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Assessment — Life Cycle Sustainability Analysis.
A Flexible Framework for a Continuum of Tools
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Abstract Life cycle assessment (LCA) is a tool for answering main examples here. This issue falls in the socaremic
questions related to environmental impacts of prodets. It is &  domain, and is not part of the environmental LCAda

comprehensive tool, addressing the entire life cyel and
addressing the full spectrum of environmental impats. There are
two opposite movements occurring: LCA is getting sniker, and
it is getting broader. This presentation presents e general
framework for a broader life cycle sustainability analysis
(LCSA), and shows how the practical work related todoing an
LCA, a carbon footprint, or an analysis for ecodesig, can be
seen as special cases.
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|l. INTRODUCTION

therefore fall outside LCA studies.

Third, even within the class of included environta¢n
impact categories, oversimplifications vyield an l&ast
distorted picture. For instance, when the producté fuel
crops takes place on land that was used beforetter
cultivation of food crops, food production may shid other
types of land. But the mechanisms that drive such
consequences are beyond the scope of standard LCA.

Thus, we see that LCA is selected as an analytmail
because of its broad scope, but that for some kegtapns of
contemporary policy it is certainly not broad enloudhe
tendency to broaden LCA is seen in the emergenckfeof
cycle costing (LCC; see [2]), social life cycle essment

Life cycle assessment (LCA) has been defined by #0

the “compilation and evaluation of the inputs, afpand the (SLCAf see [3]), and life cycle sustainability assment
potential environmental impacts of a product systelftCSA: see [4]). In a recent elaboration of the ECS], the

throughout its life cycle” [1, p.2]. This is at tsame time a idea of a technological structure, linking the at#s in a life
narrow and a broad definition. It is narrow in gense that it CYcle, with satellite data for environmental, ecmio and

restricts the scope of LCA to environmental aspesiy.

social performance, has been developed, thus édbent

Indeed, 1SO explicitly adds that “LCA addresses thiledrating the frameworks of LCA, LCC and SLCAgs#so

environmental aspects and impacts of a productesyst
Economic and social aspects and impacts are, ftipica

outside the scope of the LCA. Other tools may beoed
with LCA for more extensive assessments” [1, pAfid it is
broad in its explicit comprehensiveness: “LCA cdess all
attributes or aspects of natural environment, huheaith and
resources. By considering all attributes and aspeithin one
study in a cross-media perspective, potential taftlecan be
identified and assessed” [1, p.7].

It is precisely the potential for trade-offs thadices a
further broadening of LCA. Especially the case affiels
presents a challenge here, for several reasons.

First, even though LCA is supposed to cover
environmental aspects, it is a well-establishecolzgion that
not all environmentally relevant issues are inctijcend even
when they are included, they are not always indude a
meaningful way. Examples of poorly-covered issuee
impact of land use and water use, deforestaticsh déspersion
of genetically modified organisms. Even the chefricaented
problems — LCA'’s original strength — are of limitedlue for
local problems, such as odour and toxicity.

Second, many of the problems that have been associa

with biofuels do not show up in LCAs. Provision fufod,
dramatic increases of food prices, and violation lafid
property rights of farmers and indigenous peoples some
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elow.

At the same time, we see a wish to reduce the aitpl
and resource requirements of LCA. The most prontinen
example of this is the carbon footprint, which imshcases
refers to an LCA-perspective with a single focusalimate
change in terms of C&kquivalents [6]. But the carbon
footprint fits in a larger range of approaches tatiempt to
capture life cycle information in a tool that isngler and/or
quicker than LCA. Such simplified LCA tools can be
categorized along various directions.

First, there are approaches that concentrate tH&ecarbon
footprint, on a less complete set of impacts. Thare
affPproaches that concentrate on energy, or on msour
requirements. The motivation for restricting thealgmis to
only a small set of impacts can be different. Semmes, it
follows from policy considerations, for instance emhclimate
change has been declared to be the prime targedthier
cases, there are heuristic reasons for simplifyfgexample
is the case of fossil power plants, where climdtange and
acidification are probably the most important impages,
and adding more impact categories would not reaitwide
ew insight while complicating the analysis. Therbca
footprint is the most important example of thisdency to
restrict the scope of LCA. The EU acknowledges tfidtte
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carbon footprint is a sub-set of the data covergdabmore
complete Life Cycle Assessment (LCA)” [6].

Second, there are approaches that do not focusnpact
categories, but instead offer proxy indicators dratsupposed
to be correlated with the real impacts. For instarigel use,
product mass, and amount of non-recyclable waste bea
claimed to bear some relation to environmental ittgpa
Especially in the field of ecodesign, several tomdse been
developed to score alternative concepts and designsuch
metrics. For instance, LCAs have been “simplifita’address
categories such as MET (materials, energy, toxicgge[7]),
thus leaving out acidification, climate change, aadn.

In itself, the idea of an established theory withtbe one
hand pragmatic simplifications, and on the othemda
theoretical abstraction, is an old idea. Newton&chanics is
simplified by engineers designing an elevator, @rid made
more abstract by scientists working at relativitydry. The
same situation is present for LCA: ecodesignersplsiyn
scientists make it more abstract. But the esseidgal is that it
is a continuum of approaches. The method for edgdes
should in the end be derivable from the standard Lahd the
standard LCA in its turn should be a limiting cade¢he more
general LCSA.

This presentation presents the general framewornk f
LCSA, and shows how the practical work related aong an
LCA, a carbon footprint or ecodesign, can be seespecial
cases.

Il. THE FRAMEWORK FORLCSA

the present. In LCC, the future counts typicallgsle
by using a discounting rule.
Likewise, SLCA struggles to define the life cyclde
system boundaries, allocation, and other LCA-ralegéeps in

a way that is compatible with the conventions aratfice of

LCA[3].

There are two disadvantages associated with theipset
presented above:

It is inefficient. Specifying a life cycle for LCAnd a
life cycle for LCC means duplicating a lot of work.

It easily leads to inconsistencies. Setting bouedar
and applying allocation rules should be done
consistently across LCA, LCC and LCSA.

To resolve these issues, the CALCAS project [9] has
proposed another conceptual framework for LCSA;Kgel.

LCA environmental technological
system indicators system
Lcc £COnOoMmIc )
ndicat - - environmental
system indicators ; -
3 sat.elhte with ‘ndicators
T . environmental,
SLCA social . .
o £conomic, £CONOMmIc
system indicators . -
: and social indicators
information ]
social
a. b. indicators

Fig. 1. Lay-out of a framework for life cycle susibility analysis. a.
presents the idea of Klopffer [4], b. presents ittea of CALCAS. Source:
[10, p.56].

Life cycle sustainability assessment (LCSA) has nbee

introduced by Klopffer [4] as a way of combiningeth
procedures and metrics of (environmental) LCA, Idfgcle
costing (LCC), and social life cycle assessmentQS)L
Symbolically, they have been united as
LCA=LCA+LCC+3.CA (1)
This, however, represents more wishful thinkingnthea
concrete tool. For instance, it has been notedth@a} the

procedures for LCA and LCC are quite different widspect
to several characteristics:

That the framework for LCSA is different from thosé
LCA, LCC and SLCA can be seen by recognizing thmst t
three underlying tools share a common part, refetoeas the
technological system in Fig. 1. This technologisgktem
represents the life cycle of the system under stlidhaptures
all processes related to production, use, and s@pdut in
principle also those related to marketing, R&D. The
technological system is in fact the main subjectL@fl’s
inventory analysis. In ISO’s structure for LCA aindthe daily
work of LCA practitioners, most of the effort godsto
collecting data and modelling this technologicabktey. It

e time. LCA typically aggregates impacts along theomprises activities, such as setting the systeomdbaries,

entire life cycle, regardless of the time at whibhy
occur. In LCC, it is practice to specify costs pear
separately.

o definition of life cycle. LCA typically spans minin
production, use, and disposal.
activities and marketing are typically included.

e aggregation. LCA defines the sustainability in assr
generational perspective: the future is as imporan

choosing representative technologies, collectirtg da inputs
and outputs of products, materials, energy and ewast
validation of data, allocation, and relating thetad#o the
functional unit. The only aspect of the inventonalysis that

In LCC, R&Ddoes not fall in this technological system is tladlection,

validation, and processing of environmental data.
Let us have a look at the template for LCA in CML’s
Handbook on LCA [11]; see Fig. 2.
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INPUTS OUTPUTS
goods —» UNIT PROCESS / — goods
. services —» PRODUCT SYSTEM | —» services .
economig, products materials materials products *| economic
flows - g flows
energy —» —» energy
waste* (for treatment) —» —» waste (for treatment)

abiotic resources —»
biotic resources —»
land transformation —»
land occupation —

environmental
interventions

chemicals to the air
chemicals to water
chemicals to the soil
radionuclides

sound

waste heat

environmental
interventions

casualties
etc.

AR EEERE

* functional flows

Fig. 2. Basic format for process data in LCA. Seuf¢1, p.479].

The process structure is divided into two mainisest
o the upper part having economic flows;
o the lower part having environmental flows.

The definition of these two sets has been elalmiiatg12],
p.20: “those which come from or go to another psscéhe
economic flows), and those which come from or gothe
environment (the environmental flows)”. ComparisainFig. 2
with Fig. 1 permits us to draw the synthesis in Big

product technological product
environmental environmental
inflows ™| ouMows
. satellite .
economic economic
inflows ™ outhiows
. system .
social inflows y social
outliows

Fig. 3. Basic format for process data in LSCA, base[5] and [11].

The term satellite in Fig. 1 is derived from inputtput
analysis (IOA) [13], where an inter-industry parttie core of the
system, and one or more satellite accounts caddexlato cover
energy, environment, materials, and other releitanis. There
is, however, one more thing besides the inter-ingdpart and the
satellites in IOA. These are referred to by difftnreames: value
added categories, factor inputs, primary inputsn®rexamples
are labor, rent, royalties, taxes, and profit. Feomenvironmental
point of view, this information is not relevantdeed, the LCA
template of Fig. 2 does not accommodate these.itEros an
economic and social point of view, however, thagedd prime
interest. They serve to establish life cycle casis they help to
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identify aspects related to employment. In LCC an&LCA,
these items are therefore essential. In social Lifére are in
addition other items that may be of interest, faatance aspects
of child labor and spendings on education and tghari

Of course, there are some unclear points in thadveork. Is
labor part of the social or of the economic sageltr both? Is the
economic information on rent on land fully corresging to the
environmental information on land use, or doeitec another
type of information? Such details are to be cledlifn due course.
The prime message is unaffected:

e There is an upper part, the technological systdmat t

contains information on inflows and outflows of guots.

e There is a lower part, the satellite system, thwttains
information on three sets of flows: environmentalris
(like water and Cg), factor items (like labor and rent), and
social items (like child labor and gender issues).

e The upper part is connected to the upper partsttudro
processes.

e The lower part forms the basis of calculating intpac
indicators (like climate change, employment, oroime
distribution).

It is possible to cast the framework in a matherahti

formulation on the basis of the one in IOA or LG&g [12].

Given a final demand vectbthat specifies the functional unit,
the technological system that defines the intecgsse linkages is
written as a technology matrix. To satisfy the final demand, all
processes need to work on a certain level, indichiescaling
factorss. These are found by

s=A'f )
where the superscript —1 refers to the inversesufuare non-
singular matrix.

The satellite system is written as a matBx It can be
considered as a partitioned matrix [10, p.57]:
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Applying the same scaling factasson the satellite matrii,

we can calculate the inventory resgitsigain as a partitioned set

of indicators:

genv Benv
0= 0y |=| Buo, |S= Bs= BA'f. @)
Jenc Bee

The impact assessment phase translates the invesatats
into impacts. Characterisation factors, such abajlevarming
potentials, can be arranged in a matrix form [}2)ding a

characterization matriQ. Using this characterization matrix the

factual characterization step delivering a charaetton resulth
proceeds through

henv Qenv O O geﬂV
h=hen [=]| 0 Quon 0 || Qe | S= QO(5)

This concludes our conceptual and formal treatro€hCSA
as a generalization of LCA.

Ill.  CONDENSINGLCSATOLCA

Having generalized LCA is one step, but is these a way
back? Is it possible to derive LCA from LCSA asnaiting case,
like we can derive Newton’s mechanics from Einsemore
general theory? Yes, formally we can put all ecanand social
information to zero, and

genv Benv
9= Ocon [=| Ooon | S= Bs ©
0 0,

This will save us from collecting data on the ecoimoand
social satellite on the expense of not providimticators for these
aspects. But — and this is the crucial thing —stinecture of the
model is the same. We can use the same softwarthargame
databases, but just “switch off’ the economic apciad satellite
accounts. Fig. 3 shows a screenshot of the soft@dMeCA
[14], where such switches have been literally tilt

IV. CONDENSINGLCA TOCF

Reduction to a carbon footprint simply takes plageaelecting
only climate change as an impact category, effelgtiignoring
the characterization factors for all non-climatéaterl impacts
and/or ignoring the environmental satellite forestimterventions
than greenhouse gases.

Scope definition

Technology model
[ ata farmat

{* Process analpsis [LICA)

rInclude
¥ Impact assessment

10 farmat

Financial information———
I~ Far economic flows

& |ndustrytindusty

= 10-analysis [EI0A)

 Commodiyeommodiy [~ For environmental flaves

= Hybrid LCA-EIDA
B [~ For altematives

I jv

Currency

Extension:
’]7 Environmental [~ Economic I~ Social ‘

Cancel |

Fig 3. Screenshot from CMLCA, showing how an LCSAtem may be simply
reduced to an LCA system by ignoring the economitsacial satellite accounts.

V. CONDENSINGCF TO ECODESIGNTOOLS

Tools for ecodesign are of an essentially differemracter
than LCA, whether in its extended LCSA or in itidensed CF
form. Strictly speaking, they are not a scienticalysis, but
practical rules of thumb, derived from scientifitalyses by trial
and error. For example, the MET approach [7] usesxyp
indicators for materials, energy and toxicity gsaes-pro-toto of
the total environmental burden. And although the ditdctive
[15] on ecodesign for energy-using products (EwiAges that
“the energy consumption of EuPs in stand-by onaffie should

be reduced to the minimum necessary for their prope

functioning”, it at the same time acknowledges thatnore

complete analysis provides the ultimate benchniédkhough a

comprehensive approach to environmental performaisce
desirable, greenhouse gas mitigation through iserkanergy
efficiency should be considered a priority enviremtal goal

pending the adoption of a working plan.” Thus, we elearly the
idea of practical rules of thumb, inspired by a bomation of

complete analysis and experience, and being suladedin the

end to a more comprehensive analysis.

VI.

Simplifying is a process of omission: leaving ouwtails,
concentrating on a subset of aspects, reducingniafion. It is
possible to derive a simple theory from a compheoty, but the

DISCUSSIONAND PROSPECTS

Typically, he,, contains climate change along with a number afonverse is not possible. In that sense, the pyiftacesearch is

other impact categories, such as toxicity and resodepletion.
In such cases, we can thus whitg as

at LCSA, as the most comprehensive analysis.
Ordinary LCA and the carbon footprint can be defii®m
this more comprehensive analysis by a simple psoaas
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omission: skipping the economic and social dimemsior
skipping all environmental impact except climatarge. In that
sense, we can consider this process of simplificaths a
projection. In a projection we map a description nirany
dimensions on fewer dimensions. For instance, doph@ps a
situation in four dimensions (three spatial dimensiand time)
on a situation in two dimensions (two spatial disiens). The
multi dimensional LCSA is mapped on a fewer dimemai LCA
or a one dimensional CF.
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Reinout Heijungs. Ekodizains — Oglela nospiedums — dires cikla nowrt gjums — daves cikla ilgstfgjas analize. Elastga struktiara metoZzu negartraukt ibai

Dzives cikla noertgjums (DCN) Sold ir plasi lietots instruments, lai atlitd uz jaujumiem par produktu ietekmi uz vidi. DCN ir iegr ka visaptveroSa metode, kas
versta uz visu dwes ciklu no produktaipula fidz kapam, un aptvet tetekmes uz vidi pilnu spektru, tostarp resursuk&anu, klimatagymaigas, toksiskumu uc. DCN
attistiba ir divas pretjas kustbas: DCN Kist Saudks, un tas Kist ar plagiks.

Saugki DCN veikti jau kop3% metodesakuma, vai pat agk. Faktiski DCN izauga no enjas bilances anzdes, kur engijas izmantoSana bija viegais \&ra nemtais
faktors, un pakpeniski Sai an@te sska ieaut ar citus faktorus,adus, K resursu patinu, sittumncefekta §zu emisijas, toksisko vielu izmantoSanu, utjpr. dikaina
merkiem DCN “vienkarSo”, aptverotadas kategorijas,ak piengram, mateiili, enegijas patrinS, toksisks vielas, adgjadi atsgjot arpus izggtes paskbinasanos, klimata
parmaias, un citus ietekmes uz vidi faktorustiBkakais &das pieejas ierobeZojums, karasaienu politika piess lieliko Veribu, ir ogleka nospiedums.

Tendence paplaginDCN ir noerojama, afstoties 3dam metodm ka dzves cikla izmaksu n@vtgjums (DCIN), d2zves cikla sodilais nowrtgjums (DCSN), un dezes
cikla ilgtspgjas anake (DCIA). Nesem DCIA izstrade ielikta ideja par tehnofgsko strukiiru, kas savieno dattas dzves cikh ar pavadoSajiem datiem par sniegumu
vides, ekonomikas un safzja joma.

S prezericija sniedz prskatu @r vispargjo daves cikla ilgtspjibas anares (DCIA) strukiru un apskata praktiskogtfumus, izmantojot DCN, ekodizaina, odiek
nospieduma metodes &tsevi§us DCIA gagumus.

PeiinoyT XeiijkyHre. Jxkoau3aiin - BbiOpochl yriekucioro rasa - OueHka sKM3HEHHOro HUKJIA - OeHKa YCTOHYMBOCTH 'KM3HEHHOro nukiaa. OcHoBa 1uist
HeNpepbIBHOI0 HCIO/Ib30BAHUS HHCTPYMEHTOB

B Hacrosimiee Bpems onenka skuzHenHoro mukia (OXKL) mMpoko Herosb3yercst Kak MHCTPYMEHT, ¢ IOMOLIBIO KOTOPOrO MOXKHO OTBETHTh Ha BOIIPOCHI, CBSI3AHHBIC C
BIIMSIHHEM OTAEIBHOTO IPOMYKTa Ha OKpy»karontyio cpexy. OXKL] 6pLra 3aymMaHa Kak KOMILIEKCHBIH HHCTPYMEHT, OOpAIIEHHEII Ha BECh XKI3HEHHBINA IIUKI IIPOAYKTa, OT
KOJIBIOGIIH 10 MOTHJIBI, U HANIPABIICHHBII Ha PEILICHHE BCETO CIIEKTPa BIMSHKS, KOTOPBIH BKIIFOYAET UCTOIICHHE PECYPCOB, N3MEHEHHE KIIMMATa, TOKCHYHOCTb U JIPYTOe.
CyIecTBYIOT 21Ba IPOTHBOMONOXKHBIX JBIDKeHHs: OJKL] cTaHOBHUTCS MEHBIIIE, M OHA CTAHOBUTCS BCE ILHPE.

Mensmas OXILoB npoBoaunacs ¢ MoMenTa cymectBoBanust OXKI, u maxe momsie. Io daxry, OXL] pasuBiach U3 SHEPreTHIECKOro aHATIN3a, I PACCMATPUBATICS
aCIIeKT BIIHIS Ha OKPYXKAIOLIYIO Cpely B pe3ylbTaTe HOTPEOICHIs SHEPIUH, IOCTEIICHHO BKIIOYAs IIOHATHS PECYPCOB, MTAPHUKOBBIX IA30B, TOKCUYHOCTH BEIIECTB H
npyroe. [l neneit skoym3aiina OXKL Obiia ynpomieHa 1 HarpaBlieHa Ha TaKHe KaTerOpHH, KaK MaTepUalibl, SHEPTHs, TOKCHYHOCTb, B PE3YJIbTATE YEro ObLIH OIYIICHBI
TIOHATUSL OKHUCIICHUS, M3MEHEHNs KIMMaTa H Jpyrue. Hambomnee BakHble OrpaHHYECHUS, KOTOPHIE 3apOXKIAIOTCS B COBPEMEHHOH IOJIMTHKE, CBSI3aHBI C BBIOPOCAMH
YITIEKUCIIOTO Ta3a.

Tennenuwst pacumpennss OXKL{ nposiisiercst B passutun cep cronmoctr xusHerHoro mukia (CXKL), coumanbHoit onenky sxnsHenHoro uukna (COXLL) u ouenkn
ycroitunBoctr skusHenHoro mukia (OYXKLL). B mocnennue paspaGorkn OYIKL[ Obuta BKIFOUEHA W€ TEXHOJOTHYECKOM CTPYKTYPU3ALMH, KOTOpas CBSI3bIBACT
JIESITENBHOCTD B XU3HEHHOM IHKJIE C TIOMOIIBIO CITyTHHKOBBIX JAHHBIX 00 SKOJIIOTHYECKOH, YKOHOMHYECKOI M COLUAIBHON AESTEILHOCTH.

Jannas mpesenTaumsi npezactapasier obume pamku it OYIXKL] u mokaseiBaeT, Kak HpakTHYECKHe padoTsl, cBs3anHblie ¢ pasButieM OJXKL[, omeHkH BBIOpPOCOB
YIJIEKHCIIOTO Ta3a WM aHAJIM30M JUIs 9KOAM3aiiHa MOTYT ObITh PACCMOTPEHBI KaK YaCTHBIC CIIydaH.
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