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What did we do in Project S14-5(2)7

Mission: Establishing theoretical and technical foundation for
coupling Global Hydrology model HO8 and CGE model

Pl: Dr. Hanasaki Naota
Dr. Zhou Qian

Focus: Water constraints on global hydropower and thermoelectric
supply capability under climate change
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Background: hydropower supply

o Currently, hydropower is a dominant renewable resource due to its

low cost and low greenhouse gas (GHG) emissions (IEA, 2012).

* However, hydropower potential is effected by climate change




Background: thermal power suppl

Climate change

Cooling water shortage

Thermal power plant
shut down
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How climate change constraints hydropower and thermal power

supply capability through water ?
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Due to global warming, it is concerned that cooling water for thermoelectric generation would be ny
short more frequently in many pllocs of the world. We used a Computable General Equilibrium (CGl
model to quantify the soc ¢ impact of a hypothetical shock of capital productivity, whi
represents shoriage of cooling water on thermal power geuemmn plants. The result showed that 1

de of electricity ion change and economic indicaters change due to 1% capit
productivity reduction were varied by region. The mean clectricity generation loss was largest in Southea|
Asia and smallest in North Africa when an identical shock was given to all regions throughout t

ion period. Consi regional di in GDP and electricity price were atiributed Lo n
only the u\pm\l prormﬂwury. but also the amount of capital in thermeelectrie sector and its contribution i
inte the global economy. These findi
the economic consequence of cooling water shortage.

("DI" sector shock
the signi in quantifyi

Key Words : cooling water choviage, thermoslectic sectovs. capital productivity, CGE modsl

1. INTRODUCTION

Fresh water is indispensable to sustain humans®
lives and society. Among: various use of water, pawer
plant cooling is one of major water usages in the
world.  Globally 199 Elfyr of electricity is
produced’). Among various technology, 16.5 Elfyr
(R1%) was generated by thermal power in 20107,
Here the primary energy sources of thermal power
includes gas, oil, coal, nuclear, and biomass. The

Zhou et al. 2017

Climatic Change
Economic consequences of global climate change and mitigation on future hydropower
gener_atlon
—Manuscript Draft—
CLIM-D-16-00501R2
Economic con:
generation
Rasearch Arfi
Gian Zhau, Ph
Mational Instif
Tsukuba, Ibarg
MODEL-BASED ANALYSIS OF IMPACT OF
CLIMATE CHANGE AND MITI
National Instit HYDROPOWER
(Gian Zhou, PH Qian ZHOU', Naota HANASAKIZ, Shinichiro FUTIMOR]
and
Yasuaki HUTOKAS
Gian Zhou, Ph
Macta Hanasal ‘l‘l\[emhy 0f TSCE, Dr. of Exv., Natiomal Institute for Envirg
Afermber of TSCE, Dr. of Enz., National Institute for Envirg
Shinichiro Fuji *Mamber of TSCE, Dr. of Eng, Netional Instimte for Envirq
L “Member of JSCE, Dr. of Sci, National Instinnt for Envir
Yoshimitsu Mz 5 - "’ X
Mamher of TSCE, Dr. of Eng,, National Institute for Envirg
Yazuaki Hijiok (16-2, Onogawa, Tsukuba, Ibaraki 305-8506, Ja|
The Environm| To mwvestigate the impacts of climate change and nutigation
Technalogy D) Zemeration, we anzlyzed the global theoretical hydropower potential (TH
the Ministry off kydrologieal model H03 and the hydropower generation (HG) dats
Integrated Model'Computable General Equilibrium (AIM/CGE) model|
Indy 22T changz would moderataly ineraase the global total THP and socicecon|
pawer supply. inerease global total HG. Stringent mitigation policy would further incre:
[REL=T is much smualler than that of HG. Thers are large varistions of incresse
models. In tnig climate change scenarios and periods. The quantified influsnce demeonst]
under two ph H08 and ADMCGE.
Integrated Mod
quantify the eq
an '{yﬂmm- Koy Werds : Climare changs, mirigation policy, theovstical hydropowsr
ﬁ;ddmmc:‘: sconomically exploitabls capability
was litfle overg
the MAHG avg
in RCFE.5). 1. INTRODUCTION precipitation,
product (GDF) change and vari
mifigation poli Hydropower is 2 dominant renewable source to  toward optimel
h i generate electricity in the world today. Curently, — sustainabilify an
e hydropower accounts for 16% of the worldwide ~ To begin
Er:‘:jum electricity power supply and 86% of the total technical terms
postive = renewable electricity ensrzy source!). This is due to Theoretical
regiens its low cost, low greenhouse gas (GHG) emussion,  total potential ¢
and relatively high reliability compared to other —maximum hydr|
renewable source of energy. condition (ie.
Climate change 1s a big concem of the society. To  completely con|
stabilize the climate, considerable reduction of GHG  losses).
emission 1s required accompanied by gradual shift Economical
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other hand, hydropower 1= dependent on streamflow  and expected lo
which 15 mfluenced by hydrological change (e.g. Present  situf
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major source of cooling waler is seawaler
plants located near seashore and fresh water
in inland. For example, in USA, 222 kn
surface and ground water was withdrawn in
cooling waler, which accounls for 45%
national total withdrawal®.

Availability of cooling waler is crucially in
in electricity generation. Indeed, shorlage
waler and increase in ils  waler lem]
influenced the operation of plants. In 2007,

Thermal power 2 and 3

On the way......

Under preparation




Hydropower 1

Model-Based Analysis of Impact of Climate change and
Mitigation on Hydropower

Qian ZHOU, Naota HANASAKI, Shinichiro FUJIMORI, Yoshimitsu MASAKI
and Yasuaki HIJIOKA

National Institute for Environmental Studies

MiILAI o

Strategic Research on Global Mitigation and
Local Adaptation to Climate Change [S-14] NIES japan

&

ASIA-PACIFIC INTEGRATED MODEL




Research Questions

This paper aims to address following research questions:

e What is the state-of-the-art knowledge on the impact of climate change on
hydropower?

e What are the potential key interactions of combining physical models and economic
models in terms of hydropower in global and regional scales?

 How significant such interactions are?
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Fig.1 Framework of this study
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Is climate change impact on hydropower potential is negligible?

How to quantify economy consequence of hydropower potential change?
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1. INTRODUCTION major source of cooling waler is seawaler|
plants located near seashore and fresh water

Fresh water is indispensable to sustain humans®  in inland. For example, in USA, 222 kn
lives and society. Ameng various use of water, power  surface and ground water was withdrawn in
plant cooling is one of major water usages in the  cooling waler, which accounts for 45%

world. Globally 19.9 Eljyr of electricity is  national total withdrawal®.
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produced’). Among various technology, 16.5 Elfyr
(R1%) was generated by thermal power in 20107,
Here the primary energy sources of thermal power
includes gas, oil, coal, nuclear, and biomass. The
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Availability of cooling waler is crucially in
in electricity generation. Indeed, shorlage
waler and increase in ils  waler lem]
influenced the operation of plants. In 2007,
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Methodology

How to quantify economy consequence of hydropower potential change?

(a)  step1:Physical model Step 2: Economic model
Climate Change Scenarios Mitigation Policy Scenarios
HO8 »  AIM/CGE
RegiDnEﬂ MAHGRCFZ.E EII‘Id MAHGRCFE.E HG GDP

ATM Exogenous parameter for AIM/CGE: MAHG Endogenous variable




ReS U ItS Hydropower Generation change
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ReS U ItS Why GDP changes is different in these regions?
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ReS U ItS GCMs uncertainty analysis for GDP
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e In 2007, nuclear and coal-fired plants in the Tennessee Valley Authority

system were forced to shut down or curtail operations because intake water

exceeded 90 F (32.2° C) for 24 hours

* In 2003, France lost the electricity production of 7% to 15% of nuclear

capacity for 5 weeks (DOE, 2012)
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Research Question

 What is the socio-economic consequence of giving a certain intensity of
shock representing the shortage of cooling water in thermal power sectors

under the framework of a computable general equilibrium model?

e How the shock in thermal power sectors propagates into the global economy.
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Method: Framework

- How to numerate cooling water shortage for CGE input data?

- How to connect cooling water shortage with CGE model?

Impact thermoelectric power generation Economic impacts

______________________________

' SSP2 (GDP, Populatmn)

______________________________

Thermoelectric
power plant shut |-

Electricity structure,

Cooling water
Economy loss,

shortage d davs/ ..
own Aavs yr AIM/CGE model Electricity exchange
............. ]
Hypothetical Shocks:

4 days/year power plants shut down: 4/365=1% reduction
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Result: How were electricity and GDP changed?

Thermal electricity change (%) Mean electricity change (%) Thermal electricity share in 2005 (%) GDP change (%)
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EU25
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Fig. 3
(a) Thermal power change compared with baseline in 2050 in ARAY scenario.
(b) Mean difference in electricity generation (EG) from the baseline (between 2005 and 2100).
(c) The rate of thermal electricity production to total electricity production in 2005.
ﬁﬂMDP change compared with baseline in 2050 in ARAY scenario
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Economic consequences of global climate change and mitigation on future hydropower
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1. INTRODUCTION
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Here the primary energy sources of thermal power
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cooling waler, which accounls for 45%
national total withdrawal®.

Availability of cooling waler is crucially in
in electricity generation. Indeed, shorlage
waler and increase in ils  waler lem]
influenced the operation of plants. In 2007,
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Thermal power 2 and 3

Topic 1: Global thermal power usable capacity reduction from

cooling water consumption shortage attributable to climate
change

Topic 2: Economic consequences of cooling water shortage

impact on thermoelectric supply capability under climate
change
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Results U SA GCM: MIROC Data: 2005-2100
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Summary

e (Climate change impact on hydropower and

thermoelectric potential should not be negligible in IAM
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