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The Seductive Effect of Identical Physical Units

In the last edition of the "International Journal of Life Cy-
cle Assessment”, W. KLoprrer (1997) suggests that the cu-
mulative energy demand (CED) be included in the impact
assessment or valuation phase of LCA. While [ agree on the
proposal in general, I have serious objections to the au-
thor's argumentation as to why CED should be seen as an
important indicator. This letter will comment on Ki.orrrer’s
argumentation, and present some, still rather fuzzy recom-
mendations for further research.

Kroprrer (1997) starts by citing two frequently cited argu-
ments whereby, according to his understanding as well, CED
should not be included:

(1) The danger of double counting together with an impact
assessment,

(2) the primary indicators should be an unaggregared re-
source demand from which CED is derived.

Subsequently, the four reasons provided by KiLovetr (1997)
as to why CED is important in LCA are summarized, and
are commented individually:

1 CED is the only energy parameter which aggregates
all forms of energy use over the entire life cycle. Re-
moving it would exclude some form of energy (espe-
cially non-fossil forms) from the impact assessment.

Energy expressed in M] is not an environmental interven-
tion nor an impact (eventually disregarding waste heat!).
The problem that some forms of energy are not considered
in the impact assessment if CED is removed originates from
the fact that the environmental impacts of these forms of
energy are not, not yet or not sufficiently, considered in
today's impact assessment methods. An attempt to over-
come this shortcoming concerning radioactive releases is

made by, e.g., SOLBERG et al. (1997).

! The impacts of emissions such as radiation and noise are of course con-
nected to a certain energy flow but are measured differently.
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2 CED implicitly indicates the environmental interven-
tions due to energy consumption.

If this statement is regarded as being true, it would have the
following implications:

The environmental interventions of 1kWh electricity pro-
duced in a thermal power plant are weighted equivalently
disregarding the production technology (nuclear power
plant, or conventional lignite, hard coal, fuel oil or natural
gas power plant). Moreover, if we include hydro power into
the CED indicator, 1kWh electricity from a thermal power
plant has about the same environmental performance as
3kWh from a hydro power plant (assuming 90 to 100%
efficiency of hydro power).

3 CED does not depend on any assumptions.

This argument is somewhat linked to the former. To use
CED as a proxy for environmental impacts is the first and
most critical assumption. To derive the CED from an in-
ventory table further implies a long list of assumptions to
be made, i.e. the environmental impacts due to 1M] of crude
otl equal to the ones of 1M] of uranium (what exactly is 1
M]J of uranium anyway?), etc. These assumptions should
be closely linked to the safeguard subjects covered with CED
(see "Concluding Remarks" below).

3.1 Should renewable, sustainably used energy resources (like
solar radiation, wind, water and biomass) be included in the

CED?

If they are not included, photovoltaic power plants, for in-
stance, do have positive energy harvesting factors. If they
are included and, if the solar energy radiated on a PV panel
is used, for example, the overall efficiency is as low as about
10%. A similar reasoning may be applied for wind power
and biomass fuels. If renewable energy is included one might
even argue in favor of considering the solar energy required
to evaporate and transport the water from the oceans to
the mountains, thus feeding hydro storage power.
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3.2 How should one account for the fission energy of nuclear
encrgy?

In principle, Einstein provided us with the formula to com-
pute the maximum available energy when mass is converted
to energy (see e.g., FRISCHKNECHT et al. 1995). In a nuclear
reactor, only a very small portion of this energy is made
available. Should we therefore rely on the energy that is
usable with today’s technology? This would imply the use
of the gross energy contents of fossil and biomass fuels since
these technologies are mandatory to make use of the con-
densation energy of steam in the flue gas streams.

3.3 Should the resources wasted along the process chain be in-
cluded or nort?

Energy resources may be spoiled during extraction, refine-
ment and transportation. Should these wastes be energeti-
cally weighted similar to the part that is used in a boiler or
a power plant? In the case of nuclear energy about one third
of the fissionable uranium mined is wasted in the enrich-
ment process. However, this uranium is not lost, although
a significantly higher effort is required to extract it.

3.4 How to deal with feedstock energy?

This question arises in the case of recycling and downcycling
and encounters the same lively discussions as for the rest of
life cycle inventory items (economic and environmental
flows) of a classical LCA.

4 The accuracy of the CED calculation is much greater
than that of most characterization procedures.

This holds true if the problems and questions listed above
are answered. Nevertheless, the accuracy is limited to the
figure CED. How accurate CED models environmental
impacts and the question whether or not CED is an ad-
equate and accurate sum-parameter or streamlining indica-
tor for environmental interventions is doubtful.

Concluding Remarks

In my opinion, CED is a weighting scheme used as a shortcut
indicator in the impact assessment of a streamlining LCA.
The calculation rules needed to aggregate the various en-
ergy carriers or energy resources are not standardized?® nor
are they undisputed. We strongly suggest that these rules
be defined in accordance to the protection goals and safe-
guard subjects in mind when speaking of CED. Possible
safeguard subjects may be:

* Fossil energy resources (oil, gas, coal)

* fissionable energy resources (uranium)

* non-renewable energy resources (oil, gas, coal and uranium)
e overall energy demand

2 In VDI (1997) several options to weight renewable and fission energies
(like substitution method) are given. The decision whether to use the
upper or lower heating value is not taken.
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* impacts (i.e., global warming, acidification, human toxi-
cological impacts, etc.’), due to non-renewable energy re-
sources (oil, gas, coal, uranium)?

impacts (i.e., global warming, acidification, human toxi-
cological impacts, etc.) due to energy resources (oil, gas,
coal, uranium, biomass, water, wind, photovoltaic)*

Because CED is an outcome of the impact assessment, we
resigned from using it in the Life Cycle Inventories for En-
ergy Systems (FRISCHKNECHT et al. 1994/1996), which only
covers the goal and scope definition and inventory analy-
sis. However, with the unaggregated elementary flows of
resource use (kg hard coal, lignite, uranium, T] potential
energy of water, etc.) given in FRISCHKNECHT et al. (1994/
1996), the possibility to calculate CED is given.

In a forthcoming article in this journal (FRISCHKNECHT er al.
1998), the implications of various energy accounting meth-
ods will be further discussed in relation to environmental
safeguard subjects.
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3 see, e.g., Upo D Haks (1996) for a possible list of impacts.

4 Implies the assumption, that the impacts caused by environmental flows
due to one technology per unit CED is equal to the (sometimes very
different) impacts caused by distinct environmental flows of another tech-
nology (see text above).
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