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China China EnergyEnergy Technology Technology ProgramProgram (CETP) (CETP) 

19991999--20032003
Funded by ABB in conjunction with „Alliance for Global 
Sustainability“ (AGS) of ETH, MIT, und Tokyo University

Goal: Development and application of methodology for
assessment of real impacts of the future electricity supply. 
Detailed case study for the Shandong Province.

Participants: Institutes from USA, China, Japan & Switzerland 
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CETP Objectives & ScopeCETP Objectives & Scope
• “To develop a global cradle-to-grave  methodology 

for analyzing the ‘true’ impacts of electric power 
generation, … using Shandong province as a case 
study.”
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Technologies & Technologies & BurdensBurdens -- ProblemProblem StatementStatement
• China is experiencing rapid economic

growth, and this trend is expected to 
continue. 

• Economic growth is accompanied by
increasing electricity demand, with
coal as the dominant source.
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• Burning coal leads to extensive air, soil and water pollution unless
environmentally friendly technologies are employed.

• CETP investigated the overall economic and environmental performance
of technological options under consideration for avoiding damages to 
public health and environment, focussing on air pollution.
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CoalCoal FieldsFields inin ChinaChina
((blackblack spotsspots))
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Results & Conclusions
Coal Chain

Base cases
GreenhouseGreenhouse gas gas emissionsemissions fromfrom currentcurrent coalcoal chainschains

0

500

1000

1500

2000

no
n-S

EPCO

<1
00 10

0

12
5

Hua
ng

da
o 2

10 30
0

60
0

Lo
ng

ko
u

Mix 
bu

sb
ar 

SEPCO
Mix 

bu
sb

ar 
SD

PC m
ix 

SX
PC m

ix 
Chin

a

G
H

G
 [g

 (C
O

2-
eq

ui
v.

) /
 k

W
h 

at
 b

us
ba

r]

Rest of
energy chain

Direct from
power plant

SEPCO MW-Classes

Source: Dones et al., 2003



Paul Scherrer Institut • 5232 Villigen PSI Hirschberg & Kypreos / Taiwan 4-7 April 2005

Results & Conclusions
Coal Chain

Base cases
SO2 SO2 emissionsemissions fromfrom currentcurrent & & futurefuture coalcoal chainschains

0

5

10

15

20

no
n-S

EPCO

<1
00 10

0

12
5

Hua
ng

da
o 2

10 30
0

60
0

Lo
ng

ko
u

60
0 +

 FGD Futu
re

AFBC
IG

CC

S
O

2 [
g 

/ k
W

h 
at

 b
us

ba
r]

Mining

Transport

Power plant

SEPCO MW-Classes
Source: Dones et al., 2003



Paul Scherrer Institut • 5232 Villigen PSI Hirschberg & Kypreos / Taiwan 4-7 April 2005

Full Chain Approach: Conclusions Full Chain Approach: Conclusions 

⇒ The environmental performance of present and future coal 
systems is the worst of all the energy chains considered.

⇒ The introduction of improved or advanced coal technologies 
may reduce significantly the harm to human health from 
airborne pollutants compared to conventional coal 
technology.

⇒ Rates of solid waste production from coal chains may not 
decrease for new coal power plant technologies, unless 
waste recycling is improved.



Paul Scherrer Institut • 5232 Villigen PSI Hirschberg & Kypreos / Taiwan 4-7 April 2005



Paul Scherrer Institut • 5232 Villigen PSI Hirschberg & Kypreos / Taiwan 4-7 April 2005

TheThe EcoSenseEcoSense ModelModel
Specification of
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Emission and Impact Emission and Impact AreasAreas
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Major Major HealthHealth ExposureExposure--ResponseResponse FunctionsFunctions
Receptor Impact Category Pollutant fer 
ADULTS     
 Restricted activity days 

 
PM10, 

Nitrates,  
Sulfates 

0.025 
0.025 
0.042 

 Chronic bronchitis PM10, 
Nitrates,  
Sulfates 

2.5E-5 
2.5E-5 
3.9E-5 

ENTIRE POPULATION   
 Acute mortality (YOLL) SO2  5.4E-6 

 Chronic mortality (YOLL) 
 

PM10, 
Nitrates,  
PM2.5, 

Sulfates 

1.57E-4 
1.57E-4 
2.60E-4 
2.60E-4 

 
fer, has units of [cases/(yr-person-µg/m3)] for morbidity, and [YOLL/(yr-person-µg/m3)] for mortality Source: ExternE 2000
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ValuationValuation

Monetary valuation methods for morbidity impacts:

• Costs-of-Illness (medical costs, loss of value of time)
• Willingness-to-Pay

Monetary valuation methods for mortality impacts:

• Willingness-to-Pay
• Human Capital Approach
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ValuationValuation –– ExamplesExamples

Health impact EU-15 China

Value of Statistical Life 
(ExternE)

3.1 Million 443‘000 US$

Acute YOLL 
(0% discounting)

110‘000

110‘000

116

178‘000

15‘710 US$/YOLL

Chronic YOLL 
(0% discounting)

15‘710 US$/YOLL

Restricted activity days 17 US$/case

Chronic bronchitis 25‘400 US$/case
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Paul Scherrer Inst./ETH, Switzerland
IER, University of Stuttgart, Germany
Source: EcoSense China/Asia
GIS Source: ESRI Data & Maps CD
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Paul Scherrer Inst./ETH, Switzerland
IER, University of Stuttgart, Germany
Source: EcoSense China/Asia
GIS Source: ESRI Data & Maps CD
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Paul Scherrer Inst./ETH, Switzerland
IER, University of Stuttgart, Germany
Source: EcoSense China/Asia
GIS Source: ESRI Data & Maps CD
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Monetary Damages

32.9
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Power Sector
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Shandong Morbidity Billion US$/a
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UncertaintiesUncertainties
Estimated geometric standard deviations:

 Chronic Mortality 
ExternE Europe 

(European 
Commission, 1999) 

Chronic 
Mortality China
(Hirschberg et 

al., 2003) 
Emission data 1.2 1.5 

Atmospheric modeling WTM 2 2 
Exposure-response function, 

original study 
1.3 1.3 

Transfer of exposure-response 
function to other region 

2 2.3 

YOLL calculation from mortality 1.5 1.8 
Latency 1.4 1.4 

Population data - 1.1 
   

Total (without monetary valuation) 3.2 3.9 
 

Source: Hirschberg et al., 2003
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China China EnergyEnergy Technology Technology ProgramProgram
„„TrueTrue“ “ costscosts forfor powerpower plantsplants in in ShandongShandong ProvinceProvince and Chinaand China
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ConclusionsConclusions
• Health impacts of air pollution in China are extraordinarily

high. Associated mortality effects result in 9.1 million years of 
life lost per year in China.

• Secondary particulates dominate the impacts.
• The overall losses due to these damages are of the order of 

6-7% of GDP.
• Mortality effects per ton of SO2 emitted in Shandong 

Province are about 11 times higher than the average in the 
European Union.

• The “true” costs of electricity are dominated by damages to 
health. Reducing damage by changing electricity generation 
strategies is feasible, economic and socially justified.
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RAINSRAINS--ASIA; SO2 ASIA; SO2 EmissionsEmissions and and ControlControl in Chinain China
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EnvironmentalEnvironmental Impacts: In Impacts: In ExcessExcess ofof
CriticalCritical LoadsLoads of of acidificationacidification in 3 in 3 ScenariosScenarios
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Source: Hirschberg et al., 2003
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SO2 SO2 EmissionsEmissions and and ControlControl::
CostCost AnalysisAnalysis
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Source: Kypreos et al., 2003



Paul Scherrer Institut • 5232 Villigen PSI Hirschberg & Kypreos / Taiwan 4-7 April 2005

Source: Kypreos et al., 2003
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Source: Kypreos et al., 2003
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Source: Kypreos et al., 2003
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Source: Kypreos et al., 2003
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Source: Kypreos et al., 2003
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Penetration of New Electricity Supply TechnologiesPenetration of New Electricity Supply Technologies
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Driving factors and uncertainties will influence the future penetration of new generation
technologies, as indicated by the range given above from lowest (- -) to highest (+ +).
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Environmental Burdens, Impacts and DamagesEnvironmental Burdens, Impacts and Damages

Burdens: Coal is and will remain the main contributor to environmental burdens.

Health Impacts: Health impacts of outdoor air pollution in China are extraordinarily 
high and negatively influence economic growth.

“True” Electricity Costs: The “true” costs of electricity are dominated by 
damages to health and the environment. Reducing damage by changing electricity 
generation strategies is feasible, economic and socially justified.

Acidification: The risk of high exposure to acidification in China can be controlled if 
the current policy is fully implemented and, if feasible, enhanced.

Accident Risks: The Chinese coal chain has extremely high accident fatality rates, 
particularly in small mines.
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Energy Policies and StrategiesEnergy Policies and Strategies

Effects of Emissions Taxes: SO2 taxes much higher than the current level 
are necessary for such taxes to be effective. The effective tax levels remain far 
below the estimated damage costs.

Curbing SO2 and CO2: Cost-effective strategies have been identified that 
lead to large reductions of major air pollutant emissions and substantially reduce 
the increase of greenhouse gas emissions.

Coal Technologies: The main priorities are to improve the environmental 
performance of the existing plant base and to install scrubbers at new plants.

Electricity supply diversification: Diversification of electricity supply is 
necessary to limit the growth of CO2 emissions. Expansion of natural gas 
depends on low gas prices; expansion of nuclear depends on low discount rates.
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OutlookOutlook

• Integrated Assessment with Stakeholder Integration: CETP is 
an exemplary case study of how integrated assessment of energy 
systems can support decision makers involving  stakeholders during 
the progress of the study.

• Integration of analytic tools: Further integration of analytic tools 
based on the CETP framework is straightforward.
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ProposalProposal

• Link regional MARKAL models of China with ECOSENSE and 
RAINS to perform:

• A successive  internalization of external cost policies and of  
critical load constraints on acidification 

• Map results and discuss costs and benefits with stakeholders 

• Define technology portfolio to address issues of  resource 
availability, costs and environmental concerns


