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Objectives




Procedures

* A cradle-to-grave approach was used in the
analysis of the energy requirements and
emissions including material procurement,
power plant construction, operation, fuel

procurement and power plant decommissioning.

* The input/output and process methodologies of
energy accounting were used to determine the

energy requirements of power plant processes.



Calculation of Energy Payback Ratio (EPR)




There are Two Methods to Measure
Energy Input to Power Plants

Process Chain Analysis (PCA)

Material GJ/tonne
Aluminum 207
- X Concrete 1.4
Copper 131
Stainless Steel 53 \
Zirconium 1604
Vanadium 3711 GJ

GW_or GW y

Input/Output (1/0) /

Commodity Energy Intensity
(GJ/19779%)

New Construc. 32
Elect. Utility
Auto Repair 23

Railroad 49
Paving



The Energy Investment in a Power Plant is
Comprised of Many Components
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Summary of Power Plant Designs Used to Determine
Energy Payback Ratio

Parameter Natural Gas Fission Fusion Wind




The Energy Payback Ratio Varies by a Factor of
Nearly 3 Between Coal and Fusion Power Plants
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% of Contribution to Energy

Investment

The Contribution to the Energy Payback Ratio is Dominated
by Fuel for Coal and Flssion and by Plant
Materials /Construction for Fission and Wind Technologies
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CO, Emissions are Calculated from Both
Electrical and Thermal Inputs

Electrical

1996 U.S. Electrical

Distribution kg CO, / MWh

Coal 56.5% Coal 974

Hydro 10.7 X Hydro 3.1 0.605 tonnes CO,

Nuclear 21.9 Nuclear 17 _> ST

o]] 2.2 Oil 726

Natural Gas 8.7 Natural Gas 484
Thermal
(example)

Energy Intensity kg CO, /GJ,
1.5

Unit of Coal 23 GJ/tonne Coal 03
Fuel Petroleum 0.13 GJ/gal Petroleum 69 tonnes CO,

Natural Gas 0.001 GJ/ft3
Diesel 0.15 GJ/gal

tonne
structural
steel

Natural Gas 51
Diesel 72

tonnes
structural steel



Relative to the 002 Emissions of Coal, Those from the Nuclear and
Wind Technologies are Low, But Not Zero
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Issues To Be Considered With Respect to
Natural Gas Electrical Power Plants

Exploration and Drilling

Extraction and Transportation (pipelines)
Construction of the Power Plant

Normal Operational and Maintenance

Reduction of Other Greenhouse Gases (CH,, NO , etc.)

Decommissioning



The Global Warming Potentials of
Greenhouse Gases Vary Over a Wide Range
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Relative Carbon Emissions per kWh (1980

The Introduction of Nuclear Energy Has
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Preliminary Conclusions

* The procurement of fuel tends to dominate the energy.
requirements for coal, natural gas, and fission power

plants

* The procurement of materials to construct the power

plants dominates the EPR of fusion and wind plants

* The CO, emissions for fission, fusion, and wind are only

1-29% of:coal plants and' 2-49% of natural gas facilities

* All electricity producing facilities release CO, either
directly (coal and natural gas) or indirectly (fission,

fusion, & wind)





