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Harmonizing Life-Cycle Impact Assessment
Impact Categories and Category Indicators in
European Ecolabel, ANSI and ASTM Standards

For Applications in ANSI Standards for Sustainable Claims
and ANSI/ASTM Environmental Performance Declarations

1. Introduction

Policy development, indudry investment, and consumer purchasing decisions are
increasingly being driven by our undestanding of the environmental and human health impacts
assodated with different options Centra to these decisons are the classification and
characterization of impacts. Over the past three decades, there has been a growing recognition of
the need to consder these impacts on a life-cycle basis (i.e, from cradle to grave). By
identifying impact categories that fully represent the life-cycle of each option, we can more
clearly undestand the benefits and trade-offs of each choice we make.

Eco-labding programs, life-cycle studies, and environmental peformance declarations
al rely onthe careful selection of life-cycle impact categories, and the development of accurate
methodsfor calculating results in each of these categories. This pgoe explores the patential for
harmonization of life-cycle impact categores between European and North American initiatives.

2. Historical Perspective: Life-Cycle Assessment
2.1. From LClto LCIA

Life-cycle assessment (LCA) was first developed in the 1970sas a systems-oriented tool
for tracking energy flows in indudria systems. Emerging out of the science of throughput
andysis, LCA provided an extended inputoutput andysis of an indudrial system assodated with
a produd or service, resulting in an overal mass and energy badance. Unde the Qeradle-to-
graveOscope of assessment, each of theindividud processesinvolved in raw material extraction
and processing, manufacturing, distribution, use and disposal of a produd or service were
induddl in theandysis.

For many years, LCA was limited in practice to life cycle inventory (LCI), involving the
identification and quantification of produd system input and outputs used to establish the mass
and energy bdance. Software modds were developeal in Europeand the US to condud the LCI
calculations needed to complete the mass and energy bdances. Over time, these modds were
extended to indudedaa pertaining to a rangeof emission and waste streams.

During this period, LCA was characterized by excessive daa collection and costly
andysis. Much of the data were imbeddel in other daa sets, generic in nature, and frequently
lacked trangparency. In addition, even thoughthe daa often lacked any linkageto environmental
impacts, they were collected to complete the mass and energy bdance.
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An increasing number of LCA practitionas and commissiona's began to seek ways to
use LCA for environmental decison-making purposes. The need for a methodobgy capable of
linking system inputs and outputs to environmental effects thusbecame appaent, leading to the
development of life-cycle impad assessment (LCIA) practice, and ultimately, to the publication
of an internationd standad (1SO-14043 in 2000*

1SO-14042 was the produd of six years of consnsus building among ddegaes
representing more than 100 counties. This standad established a common framework whereby
the LCI results could be further classified and characterized in order to determine ther relative
impacts on the environment, then aggregated into a set of environmentaly relevant category
indicators.? The main objective was to reduce the large amount of LCI daa into manageeble,
environmentally relevant results. Additiondly, 1SO-14042 (now integrated into 1SO-14044)
recognized two tiers of LCIA, establishing more rigorous requirements for those LCIA studies
intended to serve as thebasis of public environmental comparisons

2.2. Development of Site-Dependent LCIA

Early LCIA approaches relied on generic weighting factors tha did little to link the LCI
to environmental effects. For indance, these approaches tended to rely on generic information
not necessarily related to specific receiving or providing environments. However, to satisfy the
more stringent level LCIA requirements of 1SO 14044,induding Clauses 5.3.5 (the elements of
environmental relevance) and Clause 9 (requirements for compaative assertions such as
compaisons of an impact profile to a baseling), each indicator mug be linked to its impact
endpont via a defined environmental mechanism. In the case of emissions with regiond and
local effects, Site-dependent data are required to accomplish this task.

In 1995, an LCIA framework (life-cycle stressor-effects assessment, or LCSEA) was
developal to formally integrate environmental impact assessment (EIA), environmental impact
statements (EIS) and other standad impact data sets with LCI results. The outcome of this
development was to trandgtion LCIA modding from a site-generic to a more site-dependent
approach.

Site-dependent LCIA methods for calculating category indicators, especialy those
assodated with regiond and local emissons have continuel to be refined, paticularly by
govanments in Europe The Danish Guiddines for LCA, the Nordic Guiddines for LCA and
others have contributed by integrating dispersion modding daainto an LCIA framework.

! 1S0-14042, focused on life-cycle impact assessment, was drafted under the auspices of the International
Organization for Standardization® Technical Committee on Environmental Management (TC-207), as part of the
group of standards addressing life-cycle assessment practice. A number of collaborative publications were consulted
in the development of the LCIA standard. Among the most prominent of these were the Nordic Guidelines on Life-
Cycle Assessment (1995), including the LCA-Nordic Technical Reports 1-10, and the Society for Environmental
Toxicology and Chemistry (SETAC) publications, A Conceptual Framework for Life-Cycle Impact Assessment
(1993) and Towards a Methodology for Life-Cycle Impact Assessment (1996).
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Mog recently, the site-dependent LCIA framework and methods have been integrated
into ASTM draft standad E06.71.10, a new draft standad for conduding environmental
performance assessments of eectric power systems.® In addition to the ASTM standad, LCIA
impact categories are induded in a new draft ANSI standard, BSR/SCS-002-2008, O'ype |11
Life-Cycle Impact Profile Declarationsfor Produds and Services.OThis ANSI standad specifies
the LCIA methods scope metrics and format for environmental performance declarations This
latter standad will comply with the requirements of 1SO 14044and LCIA framework described
in ASTM draft standad E06.71.10 Annex A. The ANSI standad is not intended to establish
minimum environmental performance requirements or define a preference for one technology
relative to anothe. Rather, it is intended to develop a uniform and standadized format for
propely reporting the environmental life-cycle impacts of any system studied. The standad
explicitly excludes the use of weighting factors applied across impact categories and the
interpretation of LCIA results.

2.3. Importance of Harmonization

Uniformity of metrics beween the ANSI and ASTM standads is essentia, since
electricity usage comprises a magjor pat of the environmental peformance declaration of
produds, materials, and buildings covered unde the broader ANSI LCIA scope The impact
levels assodated with electricity produdion and distribution are anticipated to conditute at least
80% of total level of impacts of mog buildings therefore it is important that the impact
categories established for building produds and materias such as carpet, furniture, and structura
materials conform to the categories already established for the electricity sector in the ASTM
LCIA standad.

For ingance, one near-term application of the unified ANSI/ASTM LCIA framework is
the indudon of LCIA protocols for the NSF 140 2007 carpet standad at the highest tier of
performance (platinum). The harmonized list of impact categories allows for a congstent LCIA-
based initial evaluaion of this and other ANSI sugtainability standadswith LCIA requirements.”

Both the ASTM and ANSI draft standads have potential internaiond applications as
both power generation and produd and material manufacturing frequently involve multi-naiond
opeaations In light of these internaiond implications and in the interest of harmonization with
existing European protocols, both the ASTM power standad and ANSI environmental
performance declaration can readily be adapted to utilize the LCIA impact categories aready
established for the European Eco-labd Program.

3 Cstandard Practice for Assessing Environmental Performance Improvements of Electric Power Generation
Facilities and InfrastructureO

* See discussion on Environmental Performance Declarations for Buildings, http://www.scscertified.com.

® See SCS Audit Manual for NSF 140 £2007, LCIA provisions.
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3. Draft ANSI/ASTM LCIA Framework
3.1. General Protocols

Because the draft ANSI/ASTM LCIA framework was developal as a site-dependent
approach, it generates a high enoughdegree of certainty by category indicator result to fulfill the
Qomparative assertionOrequirements of the 1SO-14044 standard. Unde this framework, the
physcal, chemica and/or biological environmenta mechanisms tha link an industrial input
output or activity (i.e., the GtressorQ to an observable impact (i.e., the GeffectQ are modded as
Gitressor-effect networksO (Figure 1). These environmental mechanisms indude effects on
ecosystems, effects on human health, and the ne depletion or accretion of naural resources.
Calculationsinvolve the collection, andysis and integration of two types of daa 1) inventory
daa (e.g., land use, resource and energy input, environmental releases and wastes), and 2)
characterization daa tha put these inventory data into perspective with respect to various
environmental impacts.®
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Figure 1. Example of a Stressor-Effect Network

Congstent with standad LCIA practice, this framework contains formal protocols for
classification of inventory results and chaacterization of these results with regard to ther
respective impacts.

Step 1: Impact categories are identified to represent distind stressor-effects networks
with defined nodes (Figure 1). [Aggregaion of stressor-effect networks is not
permitted.]

® Like al LCIA models, LCSEA is a data integration methodology focused on collecting and analyzing a variety of
existing data resources rather than on conducting traditional EIA research.
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Step 2: For each impact category, a category indicator mug be selected tha is
representative of the nodeaongthe stressor-effect nework tha has the strongest
quantifiable link to both the stressor and the effect.

Step 3:  Core impact categories are distinguished from categories not relevant to a specific
region, as described in ASTM E06.71.10 (Table 1).”

Step 4: Inventory daa are assigned to one or more relevant indicators. Any inventory
data tha canna be assigneal to an indcator are identified in the inventory but
excluded from thefind indicator results with jugification provided.

3.2. LCIA Requirements in the European Eco-label Program®

Environmental life cycle impact assessment evaluaion is required to address all
environmental impacts associated with produds claiming to adheae to the European Eco-labd
Program standads This evaluaion indudes the entire life cycle from the extraction of the raw
materials through the waste phase, and al assodated environmental effects, quantified if
possible.

The European Eco-Labd standads draw heavily from European-based LCA research,
such as the Danish, Nordic and Dutch EDIP LCA Guiddines. For ingance, Leiden University
Inditute of Environmental Sciences (CML), on behdf of the Dutch Ministries of the
Environment and Econonic Affairs, drafted a manud for the execution of environment-oriented
LCA.? The manud provides guiddines regarding for conduding an LCA, induding arithmetic
methodsfor the quantification of environmental impact categories.

These European LCA Guiddines were extensively relied upon in the formulation of
internationd guiddines for LCA, as standadized by the Internaiond Organisation for
Standadisation (1S0), and likewise have served as a mgjor resource in the establishment of the
LCIA framework embedded in the draft ANSI and ASTM standads These guiddines, in turn,
conform with the Sodety of Environmental Toxicology and Chemistry (SETAC) Code of
Practice and the guiddines of the Groupedes Sages.

According to SETAC, the following environmental impact categories should be
quantified in LCA.*°

¥ abiotic resource depletion
¥ globd warming (greenhou® effect)

" For further discussion, see ASTM E06.71.10, Annex A.

8 European Eco-label Report No. R3535924.WO05/EJD

° Guinje, JB. ea, Millieugerichte levenscyclusanalyses van producten. Deel 1: handleiding. Deel 2:
achtergronden”, NAOH rapport 9253/54, oktober 1992, CML. (Environmental Life Cycle Assessment manual and
background information).

9 »Guidelinesfor Life Cycle Assessment, a@ode of Practice®, report of the SETAC workshop at Sesimbra,
Brussels, 1993.
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human toxicity

acidification

ozonedepletion

eutrophication

photochemical oxidaion (smog)
ecotoxicity

landscape demolition (not yet quantifiable)

KK K KK KK

In addition to these categories, other impact categories often induded in EU eco-labd standads
are:

use of energy (renewable and fossil energy)
recyclability

nuisance aspects (noise and smell)

waste.

K K K K

3.3. Harmonizing the European EcolLabel and Draft ANSI/ASTM LCIA Impact
Categories and Category Indicators

The European LCIA impact categories are consstent with the basic LCIA framework
uponwhich both thedraft ASTM E06.71.10 and ANSI BSR/SCS-002 standadsare built.

However, while the European impact categories serve the limited objective of validaing
EPP clams, the ANSI/ASTM LCIA impact categories are intended to suppot LCIA
Environmental Performance Declarations as well as ANSlI standads defining degrees of
sudainability in produdion practices Therefore, additiond refinements in the impact
categories are required to reduce uncertainty in the calculation of category indicators Thus while
the EU does not identify the specific nodes within the stressor-effects network, the ANSI/ASTM
LCIA metrics do require such specificity.

A brief discussion of selected impact category groupsis provided bdow, while a much
more detailed discussion by impact category is provided in ASTM E07.61.10, Annex A (for the
electric power sector).

Resource Depletion

The three European impact categories N Abiotic Resource Depletion, Use of Energy,
Recyclability N actudly represent a group of specific abiotic resources being depleted. Under
the ANSI/ASTM LCIA framework, these are addressed unde impact categories addressing the
depletion of specific abiotic resources. While the EU energy use indicator has historically been
judtified on a Qess is betterOassumption, the ANSI framework addresses the same issue unde
the nonrenewable energy resource depletion impact categories.

1 For instance, the ANSI NSF-140 2007 standard for carpet defines silver, gold and platinum levels as various
degrees of sustainability, which will require the LCIA tool with sufficient accuracy and completeness to validate
such arating system.
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Human Toxicity

Aggregaion of all emissonsrelated human toxicity impact categories into a single
category indicator results in the aggregaion of a myriad of endponts with radically different
fate, trangpornt and exposure biophyscal impact pahways. Such aggregaion is not permitted
unde the ASTM E06.71.10 protocols, due to the high degree of uncertainty in the resulting
category indicator calculation.

The ANSI LCIA framework requires tha separate impact categories be established for
each major human toxicity stressor-effects nework identified. For example, the human health
impact from direct and indirect partticle emissions is based on PM2.5 equivalent exposure
determined from dispersion and trandormation modds. The expoaure is integrated and averaged
over the total popuktion in the dispersion area, and expressed as (hersons * | g PM2.5/ m*Q
congstent with the LCIA calculation foundin the Danish Guiddines.

Chemical releases classified as toxic chemicals tha cause hedth effects at pats-pe-
million (ppm) and pats-pe-billion (ppb) levels are separated out into ther fate, trangot,
exposure and endpont impact categories, respectively. The exact list of impact categories
relevant to a particular produd or service dependsuponthetype and rates of these emissions and
thelimitation to the characterization of such releases.

Wages

Gross wastes in and of themselves do not conditute an impact category congstent with
SO 14044 .However, to the extent tha such wastes may pose risks to the environment or human
health dueto breach of containment, this risk can be captured in an impact category congstent
with SO 14044.

LandscapeDisruption

The Q.andscape DisruptionOgroup of impact categories represents a further refinement
of the Q_andscape DemolitionOcategory in the Europesn approach, addressing the same type of
stressor-effects networks while allowing for an accouning of the degree of patia disruption as
well as accouning for areas tha have been subjected to total demolition. Furthe'more, given
the variety of habitat types occupying variouslandscapes (induding both terrestrial and aquatic),
the ANSI/ASTM LCIA framework accounts for the varioustypes of habitats disrupted and the
loss of popuktionsof key faund species within the disturbed landscapes.

Oceanic Acidification

This new impact category in the ANSI/ASTM LCIA framework has been established in
light of newly emerging data regarding this biophysical impact pathway.
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2.4. Harmonized ANSI/ASTM LCIA Impact Categories to EU Impact Categories
(ASTM E06.71.10 /ANSI SCS 002)

As shown in Table 1, the European and ANSI/ASTM LCIA impact categories are quite
congstent. However, the ANSI/ASTM LCIA impact categories are further refined to achieve the
detail needed to attain the highe levels of certainty in category indicator results required to make
direct quantitative comparative assertions on an indicator-by-indicator basis in Environmental
Performance Declarations

The grouping of impact categories is an important aspect of the ANSI/ASTM LCIA
framework. Impeact categories are groupeal when the same basic algonthms are used even though
the categories themselves remain distinct. The level of aggregaion in the European list of
impact categories results in unacceptably high levels of uncertainty for the purposs of the
ASTM E06.7110 and ANSI SCS-002 standads For such categories, the revised list of
ANSI/ASTM LCIA impact categories in Table 1 shows the breakout of required impact
categories and thear linksto the EU categories.

Page 8



Draft Article for Publication

Scientific Certification Systems

Table 1. Comparison of the EU and ANSI/ASTM LCIA Impact Categories

EU IMPACT ANSI/ASTM LCIA IMPACT ANSI/ASTM LCIA ANSI/ASTM LCIA
CATEGORIES GROUPS, IMPACT CATEGORIES, | CATEGORY UNIT OF MEASURE
and CATEGORY INDICATORS INDICATOR
CHARACTERIZA-
TION NODE
Abiotic Resource Abiotic/Biotic Resource Depletion
Depletion Group
Use of energy Non Renewable Energy Resource Midpoint Node 2 Eg. GJof oil
(renewable and fossil Depletion
energy)
Aggregated into single Water Resources Depletion Midpoint Node 2 Hectare-m
Sb'Ot'(.: resource BioBased' Resource Depletion No Present By material
epletion impact I
category . . Charagterl zation
Strategic M etals Resource Depletion Midpoint Node 2 By metal

Includes Recyclability

Landscape Demolition

Landscape Disruption Group

Not yet defined Terrestria Habitat Disruption Midpoint Node 2 Eqg. hadisturbed
Aquatic (River) Habitat Disruption Midpoint Node 2 Eg. km
Aquatic (Lake) Habitat Disruption Midpoint Node 2 Eqg. hadisturbed
Riparian/Wetland Habitat Disruption Midpoint Node 2 Eqg. hadisturbed
Key speciesloss Midpoint Node 3 Eqg. % loss
Cumulative Environmental L oading
Group
Globa Warming Greenhouse Gas Emissions C-Loading | Midpoint Node 2 Eg.t CO,
(greenhouse effect)
Issue not covered Acidification C- Loading (Oceanic) Midpoint Node 3 t CO,
Acidification Acidification C-Loading (Regional) Midpoint Node 3 Eg. t SO,
Eutrophication Eutrophication C-Loading (Regional) Midpoint Node 2 t PO,
Ozone depletion Stratospheric ODC C-Loading Midpoint Node 2 Eg. CFC 111

Human Toxicity

Human Toxicity Emission Group

Photochemical
Oxidation (smog)

Ground Level Ozone Exposures

Midpoint Node 4

Persons* ppm Oz* hrs/ yr.

Aggregated into single
human toxicity impact
category

PM 2.5 Exposures

Midpoint Node 4

Persons* | gPM-25eq./ m’

Pulmonary Toxic Chemical
Exposures™

Midpoint Node 4

Persons* | g benzeneeg. / m®

Systemic Toxic Chemical C-Loading™ | Midpoint Node 3 Eq. kg As
Neurotoxic Chemical C-Loading Midpoint Node 3 Eg. kg Hg
Additional Impact Categories

Ecotoxicity EcoToxicity Chemica C-Loading Midpoint Node 3 Eqg. kg Se

Wastes C-Risks Untreated Hazardous Waste Potential Node 1 Set by Waste Stream

Eqg. = equivalent, t = metric tons, kg = kilogram, ug = microgram, ha =hectare, km = kilometer, GJ = GigaJoule, C-Cumulative

12 For product categories that create indoor air quality impacts, a separate group of impact categories must be included that
measure the risks from exposure.
13 For product categories with potential indoor dermal toxicity issues, such as phthalates, PBDE and other persistent chemical
exposures, a separate impact category must be established.
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