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Acknowledgement and Summary

Summary

The ecoinvent database offers life cycle inventory (LCI) and life cycle impact assessment (LCIA) results. The
following LCIA methods are implemented in the ecoinvent data v2.1:

e CML 2001

e Cumulative energy demand

e Cumulative exergy demand

e Eco-indicator 99

e Ecological footprint

e Ecological scarcity 1997 and 2006

e Ecosystem damage potential - EDP

e EDIP’97 and 2003 - Environmental Design of Industrial Products

e EPS 2000 - environmental priority strategies in product development
e IMPACT 2002+

e IPCC 2001 (climate change) and IPCC 2007 (climate change)

e TRACI

e Selected Life Cycle Inventory indicators

There is a range of methodological problems and questions while linking the LCIA methods with the elementary
flows of a database. This lead to different results in the past, even if the same LCIA method was applied on the
same inventory results.

The aim of this report is to avoid such discrepancies. In the first part of this report the general assumptions for
the implementation of impact assessment methods on the ecoinvent life cycle invenory data are described. For
that purpose, general and harmonised rules were developed how to deal with a certain problem.

The second part of this report contains a detailed description of the implementation of the above mentioned
methods. Please refer to the original publications for a general description and the scientific background of the
methods. It is strongly recommended to read the original publications before using the LCIA results from the
ecoinvent database.

It is recommended to follow these implementation guidelines also while using other or new LCIA methods,
which are so far not implemented in ecoinvent data.
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Part I: 1. Introduction

1 Introduction

The ecoinvent database offers life cycle inventory (LCI) and life cycle impact assessment (LCIA)
results. LCIA methods normally assign a factor to each elementary flow in an inventory table. There
are different types of factors, which are shortly described in Tab. 1.1. In this report, we use the term
“factor” for all of these types of factors.

Tab.1.1 Types of factors provided by LCIA methods

Factor name Description

Characterisation factor | The importance of single flows relative to a specific basic flow is characterised by a
factor, e.g. global warming potential of greenhouse gases relative to CO,.

Normalized factor Another factor, e.g. a characterisation factor, is normalized by division through the total
sum of the characterised flows in a certain area and within a certain time.

Weighted (...) factor A weighting is applied to the characterised or normalised results from different
categories in order to calculate a final score.

Damage factor The possible damage due to an emission is described with a factor. This can include a
modelling for the environmental fate, a characterisation of the substances and a final
weighting.

There are a number of methodological problems when linking the LCIA methods to the elementary
flows of a database. Major problems are if:

e  Substance names of elementary flows in the LCIA method and in the database do not match
e Elementary flows in the database are not considered by the method

e Factors in the method do not have a corresponding flow in the database

e Modelling in LCIA and in the database overlaps or does not match

In the past, the methodological problems have lead to different results, even when the same LCIA
method was applied to the same inventory results. Therefore implementation reports for the
assignment of LCIA methods to inventory results have also been published earlier (e.g. Forster et al.
1998; Jungbluth & Frischknecht 2000).

The aim of this report is to describe clear guidelines for the use of LCIA factors with cumulative
results from the ecoinvent database, and thus reduce possible confusion. General rules for the
assignment of factors to the elementary flows reported in the ecoinvent database have been developed.
These general rules are described in this part. It is recommended to consider these rules also when
using other or own LCIA methods with the ecoinvent data.

Tab. 1.2 shows an overview of the impact assessment methods implemented in the ecoinvent database.
Their implementation is described in part Il of the report. For a general description and the scientific
background of the methods, please refer to the original publications. It is strongly recommended to
read the original publications before using the LCIA results.
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Part I: 1. Introduction

Tab. 1.2 Impact assessment methods implemented in the database ecoinvent

Method

Background publication

CML 2001

Guinée et al. 2001a; b

Cumulative energy demand (CED)

Own concept

Cumulative exergy demand (CExD)

Boesch et al. 2007

Eco-indicator 99

Goedkoop & Spriensma 2000a; b

Ecological Footprint

Huijbregts et al. 2006

Ecological scarcity 1997

Brand et al. 1998

Ecological scarcity 2006

Frischknecht et al. 2009

Ecological Damage Potential (EDP)

Kollner & Scholz 2007a; b

EDIP - Environmental Design of Industrial Products 1997

Hauschild & Wenzel 1997,
DK LCA Center 2007

EDIP - Environmental Design of Industrial Products 2003

Hauschild & Potting 2005

EPS - environmental priority strategies in product development

Steen 1999

IMPACT 2002+

Jolliet et al. 2003

IPCC 2001 (Global Warming)

Albritton & Meira-Filho 2001; IPCC 2001

IPCC 2007 (Global Warming)

IPCC 2007

TRACI

Bare 2004; Bare J. C. et al. 2007

Selected LCI indicators

ecoinvent final reports

CML Centre of Environmental Science
IPCC Intergovernmental Panel on Climate Change

The general assignment rules cannot solve all implementation problems. For each of the methods you
will find a detailed description of the specific implementation in part Il of this report. After a short
introduction these chapters will give some hints on the specific aspects for the use of the method. Then
the assignment rules for this method are explained as well as the problems that could not be solved by

the general assignment rules and which are dealt with in a specific way.
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Part I: 2. General assignments for the implementation

2 General assignments for the implementation

This chapter describes the general assignment rules for the implementation of LCIA methods in
ecoinvent. The summarising Tab. 2.2 with the general rules can be found at the end of this chapter.

Elementary flows® in ecoinvent are identified by a flow name (e.g. “Carbon dioxide, fossil”), a
category and a subcategory. Tab. 2.1 shows the categories and subcategories, which are used in the
ecoinvent database. Categories describe the different environmental compartments like soil and water.
Subcategories further distinguish relevant subcompartments within these compartments. The following
text refers to these categories and subcategories.

Tab.2.1 Categories and subcategories for elementary flows in ecoinvent
Category | SubCategory Definition Assigned in general to
- . ] Resource extraction, forestry,
. Emissions in areas without settlements . ;
. low population . : agriculture, hydro energy, wind power,
air . or protected areas in the direct )
density ) landfills, waste water treatment, long-
surrounding . o
distance transports, shipping
low population Emissions which take place in the . .
. . Emissions from disposals after more
air density, long- future, 100 years after the start of the
than 100 years.
term process.
lower
. stratosphere + Emissions from air planes and space . .
air Air transport cruises.
upper shuttles.
troposphere
Emissions near settlements or protected | Industry, power plants, manufacturing,
. high population | areas which affect directly people or households, municipal waste
air : ; g o - ! .
density animals due to the local situation. Most | incineration, local traffic, construction
important for particles. processes.
. . Only used if no specific information
air unspecified ’
available.
resource in air Resources in air, e.g. Argon.
resource biotic Biogenic Resource, e.g. wood
. Resource in soil e.g. ores, but also for
resource in ground )
landfill volume
resource land Land occupation and transformation
resource in water Resource in water, e.g. magnesium
soil aaricultural Emission to soil which are used for the Agriculture
g production of food and fodder g
Emission to soils used for plant
soil forestr production (forest, renewable raw Forestr
y materials) which do not enter the human y
food chain directly.
Emission to soils used for industry, .
. . . . Industry, waste management, build up
soll industrial manufacturing, waste management and land
infrastructure. '
. . Only used if no specific information
soll unspecified ’
available.

! Elementary flows are flows of pollutants and resources between technosphere and nature.
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Category | SubCategory Definition Assigned in general to
water round- Ground water which will get in contact
9 with the biosphere after some time.
round-. long- Emissions which take place in the
water fqerm +1ong future, 100 years after the start of the Long-term emissions from landfills
process.
water lake Lakes with fresh water
water ocean Ocean, sea and salty lakes. Offshore works, ship transports.
water river Rivers Disposal of effluents.
Emissions which take place in the
water river, long-term’) | future, 100 years after the start of the Long-term emissions from landfills
process.
- Salty ground water that does not get Re-injection of formation water from oil-
water fossil-) . . . .
into contact with the biosphere. and gas extraction
o Only used if no specific information
water unspecified !
available.

) Not used in ecoinvent data v2.0 and 2.1

2.1 General rules

If a factor is available for the elementary flow in the specific category and subcategory there is no
assignment problem at all. For all other main cases for the assignment of factors to elementary flows
we will now describe the applied procedure. In cases, where the assignment of factors to exchanges in
ecoinvent was not unequivocal, we also asked for help from the method developers.

2.1.1 Factor “unspecified” for a particular compartment (category) available

It is assumed that the unspecified factor, which is available for an elementary flow in a particular
environmental compartment (category), can be used for all subcategories of the elementary flow in this
category except for long-term emissions, especially to ground water. It has to be checked if any
restrictions on the use of the factor have been introduced by the developers of the method.

2.1.2 Factor available only for a specific subcategory

In this case a factor is available only for one specific subcategory, e.g. a factor is given for emissions
to river but not for the emission to the ocean. It can be assumed that such a restriction for the
subcategory has been introduced by the developers of the method with a specific reason. Emissions of
chloride to rivers are for example an environmental problem while an emission to the ocean will
normally not be very dangerous for organisms because the natural concentration of chloride is quite
high and will not be changed by man made emissions.

This case is highly relevant for water emissions. We decided to apply the same factor for persistent
(e.g. chemical elements like Hg) ground water emissions as for emissions to rivers, because these
emissions will enter the biosphere after some time. For other ground water emissions such as
degradable organic compounds no factor from other subcategories is implemented. Special
considerations were made for long-term emissions (see chapter 2.1.3 “Assessment for long-term
emissions.”). A factor for rivers is not used for emissions to salt water (ocean and fossil).

For air emissions it has to be checked whether the factor describes a local effect, where the
subcategories are important or if it describes a global effect (so far there are no examples known for a
factor only given for one subcategory).

For emissions to soil it has to be considered that factors for agricultural soil usually consider human
exposure via food intake. Thus this factor can not be used for other soil types.
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The modelling in the impact assessment method is valid only for the subcategory considered. Further
on it has to be considered that some subcategories might have been explicitly excluded from the
modelling. The method Eco-indicator 99, for example, does not provide factors for heavy metal
emissions to agricultural soil because these impacts are already included in the modelling for the
damage category “land use”. Thus the assignment is often difficult and relevant errors are possible.
Factors for others than the claimed subcategories shall only be assigned with a positive feedback from
method developers.

2.1.3 Assessment for long-term emissions
Introduction (ecoinvent v1 to v2.0)

Some processes such as landfills have very long emission periods, i.e. they release only a part of the
pollutants today, but are likely to continue to do so in the future. Emissions that are emitted after 100
years after waste placement are classified as “long-term” in ecoinvent?’. Therefore specific
subcategories have been introduced in the ecoinvent database. These emissions are modelled for the
disposal of different types of wastes like uranium tailings or waste in landfills®. In the ecoinvent
inventory it is assumed that after 100 years the active landfill aftercare ends. The subsequent long-term
emissions have normally no (e.g. heavy metals) or a very low degradability (e.g. radioactive
emissions). Thus they remain potentially harmful over a very long timescale. There was a consensus
within the group of administrators that these emissions should be included in the inventory and that it
should be possible to make a differentiation between present and future emissions.

Until now most of the impact assessment methods have not specified how to deal with this type of
emission. In the past some people valuated them just like short-term emissions. Thus the question for
our project was:

Shall we assign the damage factors provided by the LCIA method for today emission
without changes also to long-term emissions?

The question if long-term emissions should be assessed with the factors investigated in the LCIA
methods for today’s emissions and how to assign damage factors to this type of emissions in the
database led to intense discussions among the ecoinvent administrators. There was a consensus
between the people involved that this type of emissions cannot be neglected per se in the impact
assessment. But there was a dispute if the existing LCIA methods can be used without alterations and
further methodological development for a valuation. During the discussion several arguments have
been brought forward. The following list of pro and contra arguments is intended as an intermediate
outcome of the ongoing discussion, and can be used as a basis for further discussions.

Contra

1. Concentration in the environment: Today millions of substances are emitted due to human activities. In
LCA one does normally consider only these substances which exceed or exceeded certain thresholds and
thus have harmed human beings or the nature. These effects are observed today dependent on the existing
concentration levels. For a damage modelling it has to be considered that the inventoried emissions are
spread over a very long time and thus resulting concentrations in the environment from a fixed amount
could be much lower* than for emissions that take place at a certain moment of time. It is not clear if
potential harmful effect threshold values of these substances in the biosphere will be exceeded in the long-
term range due to the emissions. Thus they should not be valued with the same factors as emissions which
take place now and for which effects can be observed and LCIA methods have been developed. Appropriate

These 'long-term emissions' should not be confounded with the long-term effects of present emissions.

For landfills long-term emissions integrate emissions from 100 years to 60'000 years after present; in uranium tailings the
integration period is 100 to 80'000 years after present.

They might also be higher due to chemical mechanisms which would deserve also a specific modelling.
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10.

factors should consider the fate of the substances until they reach the biosphere and not only the fate to the
first ground water contact.

Potential future manageability: The manageability for this type of emissions is quite unclear. Taking the
fast technological development of the last 5000 years from stone age to e.g. global mobile communication it
seems quite feasible to avoid such future emissions with technical measures, which can now not be foreseen
or to minimize the harm by political measures. It seems feasible to develop new technologies before the
leachate pollutes the groundwater. This may even be possible with current technologies that e.g. were not
used because of the financial resources involved but may be applied if the problem becomes more pressing.

Insufficient level of proof: The level of proof for this type of emissions is quite lower in comparison to
other types of inventoried emissions. Many air emissions are measured regularly with standardized
methods. The results can be used in the inventory. Long-term emissions have to be forecasted based on
relatively short time laboratory experiments or a few years experiences with existing landfills, heeding an
expected future behaviour.

Prognosis uncertainty: Forecasting how the world looks like in 60’000 and 80’000 years and how natural
and man-made environment changes in this time is quite hypothetic. Looking back shows that forecasting
was mainly just an extrapolation of the today situation while real changes have seldom been foreseen.® The
modelling for the inventory does for example not take into account dramatic changes in the natural
environment (e.g. ice ages) as well as changes to the man-made environment.

Decision making for very long time frames: Decision making of households, companies or politics does
normally take into account only time periods of some decades, i.e. for the next generation. There are only
very few practical examples for decision making with a time frame of more than 50’000 years. It is
questionable if decision-making for these time frames really makes sense.

Common discounting® of the future: Empirical studies (e.g., Ahearne 2000; Leist 1996; Linestone 1973;
Okrent 1999; Schelling 2000) show, that people prefer future damages to current damages, also if several
generations are involved. This should be considered in the LCIA with lower factors for future emissions.

Lack of common acceptance: LCA should focus on the assessment of well known problems which are
recognized not only within a small scientific community but also in a broader public field. Decision makers
will accept results of an LCA to a lesser extent if the outcome is dominated by environmental problems
which are not very well known. Thus quite often only well accepted indicators like global warming
potential or energy use are used within the discussion of LCA results.

Obscuring today problems: The possibility exists that future emissions are so important in the assessment
result (especially for toxicological impact categories) that they may obscure the effect of present emissions
and related problems. Decision-makers who have in mind present emissions will doubt such a result and
will not accept it.

Temporal differentiation: The ISO norms says that “depending on the environmental mechanism and the
goal and scope, spatial and temporal differentiation of the characterisation model relating the LCI results to
the category indicator should be considered" (International Organization for Standardization (ISO)
2000:5.3.4). This has not been clarified explicitly so far for many of the LCIA methods implemented. The
fact that temporal information (see Pro-argument No. 13) is so far not considered in the LCIA is mentioned
in the norm also as a limitation of the present LCIA methods (International Organization for Standardization
(I1SO) 2000:8).

Normalization in the LCIA method: According to the ISO standard the selection of the reference system
for the normalization should consider the consistency of the spatial and temporal scales of the
environmental mechanism and the reference value (International Organization for Standardization (1SO)
2000). So far the normalization step in the existing LCIA methods considers only the emissions of one year,
i.e. the emissions that take place in the year 2000. According to this interpretation of 1SO the future
emissions that are caused today, but emitted in the future, should be included in the normalization value in

The importance of the Internet and mobile communication might serve as an example for a technology development which
has not been predicted some decades ago.

Discounting is defined as weighting future damages and utilities differently than current impacts and utilities. Discounting is
usually applied with a positive discount rate, so that utilities or damages in the future are weighted less than current utilities
and damages. However, the use of negative discount rates is also possible.
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11.

12.

Pro

13.

14.

15.

16.

17.

order to achieve a consistent reference system.” Thus it would be necessary to take today’s emissions, then
add the future emissions caused by today’s processes and then subtract the part of the current emissions
caused by past processes to obtain a normalization value. As a consequence, the more a substance would be
emitted in the future and the higher the impact would be, the smaller would be the normalized impact factor
(this would be the case for e.g. Eco-indicator 99). On the other hand the factors would be higher for
methods which use a reference flow, e.g. the ecological scarcity 97. Thus these methods cannot be used
without alterations for a much broader range of emissions (i.e. due to the inclusion of long-term emissions).
Thus all factors have to be revised if the list of valuated flows is expanded.

Setting of weighting factors in LCIA: The definition of the normalization value is especially important for
methods with a following weighting step, e.g. the Eco-indicator 99. For the weighting it has to be clarified if
it is intended for the emissions which take place in one year or which are caused in one year (including
future emissions due today waste disposals). If the users think of the latter it would be necessary to clarify
this e.g. for a panel and to include these future emissions also in a normalization step.

Conceptual overlaps in LCI and LCIA: Modelling of LCIA methods and inventory modelling for long-
term emissions might overlap or differ in the taken assumptions. In some LCIA methods the damage
modelling starts immediately after the emission has taken place, e.g. after a substance has been released to
the soil. The fate modelling then considers e.g. what share will be washed out to groundwater. The
inventory modelling for the long-term landfill emissions already includes a part of this fate modelling.
Based on the relative timescales of landfill modelling and pollutant dispersion in soil, the long-term landfill
emissions are not inventoried as an emission to soil, but as an emission to ground water. In ecoinvent this
inconsistency arise i.e. for the modelling of wastes which go to landfarming (immediate emission to soil
without modelling of the further fate in the LCI) or to landfills (modelling of the fate over 60’000 years
with partial wash out to ground water). The 1SO (2000:5.3.4) states, that “The fate and transport of
substances should be part of the characterisation model”. So far the used fate models in LCIA and LCI have
not been fully harmonized. Thus care has to be taken while using factors which have been derived under
different prerequisites.

Default temporal integration in LCA: In general, LCA makes no explicit differentiation between
emissions (and, ultimately, impacts and damages) at different points in time. In LCI, emissions from the past
(e.g. infrastructure), the present (e.g. combustion of fuels) and the future (e.g. waste management) are
summed up without a clear differentiation of the point of time when they occur.

Default flux integration in LCA: In LCA concentrations of emissions are not heeded at all, but only fluxes
per functional unit. In contrast to other instruments such as risk assessment, emissions below legal
thresholds are considered in LCA ('less is better' approach) (Potting & Hauschild 1997a; b; Potting et al.
1999). Toxic emissions above legal thresholds are considered with the same impact factors as below-
threshold emissions. In practice, toxic above-threshold emissions are the exception during normal
production mode and they therefore only show up in few LCA studies. The assumption that long-term
landfill emissions are of low concentration is therefore no argument for discounting such emissions. This
argument clashes with the above concept and is also based on a factual error: long-term landfill emissions
will not necessarily be of low concentration, but can even surpass threshold limit values for acute toxic
impacts.

Default temporal integration in LCIA: Also, todays LCIA methods look into the future. For instance, the
global warming potential describes future impacts in a time frame of 20, 100 or 500 years and ozone
depletion with an infinite time frame.

Holistic concept: Per definition, LCA should consider all emissions and impacts 'from cradle to grave'. This
holistic approach is not consistent with harsh temporal cut-offs (Finnveden 1997).

Completeness: Landfills emit substances for a very long time, as has been shown, e.g. with reference to
metal deposits of the ancient Roman Empire (Maskall et al. 1995; Maskall et al. 1996). It is impossible to
accurately predict the future over long time horizons, but there is absolutely no evidence for assuming that
these emissions may stop without human intervention. Discounting these emissions would mean that
important potential impacts of today waste management options would be disregarded (landfills emit the

" The same argument can be used as well for methods that use a reference flow, e.g. the ecological scarcity 97 method.
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18.

19.

20.

21.

22,

major part of pollutants after 100 years). Thus, the devised impact 'potential' would then only include a very
small fraction of the total impact (Hellweg et al. 2003).

Speculations and ethics of manageability: Technological improvement of dump mining and remediation
techniques could be an argument for neglecting long-term emissions. However, first, if such technology
development were already considered in LCA, LCA results would not provide incentives to develop such
technologies. Second, even if such a technology could be developed, this does not ethically justify the
imposition of risks on the future. Just because A is better able to deal with B’s problems than B is, does not
mean that B has the right to impose his problems on A (Shrader-Frechette 2000). Third, contamination of
groundwater can cover wide areas and cleanup actions are laborious and time-consuming, limited by the
slow groundwater flow and soil retention. Current cleanup programs are very expensive and even
considering huge future technological development (e.g. autonomous nanorobots) will remain huge
undertakings. Future manageability could even be lower than today, because of transfer of knowledge
(landfill locations) and responsibility. Fourth, the inventoried landfill pollutants are undegradable chemical
elements like lead, cadmium, mercury etc. and even after cleanup procedures they will probably have to be
disposed of again, as they cannot be transformed into non-toxic compounds. The only known means of
destruction of chemical elements (nuclear fission, fusion or transmutation) seems very speculative to justify
a negligence of these pollutants in face of the established and observed effect of continuous landfill
leaching. Fifth, the assumption of technological improvement is an optimistic scenario. A priori equally
plausible is a pessimistic scenario, e.g. partial collapse of the economic system, poverty, decline of
technological sophistication, spread of agrarian cultures which leads to increased pollutant uptake from
agricultural soil and groundwater.

Future background level: With respect to heavy metals, it is likely that concentrations in the environment
increase substantially in the (near) future due to heavy accumulation in some environmental compartments
(Hellweg et al.; van der Voet et al. 2000). Assuming non-linear dose-response curves, the magnitude of
effect of one emission unit is bound to increase with rising concentrations in the environment. The effects of
long-term emissions of heavy metals might therefore impose a higher impact on the environment than
current emissions. Therefore, they need to be considered and even valuated higher than present emissions,
but certainly not neglected.

Anticipation of future generations: Uncertainty about the presence of a future society and about the
preferences of future people has been put forward as an argument for putting less weight on future
emissions than on current emissions. However, if there is a probability for humankind to exist in the future,
and this probability is large, then current generations automatically have the responsibility not to harm
future generations, from an ethical point of view (Leist 1996). And even if the state of the future society
differs from today’s, it is likely that fatalities, illnesses, and injuries will still be perceived as damages (Leist
1996; Price 2000).

Intergenerational equity: There seems to be wide agreement among ethicists that the welfare of future
generations should be a concern to us and that all members of all generations deserve equal treatment
including those not yet born. Only an equal treatment of all people without their temporal and geographical
position is accepted as morally correct (e.g., Azar & Sterner 1996; Birnbacher 1989; Leist 1996;
Livingstone & Tribe 1995; MacLean 1990; Shrader-Frechette 2000). If LCA wants to comply with
fundamental ethical values (and sustainability), the same impact should not be valued differently just
because of its occurrence in time.

Modelling practice: Any model is based on assumptions and simplifications and therefore is debatable and
uncertain. Nevertheless many models are used in LCA, because an LCA wants to inventory a
comprehensive life cycle with virtually thousands of processes. Prediction of long-term emissions must be
based on models, as these emissions cannot be measured today. Neglecting emissions in the future because
their effects could be different in a changed future environment, is inappropriate when occurrence of these
emissions under the given circumstances (i.e. "business as usual™) is much more plausible than alteration or
prevention of these emissions by some unforeseen process. In modelling terms: if you know the present
model state and want to predict some future state, it is certainly better to use the present situation as a first
order approximation of any future state (i.e. assuming everything continues as today) than to use the zero
order approximation of simply neglecting any future state, which would be like assuming that the future is
"not there". Of course, the future will not be exactly like the present. But the probability that the future will
be something similar to the present is much higher than the probability that the future will be "not there".
The present state is then a more reliable approximation of the future state than neglecting any future state
(cf. Fig. 2.1). In case of the landfill models, some relevant and foreseeable future effects are included, like
preferential flow and the development of acid neutralising capacity and pH (Doka 2007).
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& Uncertain
\o‘?‘o future
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State of process

First order modelling
aproximation:
future = present

Zero order modelling
apreximation:
future is unknown

* time

Now Future
Fig. 2.1 Modelling an uncertain future

23. Avoiding potential inefficiency of LCA: LCA is a tool for the synopsis of all environmental damages of
processes. The goal of LCA is to prevent environmental damages by pointing out less burdening options.
Within that process it is important to heed all damage potentials and effects. Negligence of certain effects or
processes (on whatever grounds) bears the risk of merely shifting damage potentials from the heeded to the
neglected effects with the chosen options. That one contribution is less known to a broader public or not
fully researched scientifically like long-term landfill leaching - is a matter of uncertainty and a logical
consequence of an open and unrestricted understanding of scientific knowledge.

24. Decision making in LCA: It is true that in everyday economical and laymen decision making the
consciously considered reasons have short time frames, usually not exceeding past the next generation. This
however shall not be a normative prerequisite for decision making in ecological matters. Indeed there are
clear notions that the lack of a long-term time perspective is the major difference in economy and ecology®.
It is inappropriate to adapt short time frames in ecological decision making for the mere reason that such
time frames are common® elsewhere.

25. Familiarity and acceptance: The LCA community has known relevant long-term emissions for a long time
and accepted the corresponding results without controversy. The widely used ETH inventories contain long-
term emissions since 1996. In his 1998 dissertation, Rolf Frischknecht devised a method to valuate
radionuclides within the Eco-indicator'95 LCIA method (Frischknecht 1998:129), later also used in Eco-
indicator'99. This led to a significant burden in the nuclear energy chain. The principal source of this
additional burden were long-term air emissions of radon-222 from uranium tailings integrated over 80'000
years. The level of proof for the inventoried processes and involved time spans are quite similar than for
long-term landfill leaching.

26. Normalization and weighting in LCIA: Contrasting to the understanding of normalization brought
forward in contra argument No. 10, normalization may be understood as an interpretation aid as described
in ISO (International Organization for Standardization (ISO) 2000, chapter 6.2): Normalization serves to
better understand the relative magnitude of an impact. Since the current impact situation (and the resulting
current state of the environment) can be grasped best as a reference situation only current emissions should
be included in the normalization value. Therefore, the use of currently observed annual pollutant fluxes for
normalization', as applied by all present LCIA methods, is correct and consistent with 1SO. Including
future impacts in normalization values (as suggested in contra argument No. 10) would lower the ability of
normalization of being an interpretation aid, because future impacts (and the resulting future state of the
environment) are rather abstract to the user. According to this understanding of normalization no changes
are required for the weighting and normalization procedure. Thus there is no problem to use the existing
LCIA methods and applying the normalization values and weighting factors that have been derived for the

8 “Ecology is but long-term economy”, see Pierre Fornallaz (1986).

® There are examples of decision making, where long time frames are considered, such as: planning of final nuclear
repositories, rotation cycles in forestry, conservation purpose of scientific libraries, or purpose of Swiss soil fertility
protection legislation.

10 Also in the ecological scarcity 97 method clearly the currently observed annual pollutant fluxes of the reference year (1997)
are used as the reference flow (and not the currently caused fluxes including future emissions).

ecoinvent-report No. 3 -9-



Part I: 2. General assignments for the implementation

current emissions, also for long-term emissions. Within this understanding of normalization, the
‘consistency of temporal scales' mentioned in 1SO 14'042*! suggests that a normalization value that relates
to the assessed system shall be preferred. l.e. temporal consistency means that the reference year should be
meaningful in the context of the study (e.g., a reference year 1950 would be inadequate for a present LCA
as opposed to the year 2000).

27. Conceptual overlaps in LCI and LCIA: The cautious remark made in contra argument No. 12, regarding
potential double consideration of fate in LCI and LCIA, is a general remark, which also applies to short-
term emissions. Therefore, this argument cannot be taken to justify discounting of long-term effects. Local
fate is considered in many LCI's, because systems such as landfills may be defined as belonging to the
technosphere. For instance, the agricultural field is often understood as belonging to the technosphere
(Hellweg & Geisler 2003). Therefore, many approaches (e.g. Geisler 2003; Weidema & Meeusen 2000)
model the partition of pesticides on the field (the fraction intercepted by the plant, the fraction leached to the
groundwater, drifted away by wind or transported to the surface water) in the LCIl. Moreover, LCIA
methods lack certain pathways needed to describe local pollutant fates'?. There is currently no overlap or
double consideration of pollutant fates. Only if modelling approaches in LCIA methods change in the future
a harmonisation of local fate models in LCI and fate models in LCIA will be needed. Fate models in LCI
and LCIA must be mutually compatible, but this will not be solved by different damage factors for long-
term emissions.

Conclusion

There was no consensus in the discussion if the same factors should be used for long-term emissions
and if they should be included for the implementation of the present LCIA methods. Further research
and discussion on this question is necessary. This should cover modelling aspects as well as the social
discourse. For versions v1.0 up to version 2.0 of the ecoinvent database, the same factors were applied
for long-term emissions as for current emissions unless the LCIA method provided specific
recommendations for this problem.

Assessment for long-term emissions (ecoinvent v2.1)

For version 2.1 of the ecoinvent database, the method developers were consulted by the new
mamagement once again on the subject of long-term emissions, and specifically on long-term
emissions to groundwater. The results of these consultations were that in ecoinvent version v2.1 long-
term emissions resp. long-term emissions to groundwater are only included in the implementation of
the following methods: CML, Eco-indicator 99, and EDIP (versions 97 and 2003). These factors are
integrated in the following ways in these four methods:

e CML Method:

The complete CML method has been included in ecoinvent data v2.1 either with or without
characterisation factors for the long-term emissions (see impact category “CML 2001” or “CML
2001 w/o LT respectively).

e Eco-Indicator’99:

11 |SO 140402 states: "The selection of the reference system (for normalisation) should consider the consistency of the spatial
and temporal scales of the environmental mechanism and the reference value." (International Organization for
Standardization (1ISO) 1997-2000:)

2 Eg. in agricultural processes the local fate of nitrogen in spread manure is considered (partial short-term emission as
ammonia to air) because this pathway is not considered in LCIA methods, but this emission is relevant in agriculture. In
landfill processes the transport of leachate pollutants from the landfill to the groundwater is included, as the emission media
'deep subsoil' does not exist (yet) either in LCI or LCIA, and inventorying of those emissions to the available category
'surface soil' would not be appropriate (Doka 2003).
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Concerned are only the Hierarchist perspective and the Egalitarian perspective — as the
Individualist perspective doesn’t have characterisation factors for long-term emissions. In the two
concerned perspectives, all long-term emissions to groundwater are placed in three separate
impact categories (stored ecotoxicity, stored carcinogenics resp. stored ionising radiation),
allowing to the user the calculation of the Eco-Indicator’99 with AND without these emissions.
Further information herefore can be found in part Il of this report (see chapter 4.3.1).

e EDIP (Version 97 and 2003):

For EDIP, an innovative approach has been suggested by Hauschild et al. (2007). In this
approach, two new impact categories are introduced representing the stored ecotoxicity and
stored human toxicity of the contaminants remaining in the landfill after a “foreseeable” time
period of 100 years. The impact scores are calculated using the normal characterization factors for
the ecotoxicity and human toxicity impact categories, and they represent the toxicity potentials of
what remains in the landfill after 100 years (hence the term “stored” (eco)toxicity). The intention
is to show the total amount of toxicity left in the deposits and leave it to the subsequent weighting
and interpretation to describe the expected release scenarios and determine what influence these
should have on the consclusions. Similar “stored” factors are also established for the various
factors of the eutrophication.

However, since the inventory data of the ecoinvent database relate to potential emissions, not the
stored stocks, the long-term emissions of ecoinvent corresponds to a specific interpretation of
what is expected to happen within the next 60000 years, while more dramatic geological changes
sugegsted in Hauschild et al. are not included. The long-term emission included in the “stored”
categories in the ecoinvent implementation is thus an underestimate of the amounts intended to be
included by EDIP. This is illustrated in Fig. 2.2.

= AL oot oo s, i
e > stored material (€) initially deposited material
(@) remaining afer 1008 = stored ecotoxicity in EDIF 2003
0 < () remaining after 60'000a (80°000s)
>_ emitted material @ emitted after 100a = ST emissions in ecoinvent LCI
emitted after 60°000a (80'000a) = LT emissions in ecoinvent LCI
100 a 60°000 a

The “stored ecofoxicity” concept of EDIF can
oa Note: @ + only in part be asscesed with the cument
exchanges in ecoinvent. E iz missing
time after landfilling
Fig. 2.2 Emitted and stored landfill contents over time (Author: Gabor Doka, Doka Life Cycle Assessment,

Zurich)

2.1.4 Factor available for a specific subcategory but not for “unspecified”

In some cases the LCIA method might give only a factor for the subcategories, e.g. “river” and
“ocean”, but not for the subcategory “unspecified”. For emissions to water the subcategory “rivers” is
taken as a default, because most of the emissions will take place there. For soil emission “unspecified”
is approximated with industrial soil. For air emissions this question is not relevant.
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2.1.5 Factor only available for one specific category

In some cases a factor might be available only for the same emission in another category. For the Eco-
indicator 99, i.e., a factor for eutrophication is given for phosphorus to air but not for phosphorus to
water. But it is quite clear that water emissions of phosphorous are quite relevant for the problem of
eutrophication. Nevertheless, no factor is assigned in this case if it is not explicitly recommended by
the LCIA method developers.

2.1.6 Factor for a sum parameter but not for a single substance

Some methods give factors for sum parameters like NMVOC, COD, etc. For air emissions the factor
for NMVOC is also used for individual hydrocarbons since individual NMVOC substances are
reported in ecoinvent on the highest level of detail only. Factors for AOX, PAH, Fungicide, Herbicide,
Insecticide, etc. are used also for individual elementary flows if specific factors are not available. If
factors for sum parameters are available for different levels of hierarchy (according to de Beaufort-
Langeveld et al. 2003) the most detailed level is applied. If a substance belongs to different groups of
the same hierarchy level the highest factor is applied.

In contrast, the factors for the water emissions TOC, DOC, COD and BOD are not applied for the
single substances if a factor is missing. In ecoinvent all individual substances are recorded as TOC,
DOC, BOD, COD as well (different approach as compared to NMVOC to air). Further on it has to be
checked if the environmental impact is the same for more than one of these sum parameters. If yes,
then o[]sly one sum parameter has to be valued because otherwise the same emissions might be counted
twice.

2.1.7 Use of afactor for “similar” flows, substances or species

We do not apply a factor for one flow (e.g. the pesticide “lindane”) to another “similar” flow (e.g.
“DDT™). The most important type of possible errors due to the assignment of factors to similar flows
concerns the differentiation of the oxidation form for chemical elements. The toxicology of chemical
elements is quite depended on the oxidation level of different species. Some examples can illustrate
this. Chlorine (oxidation 0) is a toxic gas. Chloride (oxidation = -1) is essential for the nutrition of
human beings, but it might be toxic in high doses for animals and plants in rivers and lakes. Chromate
(oxidation = 6) is carcinogenic for humans when inhaled. Other forms of chromium (Oxidation = 0, 2
or 3) are not. Thus special care has to be taken not to assign damage factors for a specific oxidation
form of an element to another.

2.2  Emissions to air
2.2.1 Biogenic carbon emissions

Biogenic CO, and CO emissions and bhiogenic CO, resource extraction are excluded from the impact
assessment. The same weighting factor is applied on methane emissions from fossil and from biogenic
sources. If impact assessment results are to be used with regard to carbon sequestration or clean
development mechanisms, biogenic CO, and CO emissions and biogenic CO, resource extraction need
to be added to the assessment.

CO, emissions due to deforestation of primary forests and land transformation are represented by the
elementary flow “Carbon dioxide, land transformation”. The weighting factor of fossil CO, emissions

If factors are available for individual substances they are not used for the sum parameters, because counting both would
mean a double counting.
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is assigned to the elementary flow "Carbon dioxide, land transformation™ (see Jungbluth et al. 2007 for
further explanation).

2.2.2 Carbon monoxide (CO)

Emitted CO is transformed in the atmosphere to CO, after some time. Not all LCIA methods do
consider the global warming potential of CO. Most methods are based on factors published by the
IPCC (IPCC 2001). It is assumed that CO, emissions are calculated with the carbon content of the
burned fuels and thus all carbon in the fuel is considered. In ecoinvent CO emissions are subtracted
from the theoretical CO, emissions. Thus a GWP factor is calculated for CO (1.57 kg CO,-eq per kg
CO). Otherwise processes with higher CO emissions would benefit from this gap. This is especially
important for biomass combustion. Neglecting the formation of CO, from CO would lead in this case
to a negative sum of the global warming potential score.

2.2.3 NMVOC

For NMVOC it has to be considered that the emission of single inventoried substances is subtracted in
the inventory from the sum indicator NMVOC. Thus a damage factor for NMVOC has to be applied
for all such single substance emissions that do not have an individual LCIA factor. See also chapter
2.1.6 'Factor for a sum parameter but not for a single substance' on page 12.

2.2.4 Noise

Noise has not been considered as an elementary flow in ecoinvent. Thus it is not possible to use LCIA
methods that deal with this problem. Some methods made an assessment for a technical flow in the
inventory, e.g. the ton-kilometres driven (Miller-Wenk 1999). It is not possible to apply this type of
LCIA method as in ecoinvent only elementary flows can be valuated.

2.3 Emissions to water
2.3.1 Sum parameter BOD, COD, DOC, TOC

Emissions of single substances with a carbon content are modelled in the database as the single
substance as well as a contribution to the four sum parameters BOD, COD, DOC and TOC. This is
considered for the impact assessment. A factor can only be applied for the individual substance or for
one out of the four sum parameters. See also chapter 2.1.6 'Factor for a sum parameter but not for a
single substance' on page 12.

2.4 Resource uses
2.4.1 Land transformation and occupation

The approach for the description of land occupation and transformation in ecoinvent is new. Current
LCIA methods do not valuate these particular elementary flows. Missing classes™* of land occupation
and transformation are estimated with similar or higher level class. Until now factors for land use at
the bottom of the ocean have not been considered in LCIA methods. Thus all uses of water surfaces
and sea-bottoms are not included for the assignment of factors.

1% CORINE land use classes are used in the ecoinvent database.
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But for transformation from or to water surfaces and sea-bottoms an average factor is applied. This is
necessary to avoid a bias in case of transformation from land surface (where LCIA factors are
available) to water surface (where specific LCIA factors are lacking). If there is a factor for
“transformation, to ...” the same value with a changed sign is used for “transformation, from ...”.

2.4.2 Energy and material resources

Factors for energy resources are recalculated with the lower or upper heating values (depending on the
definition of the LCIA method) of the resources that are used in ecoinvent. No assignment of factors is
made for flows not covered in the LCIA method.

Abiotic resources such as Dolomite, Feldspar etc. contain quite different concentrations of individual
chemical elements. Some impact assessment methods such as CML 2001 weight on the basis of
individual chemical elements and not on the level of minerals. However, some resources are not
extracted in order to exploit the elements, but to use the mineral as such (e.g., Feldspar is extracted to
use the mineral as such and not to produce Aluminium). The assignment of factors to such "combined"
resources has to be based on the assumptions in the original methodology. Relevant information is
normally given in the reserve and yearly extraction figures underlying the impact assessment (e.g.,
Aluminium reserves in Bauxite feasible for Aluminium production or total Aluminium in the earth
crust).

If in the original method the factor for a resource is derived based on the assumption that the resource
is used for the production of a certain metal, factors are only assigned to an ecoinvent resources if it
can be used for this purpose. If the use of the resource is not specified by the original method, factors
are assigned to all ecoinvent resources which contain the element.

2.5 Technosphere to technosphere flows
2.5.1 Waste

Waste is not considered as an elementary flow in ecoinvent. The “ecological scarcity” LCIA method
(Brand et al. 1998) gives a factor to waste sent to landfill and to final repositories. These factors are
used with an adaptation for the land occupation inventoried for the waste disposal processes. The
“ecological scarcity” LCIA method (Brand et al. 1998) gives also a factor to “energy from waste”
which is not implemented because waste to energetic recycling is modelled with a cut-off approach.
Thus the energy content of the waste is modelled with the first product use, e.g. the crude oil input to
produce plastics, but disregarded for the second use, e.g. electricity production from waste burning.

2.6 Known errors and shortcomings of the methods

We do not correct any errors in the LCIA method unless they have been officially corrected by the
developers. Known mistakes are described in the chapter for the specific method as well as known
shortcomings.

2.7 Summary of general assumptions

Tab. 2.2 shows the general rules for the assignment of factors to elementary flows in ecoinvent.
Factors in this context means all types of factors used in impact assessment methods, e.g.:

e characterisation factor

e normalized or weighted factors

e damage factor
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Tab. 2.2 General rules for the assignment of factors to elementary flows in ecoinvent
Case Air Water Soil Further remarks
Factor for the No problem No problem No problem ©

elementary flow and
subcategory
available:

Factor “unspecified”
without
methodological
restrictions
available:

In general use of the factor for all
subcategories.

In general use of the factor for all
subcategories.

In general use of the factor
for all subcategories.

Discussion with the method
developers or the ecoinvent
administrators in case of questionable
results.

Factor only available
for another
subcategory. E.G.
factor for emission to
river but no factor for
emission to the
ocean:

Might be relevant for emissions
to stratosphere. Emissions which
cause local effects should not be
considered in this case. For
persistent emissions factor for
other subcategory can be
applied.

High relevance. Care has to be taken
(e.g. Cl- emissions to rivers do definitely
not have the same impact as those to
the ocean). Factors for rivers are only
applied for groundwater emissions of
persistent substances and chemical
elements (Cu, Zn, Ni etc.).

Most LCIA methods
distinguish agricultural and
industrial soil. Agricultural
soil applies only for food
production, but not for forest,
energy plants etc.

The assignment is often difficult.
Relevant errors are possible. The
modelling in the impact assessment
method is valid only for the
subcategory considered. Factors shall
only be used with a positive feedback
the from method developers.

No factor available
for the subcategory
long-term emissions:

Assignment of factors for current
situation.

Assignment of factors for current
situation. No factor for LT-emissions to
groundwater, unless specified by the
method developers.

No long-term emissions in
the inventory. No assignment
of factors.

Available guidelines of method
developers for value choices have to
be considered.

Factor available for
a subcategory but
not for “unspecified”:

Low relevance. No assignment of
stratosphere factors (e.g. for
water) to ground level emissions.

Factor for “river” as default because
most emissions are released to rivers.

Factor for "industrial soil" is
used as a default for
"unspecified soil" because for
food products the
subcategory “agricultural”
has been considered in the
inventory.

Factor only available
for another category
(e.g. factor for
phosphorus to air
but not for P to water
in Eco-indicator 99).

No factor assigned.

No factor assigned.

No factor assigned.

Use of factors allowed if proposed
explicitly by method developers.

Factor for sum
parameter but not

Factor of sum parameter is used
for all individual elementary

Factors are applied only once for TOC,
DOC, COD, BOD or for the individual

No example known.
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Case

Air Water Soil Further remarks

for single substance,
e.g. NMVOC, COD

flows. emissions, because applying to both
would mean a double counting; Factors
for AOX, PAH, Fungicide, Herbicide,
Insecticide, etc. are used also for single
elementary flows.

7 Use of factor for No factor assigned. No factor assigned. No factor assigned. Detailed investigation of cases is too
“similar” flows, e.g. complicated. Even in the first view
Cr for heavy metals “similar” flows might show big
or DDT for differences in the impact assessment.
pesticides. Special care has to be taken not to
mix species with different oxidation
levels, e.g. Cr lll and Cr VI.
8 Land occupation and | Missing classes are estimated with similar or higher level classes. Bottom of ocean not included. Negative factors are used for “transformation,
transformation from ...".
9 Energy- and material | No assignment of factors for missing flows. Adaptation for lower and upper heating values. Consideration of original methodology for abiotic
resources resources.
10 | Errors of the impact | Correction only after official statement from developers. No own assumptions. Description of mistakes and shortcomings in the report.

assessment method.
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Abbreviations

(0,0) Calculation not including age weighting
(0,1) Calculation including age weighting
(E,E) Egalitarian, Egalitarian weighting
(H,A) Hierachist, Average weighting

((H)) Individualist, Individualist weighting

CAS Chemical abstract service

CED Cumulative energy demand

CML Centre of Environmental Science

DALY  Disability-Adjusted Life Years

E Egalitarian

EDIP Environmental Design of Industrial Products
EI’99 Eco-indicator 99

EPS environmental priority strategies in product development
H Hierarchist

HEU Highly Enriched Uranium

I Individualist

IPCC Intergovernmental Panel on Climate Change
ISO International Organization for Standardization
ISO International Organization for Standardization

LCA Life Cycle Assessment

LCI Life Cycle Inventory

LWR light water reactors

MOX mixed oxide (nuclear fuel) with a mixture of Pu and U dioxides
PDF Potentially Disappeared Fraction

points Unit used for the weighted EI’99 damage factor
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Summary

In 2001 CML (Center of Environmental Science of Leiden University) published a new “operational guide to
the 1SO standards”. This guide describes the procedure to be applied for conducting a LCA project according to
the ISO standards. For the impact assessment step of LCA a set of impact categories and the characterisation
methods and factors for an extensive list of substances (resources from nature / emissions to nature) are
recommended. In order to implement these methods in the ecoinvent LCI (life cycle inventory) database it is
necessary to assign the characterisation factors to the elementary flows of resources and pollutants reported in
this database. The work aims to link the impact assessment factors proposed for the problem oriented approach
in CML 01 to the ecoinvent data in order to facilitate the usage and to avoid discrepancies due to
misunderstandings or different interpretations of the original reports. Factors given in CML 01 for the damage
approach Eco-indicator 99 are not considered because this method is implemented separately (c.f. chapter 2).

The impact factors in version 2.1 of the ecoinvent database were updated using version 3.3 (December 2007) of
the spreadsheet provided by CML.

1.1 Introduction

In 2001 a group of scientists under the lead of CML (Center of Environmental Science of Leiden
University) published a new “operational guide to the 1SO standards” (Guinee et al. (2001b); Guinée
et al. (2001c)). In this guide the authors propose a set of impact categories and characterisation
methods for the impact assessment step. A “problem oriented approach” and a “damage approach” are
differentiated. Since the damage approaches chosen are the Eco-indicator 99 (c.f. chapter 3) and the
EPS (c.f. chapter 6) method, the impact assessment method implemented in ecoinvent as CML 01
methodology is the set of impact categories defined for the problem oriented approach.

In order to use this method, it is necessary to link the elementary flows of ecoinvent data to the
substance names given in the publication of the characterisation factors (Guinée et al. (2001a)). This
background paper describes the implementation of the problem oriented approach according to CML
01 with its difficulties in the assignment and some assumptions that had to be made.

The work consists of this background paper and an EXCEL table. The work aims to support users of the
databases mentioned while using the CML 01 impact assessment method. This should lead to
comparable results of LCA that use the same database and the same valuation method.

For all users it is strongly recommended to refer to the original publications to understand the details
of the CML 01 method (Guinée et al. (2001a); Guinee et al. (2001b); Guinée et al. (2001c)).

Tab. 1-1 shows an overview of the CML 01 impact categories implemented for the ecoinvent data.
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Tab.1-1  Problem oriented impact categories according to CML 01 implemented in the database ecoinvent
Category | SubCategory Name Unit l_ig(ria-
Baseline impact categories

CML 2001 | acidification potential average European kg SO»-Eq RER
CML 2001 | acidification potential generic kg SO2-Eq GLO
CML 2001 | climate change GWP 100a kg CO2-Eq GLO
CML 2001 | climate change GWP 20a kg CO,-Eq GLO
CML 2001 | climate change GWP 500a kg CO,-Eq GLO
CML 2001 | climate change lower limit of net GWP kg CO»-Eq GLO
CML 2001 | climate change upper limit of net GWP kg CO,-Eq GLO
CML 2001 | eutrophication potential average European kg NOy-Eq RER
CML 2001 | eutrophication potential generic kg PO,-Eq GLO
CML 2001 | freshwater aquatic ecotoxicity FAETP 100a kg 1,4-DCB-Eq | GLO
CML 2001 | freshwater aquatic ecotoxicity FAETP 20a kg 1,4-DCB-Eq GLO
CML 2001 | freshwater aquatic ecotoxicity FAETP 500a kg 1,4-DCB-Eq | GLO
CML 2001 | freshwater aquatic ecotoxicity FAETP infinite kg 1,4-DCB-Eq GLO
CML 2001 | human toxicity HTP 100a kg 1,4-DCB-Eq | GLO
CML 2001 | human toxicity HTP 20a kg 1,4-DCB-Eq | GLO
CML 2001 | human toxicity HTP 500a kg 1,4-DCB-Eq | GLO
CML 2001 | human toxicity HTP infinite kg 1,4-DCB-Eq | GLO
CML 2001 | land use competition m2a GLO
CML 2001 | marine aquatic ecotoxicity MAETP 100a kg 1,4-DCB-Eq GLO
CML 2001 | marine aquatic ecotoxicity MAETP 20a kg 1,4-DCB-Eq | GLO
CML 2001 | marine aquatic ecotoxicity MAETP 500a kg 1,4-DCB-Eq GLO
CML 2001 | marine aquatic ecotoxicity MAETP infinite kg 1,4-DCB-Eq | GLO
CML 2001 | photochemical oxidation (summer smog) | EBIR kg formed ozone | RER
CML 2001 | photochemical oxidation (summer smog) | MIR kg formed ozone |RER
CML 2001 | photochemical oxidation (summer smog) | MOIR kg formed ozone | RER
CML 2001 | photochemical oxidation (summer smog) | high NOx POCP kg ethylene-Eq | RER
CML 2001 | photochemical oxidation (summer smog) | low NOx POCP kg ethylene-Eq RER
CML 2001 | resources depletion of abiotic resources | kg antimony-Eq | GLO
CML 2001 | stratospheric ozone depletion ODP 10a kg CFC-11-Eq GLO
CML 2001 | stratospheric ozone depletion ODP 15a kg CFC-11-Eq GLO
CML 2001 | stratospheric ozone depletion ODP 20a kg CFC-11-Eq GLO
CML 2001 | stratospheric ozone depletion ODP 25a kg CFC-11-Eq GLO
CML 2001 | stratospheric ozone depletion ODP 30a kg CFC-11-Eq GLO
CML 2001 | stratospheric ozone depletion ODP 40a kg CFC-11-Eq GLO
CML 2001 | stratospheric ozone depletion ODP 5a kg CFC-11-Eq GLO
CML 2001 | stratospheric ozone depletion ODP steady state kg CFC-11-Eq GLO
CML 2001 | terrestrial ecotoxicity TAETP 100a kg 1,4-DCB-Eq GLO
CML 2001 | terrestrial ecotoxicity TAETP 20a kg 1,4-DCB-Eq | GLO
CML 2001 | terrestrial ecotoxicity TAETP 500a kg 1,4-DCB-Eq GLO
CML 2001 | terrestrial ecotoxicity TAETP infinite kg 1,4-DCB-Eq | GLO
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Tab.1-1  Problem oriented impact categories according to CML 01 implemented in the database ecoinvent

Category | SubCategory Name Unit hgﬁa'
Study specific impact categories

CML 2001 | freshwater sediment ecotoxicity FSETP 100a kg 1,4-DCB-Eq GLO
CML 2001 | freshwater sediment ecotoxicity FSETP 20a kg 1,4-DCB-Eq | GLO
CML 2001 | freshwater sediment ecotoxicity FSETP 500a kg 1,4-DCB-Eq GLO
CML 2001 | freshwater sediment ecotoxicity FSETP infinite kg 1,4-DCB-Eq | GLO
CML 2001 | malodours air malodours air m3 air GLO
CML 2001 | marine sediment ecotoxicity MSETP 100a kg 1,4-DCB-Eq | GLO
CML 2001 | marine sediment ecotoxicity MSETP 20a kg 1,4-DCB-Eq GLO
CML 2001 | marine sediment ecotoxicity MSETP 500a kg 1,4-DCB-Eq | GLO
CML 2001 | marine sediment ecotoxicity MSETP infinite kg 1,4-DCB-Eq GLO
CML 2001 | ionising radiation ionising radiation DALYs GLO

1.2 Use of the method

The problem oriented characterisation and normalisation factors are implemented in an EXCEL
worksheet that can be found on the ecoinvent CD. More information about this worksheet is given in
the “intro”-table of the worksheet itself.

1.2.1 Normalisation

The normalisation factors for the different impact categories from the original publication (Guinée et
al. (2001a)) are shown in Tab. 1-2. They are not implemented in the ecoinvent database. These factors
were also updated by CML. The new normalisation factors are found in the Excel Worksheet on the
ecoinvent CD (changes are highlighted).

The normalization factor for a given impact category and region is obtained by multiplying the
characterisation factors by their respective emissions. The sum of these products in every impact
category gives the normalization factor.

To go from the characterized results to the normalized results, one has to divide the characterisation
factors by the normalization factor calculated as explained before and reported in the Excel file on the
ecoinvent CD.
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Tab. 1-2

Normalisation factors (Guinée et al. (2001a))

Impact category Name Normalisation factor

the Netherlands, 1997 | West Europe, 1995(World, 1995|World, 1990 Unit
acidification potential average European 6.69E+8 2.74E+10 3.22E+11 |3.24E+11 |kg SO2-Eqg/a
acidification potential generic 7.93E+8 2.94E+10 3.35E+11 [3.29E+11 [kg SO2-Eq/a
climate change GWP 100a 2.53E+11 4.82E+12 4.15E+13 |4.41E+13 |kg CO2-Eg/a
climate change GWP 20a 2.96E+11 5.83E+12 5.40E+13 |5.69E+13 |kg CO2-Eg/a
climate change GWP 500a 2.21E+11 4.04E+12 3.31E+13 |3.36E+13 |kg CO2-Eg/a
climate change lower limit of net GWP 2.51E+11 4.49E+12 4.04E+13 |4.02E+13 |kg CO2-Eg/a
climate change upper limit of net GWP 2.56E+11 4.93E+12 4.41E+13 |4.61E+13 |kg CO2-Eqg/a
eutrophication potential average European 1.35E+9 3.22E+10 3.90E+11 |3.56E+11 |kg NOx-Eg/a
eutrophication potential generic 5.02E+8 1.25E+10 1.32E+11 [1.33E+11 |[kg PO4-Eg/a
freshwater aquatic ecotoxicity FAETP 100a 6.44E+9 A4.72E+11 1.81E+12 |[1.81E+12 |kg 1,4-DCB-Eg/a
freshwater aquatic ecotoxicity FAETP 20a 6.33E+9 4.69E+11 1.79E+12 [1.78E+12 |kg 1,4-DCB-Eqg/a
freshwater aquatic ecotoxicity FAETP 500a 6.76E+9 4.82E+11 1.88E+12 [1.89E+12 |kg 1,4-DCB-Eqg/a
freshwater aquatic ecotoxicity FAETP infinite 7.54E+9 5.05E+11 2.04E+12 |2.07E+12 |kg 1,4-DCB-Eg/a
freshwater sediment ecotoxicity FSETP 100a 7.45E+9 4.38E+11 1.89E+12 [1.89E+12 |kg 1,4-DCB-Eq/a
freshwater sediment ecotoxicity FSETP 20a 7.18E+9 4.31E+11 1.84E+12 |[1.83E+12 |kg 1,4-DCB-Eg/a
freshwater sediment ecotoxicity FSETP 500a 8.27E+9 4.62E+11 2.07E+12 |2.09E+12 |kg 1,4-DCB-Eqg/a
freshwater sediment ecotoxicity FSETP infinite 1.02E+10 5.18E+11 2.46E+12 |2.53E+12 |kg 1,4-DCB-Eqg/a
human toxicity HTP 100a 1.87E+11 7.49E+12 5.67E+13 |5.94E+13 |kg 1,4-DCB-Eg/a
human toxicity HTP 20a 1.86E+11 7.48E+12 5.67E+13 5.94E+13 kg 1,4-DCB-Eq/a
human toxicity HTP 500a 1.87E+11 7.50E+12 5.68E+13 |5.94E+13 |kg 1,4-DCB-Eg/a
human toxicity HTP infinite 1.88E+11 7.57E+12 5.71E+13 |6.00E+13 |kg 1,4-DCB-Eg/a
ionising radiation ionising radiation 1.43E+2 4.86E+4 1.34E+5 1.12E+5 DALYs/a
land use competition 3.04E+10 3.27E+12 1.24E+14 [1.24E+14 |m2ala
malodours air malodours air m3 air/a
marine aquatic ecotoxicity MAETP 100a 1.16E+10 4.64E+11 1.90E+12 [2.94E+12 |kg 1,4-DCB-Eq/a
marine aquatic ecotoxicity MAETP 20a 2.74E+9 1.16E+11 4.83E+11 |6.59E+11 |kg 1,4-DCB-Eg/a
marine aquatic ecotoxicity MAETP 500a 6.01E+10 2.33E+12 9.83E+12 |1.55E+13 |kg 1,4-DCB-Eg/a
marine aquatic ecotoxicity MAETP infinite 3.18E+12 1.14E+14 5.12E+14 |7.55E+14 |kg 1,4-DCB-Eg/a
marine sediment ecotoxicity MSETP 100a 1.37E+10 5.90E+11 2.40E+12 |3.56E+12 |kg 1,4-DCB-Eqg/a
marine sediment ecotoxicity MSETP 20a 4.54E+9 2.17E+11 8.91E+11 |1.14E+12 |kg 1,4-DCB-Eqg/a
marine sediment ecotoxicity MSETP 500a 6.01E+10 2.38E+12 1.00E+13 |[1.57E+13 |kg 1,4-DCB-Eqg/a
marine sediment ecotoxicity MSETP infinite 2.99E+12 1.04E+14 4.69E+14 |6.79E+14 |kg 1,4-DCB-Eg/a
photochemical oxidation (summer smog) |EBIR kg formed ozone/a
photochemical oxidation (summer smog) |high NOx POCP 1.82E+8 8.24E+9 9.59E+10 |1.04E+11 |kg ethylene-Eg/a
photochemical oxidation (summer smog) |low NOx POCP 1.57E+8 6.31E+9 8.69E+10 |9.19E+10 |kg ethylene-Eqg/a
photochemical oxidation (summer smog) |MIR kg formed ozone/a
photochemical oxidation (summer smog) |MOIR kg formed ozone/a
resources depletion of abiotic resources |1.71E+9 1.48E+10 1.57E+11 |1.58E+11 |kg antimony-Eg/a
stratospheric ozone depletion ODP 10a 1.17E+6 1.87E+8 8.99E+8 1.64E+9 kg CFC-11-Eqg/a
stratospheric ozone depletion ODP 15a 1.08E+6 1.46E+8 6.93E+8 1.32E+9 kg CFC-11-Eqg/a
stratospheric ozone depletion ODP 20a 1.02E+6 1.26E+8 6.01E+8 1.17E+9 kg CFC-11-Eqg/a
stratospheric ozone depletion ODP 25a 9.87E+5 1.14E+8 5.43E+8 1.07E+9 kg CFC-11-Eq/a
stratospheric ozone depletion ODP 30a 9.57E+5 1.05E+8 5.01E+8 1.00E+9 kg CFC-11-Eg/a
stratospheric ozone depletion ODP 40a 9.21E+5 9.54E+7 4.50E+8 9.23E+8 kg CFC-11-Eg/a
stratospheric ozone depletion ODP 5a 1.38E+6 3.11E+8 1.61E+9 2.59E+9 kg CFC-11-Eqg/a
stratospheric ozone depletion ODP steady state 9.77E+5 8.30E+7 5.15E+8 1.14E+9 kg CFC-11-Eqg/a
terrestrial ecotoxicity TAETP 100a 1.72E+8 2.03E+10 1.40E+11 |[1.48E+11 |kg 1,4-DCB-Eq/a
terrestrial ecotoxicity TAETP 20a 1.50E+8 1.92E+10 1.35E+11 [1.41E+11 |kg 1,4-DCB-Eg/a
terrestrial ecotoxicity TAETP 500a 2.61E+8 2.44E+10 1.61E+11 |[1.78E+11 |kg 1,4-DCB-Eqg/a
terrestrial ecotoxicity TAETP infinite 9.20E+8 4.73E+10 2.69E+11 |2.64E+11 |kg 1,4-DCB-Eg/a

1.3
13.1

Implementation
General assignments

As far as possible we used the figures given in the excel spreadsheet that can be downloaded with the
reports (Guinée et al. (2001a)). For Version 2.1 the version 3.3 of the CML Excel Spreadsheet was
used. For some substances (mixtures) we re-calculated a characterization factor using a correction
factor that accounts for the mass fraction of the pure chemical in the mixture (e.g. the characterisation
factor for “chromium(V1)-ion” is assigned to the ecoinvent emission “Sodium dichromate” (Na,Cr,0-)
with a correction factor of 0.397 because 39.7% (w/w) of Na,Cr,0Oy is Cr).

If no value for a specific flow in the CML spreadsheet (Guinee et al. (2001a)) in a certain impact
category is given, the characterisation factor for this flow in this impact category is taken as zero. This
is also done in case a value for the sum parameter to which the specific flow belongs is given.

For details check the excel sheet with this report.
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Long-term emissions

In a sometimes controversial discussion among the ecoinvent administrators it was decided, that long-
term emissions are principally valuated the same as today emissions as long as the impact assessment
method doesn’t states clearly that the factor is not representative for long term emissions and thus has
only to be used for today emissions. In Version 2.1 of the ecoinvent implementation we give all CML
01 results “with” and “without” valuation of long term emissions. Please note, that the variant
“without LT” excludes all long-term emissions, not only those to groundwater. It is thus up to the user
to decide which version he/she wants to use.

1.3.2 Emissions to air
Greenhouse gasses and ozone depleting substances

The same characterisation factors are used for biogenic and fossil emissions except for CO and CO..
Consequently, no characterisation factor is used for the CO, that is taken up as resource by plants.
This implementation was decieded on by the ecoinvent board in order to avoid undesirable results due
to the cut-off procedure applied for waste to recycling. However, from the autor’s point of view this
implementation is not in accordance with the first general rule set for the implementation of 1A
methods in ecoinvent which clearly state that impact factors for individual emissions are adopted as
they are. Not considering biogenic CO, emissions renders the IA results incompatible to the IPCC
methodology (IPCC 2001). The IA results canot be used to assess carbon sequestration in biomass and
thus are not valid for carbon accounting. If results are to be used in this context, biogenic CO and CO,
emissions as well as the CO,-resource uptake from air need to be assigned the corresponding
characterisation factors.

For CO we calculated a characterisation factor for global warming potential equals 1.53 kg CO,-eq per
kg, considering it is oxidized to CO,. This is necessary because in the ecoinvent data the amount of
carbon emitted as CO has been subtracted from the total stoichiometric CO,-emission calculated based
on the carbon content of a fuel. A calculation of the CO,-emissions would also be possible for other
hydrocarbons emitted into air. But normally their contribution (for the greenhouse effect) is relatively
small.

Particulates

The CML spreadsheet (Guinée et al. (2001a)) includes specific flows for PM2.5 and TSP. However,
no characterisation factor is given for these flows while a characterisation factor is given for PM10.
This characterisation factor for PM10 is used for the ecoinvent inventory flows “particulates, < 2.5
um” and “particulates > 2.5 um, and < 10 um” and the factor for TSP (which is zero) is used for the
ecoinvent inventory flow “particulates, > 10 um”. Since the characterisation factor for TSP is zero, the
fact that PM2.5 and PM10 are included in TSP while they are excluded in the ecoinvent flow
“particulates > 10 um” is not relevant in this assignment.

PAH

The characterisation factor for carcinogenic polycyclic aromatic hydrocarbons is assigned to the
unspecific PAH in ecoinvent. This represents a worst case scenario.

1.3.3 Emissions to water
General assignments

Characterisation factors for emissions to rivers are applied for emissions to ground-, ground- long-
term, lake, river long-term and unspecified, but not for emissions to ocean and fossil water.

ecoinvent-report No. 3 -28 -



Part 11: 1. CML 2001

Sum parameters

Since the ecoinvent database contains data for all the sum parameters BOD, COD, DOC and TOC,
only the characterisation factor for COD is applied to avoid double counting.

1.3.4 Emissions to soil
Pesticides

Characterisation factors are available only for few of the substances considered in the agricultural
inventories (Nemecek et al. (2003)). Thus not all pesticide emissions in the database have a
characterisation factor.

1.3.5 Resource uses
Material resources

Guinee et al. (2001a) gives characterisation factors for metals and for some of the ores of these metals.
Since the resources in ecoinvent refer to the metal content in the ore, the factors for the metals are
chosen.

For mineral resources extracted a characterisation factor is calculated using the weight ratio and the
characterisation factors for the classified elements. Thus the characterisation factor (CF) for NaCl is
calculated as 0.393*CF(Na)+0.607*CF(CI). If no stoichiometric composition of a mineral could be
found, no characterisation factor is calculated. The calculated characterisation factors are found in the
excel sheet with this report.

Land use

The problem oriented approach in CML 01 does not valuate the different land uses differently and the
damage oriented approach is basically the eco-indicator 99 method. The land occupation and
transformation may be assigned in the same way as for the eco-indicator 99 (c.f. chapter 3.3.5).

An important implication for the problem oriented approach is that the occupation of water surface and
sea ground are not valuated because no characterisation factors are given in Guinée et al. (2001a).

1.4  Uncertainties and shortcomings

Since only the characterisation methods described in the original publications (Guinée et al. (2001a);
Guinée et al. (2001b); Guinée et al. (2001c)) are included, the implementation of CML 2001 in
ecoinvent does not include (yet) all characterisation methods and associated characterisation factors,
which are recommended as baseline or alternative in the new Guide (Guinée et al. (2001c)).

1.4.1 Human toxicity and marine ecotoxicity (infinite classes): hydrogen
fluoride and other inorganic chemicals

The characterisation factors for hydrogen fluoride (HF) and other inorganic chemicals, such as
Beryllium, in the classes human toxicity (HTP infinite), marine aquatic ecotoxicity (MAETP infinite)
and marine sediment ecotoxicity (MSETP infinite) are very uncertain. The uncertain average oceanic
residence time in fate modelling of inorganic pollutants is the main source of this uncertainty. An
alternative is to base the fate calculations on semi-empirical oceanic residence times. For the elements
F and Be this would lead to substantially lower HTPs and METPs for infinite time horizons (cf. Tab.
1-3). However, the authors of the CML 2001 reports refuse to only modify the characterisation factor
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for HF without modifying all other characterisation factors for the other inorganic chemicals. They
argue that an isolated correction may lead to an inconsistent treatment of emissions of inorganic
chemicals. The residence times for all inorganic pollutants are now based on the same literature source
and thus it is possible that the residence times of several pollutants might be inaccurate.*®

The lack of characterisation data for CFC emissions in the toxicity classes may also lead to uncertainty
in the impact assessment results. Since CFC’s are cracked in the stratosphere and fluorine is returned
to the surface by rain, these fluorine emissions should be considered in the impact assessment.

Since we decided to implement the original versions of the impact assessment methods only with
corrections communicated officially by the authors, we did not implement alternative characterisation
factors in ecoinvent. The use of the corrected factors would imply a recalculation of the normalisation
factors.

Tab.1-3 Characterisation factors for HF emissions in the original publication and corrected factors. The factors of
the original publication are implemented in ecoinvent.

HTP inf. [kg 1,4-DCB-Eq] ~ MAETP inf. [kg 1,4-DCB-Eq] MSETP inf. [kg 1,4-DCB-Eq]

1 kg HF Original Corrected Original Corrected Original Corrected
emission to: (Guineée et al. (Huijbregts ~ (Guinée etal.  (Huijbregts  (Guinee etal.  (Huijbregts
(2001c)) (2000)) (2001c)) (2000)) (2001c)) (2000))
air 2.85E+03 1.30E+02 4.07E+07 5.20E+05 1.34E+07 1.70E+05
marine water 3.64E+03 4.70E+01 5.38E+07 6.80E+05 1.77E+07 2.20E+05
fresh water 3.64E+03 4.90E+01 5.38E+07 6.80E+05 1.77E+07 2.20E+05
agric. soil 1.85E+03 5.10E+01 2.69E+07 3.40E+05 8.86E+06 1.10E+05
indus. soil 1.82E+03 2.40E+01 2.69E+07 3.40E+05 8.86E+06 1.10E+05

1.5 Quality considerations

48% of the elementary flows in the ecoinvent database have a corresponding elementary flow in CML
2001. But for many of these flows no characterisation factors are given in the problem oriented
approach. Thus only for 20% of the elementary flows in the ecoinvent database a characterisation
factor other then zero is implemented.

Abbreviations

English
(E,H) Egalitarian, Hierachist weighting
CAS Chemical abstract service
DALY Disability-Adjusted Life Years
ISO International Organization for Standardization
LCA Life Cycle Assessment
LCI Life Cycle Inventory

15 personal email communication between Gabor Doka, Jeroen Guinee and Mark Huijbregts in October 2002
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Appendices
EXCEL Sheet

Details about the information included in each of the different tables in the EXCEL-worksheet can be
found in the table “intro” of the sheet itself. Changes from versions 1 and 2.0 to 2.1 are documented in
the sheet “changes in v2.1”

EcoSpold Meta Information

The full meta information can be assessed via the homepage http://www.ecoinvent.org. The following
table shows an example.

Type ID Field name 2 3 4
ReferenceFunction 495 Category CML 2001 CML 2001 CML 2001
496 SubCategory acidification potential acidification potential climate change
401 Name average European generic GWP 100a
Geography 662 Location RER GLO GLO
ReferenceFunction 403 Unit kg SO2-Eq kg SO2-Eq kg CO2-Eq
DataSetInformation 201 Type 4 4 4
202 Version 2.1 2.1 2.1
203 energyValues 0 0 0
205 LanguageCode en en en
206 LocalLanguageCode de de de
DataEntryBy 302 Person 8 8 8
304 QualityNetwork 1 1 1
ReferenceFunction 400 DataSetRelatesToProduct 0 0 0
404 Amount 1 1 1
Europaischer .
490 LocalName DurcEschnitt Generisch GWP 100a
491 Synonyms CML'01 CML'01 CML'01
Implementation of the Implementation of the Implementation of the
impact assessment impact assessment impact assessment
method with the method with the method with the
characterisation factors. characterisation factors. characterisation factors.
Long-term emissions are Long-term emissions are Long-term emissions are
considered the same as considered the same as considered the same as
short-term emissions. short-term emissions. short-term emissions.
Normalisation factors: Normalisation factors: Normalisation factors:
The Netherlands 1997:  The Netherlands 1997:  The Netherlands 1997:
6.69E+8, W-Europe 7.93E+8, W-Europe 2.59E+11, W-Europe
1995: 2.74E+10, World ~ 1995: 2.94E+10, World  1995: 4.95E+12, World
1995: 3.22E+11, World  1995: 3.35E+11, World  1995: 4.36E+13, World
1990: 3.24E+11 [kg SO2 1990: 3.29E+11 [kg SO2 1990: 4.63E+13 [kg CO2
492 GeneralComment eq./yr] eq-/yr] ea./yr]
497 LocalCategory CML 2001 CML 2001 CML 2001
498 LocalSubCategory Versauerungspotential ~ Versauerungspotential Klimawandel
TimePeriod 601 StartDate 2001 2001 2007
602 EndDate 2001 2001 2007
603 DataValidForEntirePeriod 1 1 1
611 OtherPeriodText Time of publication. Time of publication. Time of publication.
Modelling for the Modelling for a Global Modelling for a Global
Geography 663 Text European situation. situation. situation.
DataGenerator 751 Person 8 8 8
AndPublication 756 DataPublishedIn 2 2 2
ReferenceToPublishedSou
3 3 3
757 rce
758 Copyright 1 1 1
759 AccessRestrictedTo 0 0 0
760 CompanyCode
761 CountryCode
762 PageNumbers
ProofReading 5616 Validator 84 84 84
5615 Details Passed Passed Passed
5619 OtherDetails none none none
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2.1 Introduction

Cumulative Energy Requirements Analysis (CERA) aims to investigate the energy use throughout the
life cycle of a good or a service. This includes the direct uses as well as the indirect or grey
consumption of energy due to the use of, e.g. construction materials or raw materials. This method has
been developed in the early seventies after the first oil price crisis and has a long tradition (Boustead &
Hancock 1979; Pimentel 1973).

According to VDI (1997) "the data on the cumulative energy demand ... form an important base in
order to point out the priorities of energy saving potentials in their complex relationship between
design, production, use and disposal”. However, the cumulative energy demand (CED) is also widely
used as a screening indicator for environmental impacts. Furthermore, CED-values can be used to
compare the results of a detailed LCA study to others where only primary energy demand is reported.
Finally CED-results can be used for plausibility checks because it is quite easy to judge on the basis of
the CED whether or not major errors have been made.

Cumulative energy analysis can be a good 'entry point' into life cycle thinking. But it does not replace
an assessment with the help of comprehensive impact assessment methods such as Eco-indicator 99 or
ecological scarcity. If more detailed information on the actual environmental burdens and especially
on process-specific emissions are available - and the ecoinvent database provides such information -
more reliable results are available with such methods. Thus Kasser & Poll (1999:9) e.g. write that the
CED “makes only sense in combination with other methods".

Different concepts for determining the primary energy requirement exist. For CED calculations one
may chose the lower or the upper heating value of primary energy carriers where the latter includes the
evaporation energy of the water present in the flue gas. Furthermore one may distinguish between
energy requirements of renewable and non-renewable resources. Finally, different ways exist how to
handle nuclear and hydro electricity. But so far there is no standardized way for this type of
assessment method. Tab. 2.1 shows an overview for some methods. A discussion on the pros and cons
for this indicator can be found in (Frischknecht et al. 1998).
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Tab.2.1 Impact methods proposed for the cumulative energy demand by different authors

Name Includes Source
Cumulative Energy Demand, Different types of renewable and non-renewable (VDI 1997)
CED (or KEA) energy resources

Kumulierter Energie Verbrauch | Energetic use of resources not including use of
(KEV, Cumulative Energy Use) | resources for materials, e.g. plastics.

Graue Energie (grey energy) Non-renewable energy resources and hydro energy (Kasser & Poll 1999)
Endenergie (end energy) Direct energy use not considering the supply chain. For | (BFE 2001; Binz et al.
the Minergie-calculations for houses all types of 2000)
electricity consumption are multiplied with two.
Consumption of non renewable | non-renewable and unsustainably used renewable (Frischknecht et al.
energetic resources energy resources 1998)

Due to the existence of diverging concepts and the unclear basis for the characterization of the
different primary energy carriers, the CED-indicator is split up into eight categories for the ecoinvent
database and no aggregated value is presented (see Tab. 1.2). Common to all categories is the thesis
that all energy carriers have an intrinsic value. This intrinsic value is determined by the amount of
energy withdrawn from nature. However, the intrinsic value of energy resources expressed in MJ-
equivalents need not be comparable across the subcategories listed in Tab. 1.2. The user may adjust
and combine these categories as intended for own calculations. Wastes, which are used for energy
purposes are dealt with a cut-off approach. Thus they are not accounted for in the CED values. Their
energy content and thus the demand is allocated to the primary use.

Tab.2.2 Impact assessment method cumulative energy demand (CED) implemented in ecoinvent

subcategory |includes

non-renewable resources | fossil hard coal, lignite, crude oil, natural gas, coal mining off-gas, peat

nuclear uranium

primary forest | wood and biomass from primary forests

renewable resources biomass wood, food products, biomass from agriculture, e.g. straw
wind, wind energy
solar solar energy (used for heat & electricity),
geothermal geothermal energy (shallow: 100-300m)
water run-of-river hydro power, reservoir hydro power

2.2 Implementation
2.2.1 Resource uses
Fossil

The upper heating value of the fossil fuel resources is used as the characterization factor for this
method. The upper heating values are taken from the respective final reports (Faist Emmenegger et al.
2007; Jungbluth 2007; Rdder et al. 2007).

Peat is considered as a fossil resource even if it originates from biomass, because it is not renewable
within a manageable time horizon.

Sulphur and other material resources with a heating value (e.g. sulphidic ores) are not considered as an
energy resource, because they are normally not extracted in order to use their energy content.

The Cumulative Energy Demand (CED) values of the ecoinvent v2.0 datasets “lignite, burned in
power plant; [MJ]; AT, FR, BA, CZ, SK”, Dataset-1D 1026, 1030, 1032, 1033, 1038, respectively, are
below 1 MJ-eq (CED)/MJ (lignite input).
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The reason lies in the structure of the lignite chain. The heating value of lignite burned in mine-mouth
power plants of different countries is country-specific, whereas there is only one average lignite
resource with one average heating value defined for the calculation of fossil CED. This average
heating value is lower than the country-specific values of the above-mentioned countries.

If CED for lignite power plants is essential for a LCA case study, the corresponding value should be
manually corrected.

Nuclear

The characterisation of the CED for nuclear energy and the resource natural uranium®® is quite
disputed and different approaches have been used in the literature. Many approaches use the
production of electricity with current nuclear technology as a starting point. BP Amoco (1999) applies
the substitution method, which assumes the use of fossil fuels in a conventional thermal power plant
with 33% efficiency instead of nuclear fuel (resulting in a primary energy requirement of
10.9 MJ/kWh,). Similarly, the average thermal efficiency of a nuclear power plant (31%, nowadays
between 32%-33%, corresponding to 10.9 to 11.6 MJ/kWh,) has been applied. Other approaches
quantify the "energy content” of the fissile isotope in the natural uranium extracted from the mines.
The latter approach is used in ecoinvent (with modifications) because the same idea is applied for
fossil fuels, where the extracted resources are weighted with their (upper) heating values.

The definition of the adequate energy value for 1 kg of natural uranium is not straightforward and
requires some subjective decisions because the energy conversion of uranium strongly depends on the
technology and fuel management of the used system. The energy value used in the CED assessment
for ecoinvent is based on the following consideration:

The energy value is calculated based on the nuclear fuel chain as modelled in ecoinvent, including
cumulative uranium requirements. Hereby the fuel supply and the characteristics of the average
German pressurized water reactors are used. This cycle has the highest share in MOX (mixed oxide)
fuel (15% of total fuel), which corresponds to the best utilisation of the energy extractable from
natural uranium among the performances of the nuclear fuel cycles analysed in ecoinvent. This
definition excludes the breeding option, for which the performance of uranium fuel could be several
tens of times higher than for cycles associated with light water reactors (LWR) because fast breeder
reactors transform fertile isotopes (U238) into fissile isotopes (Pu239) in greater quantities than
actually burned. The calculation based on the German fuel cycle results in an energy value of 560
GJth/kgUnat. The value is dependent on the burn-up rate and the corresponding enrichment. The value
may therefore vary by plus/minus 5 to 10 % for current systems associated with LWR in Europe.

The following is not included in this energy value:

o the energy content in the depleted uranium from enrichment;

e the energy content of the U235 remaining in the spent no-MOX fuel at its final discharge from the reactor
(between 0.4% and 0.6% U235 of total uranium in spent fuel for current fuel management in LWR);

e the energy content in the Pu239 remaining after MOX fuels are finally discharged from the reactor (the
nuclear fuel cycle considers only one MOX utilization in a reactor, as commercially viable; this means that
the spent MOX fuel is not further reprocessed, because the plutonium left at discharge has a high share of
non-fissile Pu isotopes).

However, part of the fuel is nowadays obtained by mixing weapon-grade uranium (Highly Enriched
Uranium HEU, with about 90% U235, from the dismantling of nuclear weapons from the Russian
stock) with the uranium reprocessed from spent fuel, to obtain fuel for commercial LWR with a low

Natural uranium is composed by 0.72% of the fissile isotope U235, 99.27% of the fertile isotope U239 and traces of U234.
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enrichment of 4.7%-5% UZ235. Within ecoinvent, the weapon-grade uranium mixed with the
reprocessed uranium is treated as if the blend were fresh, i.e., low enrichment (and its environmental
burdens) is included for this part of the fuel although the uranium was actually enriched for other
purposes.

One might discuss whether it is justified to define the energy value as made above by not including the
natural uranium required to compensate for the losses of fissile uranium occurring during enrichment
(fissile U235 in depleted uranium, on average 0.25%) and in final disposal (fissile uranium in spent
fuel). Some of the arguments in favour of including the natural uranium required to compensate for the
losses:

e No loss adjustments are made for the other fuels such as crude oil or natural gas. Fossil fuels partly end up
as feedstock for plastics. If these plastics are landfilled, their energy content is preserved and is
(theoretically) still available in the future.

e Not all of the depleted uranium can be recovered for energy purposes. A share of between 10 and 30% of
the depleted uranium could further be depleted to produce "natural” uranium-235 (0.71% uranium-235),
which then would be fed into the conventional enrichment process again. However, this further depletion is
economically not (yet) feasible and the energy requirement is substantially higher per kg enriched uranium-
235 (wise 1998).

e Uranium disposed of in final geological repositories for high-level radioactive waste may not be recovered
ever.

The inclusion of the natural uranium required to compensate for one or several of the losses mentioned
above would lead to a significantly higher energy value per kg natural uranium. However, recalling
the concept that CED values should ideally represent the intrinsic value of energy resources, there is
no straightforwardly defensible energy value for natural uranium used as nuclear fuel. The
determination of the energy value using the mass flows of the nuclear fuel cycle (including or
excluding losses) remains a patch-up solution to determine an intrinsic value. That is why the eight
CED indicators (fossil, nuclear, biomass, water, as well as solar, wind and geothermal) are reported
separately. This should facilitate the use of a different energy value for natural uranium if considered
more appropriate to one's own value scheme. Anyway, the definition used in ecoinvent allows a
comparison with past CED studies based on a "substitution method" or a "thermal efficiency method"
as described in this section.

Biomass from primary forests, clear-cut

The same principles to determine the cumulative energy demand apply as for biomass classified
renewable (see below). The CED value is classified non-renewable and recorded separately. Beware
that biomass in sustainably managed primary forests is not to be inventoried as "Energy, gross
calorific value, in biomass, from primary forests".

Biomass

The calculation for biomass (wood, food products, agricultural by-products, etc.) is based on the upper
heating value of the biomass product at the point of harvest (not considering residues, like roots,
which remain in the forest or field). In the inventory the upper heating value of the specific wood
types and the agricultural products is inventoried as “Energy, gross calorific value, in biomass”.
Further on wood resources as such are also considered as an inventory item. An CED factor shall not
be used for the wood resources, because this would be a double counting. The amount of biomass
energy in wood is inventoried as shown in Tab. 2.3.
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Tab. 2.3 Calculation of upper heating value for the wood resources

Type of wood Upper heating specific weight Upper heating
value (atro) value
MJ/kg (atro) kg/m® MJ/m?
Wood, hard, standing 19.61 650 12740
Wood, soft, standing 20.4 450 9180

atro = absolutely dry, u=0%

Water

For hydro energy the rotation energy transmitted to the turbine for hydro power generation is used as a
characterisation factor. The rotation energy equals the converted potential energy of the water in the
hydropower reservoir. Hydro energy from pumping storage hydro power is excluded in the inventory,
if the pumping energy comes from a non-hydro source.

Other renewable resources

The energy input of other renewable energy resources (wind, solar, geothermal etc.) equals the amount
of energy harvested (or converted).

Solar

The solar energy converted (harvested) by photovoltaic power plants equals the electric energy
produced by photovoltaics and transmitted to the inverter. The solar energy converted (harvested) by a
solar collector equals the thermal energy delivered to the hot water storage. The efficiency of the panel
and collector to convert solar energy to electricity and heat, respectively is not taken into account.

Wind

The Kinetic energy converted (harvested) by a wind power plant equals the rotation energy of the
turbine blades delivered to the gearbox. The efficiency of the blades to convert kinetic wind energy to
rotation energy is not taken into account (Burger & Bauer 2007).

Geothermal

The geothermal energy converted (harvested) by brine-water heat exchangers equals the amount of
energy delivered to the heat pump.

It has to be noted that deep geothermal plants (e.g. <1000 m) are usually designed to over-exploit the
available heat reservoir and actually cool down the affected area for an extended period. Exploitation
can be expanded by drilling sideways into other areas, until a site is “depleted”. After about 30 years a
site will not be able to run at nominal power and another site will be chosen. It is thus debatable if
such use of this energy source is actually “renewable”. However, life cycle inventories of geothermal
power plants are not yet available in ecoinvent data v2.0.

Ambient air

The energy of ambient air converted (harvested) by air-water heat exchangers is not included in the
life cycle inventories of air-water heat pumps. In case this information is required, the amount of
energy delivered to the heat pump can be added manually.

2.2.2 List of impact assessment factors in ecoinvent

Tab. 2.4 shows the impact factors for the cumulative energy demand implemented for the ecoinvent
database.
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Tab. 2.4 Impact factors for the cumulative energy demand implemented in ecoinvent data v2.0

Name Category Unit

SubCategory fossil nuclear primary forest biomass wind solar geothermal water

SubCategor| cumulati umulati @ lati @ latiy cumulative cumulative cumulative cumulative
y energy demand energy demand energy demand energy demand energy demand energy demand energy demand energy demand

renewable

renewable
energy

non-renewable  non-renewable I
non-renewable energy

Name energy
resources, fossil

energy

resources, resources,
resources, solar,
kinetic (in wind), geothermal,
converted

converted converted

resources, resources, resources,
nuclear primary forest biomass

energy energy energy energy resources,
potential (in
barrage water),

converted

Location GLO GLO GLO GLO GLO GLO GLO GLO
Unit MJ-Eq MJ-Eq MJ-Eq MJ-Eq MJ-Eq MJ-Eq MJ-Eq MJ-Eq
Coal, brown, in ground resource in ground kg 9.90
Coal, hard, unspecified, in ground resource in ground kg 19.10
Energy, gross calorific value, in biomass resource  biotic MJ 1.00

Gas, mine, off-gas, process, coal mining resource  in ground Nm3 39.80

Gas, natural, in ground resource in ground Nm3 38.29

Uranium, in ground resource in ground kg 560'000

Qil, crude, in ground resource  in ground kg 45.80

Peat, in ground resource  biotic kg 9.90

Energy, geothermal, converted resource in ground MJ 1.00
Energy, kinetic (in wind), converted resource in air MJ 1.00

Energy, potential (in hydropower reservoir), converted resource  in water MJ

Energy, solar, converted resource in air MJ 1.00

Energy, gross calorific value, in biomass, primary forest ~ resource  biotic MJ 1.00

2.3  Quality considerations

The technical uncertainty is low, because all figures are used in line with the assumptions taken in the
modelling of the ecoinvent data.

Major uncertainties arise from value choices for the characterization of different energy resources. For
uranium it is, as said before, quite disputable, which value to chose. Hence a bias exists especially
between the CED-values reported for "non renewable energy resources/nuclear”, and "non renewable
energy resources/fossil".

It has to be noted that there is also a bias between the CED-values reported for "renewable energy
resources/wind, solar, geothermal" and "renewable energy resources/biomass”. There is a considerable
difference in accounting the use of solar energy in technical systems like photovoltaic and solar
collectors on one hand and the use of sun for biomass production on the other. While the former takes
into account the efficiency of the technical system (the solar energy needed to produce solar electricity
and heat is quantified in terms of CED), the latter does not take into account the efficiency of the
natural system (the amount of biomass extracted from the wood is quantified in terms of CED).
Considering the actual solar energy input for biomass production would lead to much higher energy
values per kg biomass. A similar approach would be required to quantify the solar energy required to
produce the fossil fuels. Further on it has to be noted that solar energy input to buildings, streets and
other artificial surfaces is not considered at all. In the cases mentioned before solar energy input might
also have a positive effect, e.g. the heating of a house via the radiation to windows, roof and walls or a
negative effect (additional need for cooling during hot weather). Due to this technical system the solar
energy is not available for natural systems.

That is why we refrain from giving an aggregated total of the eight CED-indicators. But within each of
the eight CED-indicators, model choice uncertainties are rather low.

The reduction of energy consumption is one important prerequisite for sustainable development. As
several environmental problems, e.g. climate change or nuclear waste disposal, are linked to the
energy use, this indicator can serve as a yardstick for improvements. It is also easily understandable
for decision-makers such as consumers, politicians or managers of private enterprises.

Thus, the method of cumulative energy requirements analysis is useful to get a general view of the
energy related environmental impacts i