Smets et al

Delft University 2014
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Type of concentrators : Fresnel

Solar Energy: Fundamentals, Technology, and Systems, Arno Smets et al

Delft University 2014

Type of concentrators : Dish 

stirling

Solar Energy: Fundamentals, Technology, and Systems, Arno Smets et al

Delft University 2014

Type of concentrators : Power 

towers

Solar Energy: Fundamentals, Technology, and Systems, Arno Smets et al

Delft University 2014

Plataforma Solar (Spain)

Solar Two project (California)
Weizmann Institute (Israel)

CSP costs are related to 

capacity and storage time (hrs)

Typically, 20-60 $ cts/kWh

What can we do as the 

Netherlands ?

• Provide capacity building, technical training

• Advice on non- regret options for a particular country

• Asssist in project implementation

• Provide support to international organisations (UN : UNFCC, Green 

Climate Fund, CTCN)

• Assistance through the ENDEV program

• Combined knowledge of water and energy matters

ENDEV : Energising development
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Conclusions

• The energy landscape is changing rapidly

• Water and energy (and food) are interlinked

• Solar energy is a non- regret option for most countries

• Solar PV and CSP are lean water options

• A sound approach for water and energy will also have a mitigating 

impact on the overall risk landscape

• Capacity building and technical assistance can be offered from the 

Netherlands

• International programs (CTCN, ENDEV) are existing instruments to 

enhance transfer of knowledge and initiate local acces to sustainable 

energy
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