Reservoirs — water consumers or collectors?
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Water consumption - what
raised the attention?

ipcc
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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)’




Water consumption from energy generation:
Source: IPCC SRREN, 2011
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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.
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ISO 14046 Water Footprint

——— DRAFT INTERNATIONAL STANDARD ISO/DIS 14046

:Emi ISOITC 207TiISC 5 Secretariat: AFNOR

—_— Voting beginz on Yaoting terminates on
2013-03-18 2013-06-18

INTERMATIONAL ORCANTATION FOR ETAMCARDIATION » MESIYHARPOIHAA OPTASMIALBH MO CTAHOAPTHASAIMA  » ORCANEATION INTERNATIONALE DE HORMALISATION

Environmental management — Water footprint — Principles,
requirements and guidelines

Management environnemental — Empreinte eau — Principes, exigences ef lignes direcirices

Might affect the energy sector in a similar way as carbon
footprint assessments
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On-going scientific debate

« Bakken et al. (2013) claims the methodological framework is
Immature and presents a biased picture. Has received support
from e.g. Demeke et al. (2013), Chenoweth et al. (2014).

« ‘LCA-based scientific communities’ claim hydropower production
IS globally a large water consumer, e.g. Gerbens-Lenes (2009),
Mekonnen and Hoekstra (2012).

« High water consumption values can be

observed in water-stressed regions, but this is | “jjy. . o
also where the reservoirs are most needed I |Hi|l||l (T e
(Weichert, 2013). 5 T R
|m|§| L —
- Reservoirs are needed to mitigate the effects |+ R SRS
of climate change on the water resources (e.g. % mw

IPCC, 2008)
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ICOLD-database

Contains information on a large number of dams
> 15 meters

Holds information such as installed capacity,
energy production, dam characteristics, country
of location and purpose

 single versus multi

* main purpose

* secondary purpose

Non-complete in terms of properties

Other sources estimate the total number of dams
> 15 meters to be around 45 000 world-wide
(ICOLD-web: ~ 50 000) n=39188 by June, 2014

n=39064 for our study
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Overview of purposes

No of reservoirs

Single versus multipurpose

25000 B Multipurpose
W Single purpose
20000
15000
10000
- I I
0 ‘ l l
O ]
'Q'é ° é’ '00 %00 Q 0
‘o'Q b(.-o (\% “\QP ée‘ ‘9 \QS\
o N P & & S
Q:\ Q° &2

Approx. 75 % of the
reservoirs are single
purpose

The most frequent
purpose: Irrigation

The second most
frequent purpose:
Hydropower




9.4%

0.3%

Distribution of single purpose

Hydropower

H Flood control

M Irrigation

B Navigation

M Recreation

m Water supply

Unknown

Source: ICOLD database

~ 45 % of single-purpose
reservoirs are for irrigation

~ 20 % of single-purpose
reservoirs are for hydropower
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Multipurpose with given function (n=9701)
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Reservoirs summed up

The majority of reservoirs are single
(75%) and irrigation is the dominating

Falkenmark indicator

14000 -

purpose
- Scarce areas, 500-1000 m3/capita/year

e 1T Stressed areas 1000-1700m3/capita/year
g wom | e | Irrigation, flood control, hydropower
s 5000 - and water supply are all common
5 oaon functions of multipurpose reservoirs

o0 | .- | B Very few reservoirs with single or

N1 | | _h._=n main purpose hydropower are located
mipone | ostcontol | pion | nsgeton | seceston | wnersomy| woon ||| IN WALEr-SCArce regions

CEDREN Centre for Environmental Design of Renewable Energy



Study of water management and
the role of reservoirs in Turkey




Case study Kizilirmak River Basin, Turkey




Kizilirmak River Basin

/ Rivers
€] Lakes/reservoirs
/ Catchment boundaries




concerns

How much water will be available for power
production in the near and long-term future?

« Climate change and the effects on water
« Land use changes/irrigation practice
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Monthly water flows

EIE 1533 (In6z0 gauging station
Mean monthly discharge between 1961 and 1989

mMean discharge (m3/s)

EIE 1503 (Yahsihan gauging station)

Mean monthly discharge between 1939 and 1986
Missed years: 1960, 1961, 1962, 1969 and 1970

mMean discharge (m3/s)
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EIE 1501 (Yamuloa gauging station)
Mean monthly discharge between 1970 and 2000

mMean discharge (m3/s)

Discharge (m3/s)

EIE 1535 (Séqoiiiihan gauging station

Mean monthly discharge between 1963 and 2008
Missed years: 1979 and 1980

mMean discharge (m3/s)
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Model setup (WEAP)
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Scenario definition

Scenario name Temperature | Precipitation Irrigation
summerWinter | Summenr/Winter

scenario 1A (year 20507 +2.5/+1.5 -5% /-2.5% No additional

Scenario 1B ('year 2050 +2.5/+1.5 -5% /-2.5% Increased

Scenario 2A ('year 2090% +3 [ +2 -10% / -5% No additional

Scenario 2B (year 20907 +3 [ +2 -10% / -5% Increased

scenario 3 ('year 20907 +3 [ +2 -10% / -5% Increased

Source: IPCC, 2013: Annex |
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lllustration — sensitivity to

climate change
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results

Simplistic calculation
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lllustration — sensitivity to B Precipitation
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Conclusions

« There is clear competition over water between hydropower production
and irrigation in Kizilirmak River Basin, Turkey

« The effect of climate change and irrigation will reduce the available water
resources for hydropower production significantly. Similar trends found
also by e.g. Milly et al. (2005), IPCC (2008), Maestre-Valero et al. (2013)

« The effect of climate change is stronger than the effect of continuous
withdrawal/consumption in the agricultural sector in parts of the basin

« Small changes in climate will potentially make big changes in runoff
when low runoff coefficients (low effective rainfall/high evaporation)

* Integrated assessment of the water resources needed in order to plan
the mid- and long-term hydropower resources/production

« The risk profile of the investment portfolio is to a large extent affected by
the location of the HP prospect compared to other water users

’ fm
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If hydropower Is a water consumer or not?

* The purpose of the reservoir must be investigated
« Allocation needed in case of multipurpose use
 NET effect important

» |nvestigate the tradeoff between the increased availability of the net
loss of water due to evaporation

Kizilirmak River Basin, Turkey

EIE 1535 (Sddgoiiiihan gauging station)
M thly disch bet 1963 and 2008
oY ST T Lake Nasser, Aswan, Egypt
ischarge (m3/s) 110
51 100
"‘51
%%a — W] 90
& [
a §§ 77 E E | Q 80
T = = w | d 0
R T T S S S S ncrease 37'
gﬁ\;b Qo@m R N e @é" Oééo 4”6\“ nmé"o . A = 3 by
- A availability, 5 6 }
Q2
but 35
. d o, \
EIE 1533 (Indzii gauging station) Increase X y
Mean monthly discharge between 1961 and 1989 I - 30 Lake Nasser Release
eeeeeeeeeeeee (m3/s) OSSGS
— 20
~§ — R 10
T —— 0
S120 1 ———— v r T T T T T
Cf"hn Bm Em Bm Bm Bm Bm Bw Bm Bm B Em 1910 1920 1930 1940 1950 1960 1970 1980 1990
PO &‘a‘ o & 9@ Q‘Q&‘
< gf 00

Evaporative losses



Documentation

Submitted: J of Water Resources Management

Submitted: ICOLD2015 conference

Are reservoirs water consumers or water collectors?
Reflections on the water footprint concept applied on reservoirs

Authors: TH. Bakken' * (corresponding zuthor), F. Kjosavik* ©2, A Killingtveit' & K. Alfredsen®

" Norwegian University of Science and Technolpey, Department of Hydraulic and Environmental
EnEmeermE NO-7491 Trondheim, Norway. Cotrespondmg author: torhba];]xen@gmun [ Tel: +47
95156944

* SINTEF Energy Research, NO-7463 Trondheim, Norway

1 INTRODUCTION

IPCC (2011) presented an extensive review of the potential for renewsble energy sources to replace
fossil-based fuels and also benchmarked the differsnt remewable technelogies. One of the benchmark
criteria were the water consumption of electricity production or the water footprmt. IPCC (2011)
revealed potentially very high water consumption rates from hydropower compared to the other
renewables, up to 2 mavimum of 209 m’ HIWh due to evaporative losses from the reservoir surfaces,
but it was noted that only 2 very few studies were availzble and 2 number of methodelogical problems
were identified. More recent publications (eg. Mekonnen and Hoekstra 2012; Demeke et al. 2013;
Bakken et al. 2013) present new estimates on water consumption from hydrepowsr projects far
beyond those earlier published by IPCC (2011), but do not provide 2 more consistent picture of the
“true water consumption of hydropower”. In the upper range, Mekonnen and Hoskstra (2012) fmd that
the sum of evaporated water (water footprimt) of 2 sample of 33 evaluated hydropowsr reservorrs i3
similar to 10% of the global blue water footprmt from crop production and thersfore argue that
production of hydreelectricity 15 2 large-seale water consumer. Smilaly, Getbens-Lesnes et 21, (2009)
has caleulated very high global values for water consumption from hydropower production. Studies
within this field of science have, hewever, has 2lso been criicized (g Demeke ot 2 2013;
Chenoweth et 21 2014; Balden et 2l 2013) due to its weak methodological basis. Given the fact that
there iz 2 prowing interest i zssessing the water footprint of various products, with reference to for
instanee the on-going development m ISO Water Footprint standard (IS0 14046 2014), we fnd it
teasonable to present our views on the relevance of assessing the water footprint of reservoirs with
hydropower production. Befors we continue the discussion we would recall the purpose of reservoirs
that are to store water from the wet to the dry seasen” i order to supply water of sufficient quantities
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1. INTRODUCTION

Turkey has vast hydropower resources calculated to 16 % of Europe’s
theoretical hydropower potential and 1% of the world total. Turkey's viable
hydroelectric capacity potential is estimated at 35 GW and the installed capacity
is by 2010 15.1 GW, of which 12.6 GW is reservoir hydro and 2.5 GW run of river
hydro (ECON POYRY, 2010). Turkey has exploited close to 43% of its viable
hydroelecfric potential and the goal of the Turkish government is to utilize all
technically and economically viable hydropower by 2023. There are cumrently (by
year 2010) 444 hydropower projects with a capacity larger than 3 MW under
development. The demand for electricity in Turkey has increased steadily by
more than 8 % each year since 2000.
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