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Major Sustainability Assessment Projects

China Energy Technology Program (CETP) : Integrated assessment of sustainable
energy systems in China (ABB)

Sustainability of electricity supply technologies under German conditions (ILK)

Axpo (Sustainability Assessment of Electricity Supply Technologies):
*  Funded by Axpo; 2004 -2006
* Evaluation of relative sustainability of production portfolio, today & 2030
* PSI work: Definition and modelling of technologies and fuel chains; selection and quantification
of environmental indicators, crucial economic indicators and “hard” social indicators
NEEDS (New Energy Externalities Developments for Sustainability):
* Funded by EC; 2005 - 2009; 66 organisations; 11.7 M Euro (PSI 8%)

* Evaluation of full costs and benefits (direct and external) of energy policies and future energy
systems for the EU

* Integration of four analytical frameworks (LCA, external cost assessment, energy-economy
modeling, multi-criteria decision analysis)
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Set of Sustainability Criteria (NEEDS Project) 1/3

Criterion
RESOURCES

Energy Resources

Mineral Resources (Ores)

IMPACT ON ECOSYSTEMS
Impacts from Normal Operation
Impacts from Severe Accidents

WASTES

Special Chemical Wastes stored in Underground Depositories

ENVIRONMENTAL DIMENSION

Medium and High Level Radioactive Wastes to be stored in Geological Repositories

Source: NEEDS Project; Hirschberg et al., 2007
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Set of Sustainability Criteria (NEEDS Project) 2/3

Criterion
IMPACTS ON CUSTOMERS

Price of Electricity

IMPACTS ON OVERALL ECONOMY

Employment

Autonomy of Electricity Generation

IMPACTS ON UTILITY

Financial Risks

EcoNomiC DIMENSION

Operation

Source: NEEDS Project; Hirschberg et al., 2007
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Set of Sustainability Criteria (NEEDS Project) 3/3

Criterion
SECURITY/RELIABILITY OF ENERGY PROVISION

Political Threats to Continuity of Energy Service

Flexibility and Adaptation

POLITICAL STABILITY AND LEGITIMACY
Potential of Conflicts induced by Energy Systems.
Willingness to act (Mobilization Potential)
Necessity of Participative Decision-making Processes

SOCIAL AND INDIVIDUALRISKS
Expert-based Risk Estimates for Normal Operation

Expert-based Risk Estimates for Accidents

SOCIAL DIMENSION

Perceived Risks

Terrorist Threat

QUALITY OF LIFE

Socially Compatible Development

Source: NEEDS Project; Hirschberg et al., 2007

Effects on the Quality of Landscape and Residential Area
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Risk-relevant Criteria & Indicators (NEEDS) 1/2

Criterion Indicator [Unit]
IMPACT ON ECOSYSTEMS

Impacts from Normal Operation

Biodiversity (land use) Impacts of land use on ecosystems [PDF*mZ*a/k\Wh]
Ecotoxicity Impacts of toxic substances on ecosystems [PDF*m2*a/kWh]
Acidification and eutrophication Impacts of air pollution on ecosystems [PDF*m2*a/kWh]

Impacts from Severe Accidents

ENVIRONMENTAL
DIMENSION

Release of hydrocarbons Large release of hydrocarbons [t/kWh]

Land contamination Nuclear land contamination [km2/kWh]

Source: NEEDS Project; Hirschberg et al., 2007
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Risk-relevant Criteria & Indicators (NEEDS) 1/2

Criterion

Indicator [Unit]

SOCIAL AND INDIVIDUAL RISKS
Expert-based Risk Estimates for Normal QOperation
Reduced life expectancy due to normal operation
Non-fatal illnesses due to normal operation

Mortality due to normal operation [YOLL/kWh]
Morbidity due to normal operation [DALY/kWh]

SocIAL DIMENSION

Expert-based Risk Estimates for accidents
Expected health effects from accidents

Maximum consequences of accidents

Perceived Risks

Perceived risk characteristics for normal operation

Perceived risk characteristics for accidents

Expected mortality due to severe accidents [Fatalities/kWh]

Maximum credible number of fatalities per accident
[Fatalities/accident]

Subjective health fears due to normal operation [Ordinal scale]

Psychometric variables such as personal control, catastrophic
potential, perceived equity, familiarity [Ordinal scale]

Terrorist Threat
Potential of attack

Likely potential effects of a successful attack

Proliferation

Potential for a successful attack [Ordinal scale]
Expected number of fatalities [Ordinal scale]

Potential for misuse of technologies and substances within the
nuclear energy chain [Ordinal scale]

Source: NEEDS Project; Hirschberg et al., 2007
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Technology Spectrum: Electricity
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Environmental Indicators, 2030 (Axpo)
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Mortality from Normal Operation (AXpo)
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Severe Accident Fatality Rates (Axpo)
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F-N Curves: Late Cancer Fatalities (LCF)
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Swiss electricity systems (2030): External costs (Axpo)
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State-of-the-art methods for indicator estimation

* A framework for integrating risk considerations in inter-disciplinary
assessment of electricity supply technologies with fuel cycles has been
developed, implemented and applied for current and future technologies.

* Damages associated with normal operation, i.e. impacts of Greenhouse
Gases and air pollution, dominate external costs.

* Severe accident risks are small contributors.

* Total costs are highly useful for cost-benefit analysis but estimates for
nuclear are controversial and only partially accepted.

* Multi-criteria decision analysis has been implemented to guide the
discourse.
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