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What raised the attention?
IPCC Special Report on Renewable Energy
(2011):
- What is the potential for renewable sources to
replace fossil-based fuels?
- The different technologies benchmarked with
respect to various criteria, including ‘water
needed to produced 1 MWh electricity (water
consumption)’
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Wide range between minimum
and maximum of estimates
209 m3/MWh
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Main source of water losses:
evaporation from reservoir
surfaces
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Water consumption from energy generation:
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Very few data points (n = 2) from 4 sources, i.e.
Gleick, 1993; LeCornu, 1998; Torcellini et al.,
2003 & Mielke et al., 2010.

IPCC SRREN (2011) states
• Upper values for hydropower result from few studies
measuring gross evaporation values, and may not be
representative.
• Research may be needed to determine the net effect of
reservoir construction on the evaporation in the specific
watershed.
• Allocation schemes for determining water consumption
from various reservoir uses in the case of multipurpose
reservoirs can significantly influence reported water
consumption values.

Why this concern in the HP sector?
• The picture on hydropower is very inconsistent
• Very limited data/investigations and immature concept

• A fear that these numbers can be taken as ‘typical water footprint of
hydropower’
• Potentially a large reputational and business risk
• Might disqualify hydropower based on an unfair methodological basis
• The water footprint methodology seems to gain an increasing
foothold
Main source of water losses: evaporation from reservoir surfaces

Results from our review documented in:
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Proceedings of H09, IAHS-IAPSOIASPEI Assembly, Gothenburg,
Sweden, July 2013 (IAHS Publ.
362, 2013).
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Hydrology and Earth System
Sciences (2013)

Basis for calculations
1.

2.
3.

Selected benchmarks published –
Gross values

• ‘IPCC-values’
• US averages, based on 2
different datasets
• World average based on 2
different datasets
• 2 regional averages
(Arizona and NZ)

Single-plant studies – Gross values

Single-plant studies – Net values

Findings from our review of
published values
• The presented estimates are based on different methodological approach.
The dominating approach is the gross evaporation divided on production.
• Some of the newly published estimates are far beyond the earlier
published maximum values by IPCC (2011).
• Only three studies report both gross and net evaporation. In these cases
the net evaporation was 10-60 % of gross evaporation (water
consumption).

• One study give negative water footprint (according to the 'water balancemethod')
• Some studies are single-plant studies, while others have a very large
geographical extent, 'smoothening out' large variations in water
consumption values.

Findings from our review of
published values
• Some of the high estimates are from reservoir with irrigation as the
primary purpose and limited hydropower production, and/or large
(natural) lakes with limited withdrawal of water for HP production.
• One study attempts to assign water losses according to the water value
of the various uses (in multi-purpose reservoirs).
• Water consumption estimates are very sensitive to evaporation
estimates, and the qualities of these estimates are uncertain.
• The studies/publications range in quality.

Findings from our review on the
concept of assessment
• "No way" around the fact that HP has a large water consumption in
some regions, given the current approach (gross evaporation) of
calculating water consumption/footprint.
• But, are high water consumption rates problematic?
• No solution on how to handle "impacts" on the water resources, brief
sketches of concepts proposed by e.g. Ridoutt & Pfister, 2010;
Pfister et al., 2011; Hoekstra et al., 2011; Zeng et al., 2012.

Critique: Methodological problems (1/3)
1. Values are given as gross evaporation from the reservoir area. For dams
constructed on desert land, the net evaporation will be equal to the gross
values, but in most cases evaporation will be less, especially for dams in
wetland areas and areas with vegetation where the net increase may be very
limited.
2. Water stored in 'hydropower' reservoirs is often used for multiple purposes;
thus the evaporation losses should not all be assigned to the hydropower
production.
3. Impacts from the water consumption/footprint is ‘ignored’.
4. Construction of dams is a very common way to improve the availability
of/access to water. Are reservoirs in arid regions not feasible due to high
water footprints?

Critique: Methodological problems (2/3)
5. How to set the right system boundaries in space and
time?
• One reservoir might serve several hydropower plants
• The production might vary a lot during the year and
from year to year – what is the temporal resolution
and span?

Critique: Methodological problems (3/3)
6. What about the use of existing lakes as reservoirs – should all evaporation
losses be assigned to the hydropower production?

7. Withdrawal versus consumption?

Inflow and outflow Lake Nasser/High Aswan
Dam, Egypt

Evapo
-ration

Source: Strzepek et al. 2008

Would you avoid reservoirs in arid
areas if high water footprints?

Hydropower water
consumption (WC)
estimates (n=80)
presented as blue
bars in the relation to
aridity index in the
upper pan, water
stress index (WSI) in
the center pan and
Falkenmark index
(FMI) in the lower
pan. (Weichert, 2013).

Characteristics of the High Aswan
Dam (Egypt)
• The reservoir has a storage capacity of
162 km³
• High Aswan Dam is a multipurpose
project and the main reason for
construction was to develop irrigation
systems for increasing rice and sugarcane cultivation.
• The construction of the dam enabled
perennial irrigation, whereby water is
available at any time throughout the
year.
• Other objectives enabled by flow
regulation of the Nile River are flood
protection, hydroelectricity generation
and improved navigation.
• Evaporation rates approx. 3000 mm/yr
• Has a very high water consumption, i.e.
6250 m3/MWh (due to high evaporation)
according to Demeke et al. (2013).

The value of the high Aswan Dam to the
Egyptian economy

The risk premium on the reduced
variability in flow is estimated to be:
• EGP 1.1 billion for a modest risk
aversion, and perhaps EGP 4.4
billion for a high risk aversion.
• The total gain of EGP 7.1 billion to
10.3 EGP billion equals 2.7% to 4.0%
of annual GDP in 1997.

Source: Strzepek et al. 2008

Climate change and reservoirs

Reservoirs are acknowledged as an important
part of the infrastructure in order to cope with
climate change to secure water supply in the
future (Bates et al., 2008).
In many regions climate changes will reduce
precipitation further and additional reservoirs
are necessary (Harman et al., 2005).
Climate change and population growth call for
more efficient and better strategies in
management of water, i.e. more, better
designed and operated reservoirs.

Summed up
• The recently published values vary a lot and new studies are even far
beyond values published by IPCC (2011).
• The concept of assessment appears to be over-simplified.

• It appears as a contradiction to assign water losses to reservoirs as
their main purpose is to increase the water availability for various
purposes.
• The impact of the (high) water consumption/footprint values should
be assessed, in a local or regional context.
• But, water losses occur and should be taken into consideration in the
planning and operation of reservoirs.

• Improved quantitative descriptions of reservoirs influence on water
availability needed
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