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3.0 INTRODUCTION

TheLife CycleAssessment (LCA) is an environmentalmanagement technique to
assess the potential adverse effects and impacts of any product or procedure or
service. It assemble an inventory for a product with regard to energy, materials
inputs in theprocess and environmentaldischarges.LCAexamines theallpossible
impacts relatedto the identified dischargeswhilecompilation.It elucidatestheoutcome
to assist in makinga decision about theenvironmentaland human health.

LCAcanbedoneon manyproducts and processes alongwith computers, jet engines,
trash disposaletc.Forany conventionalproduct, LCAtakes intoconsideration 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 usage and till
dumping the product after use. This sequence of events is known as “Cradle to
Grave”assessment. If any product that generates no wastewhich means that all
materials duringand after manufacturing areeither recyclableor can be converted
intobiodegradablenutrients.This typeof assessmentis knownas “Cradle to Cradle”.

3.1 OBJECTIVES

Afterstudying this Unit, you should beable to:

 defineLife CycleAssessment (LCA);
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 explain theconcept ofLCA as an environmentalmanagement tool;

 identify possibleenvironmentalimpacts ofLCA ofa product;

 discuss the basic steps involved in LCAprocess; and

 explain themeasurement techniques of LCA.

3.2 LIFE CYCLEASSESSMENT(LCA)

Definition:According to InternationalOrganization for Standardization (ISO), the
ISO 14040 and ISO 14044 standards for Life cycle assessment, it is defined as
“thecompilingandevaluation ofthe inputsand outputsand thepotentialenvironmental
impacts of aproduct system during aproduct’s lifetime”.LCAis also known as life
cycle analysis or Ecobalance.

LCA can also be defined as a process to examine the stress on the environmental
which are related with a product system. The product development procedure
involvestheusageofenergyand materials.TheLCAidentify quantitativelytheamount
ofenergy and materials used in theproduct development, wastes released,and its
adverse impacts on theenvironment. It includes thewhole lifecycle of the product
generation process,from extractingand processingraw materialsto useand disposal
of the product.

Life cycle management (LCM) is one of the new concepts in LCA, which is an
integrated path to diminishing environmental concerns throughout the period of
existenceof aproduct, system or service. It examine the productgeneration process
qualitativelyand quantitativelyto evaluate the environmentalimpacts. TheLCAuses
modelingtechnique,which is acomplex technicalsystem thatprovides a flow sheet
or process tree from the development, transport and use to dispose of a product.

3.2.1 Stages in LCA

The LCA consists offour steps.

Step 1:The goaland scope aims at servingthe end system assessment. The goal
states theproposed application that includes various reasons for perform the study
and the proposed audience, whom the results of the study are expected to be
communicated.Where asthescopeestablish theborders of the assessment.Itmakes
sure the comprehensiveness and the available dataof the study are suitable and
sufficient to address thedefined goal.

Step 2- Inventoryanalysis describes about materialand energy flows with in the
productsystem andits interactionwith naturalenvironment, rawmaterialconsumption,
and emissions. It includes-data collection,defining system boundaries, calculation
ofenergy flowand materials used, validation of collected data, relating data to the
specific system and finally allocation of the impacts to thesystem.

Inventory analysisprocedure comprisesof datacollection and calculation procedures
to measuresuitable inputs and outputsof aproduct system.The inputs and outputs
may encompass the utilization of resources and releases in to atmosphere, water
and soil related to the system. Explanation may bedrawn from these data,on the
basis of goals and scope of the LCA. This data also establish the input to the life
cycle impact assessment. The operative LCAprocess ofan inventory analysis is
iterative. As data are collected and more is learned about the system, new data
requirements orlimitations maybe identifiedthat requireachangein thedatacollection
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procedures so thatthe goals of thestudy willstill bemet. Often, issues may be found
that require revisions to the defined goal orscope of the study.

Step 3- ImpactAssessment can be done on the basis of the details available from
inventory analysis. Theresults from different indicators under allimpact categories
are described in this step. Impact assessment consists of defining categories,
classification; characterization and valuation or weighing.The importanceof every
impact category is assessed by normalization and eventually also by weighting by
ISO.

Step 4- Interpretation of a life cycle consists of identification of potential
environmental issues, critical review, evaluation methods and conclusions &
recommendations. According to ISO, “Life Cycle Interpretation Assessment
Interpretation is a systematic procedure to identify, qualify, check, and evaluate
informationfrom theof theinventory analysisand/or impactassessment ofa system,
andpresent themin order to meet the requirements of theapplication as explained in
the goal and scope of the study. Life cycle interpretation is also a process of
communicationdesigned to givecredibility to the results of themoretechnicalphases
ofLCA, like inventory analysis and the impact assessment, in a form which is both
comprehensibleand usefulto thedecision maker”.

CheckYourProgress 1

1. Explainbriefly about the following.

a. LCA b. Goal and Scope c. Inventory analysis

3.2.2 Triple Bottom-line Approach

The TBL concept was introduced in 1994 and came into practice in 1997 by
John Elkington. Triple bottom line is also known as TBLor 3BL,which is an
economical framework with three dimensions- social, environmental (or
ecological) and financial. Integration of social, environmental (ecological) and
economicdimensions into LCAis tosignifies thebenefits ofinputandoutputmodeling
of a product on quantifying sustainable effects. ecological) and financial. Many
organizations haveadopted the

In general and broader perspective TBL framework is used to evaluate the
performance in a business to create a greater value. In conventional business
accounting, the“bottom line”applied toeither the“profit”or“loss”, on a statement
ofrevenue and expenses. From thepast50yrs environmentalists and“socialjustice”
advocates,define bottom line by introducing fullcost accounting. If weconsider a
case of an industry that shows a fiscal profit, but their asbestos mine causes
thousands of deaths from asbestosis disease, whereas copper mine pollutes a
water body, and the government turn out to be spending taxpayers’money on
health care and river clean-up,a fullsocietal costbenefit analysiswill notbe possible
to perform. This situation cause’s a basis to add two more “bottom lines”- social
and environmental (ecological) concerns to have TBL. In 2007, United Nations
ratified TBLstandardfor urban and community accounting and becamean assertive
approach in full cost accountingto public and private sectors. The three facets
of TBLare “people, planet, and profit”. It is a coordinated effort to incorporate
economic,environmentaland socialconsiderations intoan industrial evaluation and
decision making processes. TBL is a tool for LCA, to evaluate the positive and

Life Cycle Assessment
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negativeeffects ofindustrialorbusiness activitieson theeconomic line,socialequity
lineandtheenvironment.

Economic Line

The economic line of TBL framework refers to the impact of the industrial
business practices on the growth,efficiency and optimum useof resources.The
economicdimension isasubsystemofsustainabledevelopmentwhereitisinagreement
from aresource transitionto an economy thatrelies onnaturalresourcesand safeguard
ecosystem capital from exhaustion, and the economic value provided by the
organization to thesurroundingsystem in away thatprospers it andpromotes for its
capability in order to support futuregenerations.

The Social line

The Sociallineof TBLaccounts forregulating usefulandequitablebusinesspractices
to the labor, human capital, and the society. The main focus is that these practices
extend value to the society and “refund” to the community by considering equity,
empowerment, social cohesion and cultural identity. These practices help in
providing equitable wages and health care coverage. The socialperformanceof
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

The environmental line of TBL accounts for implementing practices that do not
compromise the environmental resources forfuture generations.According to
Bruntland Report1987 Sustainabledevelopment is “considered the development
that meets the needs of the present without compromising the ability of the
futuregenerations tomeet theirown needs”. This concept is developed inthe context
of conflicts between environment and developmental concerns. It discourse theuse
of energy recourses efficiently,safeguard vitallife-support ecosystemsand reducing
emission of greenhousegases. Theintegrative themeofenvironmentalsustainability
focusedon ecosystemcapitalwherenaturalandcontrolled ecosystemswhich provide
essentialgoods and services to human pursuit.

Advantages of Triple Bottom Line

TBL is a socioecologicalagreement between the community and businesses.

 It provides increased transparency to mitigate concerns of stakeholders on
hidden information.

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

 Itmaintains and raises expectationsofcompanies and improves“global clout”

 It provides evidences to the consumers about diminishing natural resources
and made them aware of the impactbusinesses on the world.

 It provides the knowledge of the company and expands their relationships
with otherstakeholders in the company.
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 It builds a sustainable environment on how the business world can lend a
helping hand in protecting the natural resourcesthat arequickly evaporating.

 By uniting the businessemployees toward a common set of goals, especially
ones that have a broader impact than just efficiency and profit, could
outweightherisksofadditionalpublicscrutinyand substantialpolicy adjustment.

3.2.3 Design for Environment (DfE)

Design for the environment is a term applied for many industrial methods for
incorporating environmentalfactors into the design process ofany product that can
useto reducethe adverseenvironmentalimpactof designsthroughout theirlifecycles.
Theconcept ofDfEhas been developed for industrialdesigning process that should
beecologically viable, socially desirable,and economically feasible, comprehensive
and radical.

The principlesof DfEmay vary from industry to industrybutWorldIndustry Council
for the Environment (WICE, 1994)developed common themes forall industries.
The objectives ofDfE are to optimize the environmental efficiency of a product
throughout its lifecycle by integrating the concepts ofpreventing pollution in the
manufacturing process and showconcerns aboutenergy efficiency of products.
Conceptually LCA and DfE address the sameproblem areas.

Any product development, 70-80% of costs,manufacture and use aredecided in
early stages ofdesigning process. It is also clear that thedecisions that affect future
environmental impacts are made at the design stage. Designers of the industry
necessarily think for functionality and performance of a proposed product, its
manufacturability, logistics, reliability, safety,cost,market feasibility.

There aremany sets of principles are being developed formanufacturing products
by specific regions and industries. For example, the Restriction of Hazardous
Substances (ROHS) and Waste Electrical and Electronic Equipment (WEEE)
directives are two sets ofrules widelyaccepted forprohibited materialsin electronics.
The European Eco-Labelprovides a fewproduct specificguidelines and requires a
full life-cycle assessment.The McDonough, Braungart and Anastas et alprovide
abstract principles like “it is better to preventwaste than to treator clean up waste
after it is formed”for theproduct design.AllDfEprinciples and procedures should
followthefollowing criteria to achieveenvironmentalsustainability.

1. Designer-oriented: The principles must be within the scope of a product
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:Thesecriteriamustproposean avenuefor thedesign improvement.
It should ensure that technicallife should be met by aesthetic life and plan for
efficiency refinement.

3. General: The principle should be applicable to a large range of products

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

Life Cycle Assessment
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Levels of DfEz

Design forManufacturability (DfM): To enable pollution prevention during
manufacturing For less material For fewer different materials For safer
materials and processes ,Design for Energy Efficiency (DfEE):For reduced
energy demand duringuse,flexibleenergy use, forusewith renewable energy,
for Zero Emission, Design for Carbon Neutrality, Design for Zero Toxics
(DfZT), Design for Dematerialization (DfD), Design for Packaging (DfP):
Minimize packaging andRethink sellingmethod, Design forLogistics (DfL):
Use of local materials – Less Transportation Arrange outsourcing to
minimize transportation, Design for Longevity (DfL):Design forModularity
Design for Serviceability Delay replacement, Design for Modularity
(DfMo):To ease upgrading To ease serviceability and, later, disassembly
longer life,Design forServiceability (DfS ):Forease ofrepairs, For recapture
of used/broken parts, Design for use of recycled materials (DfRM), Design
for reduced material variety (DfRMV),Design for healthy materials
(DfHM) Design for Disassembly (DfD )To promote re-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 materials that can be locally recycled For easier
materials identification For safer disposalof 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 residues,Design for Compliance
(DfC) To meet regulations more easily To prepare for future regulations

3.2.4 Role of LCA

The following aresome of the roles of LCA.

i. Supportingdecision-making,highlightingefficiencyopportunities alonga value
chain.

ii. Understandingthe industrialsystems involved in manufacturingproducts and
delivering services to end-users.

iii. Optimizing industrialsystems by identifying operations within amarket chain
that havethegreatestopportunity forimprovement,oftenknown as“hot spots.”

iv. Ensuring that changes made to improveonepartof an industrialsystemdo not
“shift theburden,”by movinga problem,orcreatinganewissue in anotherpart
of the chain.

v. Communicatingdecision makers about the trade-offs thata decision willhave
on thebalance of impacts across theenvironmentalimpact categories, such as,
implementinga particular technology toreduce GHGemissions thatmay result
in increased water consumption.

vi. Comparingtwo systemsthat deliver the sameservice orproduct as defined by
the functionalunit. It is to be noted that differences of less than approximately
10 percent are within the typical error of good quality LCAs; meaningful
differences must be much larger. ƒ LCAs can only meaningfully compare
products or services that deliver the samefunctionalunit.
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vii. Indicating whether an improvement investment atone partof a market chain
will have any significant improvement effect over the whole life cycle of a
particular product.

viii. Benchmarking one industrialprocess against an industry averageof similar
processes to identify refinement possibilities.

ix. Providingfoot printing data, such as carbon footprints, water foot prints.

3.2.5 Product Stewardship

Product Stewardship is defined as “theaccountableand ethicalmanagementof any
product duringits development from process initiation to final use and beyond”.
Product Stewardship is an approach to managing theadverse impacts of different
productsand materialsused. It believes that those involved in theproduction,selling,
usingand disposingofproductshavemutualresponsibility toensure thatthoseproducts
or materials are managed responsibly so that it reduces their impact, throughout
their lifecycle,on theenvironment,human health and safety as well.Thepurpose of
ProductStewardship is to makeaccountable for health, safety and environmental
protection as an integralpart ofdesigning, manufacturing,marketing, distributing,
using, recyclingand disposingof products.This conceptwas developed initially by
thechemicalindustry in1987inorder tominimize thehazards associatedwith chemical
products at allstages of the life cycle.Now theProduct Stewardship is applied to all
complex products and services.Amajor difference between LCAand the Product
Stewardship lies in theenvironmentalimpacts arenot cumulated over thewhole life
cycle.

The product stewardship aim atencouraging manufacturers and retailers to take
responsibility to minimize the total life-cycle impacts of a product including
consumption of energy and materials, its packaging,emissions in to airand water,
toxicity of the product, worker safety, and waste disposal in product design and
after use.Product stewardship is oneof thekey strategies to reducegreenhouse gas
emissions and to address climatechange issues.

Thefollowing aresome of the Principles of ProductStewardship helpsin promoting
productstewardship bydeveloping agreements with industry and thecommunity to
mitigate thehealth and environmentalimpacts fromconsumerproducts.

1. Responsibility:This principle is to fix up theresponsibility forreducingproduct
adverse impactsby sharingthem amongindustry, government,and consumers.
Thegreater theability of an entity tominimize theimpacts ofa productin entire
life-cycle, the greaterwould be the responsibilityfor addressingthose impacts.
Allproductmanufacturers aremoreresponsible inreducing theadverse impacts
ofa product.

2. Internalize Costs: The entire lifecycle ofa productcost, from raw materials,
to mitigateenvironmentalandhealth impactsduring thewholeoftheproduction
process, to managing products at theend-of-life – should be incorporated in
the total product cost. The proposed environmental costs of product
manufacture, use,and disposalafter useshould beminimized, to the possible
extent, for local and state governments, and ultimately shifted to the
manufacturers and consumers ofproducts. Manufacturers thus have a direct
financial incentive to redesign their products to reduce these costs.

Life Cycle Assessment
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3. Incentives for Cleaner Products and Sustainable Management
Practices:Policies thatencourageandimplementproductstewardship principles
should create incentives for the manufacturercleaner technology.These policies
should also extend to provide incentives for thedevelopment ofa sustainable
and environmentally soundsystem to recycle and reuse theproducts tillthe end
of their life.

4. Flexible Management Strategies: The eco-friendly manufacturers’ are
responsible formitigatingadverseenvironmentalandhealth impacts ofproducts
should possess flexiblemanagement strategies in determiningand addressing
those impacts efficiently.

5. Roles and Relationships: The industry and the Government will need to
have leadership in realizing these principles and the practices of product
stewardship through procurement, technical assistance,program evaluation,
education and awareness,development ofmarket, agency coordination, and
by addressingregulatory barriers. Industry and the government should provide
information required to makeresponsible environmentalpurchasing, reuse,
recycling,and disposalmeasures to the consumers.

CheckYourProgress 2

Note: a) Writeyour answer in about50 words.

b) Checkyour progress with possibleanswers given at theend of the unit.

1. Explainhow lifecycle thinkingand lifecycleassessment should leadto selection
and design of moresustainable process and products?

...................................................................................................................

...................................................................................................................

...................................................................................................................

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

...................................................................................................................

...................................................................................................................

...................................................................................................................

3. What is the role of LCA?

...................................................................................................................

...................................................................................................................

...................................................................................................................

4. What is 3BL and mention any two advantages?

...................................................................................................................

...................................................................................................................

...................................................................................................................

...................................................................................................................
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3.3 MEASUREMENT TECHNIQUES

Life Cycle Impact Assessment (LCIA) is a measurement technique based on
quantitativeand qualitativemethods forcharacterization ofenvironmental impacts
ofaspecific system.In this phase,quantified massand energy balances ofaparticular
systemin LifeCycle Inventory(LCI)phasearecombinedin tospecified environmental
effects.The LCIAconsists of the followingfour steps.

i. Classification

ii. Characterization

iii. Normalization

iv. Valuation

Classification: It is a qualitative technique where the environmentalburdens are
compiled to categorize in to various impacts to specify adverse effects on depletion
of naturalresources,environmentaland humanhealth. Thecompilation canbedone
based on the adverse impacts of the burdens to identify asimilar burden which is
common to a numberof impacts.

Ex:Volatile Organic Compounds are responsible for global warming and ozone
depletion.

Problem-oriented approach is the method used to classify the potential impacts.
Thefollowing impacts which areconsidered for LCA are

i. AbioticResource Depletion(ADP)

ii. Globalwarming(GWP)

iii. Ozone depletion(ODP)

iv. Acidification (AP)

v. Eutrophication(EP)

vi. Photochemicaloxidant formation(POCP)

vii. Humantoxicity(HTP) and

viii. Eco toxicity(ETP)

ix. Land Use(LU)

Characterization: It is a quantitative step to measure total impacts of the
environmental burdens predicted in LCI analysis. Since this phase ofanalysis is
quantitative in nature and could bebased on the scientific findings on the predicted
environmentalimpactsin theinventory analysis.In theproblem-oriented methodology,
theeffects aremeasured relative to a reference. For example for determination of
the global warming potential of gases like CH

4
& VOCs carbon-di-oxide is a

reference gas.The overallimpact can be calculated by thefollowing equation.

E
k

———— (i)

Where ec
k.j

=relative contribution ofburden (bj)

E
k
= 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 in impact categorization, environmentalburdens,
parameters for modeling and the typeof modeleach used for impact category. So
far USES-LCA (Uniform System for the Evaluation of Substances) is one such
model is in practice.

Normalization: Thiscan becarried outto compare the datato thecorrect magnitude
of adverseeffects in a given system.Thiscan beperformed onthe totalemissions in
a specificarea overa given a period of time.For exampleentire emissions of global
warminggases andnatural resources depletion canbe measured relatively. Whereas
impacts like acidification, human toxicity are difficult to majorat the global level
hence normalization methods may not be a reliable processor forcomparing the
adverseeffects ofa system.

Valuation: Valuation is the finaland most subjective step of impactassessment, in
which the relative significanceof different impacts is weighted so that they can be
comparedamong themselves.As aresult,differentenvironmentalimpactsare reduced
to a single environmental impact function, EI, as a measure of environmental
performance. This can be represented by Equation.

E
k

—————- (ii)

Where W
k
is the relative importance of impact E

k
.

There are other techniques for valuation process which are based on expressing
preferences by decisions makers or by experts or by the public. Multi attribute
utility theory,analyticalhierarchyprocess, impactanalysis matrixcost-benefit analysis
and contingentvaluation aresome othermethods forvaluation process.

3.4 REPORTING : GENERAL REQUIREMENTS
AND CONSIDERATIONS

The type and format of the report shall be defined in the scope phase of the
study.

According toISO 14044:2006(E) the Reporting procedures is as follows.

“Theresults and conclusions oftheLCAshallbecompletely and accurately reported
without bias to the intended audience.The results,data, methods,assumptions and
limitations shallbe transparent and presented in sufficient detailto allowthe reader
to comprehend the complexities and trade-offs inherent in the LCA. The report
shallalso allowthe results and interpretation to beused in a mannerconsistent with
thegoals of the study

Thefollowingitems/points should be consideredwhen preparingthird-party reports

a) Modifications to the initial scopetogether with their justification;

b) System boundary, including ¯# type of inputs and outputs of the system as
elementary flows,decision criteria;

c) Description of the unit processes, including ¯#decision aboutallocation;

d) Data, including- decision about data,details about individualdata,and data
quality requirements;

e) Choiceof impactcategories and category indicators.
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Agraphical presentation of LCI results and LCIA results as part of the report may
be useful, but it should be considered that this invites implicit comparisons and
conclusions.

Additionalrequirements andguidance forthird-party reports

When results of the LCAare to be communicated to any third party, regardless of
the form of communication,a third-party report shallbe prepared.The third-party
report can bebased on study documentation that contains confidential information
thatmay notbe included in the third-party report.The third-partyreport constitutes
a reference document,and shallbe madeavailable to any third party to whom the
communication is made.The third-party report shallcover the following aspects.

a) General aspects:

1) LCAcommissioner,practitionerofLCA(internalor external);

2) date of report;

3) Statementthat thestudy hasbeen conductedaccordingto the requirements
of thisInternationalStandard.

b) Goal of the study:

1) Reasons forcarrying out the study;

2) Its intended applications;

3) The target audiences;

4) Statementasto whether thestudy intends to support comparativeassertions
intended to bedisclosed to the public.

c) Scope of the study:

1) Function, including

i) Statementof performancecharacteristics, and

ii) Any omission ofadditionalfunctions in comparisons;

2) Functionalunit, including

i) Consistency with goaland scope,

ii) Definition,

iii) Result ofperformance measurement;

3) System boundary, including

i) Omissions of lifecycle stages,processes ordata needs,

ii) Quantification of energy and materialinputs and outputs, and

iii) Assumptions aboutelectricity production;

4) Cut-off criteria for initial inclusion of inputs andoutput, including

i) Description ofcut-off criteriaand assumptions,

ii) Effectof selection on results,

iii) Inclusion ofmass, energyand environmentalcut-off criteria.

Life Cycle Assessment
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d) Life cycle inventory analysis:

1) Datacollection procedures;

2) Qualitativeand quantitativedescription ofunit processes;

3) Sources ofpublished literature;

4) Calculation procedures;

5) Validation ofdata, including

i) Data quality assessment, and

ii) Treatmentofmissing data;

6) Sensitivity analysis forrefiningthesystem boundary;

7) Allocationprinciples and procedures, including

i) Documentationand justification ofallocation procedures, and

ii) Uniformapplication ofallocation procedures.

e) Life cycle impact assessment, where applicable:

1) TheLCIA procedures, calculations and results of the study;

2) Limitations of theLCIA results relative to the defined goaland scope of
the LCA;

3) Therelationship ofLCIA results to the defined goaland scope,

4) The relationship of theLCIA results to theLCI results,

5) Impactcategories andcategory indicators considered, includingarationale
for their selection and areference to their source;

6) Descriptions oforreference toallcharacterizationmodels,characterization
factors and methods used, includingall assumptions and limitations;

7) descriptions ofor reference to allvalue-choices used in relation to impact
categories,characterization models,characterizationfactors,normalization,
grouping, weighting and,elsewhere in the LCIA,a justification for their
useand their influenceon theresults, conclusions and recommendations;

8) A statement that the LCIA results are relative expressions and do not
predict impacts on category endpoints, theexceedingof thresholds, safety
margins or risks and, when included as a part of theLCA, also

i) adescription andjustification ofthe definition and description ofany
new impactcategories,category indicators orcharacterization models
used for the LCIA,

ii) astatementandjustification ofany groupingof the impactcategories,

iii) any further procedures that transform the indicator results and a
justification of the selected references, weightingfactors, etc.,

iv) any analysis of the indicator results, for example sensitivity and
uncertainty analysisor theuse ofenvironmentaldata, including any
implication for theresults, and
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v) Dataandindicator resultsreached priorto anynormalization,grouping
or weighting shallbemade available together with the normalized,
grouped orweighted results.

f) Lifecycle interpretation:

1) Theresults;

2) Assumptions and limitations associated with the interpretation of results,
both methodology and data related;

3) Dataquality assessment;

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

g) Critical review,where applicable:

1) Nameand affiliation of reviewers;

2) Criticalreview reports;

3) Responses to recommendations.

Further reporting requirements for comparative assertion intended to be
disclosed to the public

For LCAstudies supportingcomparative assertions intended to be disclosed to the
public, the

Followingissues shall also beaddressed by the report

a) Analysis ofmaterialand energy flows to justify their inclusionor exclusion;

b) Assessmentof the precision,completeness andrepresentativeness ofdataused;

c) Description of theequivalence of the systems being compared

d) Description of the critical review process;

e) An evaluation of thecompleteness of the LCIA;

f) Astatement asto whetheror not international acceptanceexists for the selected
category indicators and a justification for their use;

g) An explanation for the scientific and technicalvalidity and environmental
relevance of thecategory indicators used in the study;

h) Theresultsof theuncertainty and sensitivity analyses;

i) Evaluation of the significanceof thedifferences found.

If groupingis included in theLCA, the following should be added.

a) Theprocedures and results used for grouping;

b) A statementthat conclusionsand recommendationsderived from groupingare
based on value-choices;

c) Ajustification ofthe criteriaused fornormalization and grouping(thesecan be
personal,organizationalornationalvalue-choices);

Life Cycle Assessment
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d) The statement that “ISO14044 does not specify any specificmethodology or
support the underlyingvalue choices used to group the impact categories”;

e) The statement that “The value-choices and judgments within the grouping
procedures are thesole responsibilities of thecommissioner of the study

3.5 CRITICALREVIEW
General

Thecritical reviewprocess shallensure that the methods used to carry out the LCA
areconsistent with this InternationalStandard, the methods used to carry out the
LCA are scientifically and technically valid, the data used are appropriate and
reasonable inrelation tothe goalof thestudy, theinterpretations reflect the limitations
identified and thegoalofthestudy,and thestudy reportis transparent and consistent.

The scopeand typeof criticalreview desired shallbedefined in the scopephase of
an LCA, and the decision on the type of critical review shallbe recorded.

Inorder todecrease thelikelihood ofmisunderstandings ornegativeeffectson external
interested parties, apanelof interested parties shall conductcriticalreviews on LCA
studies where the results are intended to beused to support acomparativeassertion
intended to bedisclosed to the public.

3.5.1 Critical Review by Internal or External Expert

Acritical reviewmay becarried outby an internalorexternal expert.In such a case,
an expert independentof theLCAshallperform thereview. Thereview statement,
comments of the practitionerand any response to recommendations madeby the
reviewer shallbe included in theLCA report.

3.5.2 Critical Review by Panel of Interested Parties

A critical review may be carried out as a review by interested parties. In such a
case, an external independent expert should be selected by the original study
commissioner to act as chairperson of a review panel of at least three members.
Based on the goal and scope of the study, the chairperson should select other
independent qualified reviewers. This panelmay include other interested parties
affected by the conclusions drawn from the LCA, such as government agencies,
non-governmental groups, competitors and affected industries. For LCIA, the
expertise of reviewers in the scientificdisciplines relevant to the important impact
categories ofthestudy,in additionto otherexpertise and interest, shallbe considered.

The reviewstatement and review panelreport, as well as comments of the expert
and anyresponses to recommendations madeby thereviewer orby thepanel, shall
be included in theLCA report”.

3.6 LET US SUM UP

LCA is a technique to assess the environmental aspects and potential impacts
associated with aproduct,process,or service,by compilingan inventory ofrelevant
energy and material inputs and environmental releases, evaluating the potential
environmentalimpacts associated with identified inputs and releases, interpreting
the results to help make a more informed decision about the human health and
environmental impactsofproducts,processes, and activities. Theproposing activity
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can beexplore thepossibilities from‘cradle to grave’ to ‘cradle tocradle’ approach
in theiractivity by following ISOstandards. This unit provided information about
wholeprocess ofLCA with suitable examples.

3.7 KEY WORDS

Activity input : Exchange enteringanactivity fromanotheractivity
orfromthe Environment.Alsoland transformation,
landoccupation,andworkinghoursareexchanges
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
environmenteven whenmeasured astheeconomic
costs of these inputs.

Activity output : Exchange from anactivity to another activityor to
the Environment. Not to be confused
with Gross or Net (economic)output.

Attribution : A system modeling approach in
which Exchanges are attributed to the Functional
unit of a Product system by linking and/or
partitioning the Unit process of the system
accordingto anormative rule

Benefit : Value (utility) obtained from an Activity (related
to a specified time period or Product). Divided
in Revenue (income) and external benefits
(positive Externalities), the sum of which is
the Socialbenefit.

By-product : Product output from an Activity, that is not
a Determining product.Product outputs that can
displacedeterminingproducts fromotheractivities
are always by-products. Materials for treatment
canclassified aseitherby-products or Wastes,but
the distinction has no practical implications.
(Synonym:dependent Co-product).

Characterization : The use of characterization factors to calculate
the amountof an Impactcategory indicator that
corresponds to a Functionalunit.

Contingent valuation : Stated preference valuation method where the
marginal value of a Non-market product is
identified from the stated Willingness to pay or
acceptcompensation for aspecified changein the
availability of thenon-market product.

Cost-Benefit Assessment : LifeCycleSustainability Assessment with
(CBA) monetary valuation of theexternalities

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

Life Cycle Assessment
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its Externalities. When applied to a product, it is
the ratio of LCC/LCIAresults. Theconcept may
be applied to any physical measure of
environmental Impact,and may then beused to
identify hotspots in a Product system with high
environmentalimpacts relative to thevalue added
(low eco-efficiency). While relevant as a tool to
increasevalue added, it is less relevant to support
overallcost reductions, since it simply provides
an incentiveto increaseprivate (internal)costs and
reduceexternalcosts.This becomesobvious when
expressingenvironmental Costs (and Benefits) in
monetaryunits: therelevantmeasureto minimize
is not internal/external costs but internal external
costs, i.e. total costs. Thus, when it is possible to
express environmental costs (and benefits) in
monetary units,eco-efficiencysimplymeasures the
level of Internalization of costs, and loses its
relevance as a tool to compare systems.
Sometimes the term eco-efficiency is used for the
inverse ratio, i.e. the ratio between the
environmentalimpacts andthe valueadded, which
implies – somewhat illogically – that a low eco-
efficiency would be desirable. This use is
dissuaded.

Functional Unit : Quantified performance ofa Product system for
use as a reference unit (Source: ISO 14040).

Impact (noun) : Causal,directionalrelationship between
an Activity andan environmentalissue of
concern, typicallyinvolving a
significant Externality.

ImpactAssessment : Calculation of theamount ofone ormore impact
category indicators to express the potential
environmental impacts of an Activity ora group
of activities.

Life Cycle Assessment : Elementary exchanges and potential

Result environmental Impacts of a Product system, i.e.,
the LCI result and LCIA result presented
together.(Synonym:Accumulated system result).

Life Cycle Costing (LCC) : Assessment of all Costs associated with the life
cycle of a product, sometimes restricted to the
cost perspective of theend userof the Product.
Seealso EnvironmentalLifeCycle Costing.

Life Cycle Impact : Phaseof LifeCycleAssessmentaimed at
Assessment (LCIA) understanding and evaluating themagnitude and
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significance of the potential environmental
Impacts fora Product system throughout the life
cycle of the Produc t(Source: ISO 14040 clause
3.4).

Life cycle impact : Potentialenvironmental Impacts ofa Product
Assessment Result system expressed in amounts ofone or
(LCIA result) more Impact category indicators (synonym:

Product footprint; Environmentalprofile; Eco-
balance).

Life Cycle Inventory : Phaseof Life cycleassessment involvingthe
Analysis (LCI) compilationand quantificationof inputsandoutputs

foraproduct throughout its life cycle (Source: ISO
14040 clause 3.3).

Normalization Factor : Factor applied to an amount of an Impact
category indicator to express theamount relative
to anormalization reference.

Normalization Reference : Amount of an Impact category indicator for a
specific Activity orgroupofactivities(typically the
aggregated percapita productionor consumption
for a geographical area) for use as a reference to
which a Life cycle impact assessment result can
be compared.

Product Life Cycle : Theproduction,useand finaldisposalofa product.
In marketing, the term is used with a different
meaning(introduction, growth,maturity,decline).
(Synonym:Product chain).

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

System Model : A conceptual modeldescribing a procedure for
linking Activity datasets to form Product systems,
or moregenerally for transforming a Supply-use
table to a Direct requirements table. (Synonyms
used ininput-outputeconomics:technology model/
assumption/construct).

System Boundaries : The denominationsofwhich entities are inside the
system and which are outside.

Weighting Factor : Characterization factor based solely on value

choices describing the relative contribution to

an Impact category endpoint from other

(intermediate) impactcategory endpoints.

Life Cycle Assessment
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3.9 ANSWERS TO CHECK YOUR PROGRESS

Youranswers should include the following points:

Answers to Check your Progress 1

1 a. TheLife CycleAssessment(LCA)measure andevaluate alltheconsumptions
and emissions of aproduct throughout is lifecycle from manufacture through
use to disposal (“from cradle to grave”). It is expressed in terms of potential
environmental impacts.The LCA methodology (ISO14040, 1977) is based
onfourstages:goalandscopedefinition,inventory analysis,impactassessment,
interpretation.

b. Goal and scope definition: the purpose of the study and its intended use,
definition of thesystemboundaries,definition of the functionalunit,dataquality,
assumptions andlimitations ofstudy.Thefunctionalunitis aquantitativemeasure
of the outputof products or servicewhich thesystem delivers. It is a reference
fornormalization of inputand outputdata.

C. Inventory analysis: identify and quantifytheenvironmentalburdens inthe life
cycle of a product. It is a kind of mass balance where the quantities are the
environmentalimpacts. Theburdens aredefined by the materialand energy
used in the system and emissions to air, liquid effluent, and solid waste. It is
expressed in terms of the environmental effect.The system is defined as the
collectionof materiallyand energeticallyconnected operationswhich performs
somedefined function.

Answers to Check your Progress 2

Explain howlifecycle thinking and lifecycleassessment shouldlead toselection and
design of moresustainable process and products?

1. The lifecycleassessmentmeasureandevaluatealltheconsumptionand emission
ofaproduct throughout itslifecycle,from manufacturethrough use to disposal.
It is expressed in terms of theenvironmental impacts.

On the impactassessment stage,the thirdof fourstages, itis possible to quantify
each emission(orrowmaterialconsumption)in quantitiesthat reflecttheproblem
caused,which can beexemplified in eightcategories,which are:non-renewable
resource depletion, global warming, ozone depletion, acidification,
eutrophication,photochemicaloxidantformation,humantoxicity andecotoxicity.
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This scenario favors theselection and design ofmore sustainableprocess and
products, forcing the producers to design products that are easy to reuse,
repair or recycle, and as result, there will be less demand to use natural
resources, the linear use (extraction, production, use disposal) represents a
drop in quality ofthe materials and has been substituted by thecyclichierarchy
model. This one which promotes the use of sustainable materials reduces
environmentalimpacts, add economicbenefits and maximisequality through
lifeof material.Theaim is toslowtheflow ofmaterialresources through society,
maximizing their value to society from source to reintegration into natural
processes.

Then, the researches have been increased on thefield to use less materials or
less energy to produce products that can bereused oreasily recycled,ease of
disassembly (means lower costs), substitute materials to others less harmful,
less scarce and lighter ones, increase the composting by investing on
biodegradableproducts, and avoiding landfilland incineration,because they
are the lowest-value option.

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

Thereare threecommon ways of lookingat theEnd ofLife (EoL)ofproducts:
the cycle, thechain and the cascade.

The recycle chain is an idealist way of how it should be, when 100% of the
products and /or materials are recycled, and all the problems of materials
depletion and landfillare resolved.

Modelingthe End of Lifeas onesingle loop,however, onemostcopewith two
important aspects of reality:

I. Thesecond lawof thermodynamics, requiring and upgrading activity to cope
with degradation,contamination and dilution ofmaterials within the loop;

II. The many lives of recycled materials do not stay in one product loop, but
switch to other product loops

Recycling system normally combines many chains,and wehave to dealwith
question like: is it wiser to recyclea certain type ofplastic, orburn it?

So,analyzing the End of Life product/material as acascade would be more
suitable to optimize the useof resources.

3. TBL is a socioecologicalagreement between the communityand businesses.

 It provides increased transparency to mitigate concerns of stakeholders on
hidden information.

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

 Itmaintains and raises expectationsofcompanies and improves“global clout”

 It provides evidences to the consumers about diminishing natural resources
and made them aware of the impactbusinesses on the world.

Life Cycle Assessment


