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Eutrophication Global warming Air pollution
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® LCA a5aviad usun1susziunansznudninaau

compilation and evaluation of the inputs,
outputs and the potential environmental
impacts of a product system throughout its life
cycle
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® LCA Framework —ISO 14040
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® LCA Framework —ISO 14040

Life cycle assessment framework
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1. asAuatihununawasuauiua (Goal and Scope Definition)
Aa A3 AmMnuatihnnguasuauanuadTeul (system boundary)
wihan15vineu (functional unit) Aagvina1s@nsn dunaud
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Goal DEfi niﬁO N * Why are you undertaking the LCA study?

* What are the objectives of performing the LCA
study?

* What are the intended applications?
* Who are the intended/potential audience?

*  Whether the results are intended to be used in

comparative assertions intended to be disclosed to
the public
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SCO pe De'ﬁnition * The product system(s) to be studied;

* The functions of the product system(s)
* The functional unit

* The system boundary

* The allocation procedures

* Impact categories selected and methodology of impact
assessment, and subsequent interpretation to be used

* Data requirements

* Assumption

* Limitations
* initial data quality requirements
* Type of critical review, if any

* Type and format of the report required for the study
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Product System to be studied

P Wease
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*  Define the use intended and the function provided g N g! h m

by the product
Raw material Product Disposal &
_ sermeha manulacturing Lo i,
distnbution

*  This is a measure that allows quantification of the
function you defined. It should represent performance of

l;f:
&
the functional outputs of the product system. It provides | ,
a reference to which inputs and outputs are related wi
The system boundary " | ’
Cradle-to-gate (retailer)
* Define which unit processes shall be included in the |

product system. Ideally, all processes associated with the
product should be included Cradle-to-grave

"

M

-
. - A 1
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_ | “Product 1" “Product 2"
* By physical values (mass, volume, energy)
I Process 1 Process ]
. r
* By economic values Encray W | \ l
|
Raw I I Process 2 I Process 2
Materials | N {
I E. Process 3 I 3-__ Process 3
Chemicals % &
| g B {
I r
Natural * Process ... I Process ...
Resources l .
| |
I Process n Process n

L e -
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Product

Co-Product
Byproduct

Wastes /
Emissions
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msUudu (Allocation)
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* Impact categories selected and methodology of impact assessment, and subseguent interpretation to be

used
- Gl‘:’b‘ﬂ-l WHH"I"III"IE CMIL_TA Cumulative Energy Demomnd
— Ozone la}rer dEPLE‘HGH Ecological Scarcity 2013 Cumulative Exergy Demand
_ . . Ecological Footprint
Acidification Single Tssue
) EFID 2013 Ecosystem amage Potential
— Water Scarcity Eurapean
EFPS 2iiHy Greenhouse Gas Protocol
— Eutrophication
P ILCTY 2011 Midpoint IPCC 2003 GWEP 100w
— Photochemical smeog Impact 2002+ CML 1992
— Ecotoxicity water ReCiPe Eco-indicator 95
— . BEES+ sSuperseded Ecopoinis 97
Human ‘I:n)l:ICIt)f Morih America
N TRACI 2.1 EDIF/UMIF 97
— Resource depletion
Japan LIME 3, NETS IPCC 2007 GWP

— Etc.
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® Data and Data quality requirements

The data quality requirements should address the following:

a) time-related coverage: age of data and the minimum length of time over which data should be collected;

b) geographical coverage: geographical area from which data for unit processes should be collected to satisfy
the goal of the study;

c) technology coverage: specific technology or technology mix;

d) precision: measure of the variability of the data values for each data expressed (e.g. variance);

e) completeness: percentage of flow that is measured or estimated;

f) representativeness: qualitative assessment of the degree to which the data set reflects the true population
of interest (i.e. geographical coverage, time period and technology coverage);

g) consistency: qualitative assessment of whether the study methodology is applied uniformly to the various
components of the analysis;

h) reproducibility: qualitative assessment of the extent to which information about the methodology and data
values would allow an independent practitioner to reproduce the results reported in the study;

i) sources of the data;

j) uncertainty of the information (e.g. data, models and assumptions).
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® LCA Framework —ISO 14040
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Direct applications:

- Product development
and improvement

- Stratagic planning

= Public policy making

= Marketing

- Other

/ Life cycle assessment framework \
Goal and scope
definition -
Invento_ry Interpretation
analysis
Impact
nernt

Figure 1 — [£)} Phases of an LCA#]




® Life Cycle Inventory Analysis (LCI)

phase of life cycle assessment involving the compilation and quantification of inputs and outputs for a product

throughout its life cycle

Additional data
or unit processes
required

Goal and scope definition

Preparing for data collection

+ Revised data collection sheet

Data collection sheet

Data collection

Collected data

Validation of data

Validated data

Data Collection

Raw Material
Material A xxx kg

Material B xxx kg
Material C xxx kg

Allocation

Relating data to unit process

includes
reuse and

recycling

Validated data per unil process

Relating data to functional unit

Validated data per functional unit

Data aggregation

Calculated inventory

bsi.

Refining the system boundary

Completed inventory

Figure 1 — Simplified procedures for inventory analysis

Fuel

Natural Gas xxx kg
oil xxx liter
Lignite xxx kg

Wood xxx kg

Purchased Utility
Electricity xxx kWh

Steam xxx kg
Hot water  xxx liter
Chilled water xx liter

Chemicals
Chemical D xxx kg
Chemical C xxx kg

Natural Resources
Mineral F xxx kg
Water  xxx liter

-
-
-
-—)
SN

Product 1

Products
Product xxx kg
Co-products/By-products

Co-product A xxx kg
Co-product B xxx kg
By-product xxx kg

Solid Watse

Scrap xxx kg
Wood xxx kg
Paper xxx kg
Plastic xxx kg
Waste Water xxx liter
Air Pollution

Co, xxx kg
CH, xxx kg
HFC xxx kg
N,0 xxx kg
SO, xxx kg
PM xxx kg
Water Pollutions

BOD xxx kg
CcoD xxx kg
Total P xxx kg
Hg xxx kg
Cd xxx kg




® LCA Framework —ISO 14040
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// Life eycle assessment framework \
Goal and scope
definition =]
! m_ry Interpretation
analysis Lo
Impact
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Direct applications:

- Product development
and improvement

- Strategic planning

= Public policy making
= Markating

- Other

Figure 1 — [£)Phases of an LCA®]




® Life Cycle Impact Assessment (LCIA)

phase of life cycle assessment aimed at understanding and evaluating the magnitude and significance
of the potential environmental impacts for a product system throughout the life cycle of the product
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Co,

N,O
CH

Global warming potential [=] kgCO,,

+

NO; Eutrophication [=] kgPO,

Lot

L]
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NOx
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Acidification [=] kgSO,,

Summer smog [=] kg C,H,
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® Life Cycle Impact Assessment

‘ Classification
‘ Characterization

03

‘ Weighting

LIFE CYCLE IMPACT ASSESSMENT

Mandatory elements \

Selection of impact categories, category indicators and characterization models J

1 |

Assignment of LCI results (classification)

1 |

Calculation of category indicator resulls (charactarization)

| | ),

Category indicator results, LCIA results (LCIA profile)

Il

S

/_ Optional elements

// - Ty " \\

Calculation of the magnitude of category indicator results
relative to reference information (normalization)

Grouping

\_ Weighting
Figure 4 — Elements of the LCIA phase
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® Life Cycle Impact Assessment: Classification

Hlunisildannaunansznuisasnis@nen
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— Climate change

— Global warming)

— Ozone depletion

— Resources depletion

— Acidification

— Human toxicity

— Ecotoxicity

— Eutrophication from nutrients
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Problem

(expressed at midpoint)

Emissions and
resource use

Problem

(expressed at endpoint)
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Pasticulate matter

Photochemical axidation

Omooe layer depletion

........
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Land use & transfoemation
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® Life Cycle Impact Assessment: Characterization

urgds1ems wans:=nu
Characterization Facton
CGE 1
NE'D "—l—n—..:.i3
____.__;;._,___._.—-— Global warming potential [=] kgCﬂE
CH "
NO, Eutrophication [=] kgPO,
Ntnt
Pt Acidification [=] kgSO,
NHS
NOx Summer smog [=] kg C,H,
. EGE
bsi. VOC




® Life Cycle Impact Assessment: Characterization

Characterization factors: Global Warming

A1Angawlun1svirlvinann1izlansawu(Global Warming Potentlal: GWP)

2" Report 3™ Report 4" Report 5" Report

co, 1 1 1 1

CH, 21 23 25 28

N,O 310 296 298 265

SF, 23,900 22,200 22,800 23,500

HFCs 124 — 14,800 4 — 12,400

PFCs 7,390 — 12,200 6,630 — 11,100
® Source: Intergovernmental Panel on Climate Change (IPCC), Second Assessment Report (1996),

bSl . Third Assessment Report (2000), Fourth Assessment Report (2006)
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and Fifth Assessment Report (2013)



® Life Cycle Impact Assessment: Characterization

bsi.

Characterization (Acidification)

Characterization (Eutrophication)

Acid producer (in air)

S0; equivalence factor

MNutrient

PO, equivalence factor
1 kg Mitrogen oxides (NOx, air) 0.13 kg eq PO,
1 kg Total nitrogen (water) 0.42 kg eq PO,
1 kg Tetal phosphorous (water) 3.07 kg eq PO,
1 kg Chemical O, demand (COD) 0.022 kg eq POs

1 kg NH4

0.35 kg eq PO,

1 kg HCI 0.88 kg eq S0,
1 kg HF 1.60 kg eq SO,
1 kg NO; 0.70 kg eq 30,
1 kg SO, 1.00 kg eq SO,
1 kg H;S 1.88 kg eq SO,
1 kg NH, 0.89 kg eq SO,
1 kg NH; 0.93 kg eq SO,

Characterization (Water Pollution)

1 kg NH*' 0.33 kg eq PO,
1 kg NO™ 0.095 kg eq PO,
1 kg NO* 0.13 kg eq PO,

Nutrient Dilution factor (I/mg)

coD 1

BOD 5
Total M 4
NH, 8
PO, 75
AOX 75
Heavy metals 75
Hydrocarbons 38

Copyright © 2022 BSI. All rights reserved



® Life Cycle Impact Assessment: Characterization
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Characterization (Water Scarcity)
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® Life Cycle Impact Assessment: Normalization (option)
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Impact score = Category indicator for product

NMormalization value
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® Life Cycle Impact Assessment: Weighting (option)
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Impact score = Weighting factor x @Alavinn1s Normalization
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® Life Cycle Impact Assessment: Weighting (option)

* @rnlavinnisvandunaztisunuosv=dosliwans=nuaiuisn
wWssumsunulaluidolsuan naluladdodoadudidnu /ad1u
sunsvgavWans=nuiAa=nay (Nednnwans:=nuiadudian/ndu
sutsotiiunua) donsliininidumsiitnuanowdrdrylvun
wans:znunda:znau weldawisnuseuiisunulds:nsnowaanrur
aovia

Impact score = Weighting factor x @Alavinn1s Normalization
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® Life Cycle Impact Assessment: Weighting (option)

bsi.

Weighting factors: Eco-indicator 95

Environmental Weighting Criterion

effect factor

Greenhouse effect 2.5 0.1°C nise every 10 vears. 5% ecosystem degradation

Ozone layer depletion 100 Probability of 1 fatality per vear per million inhabitants

Acidification 10 5% ecosystem degradation

Eutrophication 5 Rivers and lakes, degradation of an unknown number of
aquatic ecosystems (5% degradation)

Summer smog 2.5 Occurmrence of smog peniods. health complaints, particularly
amongst asthma patients and the elderly. prevention of
agricultural damage

Winter smog 5 Occurmrence of smog penods. health complaints, particularly
amongst asthma patients and the elderly

Pesticides 25 5% ecosystem degradation

Airbome heavy metals 5 Lead content in children’s blood reduced life expectancy and
learning performance 1n an unknown number of people

Waterborne heavy metals 5 Cadmium content 1n nivers, ultimately also impacts on people
(see airthome)

Carcinogenic substances 10 Probability of 1 fatality per vear per million people




® Life Cycle Impact Assessment: Weighting (option)
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® Life Cycle Interpretation

Interpretation is the phase of LCA in which the findings from the inventory analysis and the impact assessment
are considered together or, in the case of LCI studies, the findings of the inventory analysis only. The

interpretation phase should deliver results that are consistent with the defined goal and scope, and which
reach conclusions, explain limitations and provide recommendations.

F * Ways to reduce environmental impacts.

|nterprEtati0n | * What conclusions can you draw from the study?

* What recommendations can be made?

bsi.



® LCA: Benefit
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® LCA: Benefit
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