UNIT3 LIFECYCLEASSESSMENT

Sructure

3.0 Introduction
3.1 Objectives

3.2 LifeCydeAssessment(LCA)
321 StagesinLCA
322 TripleBottom-LineApproach
323 Designfor Environment
324 Roleof LCA

325 Product Stewardship
3.3 Maeasurement Techniques
3.4 Reporting : Generd RequirementsAnd Considerations

3.5 Criticd Review
351 Critical Review byInterna or External Expert
35.2 Ciritica Review by Panel of Interested Parties

3.6 LetusSumUp

3.7 Key Words

3.8 Referencesand Suggested Further Readings
3.9 Answersto Check your Progress

3.0 INTRODUCTION

TheLife CycleAssessment (LCA) isan environmental management techniqueto

assess the potential adverseeffects and impacts of any product or procedure or
service. It assemble an inventory for a product with regard to energy, materials
inputsin theprocess and environmental discharges.L CA examinesthed| possble
impactsreated to theidentified dischargeswhile compilation. It elucidatesthe outcome
to assst in makingadecision about theenvironmental and human health.

LCA canbedoneon many productsand processesdongwith computers, jet engines,
trash disposd etc. For any conventiond product, LCA takesinto consideration about
the supply of starting raw materials, intermediate compounds formed during
manufacturing and after manufacturing the desired product, its packaging,
transportation of raw materials, intermediates, during the product usageand till
dumping the product after use. This sequenceof eventsisknown as* Cradleto
Grave’ assessment. If any product that generates no wastewhich meansthat all
materials duringand after manufacturing areeither recydableor can be converted
into biodegradablenutrients. Thistypeof assessmentisknownas* Cradleto Cradl€’.

3.1 OBJECTIVES

After gudying thisUnit, you should beableto:

e defineLife CydeAssessment (LCA);
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e explantheconcept of LCA asan environmenta managementtool;
e identify possbleenvironmenta impacts of L CA of aproduct;
e discussthebasic stepsinvolved in LCA process, and

e explain themeasurement techniquesof LCA.

3.2 LIFECYCLEASSESSMENT(LCA)

Definition: According to International Organization for Standardization (1SO), the
SO 14040 and | SO 14044 standardsfor Life cycle assessment, it is defined as
“thecompilingand evauation of theinputsand outputsand thepotentid environmentd
impactsof aproduct system during aproduct’ slifetime’. LCA isalsoknownaslife
cycleanalysisor Ecobaance.

L CA can aso be defined asaprocess to examine the stress onthe environmental
which are related with aproduct system. The product development procedure
involvestheusageof energy and materias. The LCA identify quantitatively theamount
of energy and materials usedin theproduct development, wastesreleased, and its
adverseimpactson theenvironment. Itincludesthewholelifecycde of the product
generation process, from extracting and processing raw materidsto useand disposd
of theproduct.

Life cyclemanagement (LCM) isone of the new conceptsin LCA, whichisan
integrated path to diminishing environmental concernsthroughout the period of
exisenceof aproduct, system or service. It examinethe product generdion process
qualitatively and quantitatively to eva uatethe environmentd impacts. TheL CA uses
modeingtechnique, whichisacomplex technica system that provides aflow sheet
or processtreefrom the development, transport and use to dispose of aproduct.

3.2.1 Stagesin LCA
The L CA consists of four steps.

Sep 1: Thegoal and scope amsat servingthe end system assessment. The god
states the proposed application that includesvarious reasonsfor perform the sudy
and the proposed audience, whom the results of the study are expected to be
communicated. Where asthe scope establish theborders of the assessment. It makes
surethe comprehensiveness and theavailable dataof the study aresuitable and
aufficient to addressthedefined god.

Sep 2- Inventory analysis describesabout materid and energy flowswithin the
produd system and itsinteraction with natura environment, raw materid consumption,
and emissions. Itincludes-datacollection, defining system boundaries, calculation
of energy flow and materiasused, validation of collected data, rdating datato the
gpecificsystem andfindly allocation of theimpactsto thesystem.

Inventory anaysisprocedure comprisesof datacollection and caculation procedures
to measuresuitableinputsand outputsof aproduct system. Theinputsand outputs
may encompassthe utilization of resourcesand releasesin to atmosphere, water
and soil related to the system. Explanation may bedrawn fromthese data, on the
basisof goalsand scopeof theLCA. Thisdataalso establish theinput to thelife
cydeimpact assessment. The operative L CA process of an inventory analysisis
iterative. As data are collected and more islearned about the system, new data
requirementsor limitationsmay beidentified that requireachangein thedatacollection



procedures so that the goalsof thestudy will till bemet. Often, issuesmay befound
that requirerevisions to thedefined god or scope of the study.

Sep 3- I mpact Assessment can bedoneonthebasisof thedetailsavallablefrom
inventory andysis. Theresultsfrom different indicatorsunder all impact categories
are described in this step. Impact assessment consists of defining categories,
classfication; characterization and vauation or weighing. Theimportanceof every
impact category isassessed by normdization and eventudly aso by weighting by
1SO.

Sep 4- Interpretation of a life cycle consists of identification of potentia
environmental issues, critical review, evaluation methods and conclusions &
recommendations. According to ISO, “Life Cycle Interpretation Assessment
Interpretation is asystematic procedureto identify, qudify, check, and evaluate
informationfrom theof theinventory analysisand/or impact assessment of asystem,
andpresent themin order to meet the requirementsof thegpplication asexplained in
the goal and scope of the study. Life cycle interpretation is also a process of
communicationdesigned to givecredibility to theresultsof themoretechnica phases
of LCA, likeinventory andysisand theimpact assessment, in aform whichisboth
comprehensibleand useful to thedecision maker”.

Check Your Progress 1
1. Explanbriefly about thefollowing.

a LCA b. Goal and Scope c. Inventory analysis
3.2.2 Triple Bottom-line Approach

The TBL concept was introduced in 1994 and cameinto practice in1997 by
John Elkington. Triple bottom lineisalso known as TBL or 3BL,whichis an
economical framework with three dimensions- social, environmental (or
ecological) and financial. Integration of social, environmental (ecological) and
economicdimengonsinto L CA istosignifiesthebenefits of input and output modeling
of aproduct on quantifying sustainable effects. ecological) and financid. Many
organizations haveadopted the

In general and  broader perspective TBL framework is used to evaluate the
performance in abusiness to create a greater value. In conventional business
accounting, the* bottom line” applied toeither the* profit” or “loss’, on astatement
of revenue and expenses. From thepast S0yrsenvironmentalistssand* sodial justice’
advocates, define bottom line by introducing full cost accounting. If weconsider a
caseof anindustry that shows a fiscal profit, but their asbestos mine causes
thousands of deaths from asbestossdisease, whereas copper mine pollutes a
water body, and the governmentturn outto bespending taxpayers money on
hedth care and river dean-up, afull societd cost benefit analysiswill not be possible
to perform. This Stuation cause’s abasisto add two more* bottom lines’- socia
and environmental (ecological) concernsto have TBL. In 2007, United Nations
ratified TBL standardfor urban and community accounting and becamean assertive
approach in full cost accountingto public and private sectors. Thethreefacets
of TBL are “people, planet, and profit”. It isacoordinated effort to incorporate
economic, environmental and socia consderationsintoanindustria  evauation and
decision making processes. TBL isatool for LCA, to evaluate the positive and

Life Cycle Assessment
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negativeeffectsof industrid or business activitieson theeconomicline, social equity
lineandtheenvironment.

EconomicLine

The economic line of TBL framework refers to the impact of the industrial
business practices on the growth, efficiency and optimum useof resources. The
economicdimengon isasubsystemof sustainabledeve opment whereitisin agreament
from aresourcetrangtionto an economy that relieson naturd resourcesand safeguard
ecosystem capital from exhaustion, and the economic value provided by the
organization to thesurrounding system inaway that prospersit andpromotesfor its
capability inorder to support futuregenerations.

TheSocial line

The Sodid lineof TBL accounts for regulating useful and equitable businesspractices
to thelabor, human capital, and the society. Themainfocusis that these practices
extend valueto the society and “ refund” to the community by considering equity,
empowerment, social cohesion and cultural identity. These practices help in
providing equitable wages and hedlth care coverage. The social performanceof
the business focuses mainly on the interaction between the society and the
organization and addresses issues related to community involvement, employee
relations, and fair wages.

Environmental Line

Theenvironmental line of TBL accountsfor implementing practicesthat do not
compromisethe environmental resourcesfor future generations. According to
Bruntland Report 1987 Sustanabledevelopment is “considered the development
that meets the needs of the present without compromisingthe ability of the
futuregenerationsto meet theirown needs’. Thisconcept isdevel oped inthe context
of conflictsbetween environment and developmental concerns. It discoursethe use
of energy recoursesefficiently, safeguard vitd life-support ecosystemsand reducing
emission of greenhousegases. Theintegrative themeof environmenta sustainability
focused on ecosystem capita wherenatural and controlled ecosystemswhich provide
essential goodsand servicesto human pursuit.

Advantagesof TripleBottom Line
TBL isasodoecological agreement between the community and businesses.

e |t providesincreased transparency to mitigate concerns of stakeholderson
hidden information.

e TBL reporting demonstrates to stakeholders that the business is taking
accountability to ahigher levd.

e Itmaintainsand raises expectationsof companiesandimproves” globa clout”

e |tprovidesevidencesto the consumersabout diminishing natura resources
and madethem aware of theimpact businesses on theworld.

e Itprovidestheknowledge of the company and expandstheir relationships
with other stakeholdersinthe company.



e |t buildsasustanable environment on how thebusinessworld can lend a
helping hand in protecting the natural resourcesthat arequickly evgporating.

e By uniting the busnessemployees toward a common set of gods, especidly
ones that have a broader impact thanjust efficiency and profit, could
outweightherisksof additiona public scrutiny and substantid policy adjustment.

3.2.3 Desgn for Environment (DfE)

Design for the environment is aterm applied for many industrial methods for
incorporating environmental factorsinto the design process of any product that can
useto reducethe adverseenvironmental impact of designsthroughout ther lifecycles.
Theconcept of DfE hasbeen developed for industrial designing processthat should
beecologicaly viable socdially desirable, and economicaly feasible, comprehensive
andradica.

The principlesof DfEmay vary fromindustry to industry but World Industry Council
for the Environment (WICE, 1994) developed common themesfor all indugtries.
Theobjectives of DfE areto optimizethe environmental efficiency of aproduct
throughoutits lifecycle by integrating the concepts of preventing pollutionin the
manufacturing process and show concerns about energy efficiency of products.
Conceptually LCA and DfE addressthe sameproblem aress.

Any product development, 70-80% of costs, manufactureand usearedecided in
early stages of designing process. It isalso clear that thedecisonsthat affect future
environmental impacts are made at the design stage. Designers of the industry
necessarily think for functionality and performance of aproposed product, its
manufacturability, logistics, religbility, safety, cost, market feasibility.

Therearemany sets of principlesare being developed for manufacturing products
by specific regions and industries. For example, the Restriction of Hazardous
Substances (ROHS) and Waste Electrical and Electronic Equipment (WEEE)
directivesare two setsof rules widely accepted for prohibited materialsin eectronics.
The European Eco-L abd providesafew product specificguidelinesand requiresa
full life-cycleassessment. The McDonough, Braungart and Anastas et al provide
abstract principleslike* it isbetter to prevent wastethan to treat or clean up waste
after itisformed” for theproduct design. All DfE principles and procedures should
follow thefollowing criteriato achieveenvironmental sustainability.

1. Designer-oriented: The principles must be within the scope of aproduct
designer. The decision should be made for overall layout, form and types of
components, selection of materials, and communication with the user or
manufacturer.

2. Actionable Thesecriteriamust proposean avenuefor thedesign improvemen.
It should ensurethat technical life should be met by aestheticlife and plan for
efficdency refinement.

3. Generadl: Theprinciple should be applicableto alarge range of products

4. Positive Imperative: It helps to projecting designer focus on positive
possibilities, including redesign of process. The principle should focuson
developing thebest possible solution

Life Cycle Assessment
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DoYou Know?
L evels of DfEz

Design for Manufacturability (DfM): To enable pollution prevention during
manufacturing For less materia For fewer different materials For safer
materialsand processes ,Designfor Energy Efficiency (DfEE): For reduced
energy demand duringuse,flexibleenergy use, for usewith renewable energy,
for Zero Emission, Design for Carbon Neutrality, Design for Zero Toxics
(DfZT), Design for Demateridization (DfD), Design for Packaging (DfP):
Minimize packaging and Rethink sellingmethod, Designfor Logistics (DfL ):
Use of local materials — Less Transportation Arrange outsourcing to
minimizetransportation, Designfor Longevity (DfL ): Design for Modularity
Design for Serviceability Delay replacement, Design for Modularity
(DfM 0): To easeupgrading To ease serviceability and, later, disassembly
longer life, Design for Serviceability (DfS ):For ease of repairs, For recapture
of used/broken parts, Design for use of recycled materials(DfRM ), Design
for reduced materia variety (DfRMV),Design for heathy materials
(DfHM) Design for Disassembly (DfD ) To promotere-use of components
For quicker and cheaper disassembly For more complete disassembly For
dismantling by simple tools ,Design for Recycling (DfR) For greater
materials recovery Use of materialsthat can belocally recycled For easier
material sidentification For safer disposal of non-recyclables, Design for
Economic Recycling (DfER )To promote recycling,Design for
Compostability (DfC),Design for Energy Recovery (DfER) For safe
incineration of residues For composting of resdues,Designfor Compliance
(DfC) To meet regulations moreeasily To prepare for future regulations

3.

24 Roleof LCA

Thefollowing aresomeof therolesof LCA.

Supporting decison-making, highlighting efficiency opportunitiesadongavaue
chain.

Understandingtheindustria systemsinvolved in manufacturingproductsand
ddivering servicesto end-users.

Optimizingindustrid systemsby identifying operationswithin amarket chain
that havethegreatest opportunity forimprovement, of tenknown as* hot spots.”

Ensuring that changesmadeto improveonepart of anindustrial syssemdo not
“shift theburden,” by movingaproblem, or creetinganewissuein another part
of thechan.

Communicating decision makersabout thetrade-offsthatadecisonwill have

on thebalance of impacts acrosstheenvironmentd impact categories, such as,
implementingaparticular technology toreduce GHG emissionsthat may result
inincreased water consumption.

Comparingtwo systemsthat deliver the sameservice or product asdefined by
thefunctiond unit. Itisto be noted that differencesof lessthan approximately
10 percent are within the typical error of good quality LCAs; meaningful
differences must be much larger. f LCAs can only meaningfully compare
productsor servicesthat ddiver the samefunctional unit.



vii.  Indicatingwhether an improvement investment & one part of amarket chain
will haveany significant improvement effect over thewholelifecycleof a
particular product.

viii. Benchmarking oneindustrial processagainst an industry averageof similar
processesto identify refinement possibilities.

iXx. Providingfoot printing data, such as carbon footprints, water foot prints.
3.25 Product Stewardship

Product Stewardship is defined as“ theaccountableand ethicd management of any
product duringits devd opment from processinitiation tofinal useand beyond”.
Product Stewardshipisan approach to managing theadverseimpacts of different
productsand materialsused. It believesthat thoseinvolved in theproduction, selling,
usingand disposing of productshavemutud respongbility to ensurethat those products
or materidsaremanaged responsibly so that it reducestheir impact, throughout
ther lifecycle, on theenvironment, human hedth and safety aswell. The purpose of
Product Stewardship isto makeaccountablefor health, safety and environmental
protection asan integra part of designing, manufacturing, marketing, distributing,
using, recydingand disposing of products. This concept was deved oped initially by
thechemicd industry in 1987 inorder to minimize thehazards associated with chemica
productsat dl stagesof thelife cycle. Now the Product Stewardshipis gppliedto all
complex productsand services. A mgor difference between L CA and the Product
Stewardship liesin theenvironmenta impacts arenot cumulated over thewholelife
cyde.

Theproduct sewardship am at encouraging manufacturersand retailersto take
responsibility to minimize the total life-cycle impacts of a product including
consumption of energy and materids, its packaging, emissonsinto ar and water,
toxicity of the product, worker safety, and waste disposal in product design and
after use Product sewardship isoneof thekey strategiesto reducegreenhousegas
emissonsand to address climatechangeissues.

Thefollowing aresome of the Principlesof Product Stewardship helpsin promoting
product stewardship by developing agreementswith industry and thecommunity to
mitigatethe hedth and environmenta impacts from consumer products.

1. Responsibility: Thisprincipleistofix up theresponsbility for reducing product
adverseimpactsby sharingthem amongindustry, government, and consumers.
Thegreater theability of an entity tominimize theimpacts of aproductinentire
life-cyde, the greater would betheresponsbility for addressngthoseimpacts.
All product manufacturersaremoreresponsible in reducing theadverseimpacts
of aproduct.

2. InternalizeCosts: Theentirelifecyde of aproduct cost, fromraw materials,
to mitigate environmenta and hedlth impactsduring thewhole of the production
process, to managing productsat theend-of-life—should beincorporated in
the total product cost. The proposed environmental costs of product
manufacture, use, and disposd after useshould beminimized, tothepossible
extent, for local and state governments, and ultimately shifted to the
manufacturers and consumers of products. Manufacturersthus have adirect
finandd incentiveto redesign their productsto reducethese costs.
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3.

I ncentives for Cleaner Products and Sustainable Management
Practices: Policiesthat encourage andimplement product stewardship principles
should cregteincentivesfor the manufacturer cleaner technology. These policies
should dso extend to provide incentivesfor thedevelopment of asustainable
and environmentdly sound system to recy e and reusetheproductstill theend
of their life.

Flexible Management Strategies: The eco-friendly manufacturers’ are
responsible for mitigating adverseenvironmenta and hedlth impactsof products
should possessflexiblemanagement strategiesin determiningand addressing
thoseimpacts efficiently.

Roles and Relationships: Theindustry and the Government will need to
have leadership in realizing these principles and the practices of product
stewardship through procurement, technica assstance, program evaluation,
education and awareness, development of market, agency coordination, and
by addressingregulaory bariers. Industry and the government should provide
information required to makeresponsble environmental purchasing, reuse,
recyding, and disposal measuresto the consumers.

Check Your Progress 2

Note: a) Writeyour answer in about 50 words.

b) Checkyour progresswith possibleanswersgiven at theend of the unit.

Explainhow lifecydethinking and lifecycle assessment should lead to selection
and design of moresustainable processand products?

Considering LCA, discusshow the burdens associated with raw materials,
manufacturingand wasteallotted in recycling process?



33 MEASUREMENT TECHNIQUES

Life Cycle Impact Assessment (LCIA) is ameasurement technique based on
quantitativeand qualitative methods for characterization of environmentd impacts
of agpecific system. Inthis phase, quantified massand energy balancesof aparticular
systemin LifeCydelnventory (L Cl) phaseare combinedin to specified environmentd
effects. The LCIA consists of thefollowingfour steps.

i. Classfication

ii. Chaacterization
iii. Normdization
iv. Vauation

Classification: Itisaqualitativetechnique wherethe environmental burdensare
compiledto categorizein to variousimpactsto specify adverse effectson depletion
of natural resources, environmental and human hedth. Thecompilation canbedone
based on the adverse impacts of the burdens toidentify asimilar burden whichis
common to anumber of impacts.

Ex: Volatile Organic Compounds areresponsible for globd warming and ozone
depletion.

Problem-oriented approach isthe method used to classify the potentia impacts.
Thefollowingimpactswhich areconsdered for LCA are

i.  AbioticResource Depletion(ADP)

ii. Globd warming(GWP)

ii. Ozonedepletion(ODP)

iv. Acidification (AP)

v.  Eutrophication(EP)

vi. Photochemica oxidant formation(POCP)
vii. Humantoxicity(HTP) and

viii. Ecotoxicty(ETP)

ix. LandUse(LU)

Characterization: It is a quantitative step to measure total impacts of the
environmental burdenspredicted in LCI analysis. Sincethis phase of analysisis
quantitative in nature and could bebased on the scientificfindings onthe predicted
environmenta impactsin theinventory andysis. In theproblem-oriented methodology,
theeffectsaremeasured rdativeto areference. For example for determination of
the global warming potential of gases like CH,& VOCs carbon-di-oxide is a
reference gas. The overdl impact can be calculated by thefollowing equation.

E=XI_, eck jBj —)
Where oy =relative contribution of burden (bj)

E, =impact

Life Cycle Assessment
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The LCIA method are not well established and it is reorganized that there is
comparatively huge uncertainty inimpact categorization, environmentd burdens,
parametersfor modding and thetypeof model each used for impact category. So
far USES-LCA (Uniform Systemfor the Evaluation of Substances) isone such
modd isin practice.

Normalization: Thiscan becarried outto comparethe datato the correct magnitude
of adverseeffectsinagiven sysem. Thiscan beperformed onthetotal emissionsin
aspedificareaover agiven aperiod of time. For exampleentireemissonsof global
warming gases and naturd resourcesdepletion canbe measured relatively. Whereas
impactslike acidification, human toxicity are difficultto major at theglobal level
hence normalization methods may not beareliable processor for comparingthe
adverseeffects of asystem.

Vauation: Vauation isthefinal and most subj ective step of impact assessment, in
which therelative sgnificanceof different impactsisweaghted sothat they can be
compared among themselves. Asaresult, different environmenta impactsarereduced
to asingle environmental impact function, El, as a measure of environmental
performance. This can be represented by Equation.

E=¥*_, WkEk — (i)
WhereW, isthe relativeimportance of impact E,.

Thereareother techniquesfor vauation process which are based on expressing
preferences by decisions makers or by experts or by the public. Multi attribute
utility theory, anaytica hierarchy process, impact analy Sis matrix cost-benefit andysis
and contingent valuation aresome other methods for valuation process.

34 REPORTING : GENERAL REQUIREMENTS
AND CONS DERATIONS

Thetypeand format of thereport shall bedefined in thescope phaseof the
study.

According tol SO 14044:2006(E) theReporting proceduresisas follows.

“Thereaultsand condusions of the L CA shdl becompletdy and accurately reported
without biasto theintended audience. Theresults, data, methods, assumptions and
limitationsshall betransparent and presented in sufficient detail to allow the reader
to comprehend the complexitiesand trade-offsinherent inthe LCA. Thereport
shdl dso alow theresultsand interpretation to beused inamanner consstent with
thegodsof thestudy

Thefollowingitems/points should be considered when preparing third-party reports
a) Modificationsto theinitid scopetogether with therr justification;

b) System boundary, including “# typeof inputsand outputs of thesystem as
eementary flows,decision criterig;

c) Description of theunit processes, induding # decision about allocation;
d) Data, induding- decision about data, details about individual data, and data
qudity requirements

e) Choiceof impact categories and category indicators.



A graphica presentation of L Cl results and L CIA results as part of thereport may
beuseful, butit should be considered that thisinvitesimplicit comparisons and
conclusions.

Additional requirements and guidancefor third-party reports

Whenresaults of the L CA are to be communicated to any third party, regardless of
theform of communication, athird-party report shal be prepared. Thethird-party
report can bebased on study documentation that containsconfidential information
tha may not beinduded in thethird-party report. Thethird-party report constitutes
areference document, and shall be madeavailableto any third party towhom the
communicationismade. Thethird-party report shal cover thefollowing aspects.

a) General aspects:
1) LCA commissoner, practitioner of LCA (internd or externd);
2) dateof report;

3) Saementthat thestudy hasbeen conducted accordingto therequirements
of thisInternational Standard.

b) Goal of thestudy:
1) Reasonsfor carryingout the study;
2) Itsintended applications,
3) Thetarget audiences;

4) Statement asto whether thestudy intendsto support comparativeassertions
intended to bedisclosed to the public.

c) Scopeofthestudy:

1) Function,incduding
i)  Statement of performancecharacteristics, and
i)  Any omisson of additiond functionsin comparisons;

2) Functional unit, including
i) Condgstency with god and scope,
if)  Definition,
iif) Result of performance measurement;

3) Systemboundary,induding
i)  Omissonsof lifecycle stages, processes or data needs,
i)  Quantification of energy and materid inputs and outputs, and
i)  Assumptionsabout dectricity production;

4) Cut-off criteriafor initial inclusion of inputsand output, including
i)  Description of cut-off criteriaand assumptions,
i)  Effect of selection on resuilts,

iii)  Inclusion of mass, energy and environmental cut-off criteria

Life Cycle Assessment
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Assessment

1)
2)
3)
4)
5)

6)
7)

Datacollection procedures;

Qudlitativeand quantitativedescription of unit processes,
Sourcesof published literature;

Calculation procedures,

Validation of data, including

i) Dataqudity assessment, and

i)  Trestment of missing datg;

Sengitivity analysisforrefiningthesystem boundary;
Allocation principles and procedures, including

i)  Documentationand justification of allocation procedures, and
i) Uniformapplication of dlocation procedures.

Lifecycleimpact assessment, where goplicable:

1)
2)

3)
4)
5)

6)

7)

8)

TheL CIA procedures, calculations and results of the study;

Limitations of theL CIA resultsrelativeto the defined goal and scope of
theLCA;

Therelationship of L CIA reaultsto the defined god and scope,
Therelationship of theL CIA resultsto theL Cl resullts,

Impact categories and category indicatorscongdered, includingarationae
for their selectionand areferencetotheir source;

Descriptionsof or referencetoall characterization models, characterization
factorsand methodsused, includingdl assumptionsand limitetions,

descriptions of or referenceto dl value-choices used in relation to impact
categories, characterization models, characterization factors, normdization,
grouping, weighting and, elsewhereinthe LCIA, ajustification for their
useand their influenceon theresults, concdusonsand recommendations;

A statement that the L CIA resultsare relative expressions and do not
predict impactson category endpoints, theexceeding of thresholds, safety
marginsor risksand, when included asapart of theLCA, also

i)  adescription andjustification of the definition and description of any
new impact categories, category indicatorsor characterization models
used fortheLCIA,

i) astaement andjudtification of any groupingof theimpact categories,

i) any further proceduresthat transform theindicator resultsand a
justification of the selected references, weightingfactors, etc.,

iv) any analysisof theindicator results, for example sensitivity and
uncertainty analysisor theuse of environmenta data, including any
implicaionfor theresults, and



9

v) Daaandindicator resultsreached prior to any normalization, grouping
or weighting shall bemade availabletogether with the normalized,
grouped or weighted results.

Lifecycleinter pretation:
1) Theresults,

2) Assumptionsand limitationsassodiated with theinterpretation of results,
both methodology and datarelated;

3) Dataquality assessment;

4) Full transparency in terms of value-choices, rationales and expert
judgments.

Critical review, where gpplicable:
1) Nameand affiliation of reviewers,
2) Critical review reports;

3) Responsesto recommendations.

Further reporting requirements for compar ative assertion intended to be
disclosed tothe public

For LCA studies supporting comparative assertionsintended to be disclosed to the
public, the

Followingissues shall aso beaddressed by thereport

a)
b)

9

h)
)

Analysis of material and energy flowsto justify their inclusionor exclusion;
Assessment of the precision, completenessand representativeness of dataused;
Description of theequivaence of the systemsbeing compared

Description of thecritical review process;

An evaluaion of thecompletenessof the LCIA;

A statement asto whether or not internationd acceptanceexistsfor the sdected
category indicatorsand ajustification for ther use;

An explanation for the scientific and technical validity and environmental
relevance of thecategory indicatorsused inthestudy;

Theresultsof theuncertainty and sengtivity andyses,

Evduation of the significanceof thedifferencesfound.

If groupingisindudedintheLCA, thefollowing should be added.

a)
b)

0)

Theprocedures and results used for grouping;

A satement that concdlusionsand recommendationsderived from groupingare
based on vdue-choices;

A judtification of the criteriaused for normalization and grouping (thesecan be
persond, organizational or nationd value-choices);

Life Cycle Assessment

61



Framework of Environmental
Assessment

62

d) Thestatementthat “ SO 14044 doesnot specify any specificmethodology or
support the underlying vaue choicesused to group theimpact categories’;

e) Thestatement that “ The value-choices and judgments within the grouping
proceduresare thesoleresponsibilitiesof thecommissioner of the study

35 CRITICAL REVIEW
General

Thecriticd review process shdl ensure that the methodsused to carry out the LCA
areconsistent with this International Standard, themethods used to carry out the
LCA arescientifically and technically valid, the data used are appropriate and
reasonableinrelationtothe goal of thestudy, theinterpretations reflect the limitations
identified and thegod of the study, and thestudy reportistransparent and consistent.

The scopeand typeof criticd review desired shall bedefined inthe scopephase of
an LCA, and thedecison onthetypeof critical review shall berecorded.

Inorder to decreasethelikdihood of misunderstandings or negative effectson externa
interested parties, apand of interested partiesshall conduct critical reviewson LCA
sudieswheretheresultsareintended to beused to support acomparativeassertion
intended to bedisclosed to the public.

3.5.1 Critical Review by Internal or External Expert

A criticd review may becarried out by aninternd or external expert.In suchacase,
anexpert independent of theLLCA shall perform thereview. Thereview statement,
comments of the practitioner and any responseto recommendations madeby the
reviewer shdl beincludedintheLCA report.

3.5.2 Critical Review by Panel of Interested Parties

A critical review may be carried out asareview by interested parties. In such a
case, an external independent expert should be selected by the original study
commissioner to act aschairperson of areview panel of at least three members.
Based on the goal and scope of the study, the chairperson should select other
independent qudified reviewers. Thispanel may include other interested parties
affected by the conclusionsdrawn from the LCA, such asgovernment agencies,
non-governmental groups, competitors and affected industries. For LCIA, the
expertise of reviewersinthe scentificdisciplinesrelevant to theimportant impact
categories of thestudy, in additionto other expertise and interest, shall be considered.

Thereview statement and review panel report, aswell ascomments of the expert
and any responsesto recommendations madeby thereviewer or by thepand, shall
beincdudedintheLCA report”.

3.6 LET USSUM UP

LCA isatechniqueto assess the environmental aspects and potentia impacts
associated with aproduct, process, or service, by compilingan inventory of relevant
energy and material inputsand environmental releases, evaluating the potential
environmental impacts associated with identified inputs and releases, interpreting
theresultsto help makeamoreinformed decision about the human health and
environmenta impactsof products, processes, and ectivities. Theproposing activity




can beexplorethepossibilitiesfrom* cradletograve to  cradletocradle’ approach
intheir activity by following I SO standards. Thisunit provided information about
wholeprocessof LCA with suitable examples.

3.7 KEYWORDS

Activity input . Exchange enteringanactivity fromanother activity
or fromthe Environment. Alsoland transformation,
land occupation, andworking hoursareexchanges
from (servicesprovided by) the Environment. Also
inputs of primary production factors of the
economy (labor costs, net taxes, net operation
surplus, and rent) are exchanges from the
environment even when measured astheeconomic
cogsof theseinputs.

Activity output :  Exchangefrom anactivity to another activity or to
the Environment. Not to be confused
with Gross or Net (economic) output.

Attribution A system modeling approach in
which Exchanges are dtributed to the Functiond
unit of aProduct system by linking and/or
partitioning the Unit process of the system
accordingto anormativerule

Benefit : Vaue(utility) obtained from an Activity (related
to aspecified time period or Product). Divided
in Revenue (income) and external benefits
(positive Externalities), the sum of which is
the Socid benefit.

By-product :  Product output from an Activity, that is not
aDetermining product. Product outputsthat can
displace determiningproductsfromother activities
arealwaysby-products. Materialsfor treatment
candassified aseither by-productsor Wastes, but
the distinction has no practical implications.
(Synonym: dependent Co-product).

Characterization . Theuseof characterization factorsto caculate
the amount of an Impact category indicator that
correspondsto aFunctiond unit.

Contingent valuation . Stated preferencevauation method wherethe
margina value of aNon-market product is
identified from the stated Willingness to pay or
accept compensation for aspecified changeinthe
availability of thenon-market product.

Cost-Benefit Assessment :  LifeCyde Sustainability Assessment with
(CBA) monetary vauation of theexterndities

Eco-efficiency . The ratio between the Values added of
an Activity or Product and one or more of
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Functional Unit

I mpact (noun)

I mpact Assessment

Life Cycle Assessment

Result

LifeCycleCosting (LCC) :

LifeCycleI mpact
Assessment (LCIA)

its Externalities. When applied toaproduct, itis
theratio of LCC/L CIA results. Theconcept may
be applied to any physical measure of
environmental Impact, and may then beused to
identify hotspotsin a Product system with high
environmentd impactsreativeto thevaue added
(low eco-efficiency). While relevant as atool to
increasevalue added, it islessrelevant to support
overall cost reductions, sinceit amply provides
an incentiveto increaseprivate (interna) costsand
reduceexterna costs. Thisbecomesobviouswhen
expressingenvironmenta Costs (and Benefits) in
monetary units: therdevant measureto minimize
isnot interna/external costs but internd external
costs, i.e. totd costs. Thus, whenit ispossibleto
express environmental costs (and benefits) in
monetary units, eco-efficiency smply measuresthe
level of Internalization of costs, and loses its
relevance as a tool to compare systems.
Sometimestheterm eco-efficiency isused for the
inverse ratio, i.e. the ratio between the
environmenta impactsand the vaueadded, which
implies— somewhat illogically — that alow eco-
efficiency would be desirable. This use is
dissuaded.

Quantified performance of a Product system for
use asareferenceunit (Source: 1SO 14040).

Causd, directional relationship between
an Activity andan environmental issue of
concern, typicaly involving a

sgnificant Externdlity.

Calculation of theamount of oneor moreimpact
category indicators to express the potential
environmentd impactsof an Activity oragroup
of activities.

Elementary exchanges and potentid

environmental Impacts of aProduct system, i.e,,
the LCI result and LCIA result presented
together.(Synonym: A ccumulated system result).

Assessment of all Costs associated withthelife
cycle of aproduct, sometimesrestricted to the
cost perspective of theend user of the Product.
Seedso Environmental LifeCycle Costing.

Phaseof LifeCycdeAssessmentaimed at
understanding and evaluating themagnitude and



Lifecycleimpact
Assessment Result
(LCIA result)

LifeCyclelnventory
Analysis (LCI)

Nor malization Factor

Normalization Reference :

Product LifeCycle

Product System

System Model

System Boundaries

Weighting Factor

significance of the potential environmental
Impacts for a Product system throughout thelife
cycleof the Produc t(Source: SO 14040 clause
3.4).

Potential environmental |mpacts of a Product
system expressed inamounts of oneor

more Impact category indicators (Synonym:
Product footprint; Environmental profile; Eco-
balance).

Phaseof Lifecydeassessment involvingthe
compilationand quantificationof inputsand outputs
for aproduct throughout itslife cyde (Source: ISO
14040 clause 3.3).

Factor applied to an amount of an Impact
category indicator to expresstheamount relaive
to anormalization reference.

Amount of an Impact category indicator for a
gpecific Activity or group of activities(typicaly the
aggregated per capitaproductionor consumption
for ageographical area) for useasareferenceto
which aLifecycle impact assessment result can
becompared.

Theproduction, useand fina disposd of aproduct.
In marketing, the term is used with a different
meaning (introduction, growth, maturity, decline).
(Synonym: Product chan).

System of consecutive and interlinked Unit
processes which models a product life cycle
(disentangled from the circular definitions of
“Product system” and “lifecyde’ in 1SO 14040,
section 3.1and 3.34).

A conceptud model describing aprocedurefor
linking A ctivity datasetsto form Product systems,
or moregenerally for transforming a Supply-use
tabletoaDirect requirementstable. (Synonyms
used ininput-output economics: technology model/
assumption/construct).

The denominationsof which entities areinside the
systemand which are outside.

Characterization factor based solely on value
choices describing the relative contribution to
an Impact category endpoint from other
(intermediate) impact category endpoints.
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3.9 ANSWERSTO CHECK YOUR PROGRESS

Your answersshould includethefollowing points:.

AnswerstoCheck your Progress 1

1 a. TheL ifeCydeAssessment (L CA) measure and evduate al theconsumptions
and emissionsof aproduct throughout islifecycle from manufacturethrough
usetodisposal (“fromcradletograve’). Itisexpressedin termsof potential
environmental impacts. TheLCA methodology (1SO 14040, 1977)is based
onfour stages: god and scopedefinition, inventory anaysis, impact assessment,
interpretation.

b. Goal and scopedefinition: the purpose of thestudy and itsintended use,
definition of the system boundaries, definition of thefunctional unit, dataquality,
assumptionsandlimitations of study. Thefunctiona unitisaquantitative messure
of the output of productsor servicewhich thesystem delivers. It isareference
for normdization of input and output data.

C. Inventory analysis: identify and quantify theenvironmental burdensinthelife
cycleof aproduct. It isakind of mass balance wherethe quantitiesare the
environmental impacts. Theburdens aredefined by the material and energy
used inthesystem and emissionstoair, liquid effluent, and solid waste. It is
expressed in termsof the environmental effect. The system isdefined asthe
collectionof materidly and energeticaly connected operationswhich performs
somedefined function.

AnswerstoCheck your Progress 2

Explain how lifecydethinking and lifecy de assessment shouldlead to selection and
design of moresustainable processand products?

1. Thelifecydeassessment measureand evauatedl the consumptionand emission
of aproduct throughout itslifecycle, from manuf acturethrough useto disposd.
Itisexpressed in termsof theenvironmental impacts.

Ontheimpact assessment stage, the third of four stages, itis possibleto quantify
each emission (or rowmateria consumption) in quantitiestha reflect the problem
caused, which can beexemplified in eight categories, which are: non-renewable
resource depletion, global warming, ozone depletion, acidification,
eutrophication, photochemicd oxidant formation, humantoxicity and ecotoxiaty.



Thisscenario favorstheselection and design of more sustainableprocessand
products, forcing the producers to design productsthat are easy to reuse,
repair or recycle, and as result, there will be less demand to use natural
resources, thelinear use (extraction, production, use disposd) represents a
drop inquality of the materidsand hasbeen substituted by thecydichierarchy
model. This one which promotes the use of sustainable materials reduces
environmentd impacts, add economic benefitsand maximisequality through
lifeof materid. Theamistoslow theflow of materid resourcesthrough society,
maximizing their valueto society from sourceto reintegration into natural
Processes.

Then, theresearches have been increased on thefied to use lessmaterialsor
lessenergy to produce productsthat can bereused or easly recycled, ease of
disassembly (meanslower costs), substitute materiasto othersless harmful,
less scarce and lighter ones, increase the composting by investing on
biodegradableproducts, and avoiding landfill and incineration, because they
arethelowest-valueoption.

Considering LCA, discuss how the burdens associated with raw materials,
manufacturingand wasteallotted in recycling process?

Therearethreecommon waysof lookingat theEnd of Life (EoL) of products:
thecycle thechan andthe cascade.

Therecyclechain isan idealist way of how it should be, when 100% of the
products and /or materials arerecycled, and all the problems of materials
depletion and landfill areresolved.

Modelingthe End of Lifeas onesingleloop, however, onemost copewith two
important aspectsof redity:

Thesecond law of thermodynamics, requiring and upgrading activity to cope
with degradation, contamination and dilution of materials withintheloop;

Themany lives of recycled materials do not stay in one product loop, but
switchto other product loops

Recycling system normdly combinesmany chains, and wehaveto ded with
guestionlike: isit wiser to recycleacertan typeof plastic, or burn it?

S0, analyzing the End of Life product/material as acascadewould be more
suitableto optimizethe useof resources.

TBL isasocioecological agreement between the community and businesses.

It providesincreased transparency to mitigate concerns of stakeholderson
hidden information.

TBL reporting demonstrates to stakeholders that the business is taking
accountability to ahigher levd.

It maintainsand raises expectaionsof companiesand improves* globd clout”

It providesevidences to the consumersabout diminishing natura resources
and madethemaware of theimpact businesses on theworld.
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