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Green Council Training Course

MOVING TOWARDS NET ZERQO?

How to quantify GHG emission & other
environmental impacts of products
by adopting a life-cycle approach?

Dr. Meike Sauerwein

meike@ust.hk
10. February 2023
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YOUR EXPECTATIONS 4 Mentimeter

* How much do you know about Life Cycle Thinking / Assessment?
« What aspects are you most interested in?
 Are there specific questions/topics you'd like to get answered/addressed in this workshop?

Go to: menti.com
Login Code:

menti.com

22614970

Dr. Meike Sauerwein
10. February 2023 2



How much do you know about Life ~ “**™
Cycle Thinking / Assessment?

9% 0o

30% . @%" 10%
Not much, tthvhy | am here ;) | came across cor‘Qre and there | know the concept fairly well and look for

and would like to know more details some additional insights

Dr. Meike Sauerwein
10. February 2023 3



i Mentimeter

\What aspects are you most interested in?

25

9
THE CONCEPT TOOLS - How APPLICATIONS APPLICATIONS APPLICATIONS
ITSELF - How do people of LCT/LCAin of LCT/LCAin of LCT/LCAIn
does LCT/LCA calculate/ my ared product carbon
work? conduct LCA/ labelling footprint
Carbon assessment

Footprints?

Dr. Meike Sauerwein
10. February 2023 4



* What is Net Zero?
« Science Based Targets & Scope 3 Emissions
« What is a Sustainable Product?

O UTLI N E » Life Cycle Thinking Concept

« Why is it so useful in the discussion about product sustainability?

* Life Cycle Assessment Methodology

» Using a daily-life example to walk you through the steps of an
LCA

* Wrap-up

Dr. Meike Sauerwein
10. February 2023 5



Dr. Meike Sauerwein
10. February 2023

What is net zero? Is it the same as zero CO, emissions?



WHAT IS NET ZERO?

TO KEEP GLOBAL WARMING TO NO MORE THAN 1.5°C EMISSIONS NEED
TO BE REDUCED BY 45% BY 2030 AND REACH NET ZERO BY 2050.

~40 Gt CO,-eQ

(40.6 billion t CO,-eq)

Global net anthropogenic
GHG emissions in 2022*

Cutting greenhouse gas Re-absorb remaining
emissions to as close to emissions
zero as possible

*estimate of remaining carbon budget from 2020 onwards for
limiting warming to 1.5°C is 500 Gt CO, (1150 Gt CO, for 2 °C)

i i Source: United Nations — Climate Action;
Dr. Meike Sauerwein IPCC ARG, WG Il; Climate Change 2022, Mitigation of Climate Change:

10. February 2023 7
https://globalcarbonbudget.org/carbonbudget/


https://www.un.org/en/climatechange/net-zero-coalition
https://report.ipcc.ch/ar6wg3/pdf/IPCC_AR6_WGIII_FinalDraft_FullReport.pdf

WHAT IS NET ZERO?

PLANT SPECIES
-12.3 Gt CO, ABSORB CO;

(2022) AND RETURN O
-10.5 Gt CO, & OCEANS A
ABSORB A
(2022) 50% OF CO; n A &
/. i R p—
iy {COz"n ~ ~
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a
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/

O O
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Dr. Meike Sauerwein Source: https://www.youtube.com/watch?v=00W2PIvMpZs
10. February 2023
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WHAT DO COMPANIES HAVE TO DO TO
BECOME NET ZERO?

Cutting greenhouse gas Re-absorb remaining
emissions to as close to emissions
zero as possible

Dr. Meike Sauerwein
10. February 2023



OFFSETS

Carbon offsets fund specific projects that either lower

CO, emissions, or “sequester” CO,, meaning they
take some CO, out of the atmosphere and store it.

Offsets can mask insufficient efforts from
firms to cut their own emissions, ...

“Businesses want to do the right thing and it's heartening to see so many firms aiming
for early Net Zero dates. But poor-quality offsets are crowding out high-integrity ones.”

Many businesses have named ambitious ‘Net Zero’ dates but achieving them
through an over-reliance on offsets is undermining the economy-wide transition.

Dr. Meike Sauerwein Sources: Climate Change Committee (2022) - Business use of offsets risks delaying Net Zero
10. February 2023 MIT Carbon Portal — Carbon Offsets
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https://www.theccc.org.uk/2022/10/13/business-use-of-offsets-risks-delaying-net-zero/
https://climate.mit.edu/explainers/carbon-offsets

SCIENCE BASED TARGETS INITIATIVE (SBTI)

» The Science Based Targets initiative* (SBTi) is
enabling companies and financial institutions SCIENCE
globally to set ambitious emissions reductions ' BASED
targets in line with the latest climate science TARGETS
Minus 1/2 emissions before 2030 DRIVING AMBITIOUS CORPORATE CLIMATE ACTION

Net-zero emissions before 2050

« Organizations disclose emissions annually and monitor progress
on reaching the target.

*a collaboration between CDP, the United Nations Global Compact, World Resources Institute (WRI)
and the World Wide Fund for Nature (WWF) and one of the We Mean Business Coalition commitments

Dr. Meike Sauerwein
10. February 2023


https://sciencebasedtargets.org/resources/files/SBT-Commitment-Letter.pdf
https://sciencebasedtargets.org/resources/files/SBTi-criteria.pdf

Globally, retailers are increasingly setting science-based targets to add
credibility and accountability to their sustainability efforts.

Dr. Meike Sauerwein
10. February 2023

Global retailers' setting science-based targets each year, # of companies

B Targets set [ Committed?

1 2
]
2016 2017 2018 2019 2020 2021

' Defined here as what the Science Based Targets initiative (SBTi) calls “retailing” and “food and staple retailing” companies,

? The SBTi refers to "committed” as having submitted a letter establishing intent to set a science-based target. Targets must be submitted and approved within

24 months of committing.
Source: Science Based Targets initiative

Source:

12


https://www.mckinsey.com/industries/retail/our-insights/climate-sustainability-in-retail-who-will-pay?cid=other-eml-alt-mip-mck&hdpid=4943faf5-db92-4157-beaa-c3fe1b181991&hctky=13563993&hlkid=77ad4571a92647f9b2ca02722d0b9fdd

COMPANIES THAT COMMITTED TO SCIENCE-BASED

TARGETS
SELECTION OF CORPORATE EXAMPLES

TARGETS

COMPANY/FINANCIAL
INSTITUTION NEAR TERM LONG TERM NET-ZERO ORGANIZATION TYPE w
Swire Properties Limited

] ] @ = Company VIEW MORE v
Hong Kong, China, Asia
Sino Land Company Limited

= Company VIEW MORE v

Hong Kong, China, Asia

New World Development Company
Limited (157 ] - Company VIEW MORE Vv
Hong Kong, China, Asia

Nan Fung Property Management
Holdings Limited - Company VIEW MORE v
Hong Kong, China, Asia

Dr. Meike Sauerwein
10. February 2023



SCOPE 3 EMISSIONS

INDIRECT UPSTREAM & DOWNSTREAM EMISSIONS THAT OCCUR IN THE VALUE CHAIN

(EXCLUDING INDIRECT EMISSIONS ASSOCIATED WITH POWER GENERATION (SCOPE 2))

SCIENCE
BASED
Scope 2 Scope 1
INDIRECT DIRECT TARGETS
DRIVING AMBITIOUS CORPORATE CLIMATE ACTION
Scope 3 Scope 3 . .
3 INDIRECT INDIRECT If SCOpe 3 em|SS|OnS
. o represent >40% of a
servces . . E #: transportation ‘["\\“‘»\A y
E e |l I - company’s overall
G asseb ! compan: 6 ‘ : AV‘I H H H
2 mEm e ol | emissions, the SBTi
goods Nt franchisds) .
Y o T L requires they set a
I A o v g B target to cover this
e - travel c\"’e';"ilzfe“sy u; fo‘:;:_' i :‘s d E leased assets ;
and distribution gen‘:a:::d - treer::;::r?tfzf Im paCt-
operations sold products
Upstream activities Reporting company Downstream activities
Dr. Meike Sauerwein Source: CDP, 2018: How can companies address their scope 3 greenhouse gas emissions?
10. February 2023 https://www.cdp.net/en/articles/companies/how-can-companies-address-their-scope-3-greenhouse-gas-emissions

14



https://www.cdp.net/en/articles/companies/how-can-companies-address-their-scope-3-greenhouse-gas-emissions

SCOPE 3 EMISSIONS
EXAMPLE: STARBUCKS

Starbucks Greenhouse Gas Footprint FY17

2030 Goals: N —
50% absolute reduction g o 96%
inscope 1,2 and 3 2 10w
greenhouse gas (GHG) emissions £ . For Starbucks - Where
representing all of Starbucks direct g might these indirect
operations and value chain. * . (scope 3) emissions
come from?
E 4000
E 000
291 390
! Direct Emissions EM& Indirect Emissions
Scope 1 Scope 2 Scope 3
Dr. Meike Sauerwein Source: Starbucks, graphic old, no longer available online

10. February 2023 15



SCOPE 3 EMISSIONS

FORMOST SECTORS, THE LARGEST SOURCES OF A COMPANY’S EMISSIONS
LIE UP- AND/OR DOWNSTREAM OF THEIR CORE OPERATIONS.

services (35,264)

N Capital goods (14,063)

‘ Fuel- and energy-related
activities (35,533)

10,354

10,000

So not just our office / building
$,000 operations need to become B (ool oty
more sustainable, but also the . Waste generated in

- ' operations (35,531)
6,000 products we/our customers use
‘ Business travel (35,532)

‘ Employee commuting
(24,762)

‘ Downstream transportation
and distribution (35,266)

4,000

-
L

Scope 3 emissions (in Mt CO,e)

I‘ Use of sold products (1,135) I

End-of-life treatment of
sold products (6,277)

Figure 1. Scope 3 emissions estimated by CDP for 35,533 companies per emission source in year 2014. The number of companies for which each
type of Scope 3 emissions was calculated is presented in parentheses for each seclor.

Dr. Meike Sauerwein Source: CDP, 2018: How can companies address their scope 3 greenhouse gas emissions?
10. February 2023


https://www.cdp.net/en/articles/companies/how-can-companies-address-their-scope-3-greenhouse-gas-emissions

DISCUSSION

Scope 1,2,3 and Science Based Targets for Carbon reduction

* which one have you come across / is your institution
working on?

« What are your experiences?

. 0.0
P & O
Group discussion

Dr. Meike Sauerwein
10. February 2023

17



BUILDING LIFE CYCLE

Dr. Meike Sauerwein
10. February 2023

Ca

Disposal l
c3
processing for
reuse, recovery mm= : "

Waste

Cradle
to grave

Reuse
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Recycling

or recycling Potential
Cc2
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o) :cs;pcql:_sf o° including benefits
Ity and loads beyond

the system

boundary
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practical
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Bl Use

B2 Maintenance
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B4 Replacement
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B6 Operation Water
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Al
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A2

Transport to
m manufacturing
(o) O= plant

EEE A3

amm Manufacturing

anm and facbrication
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Transport to
project site
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Construction
and installation
process

Source: Civic Exchange, HKGFA, 2020: Decarbonising Hong Kong Buildings Policy Recommendations and Next Steps



https://civic-exchange.org/wp-content/uploads/2020/12/Decarbonising-Hong-Kong-Buildings-Second-line-%E2%80%93-Policy-Recommendations-and-Next-Steps.pdf

LIFE CYCLE STAGES OF APRODUCT

vl

@ . @h,;l
n I ==

Lo
Process: e.q., Food Processing,

Processes: e.q., Farming, Product Assembly, Chemical

Mining, Oil extraction, ... Processing, ...
@ B o
u Eln = [ _
e.g., Landfill, Recycling, ... e.g., Wastewater Treatment e.g., Eating, Doing laundry...

Every product goes through these life cycle stages but undergoes different processes

Dr. Meike Sauerwein

10. February 2023 Example: Life Cycle of a washing detergent, 1 9
Source: The Sustainability Consortium ; hitps://www.sustainabilityconsortium.ora/product-categories/ (retrieved Oct 2018, no longer available online)



https://www.sustainabilityconsortium.org/product-categories/

PRODUCT LCA vs. BUILDING LCA

PRODUCT LCA VS BUILDING LCA

Production

Assembly
Packaging

Resource
acquisition §
Extraction —_—
Transformation / dvs
> v )
4 Dlstrlbut'lon

fay 7

[ '\\Sj % | /7 —
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N
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[ dfv/

Refrigerator life cyc/e

* Single product-system, based on one or
more materials

Dr. Meike Sauerwein
10. February 2023
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Building life cycle

 Large compilation of product-systems
» Calculation of building life cycle impacts based on

a variety of building materials life cycle impacts
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Only part of these processes happen
within Hong Kong, which makes it a lot
harder to measure these emissions

E_ E_ _

‘Upfront’ Embodied Carbon Operational Carbon

Manufacturing, transportation, and Building energy consumption
installation of construction materials

Dr. Meike Sauerwein Source: Carbon Leadership Forum
10. February 2023 21


https://carbonleadershipforum.org/the-carbon-challenge/

EMBODIED VS OPERATIONAL CARBON

The longer the lifespan of a building,
the less embodied emissions
contribute to the overall percentage

(emissions concentrated at the initial

stages of the building’s lifecycle) Whole life

carbon

Estimated Embodied Carbon for Different Building Types

Building Types Estimated Embodied Carbon Source

Hong Kong

High-Rise Residential 38% (Housing Authority, 2013) Kai Tak Public Housing

All Buildings 35% (CIC, 2014) CIC Carbon Assessment Tool

Zero-Carbon Building 25% (Li, 2013) Zero-Carbon Building

Dr. Meike Sauerwein

Embodied and Operational carbon emissions timeline

I Embodied
B Operational

Al1-A5 B1-B3 & B6-B7 B4-B5 B1-B3 & B6-B7 C
Construction Operation and Repair and Operation and Demolition
Products and maintenance refurbish- maintenance and disposal
Processes ment

Source: Civic Exchange, HKGFA, 2020: Decarbonising Hong Kong Buildings Policy Recommendations and Next Steps

10. February 2023

22


https://civic-exchange.org/wp-content/uploads/2020/12/Decarbonising-Hong-Kong-Buildings-Second-line-%E2%80%93-Policy-Recommendations-and-Next-Steps.pdf

EMBODIED VS OPERATIONAL CARBON

IMPORTANCE OF EMBODIED CARBON GROWS AS OPERATIONAL ENERGY DECARBONIZES

S A

« While operational carbon can reduce over time
e.g., due to building energy efficiency upgrades or
decarbonization efforts of local energy supply

* Embodied carbon is released before
the building is even in use

« Emissions are locked in place as
soon as a building is built

« Emissions depend largely on energy
system at the source location

. Embodied carbon, (materials) . Operating carbon (energy)

Dr. Meike Sauerwein Sources: Civic Exchange, HKGFA, 2020:
10. February 2023 One Click LCA Ltd, 2018: ‘ 23


https://civic-exchange.org/wp-content/uploads/2020/12/Decarbonising-Hong-Kong-Buildings-Second-line-%E2%80%93-Policy-Recommendations-and-Next-Steps.pdf
https://www.oneclicklca.com/embodied-carbon-review/

GLOBAL NET ANTHROPOGENIC GHG EMISSIONS

Building -
Electricity, Heat
(Electricity, Heat) Energy Supply
Buildings Sector

Globally buildings generate 16%
of annual greenhouse gas emissions.

* 10% from electricity and heat for
building operations - existing & new

Transport
Industry buildings
* 6% Buildings —incl. embodied
carbon mostly due to new construction
Agriculture, : -709
Forestry, ete. In Hong Kong about 60-70% of
N 70 annual greenhouse gas emissions

m 18, Bl originate from the building sector

Y Transport H]T]]
s

Hong Kong Carbon Emission Sources @ 2019

Dr. Meike Sauerwein Sources: IPCC ARG, WG IlI; Climate Change 2022, Mitigation of Climate Change;
10. February 2023 https://report.ipcc.ch/arowg3/pdf/IPCC_AR6 WGIIl _FinalDraft FullReport.pdf 24
' Civic Exchange, HKGFA, 2020: Decarbonising Hong Kong Buildings Policy Recommendations and Next Steps



https://report.ipcc.ch/ar6wg3/pdf/IPCC_AR6_WGIII_FinalDraft_FullReport.pdf
https://civic-exchange.org/wp-content/uploads/2020/12/Decarbonising-Hong-Kong-Buildings-Second-line-%E2%80%93-Policy-Recommendations-and-Next-Steps.pdf

HONG KONG'S DECARBONIZATION TARGET
ACHIEVE CARBON NEUTRALITY BEFORE 2050

PR
Hong Kong’s

How to reduce?

October 2021

« “...choice of design and construction methods should

CLI M ATE 1 [...] reduce embodied carbon emissions during the

ACTI o N construction process.”
LAND

S

Need for accurate
quantification
techniques!

» “Modular Integrated Construction (MiC) method [...] by
carrying out most of the operations at construction sites

r= , in off-site prefabrication yards, thereby simplifying the

i 7 construction process and reducing construction wastes.”

Dr. Meike Sauerwein Source: Hong Kong's CLIMATE ACTION PLAN 2050 (2021)
10. February 2023 25



https://www.climateready.gov.hk/files/pdf/CAP2050_booklet_en.pdf

ARE WE ON TRACK TO REACH NET ZERO BY 20507

TO KEEP GLOBAL WARMING TO NO MORE THAN 1.5°C EMISSIONS NEED
TO BE REDUCED BY 45% BY 2030 AND REACH NET ZERO BY 2050.

China, the United States, & the European ﬁ ‘

Union have set a net-zero target, covering -

abOUt 76% Of gIObaI emiSSionS. ’(Cutting greenhouse gas Re-absorb remaining——\
emissions to as close to emissions

zero as possible

Commitments made by governments to date fall far short of what is required.

Current national climate plans — for all 193 Parties to the Paris Agreement taken together —

would lead to an increase of 14% in global greenhouse gas emissions by 2030,
compared to 2010 levels.

Dr. Meike Sauerwein Source: United Nations — Climate Action;
10. February 2023 26


https://www.un.org/en/climatechange/net-zero-coalition

DISCUSSION

 How would you/ do people commonly define what a
“Sustainable Product” is”?
« What makes it difficult to give a clear definition?

22:2 ©

Group discussion . You can take notes
10 min .
on your printout

Dr. Meike Sauerwein
10. February 2023



DISCUSSION - SUSTAINABLE PRODUCT

 How would you/ do people commonly define what a “Sustainable Product” is?

 What makes it difficult to give a clear definition?

Dr. Meike Sauerwein
10. February 2023 28



LIFE CYCLE STAGES OF APRODUCT

vl

@ . @h,;l
n I ==

Lo
Process: e.q., Food Processing,

Processes: e.q., Farming, Product Assembly, Chemical

Mining, Oil extraction, ... Processing, ...
@ B o
u Eln = [ _
e.g., Landfill, Recycling, ... e.g., Wastewater Treatment e.g., Eating, Doing laundry...

Environmental Impacts (Resource use and Emissions) occur at every stage in the life cycle

Dr. Meike Sauerwein

10. February 2023 Example: Life Cycle of a washing detergent, 29
Source: The Sustainability Consortium ; hitps://www.sustainabilityconsortium.org/product-categories/ (retrieved Oct 2018, no longer available online)



https://www.sustainabilityconsortium.org/product-categories/

Processing,

LIFE CYCLE THINKING [ESuysss

Do ciaeie Production
CONCEPT Xtracton/Froaguction Of parts
Energy Solid Wast Energ{ Sé)”d- Waste,
Life cycle thinking helps to ReSOUfCéS/ Emissions  ResoUrces TISSIEne
systematically identify a !/
product’s _
End of Life Assembly
° resource use (incl. financial Disposal/ Recycling
resources) ’ Emissions,
esources -
o Energy, ost 10 landfil I:{Energy, Solid Waste,
e emissions (Waste) to the Resources esources Emissions
environment (environmental
impacts :
pacts) Use, Packaging,
at ALL lifecycle stages. Maintenance Distribution
. Solid Waste,
REnergy, SIcE)hq Waste, I:{Energy, Emissions
Dr. Meike Sauerwein Source: The Life cycle Initiative, modified esourees MISSIONS esources

10. February 2023 30


https://www.lifecycleinitiative.org/starting-life-cycle-thinking/what-is-life-cycle-thinking/

LIFE CYCLE THINKING

BENEFITS

Reduces the narrow focus
on just one or two stages.

L

Dr. Meike Sauerwein
10. February 2023
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Processing,
Production
of parts

Raw Material

Extraction/Production

Solid Waste,
Emissions

|4

Energy,

Solid Waste, RESOURCES

Emissions

End of Life

Disposal/ Recycling

Assembly

Solid Waste,

Energy, Emissions Energy, Solid Waste,
Resources Resources Emissions
Use, Packaging,
Maintenance Distribution
. Solid Waste,
Energy, Solid Waste, Energy, Emissions
Resources Emissions Resources

Source: The Life cycle Initiative, modified

31


https://www.lifecycleinitiative.org/starting-life-cycle-thinking/what-is-life-cycle-thinking/

Processing, Q

Raw Material Production
L I F E CYC L E T H I N KI N G Extraction/Production of parts ‘
BENEFITS ReEQS&%’ Soid Waste,  pEnergy “Emissions

Indicates how changes in one Q Q

life cycle stage affect the S ke aiie Assembly
resource use and emissions Disposal/ Recycling
from other life cycle stages. P W Solid Waste, ~
Energy, Emissions Energy, Solid Waste,
Resources Resources Emissions
Which Life Cycle
Stages would be Use, Packaging,
affected if we switch Maintenance Distribution
from ICE to EV cars?
: ! & ) lid Waste,
2021/mythbusting-gas-vs-electric-vehicles, Energy, SOlld Waste’ Energy’ S(E)rITﬂSSIg%Se
Resources Emissions Resources
Dr. Meike Sauerwein Source: The Life cycle Initiative, modified
32

10. February 2023


https://www.lifecycleinitiative.org/starting-life-cycle-thinking/what-is-life-cycle-thinking/

Dr. Meike Sauerwein
10. February 2023

LIFE CYCLE THINKING
LIFE CYCLE ASSESSMENT (LCA)

QUANTIFICATION OF ENVIRONMENTAL IMPACTS ALONG THE LIFE CYCLE

reveals quantities of energy and material flows, as well as
the kind & degree of environmental emissions

33



WHAT CAN LCA TELL ABOUT PRODUCT SUSTAINABILITY?

1. IDENTIFY HOT SPOTS
WITHIN A PRODUCT’S LIFE CYCLE

Hot Spot:
Process that causes
significant impacts

Life Cycle
M Assessment

aintenance

Reveals which life cycle stage is most resource
Intensive or where most severe emissions happen

- LCA can indicate which process changes
could yield significant positive improvement

Dr. Meike Sauerwein
10. February 2023

End of Life

2. IDENTIFY TOTAL IMPACTS THAT
OCCUR ALONG A PRODUCT'S LIFE CYCLE
(ECO-FOOTPRINT OF A PRODUCT)

Processing,

LifeCycle ‘ ?

@ Assessment

p-a°

Reveals total resource requirements &
emissions from all life cycle stages

Comparative: What would
be the better alternative?

- LCA can tell which product has a lower footprint
and Is accordingly more sustainable

34



SCOPE 3 EMISSIONS
EXAMPLE: STARBUCKS

Starbucks Greenhouse Gas Footprint FY17

2030 Goals: . 15000
50% absolute reduction g o 96%
in scope 1,2 and 3 2 12000
greenhouse gas (GHG) emissions £ i
representing all of Starbucks direct g,
operations and value chain. : .
E J000
291 3a0
! Direct Emissions EMQ Indirect Emissions
Scope 1 Scope 2 Scope 3
Dr. Meike Sauerwein Source: Starbucks, graphic old, no longer available online

10. February 2023 35



CRADLE TO GRAVE
LCA OF MILK

ey Life Cycle e
Assessment :

«  Which milk causes the least
greenhouse gas emissions

(has the lower carbon footprint)?

Hot Spot:
Process that causes
significantimpacts

pop  Life Cycle
Assessment

« What are the hotspots in the
different milk life cycles?

Dr. Meike Sauerwein
10. February 2023

Source: EPD, 2016, Granarolo, EPD Organic soy drink,

Cow Milk =
T

GRANAROLO

A

il

GUSTO NATURALE
RLATTON0 » SN G

e aid

WENZA ZUCCRERI AGEIVNN
SENZA ALOMI

A BASSO CONTENUTO DI SaLE

EPD, 2018, Granarolo, EPD Organic pasteurized whole milk

0IA ATALIANA BidgsIch

Soy Milk

36



COMPARING APPLES & ORANGES?

Life Cycle Assessment can quantify environmental impacts of different
products. But how to assess and compare seemingly different products?

It's possible as long as they
fulfill the same function

Dr. Meike Sauerwein
10. February 2023 37



LIFE CYCLE ASSESSMENT ALLOWS THE
COMPARISON ENVIRONMENTAL IMPACTS OF
DIFFERENT PRODUCTS

-\_ _ What is the function they both fulfil?

How much of each should

we compare?
e.qg., 170g apple with
170g of chocolate bar?

Major ingredients: 25 g sugar, 13 g peanuts, 5 g
cocoa, 5 g milk powder, vegetable oils, vanilla
extract, ...

Major ingredient: Apple

 Function: serve as a snack in between meals
 Functional Unit: 1 medium sized apple (170g) vs. 1 bar (50g) of caramel-peanut chocolate
- Assessment of impacts of materials required to fulfill such a functional unit (reference flows)

Dr. Meike Sauerwein
10. February 2023 38



FUNCTIONAL UNIT
WHY DO WE NEED TO DEFINE A FUNCTIONAL UNIT

Functional Unit:

1 liter of milk

BIOLOGICO]

DAL 1957 ITALIANA BONT)

Latte Bis
ltero-

Dr. Meike Sauerwein
10. February 2023

>

‘}

R

@

Functional unit: comparison of products on the
basis of equivalent function, for example:
comparison of 2 packaging systems for 100
litres of milk by (a) 100 disposable cartons or
(b) 1 reusablebottle ;instead of
comparison of 1 cartonand 1 bottle.

Functional unit is basis for comparison

@

== e e rererere =
[ \ i B |
) B B
i ) e :

-4
=
B = e )
e B 8 B B B

) ) o ) ) ) ) B
) o B )
H;n;ﬂ:w&;:‘;ﬂ;ﬂﬂ;u;

= :“3-.
ol | | |

0 nesmne | e | mmsmes |
|l el
=1

Source: ISO 14044:2006 — Chapter 4.2.2 Goal of the study; Hauschild et al. 2018 — Chapter 7



LIFE CYCLE ASSESSMENT OF MILK
STEP1: DEFINE THE FUNCTIONAL UNIT dentical function but

different material flows.

1. What is the function, how much of

it do we want to compare, and : L.
what type and kind of material Fupctlonal .un't-
(ingredients) do we need to fulfil it? 1 liter of milk

- Ingredients: Whole milk

Ingredients: Water, organic soya beans,
sugar, dietary fiber, natural flavors

I!O_ln- cO Nutrients (per 100mL)
% .4 Carbon Hydrates/ Sugar 5.0¢g Nutrients (per 100mL)
" Proteins 33g Carbon Hydrates/ Sugar 0.5g
Fat 3.7g Proteins 3.6g
m Calories 67 kcal Fat 2.1g
- Calcium 120mg Calories 35 kcal

Dr. Meike Sauerwein
10. February 2023 40



LI fe C
"oductiop,
. Phase
Life Cycle st, ges §Xtraction

/l Pr Use
r()d(,,(;f,'gn : OCessjng P Phase
ACTIVITY/DISCUSSION
Materiz Use Dispogg
eCyC/ing;

Scope of the LCA study

a2 &

In pairs 5 min Draw onto your printout

Dr. Meike Sauerwein
10. February 2023 4



Draw into the graphic: Which stages/phases are covered in these 5 terminologies?
Cradle-to-grave, Cradle-to-gate, Cradle-to-cradle, Gate-to-gate, Well-to-wheel

Life cycle phases Production phase Use End of
phase Life

‘ Extraction Processing  Production ‘ Use Disposal,
Life cycle stages /Production Ingredients Recycling
of Raw
Dr. Meike Sauerwein Materials

10. February 2023 ‘ 479



COMMON LCA TERMINOLOGY
SCOPE

Cradle-to-grave: Scope includes end-of-life disposition of the product/material

Cradle-to-gate: LCA boundaries include material acquisition, processing, transportation,
and manufacturing (factory gate), but not product uses or disposal

Cradle-to-cradle: Scope includes the entire material cycle, including recycling

Gate-to-gate: Partial LCA looking at a single added process or material in the product chain

Well-to-wheel: Application of fuel cycles to transportation vehicles

& cradle-to-grave
& -

[ 133

cradle-to-gate

Life cycle phases
cradleto cra

Extraction Processing  Production Use Disposal,

Dr. Meike Sauerwein Lifecydestages /Production Ingredients Recycling
' of Raw

10. February 2023 Materials 43



BUILDING LIFE CYCLE
SCOPE OF THE ASSESSMENT BeEelEN a Cradle to Gate

Al
ca Grave Raw material assessments Of a”
Disposal l
C3
Waste

extraction and supply bU||d|ng products
processing for
reuse, recovery Y] : -

or recycling

A2

Transport to
m manufacturing
(o) O= plant

Cradle
to grave

Reuse
Recovery
Recycling
Potential

mmm A3
mum Manufacturing

cz mEEm . .
=xx ™ ™ " and facbrication
t;—rglgszosgtl - Cradle to grav j Cradle
faF::ilit o including beneflts to gate
\ and loads beyorid
the system
boundary Ad
] % Transport to
project site
Cradle to
practical
C1 completion
35?5(;“;%?1” and RYRRKX A5 Cradle tO Slte
‘:, & Construction
) and installation assessmeﬂts Of a”
B1 Use process S
B2 Maintenance bU”dlng prOdUCtS
B3 Repair
B4 Replacement
B5 Refurbishment
B6 Operation Water
B7 Operation Energy
Dr. Meike Sauerwein o o . . .
10. February 2023 Source: Civic Exchange, HKGFA, 2020: Decarbonising Hong Kong Buildings Policy Recommendations and Next Steps
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https://civic-exchange.org/wp-content/uploads/2020/12/Decarbonising-Hong-Kong-Buildings-Second-line-%E2%80%93-Policy-Recommendations-and-Next-Steps.pdf

LIFE CYCLE ASSESSMENT OF MILK
STEP BY STEP

1. What is the function, how much of
it do we want to compare, and izl
what type and kind of material
(ingredients) do we need to fulfil it?

2. What are the processes
involved in each life cycle stage R
of the product system(s)? Disposal Recycing

Use,
Maintenance

Dr. Meike Sauerwein
10. February 2023

Processing,
Production
of parts

Assembly

Packaging,
Distribution

45



MAPPING LIFE CYCLE PROCESSES

On that file you can find a
« Raw material production
e Transport

* Production & Packaging
* Distribution

» Use and End of Life

Dr. Meike Sauerwein
10. February 2023

Life cycles of milk products

)

AN

e

similar processes for all products




Life cycles of milk products

i

-~

g

Cooling &
Fodder Cattle Transport to
production farming production
plant
n
oY 1)
-0o™0
7 [
Transport to
Soybean production Production
farming plant of soy drink
| ———————————— |

Raw Material Production ‘ Transport ‘

Dr. Meike Sauerwein
10. February 2023

9

Packaging

production

|

t 1ﬂ| II.I.:I.! ui: :

il
i/

o
ﬂl

S

Heat treafme_nt, Retail & Use
homogenization o (Storage in Disposal/
& packaging Distribution fridge) Recycling

h

Fertilizer &
Pesticide
Production

1

similar processes for all products

Production & Packaging

‘ \ Distribution Use

F

‘ End of Life ‘



DIFFERENT LIFE CYCLE HOTSPOTS
EXAMPLE: GREENHOUSE GAS EMISSIONS FROM APPLE LIFE CYCLES

I Farm M Animalfeed [l Processing M Transport =~ Retail B Packaging | Losses

B Land use change

1kg apples
- 0.43kg CO.eq.

Okg 0.1kg 0.2kg 0.3 kg 0.4 kg

Source: Poore, )., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science.
Mote: Greenhouse gases are weighted by their global warming potential value (GWP100). GWP100 measures the relative warming impact of one
molecule of a greenhouse gas, relative to carbon dioxide, over 100 years.

OurWorldinData.orgfenvironmental-impacts-of-food « CCBY
Dr. Meike Sauerwein

10. February 2023 Source: https://ourworldindata.org/grapher/food-emissions-supply-chain?country=~Apples 48



LIFE CYCLE HOTSPOTS
EXAMPLE: GREENHOUSE GAS EMISSIONS FROM BEEF LIFE CYCLES

B Landusechange [ Farm M Animalfeed [l Processing [ Transport =~ Retail B Packaging | Losses

1kg beef
- 99 kg CO.eq.

Beef (beef herd)

Okg 20kg 40 kg 60 kg 80 kg

Source: Poore, )., & Memecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science.
Mote: Greenhouse gases are weighted by their global warming potential value (GWP100). GWP100 measures the relative warming impact of one
maolecule of a greenhouse gas, relative to carbon dioxide, over 100 vears.

OurWorldlnData.orgfenvironmental-impacts-of-food =« CCBY
Dr. Meike Sauerwein

10. February 2023 Source: https://ourworldindata.org/grapher/food-emissions-supply-chain?country=~Apples 49



SIMILAR PRODUCTS - DIFFERENT LIFE CYCLE HOTSPOTS

M Landusechange [ Farm [ Animalfeed W Processing Retail W Packaging | Losses

Okg 0.1kg 0.2kg 0.3 kg 0.4kg

Source: Poore, )., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science.

MNote: Greenhouse gases are weighted by their global warming potential value (GWP100). GWP100 measures the relative warming impact of one
molecule of a greenhouse gas, relative to carbon dioxide, over 100 years.

QurWorldinData.org/environmental-impacts-of-food « CCBY

Dr. Meike Sauerwein

10. February 2023 chain?country=~Apples

0.43kg

B Landusechange [ Farm [ Animalfeed W Processing Retail B Packaging | Losses

Beef (beef herd) 99kg

Okg 20kg 40kg 60kg 80kg

Source: Poore, 1., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science.

Note: Greenhouse gases are weighted by their global warming potential value (GWP100). GWP100 measures the relative warming impact of one
molecule of a greenhouse gas, relative to carbon dioxide, over 100 years.

QurWorldinData.org/environmental-impacts-of-food « CCBY

Source: https://ourworldindata.org/grapher/food-emissions-supply-

50



LIFE CYCLE ASSESSMENT OF MILK
STEP BY STEP

3. Inventory - What resources go into

each stage? What amount?
e.q., electricity, water, amounts of chemicals, etc.

4. Inventory - Which emissions are

released at each stage? Amount?
e.g., concentration of chemicals in wastewater & air,
solid waste, etc.

Dr. Meike Sauerwein
10. February 2023
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DATA COLLECTION FOR RESOURCE & EMISSION
INVENTORY I e T A

W

m ﬂ
PUEL WATER SUGAR, OTHER
m INGREDIENTS ~ CHEMICALS

\

Collecting primary data for each process /' . Q %

ERTILIZER/ PESTICIDES FUEL

 How much e|eC’[ricity ﬁ ‘ ‘ WATER _ ELECTRICITY
m E
« How much fuel "
 How much water e
== L)
o = “ /l‘ pr Transport to
* How much ]ch_e.r products (e.lg. = = Soybean oroduction oroduction
pesticides, fertilizer, chemicals) farming plant of soy drink
7. . BUT WAIT... these also have a life cycle... éé} 4@ éé}
. . . MISSIONS EMISSIONS EMISSIONS
\& 8/ >What if the materials are all produced in TToAR TO AR ToAR
‘ y  different countries/ by different é
- manufacturers? N @
—~>How do | lf)novv about all these process TOWATER e
emissions”
Dr. Meike Sauerwein AN —
10. February 2023 . EMISSIONS 52
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LIFE CYCLE INVENTORY -
m m \ T
DATA SOURCES w W o 0] =
m m v e CHEMICALS
\, INGREDIENTS
Primary Data /' o O 4
° PrOCESS data W @ FERTILIZE ‘PESTICIDES FiEL watER  ELECTRICITY
m ﬂ
 Governmental statistics = m .
* Surveys == | T O 1
? \ =0™0
. seore g ﬂ‘ (8
S . E& Transport to
Soybean production Production
farming plant of soy drink
gecc))ndary data (Background — | } |
ata
Life Cycle i' :? C: ?
* Life CyCIe Databases Ass‘essment Eﬁg EMISSIONS EMISSIONS
* Published LCA reports o o o
gacademlc literature or reports & ]
ollowing 1SO 14044) =
EH%\SO f‘\i'? CHERAICAL &
(OWATER SOLID WASTE
Dr. Meike Sauerwein g AN %
10. February 2023 ) Hqgmq EMISSIONS 53




LIFE CYCLE INVENTORY
DATABASES /\m q (};

«W  GaBi eco

> EUROPEAN COMMISSION

services
Rayys¥

e Ecoinvent ProBa ' /
P (@ 232 soca
« Around 18000 LCI datasets, PSILCa (J) 1] L / /

social he database

* aggregated and disaggregated m% :.153 % @

» GaBi Professional
« Over 2500 datasets, mostly aggregated

« European reference Life Cycle Database (ELCD)
» Less than 200 datasets

« Chinese Life Cycle Database
« About 600 LCI datasets for key materials, chemicals, energy systems, transport, and waste.
e hittp://www.itke.com.cn

* Many others

www.LC-Inventories.ch 15804-1A BIOENERGIEDAT

Dr. Meike Sauerwein
10. February 2023 54
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LIFE CYCLE ASSESSMENT OF MILK

STEP BY STEP

5. Classifying the type of potential impact
(damage), a specific emission could
cause in the environment

Dr. Meike Sauerwein
10. February 2023
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CLASSIFICATION INTO ENVIRONMENTAL CATEGORIES

CLASSIFYING THE TYPE OF POTENTIAL IMPACT (DAMAGE), A SPECIFIC EMISSION
COULD CAUSE IN THE ENVIRONMENT

Production Distribution Disposal / Recycling

Dr. Meike Sauerwein Source: 1SO 14044
10. February 2023 o0



CLASSIFICATION INTO ENVIRONMENTAL CATEGORIES

What kind of

CH
, NO CO, CH,
environmental * NO, CH,
impacts may these NO, soo 2
: 2 SO,
chemicals cause?
PM  PM

PM

e

[
"W |
Use

Production Dlstr|bu tion

Dr. Meike Sauerwein
10. February 2023

Disposal / Recycling

57



CLASSIFICATION INTO ENVIRONMENTAL CATEGORIES

CLASSIFYING THE TYPE OF POTENTIAL IMPACT (DAMAGE), A SPECIFIC EMISSION
COULD CAUSE IN THE ENVIRONMENT

: ; N,O
Classification: €0z co, ’ cn. CHi
Elementary flows (emissions & resources) [ICHENN CO; ‘on
from the inventory are assigned to the NO X SO !
impact categories according to the x SO, 50,
substances’ ability to contribute to
d|fferer‘1t* ern?\fronmental problems. oM PM

PM

e

[
"W |
Use

Production Dlstr|bu tion

Dr. Meike Sauerwein
10. February 2023

Disposal / Recycling

Source: 1ISO 14044
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CLASSIFICATION INTO ENVIRONMENTAL CATEGORIES

One chemical can potentially
contribute to several impact
categories

Disposal / Recycling

Production

Dr. Meike Sauerwein

10. February 2023 59




LIFE CYCLE ASSESSMENT OF MILK
STEP BY STEP

6. Characterizing (quantifying)
environmental Impacts

Dr. Meike Sauerwein
10. February 2023
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GLOBAL WARMING

« (Greenhouse gasses can absorb &
re-emit ‘heat’

* Molecules vibrate but don't break
—> can repeat the same process
over and over again

Dr. Meike Sauerwein
10. February 2023




CHARACTERISTICS OF GREENHOUSE GASES

52
{7

Long atmospheric  Strong absorption High gas
Lifetime (The more energy the  concentration
The longer the gas  molecule absorbs, the in the
persists, the more it can more effective it will atmosphere

absorb and reemit heat  pe in warming.)

Global warming potential
Measure of how much energy the

emissions of 1 kg a gas will absorb over
a given period of time, relative to the
emissions of 1 kg carbon dioxide (CO,).

Dr. Meike Sauerwein Sources: https://www.acs.org/content/acs/en/climatescience/greenhousegases/properties.html

Gas

Carbon Dioxide, CO,
Methane, CH4
Nitrous Oxide, N,O
CFC-12, CCLF,
HFC-23, CHF,
HFC-134a, CH,FCF,

Sulfur Hexafluoride, SF6

Lifetime, yr
~100

12

114

100

270

14

3,200

GWP time horizon

20yr

1

72

289
11,000
12,000
3,830

16,300

10. February 2023 https://www.epa.gov/ghgemissions/understanding-global-warming-potentials; IPCC Report ARS5-Chapter 8

100 yr

1

25

298
10,900
14,800
1,430

22,800

500 yr

7.6
153
5,200
12,200
435

32,600


https://www.acs.org/content/acs/en/climatescience/greenhousegases/properties.html
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials

CHARACTERIZATION — QUANTIFYING THE POTENTIAL
IMPACT OF A GROUP OF CHEMICALS

Example: =

Greenhouse Gas i Char?;tccigrzatlon i
] ] ﬂ l S —I
Emissions :_Inventory Value | +! ' (Climate Change) E | Impact Potential |
e ey gkt s
CO. co, > CH, 25 [kg CO.,-Equivalent]
CO, CLIMATE CH4CH
CHANGE » 50 [kg CO,-Equivalent]

Characterization:
Calculating how strongly
a certain chemical

contributes to the
potential environmental
damage.

Dr. Meike Sauerwein

10. February 2023 1 kg CH, is equivalent to the impact of 25 kg CO, 63



MILK — CARBON FOOTPRINT -

RESULTS

ey Life Cycle e
Assessment :

«  Which milk causes the least
greenhouse gas emissions

(has the lower carbon footprint)?

Hot Spot:
Process that causes
significantimpacts

pop  Life Cycle
sl Assessment

« What are the hotspots in the
different milk life cycles?

Dr. Meike Sauerwein
10. February 2023

BIOLOGICO

W DAL 1057 ITALIANA DONTA =

mm
hnero-

Cow Milk

<
-

.

GRANAROLO

A

il

GUSTO NATURALE
ALA 40« SENEA G

e i

01 ATALIANA $108061CA

JENZA ZUCCHERT AGEITNY
SENZA AROMI

A BASSO CONTENUTO DI SaLE

Soy Milk

64



Greenhouse f;’ ‘Hot-spot’ identification
gas emissions | m Cow Milk M Soy milk & Improvement potential

10.0
from1L of milk

Hot Spot:
Process that causes
significantimpacts

Climate Change Potential
(kg CO, eq./ 1L milk)

Impacts from different
products and different
life cycle processes

can differ significantly
e.g., distribution (plane vs ship,
packaging carton vs glass)

@ Truck 100km I
(2) Production incl milling of soy beans, heat treatment, packaging etc. R & _%QO"
(3} Both milks are assumed to be made in Italy, distribution by plane (cow milk) or ship (soy milk) over 14200km O

@ Storage: Fridge for 13 days for cow milk, 1 day for soy milk (cooled after opening) 65



BUT LIFE CYCLE ASSESSMENT IS NOT ONLY ABOUT
CO, & GREENHOUSE GAS EMISSIONS

Distribution!

Production

ccccccccc

= = &8 G

mmmmmmmmm
o

Strat. Ozon p
Part. Matter

« LCA is a tool at allows quantification of a variety of different environmental categories

 This can help to avoid burden-shifting from one category to another, e.g., making
reductions in carbon footprint but increasing toxicity impacts

Dr Melke Saverwein Source: Hauschild et al. 2018: Life Cycle Assessment
10. February 2023 66



LCA - HOTSPOTS & TRADE-OFFS

Improvements in one life cycle stage or one environmental
category may worsen the impacts in another life cycle stage
or environmental category.

Raw material
Extraction/
Production

End of life )
{landfill Raw material

incinera tion, Processing and
Production

Dr Melke Sauerwein Source: Hauschild et al. 2018: Life Cycle Assessment
10. February 2023 or



LCA - TRADE-OFFS

Carbon footprint

Ecological footprint

Water footprint

Climate change

Stratospheric ozone depletion

Photochemical ozone formation

Improvements in one life cycle stage or Acidification
one environmental category may Eutrophication
worsen the impacts in another life cycle Ecotoxiity
stage or environmental category e

Particulate matter formation

P

Land use
m Product A

m Product B

Water use

Abiotic resource use

o

20 40 60 80
Weighted impact results (weighted PEy,4 2016)

Fig. 10.5 Comparing two products, which alternative would you choose? Examples of footprints
are indicated in green shading; impact categories commonly assessed in LCA are indicated in blue
shading

Dr Metke sauerwein Source: Hauschild et al. 2018: Life Cycle Assessment
10. February 2023 68



KEY TAKEAWAYS

LIFE CYCLE THINKING

Life Cycle Thinking

\T_ |
LIFE CYCLE &=

» considers environmental impacts (Life Cycle Assessment) oo
and cost (Life Cycle Costing) & at all life cycle stages

 reduces the narrow focus on just one or two stages

* indicates how changes in one life cycle stage affect the resource
use and emissions from other life cycle stages.

Dr. Meike Sauerwein
10. February 2023 69



KEY TAKEAWAYS

LIFE CYCLE ASSESSMENT

1. 1DENTIEY HOT SPOTS 2. IDENTIFY TOTAL IMPACTS THAT

: OCCUR ALONG A PRODUCT'S LIFE CYCLE
WITHIN A PRODUCT'S LIFE CYCLE (ECO-FOOTPRINT OF A PRODUCT)

Hot Spot:
Process that causes
significant impacts

s Life Cycle
By Assembly .
Assessment e Life Cycle

nd o Assembly
s Assessment

Distribution

Dr. Meike Sauerwein
10. February 2023 ‘ 70



KEY TAKEAWAYS

LIFE CYCLE ASSESSMENT

Life Cycle Assessment v g

- reveals the full picture of a product’s environmental performance | “5@s® =%
& allows a quantitative comparison of products & L=
judgement about product sustainability

* helps to identify
* where excessive resource used & excessive emissions /waste created
* material/processes/product options with lower environmental impacts

* |s a commonly used tool to quantify environmental impacts along the life
cycle, applied in various areas incl. product design, manufacturing and
environmental labelling, marketing, etc.

Dr. Meike Sauerwein
10. February 2023 71



Dr. Meike Sauerwein
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PART 2
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OUTLINE

PART 2

Dr. Meike Sauerwein
10. February 2023

* Life Cycle Assessment Methodology
« Recap and linkage to key frameworks and ISO standards
« How are LCA results commonly displayed?
 Discuss benefits and limitations of LCA

* Life Cycle Assessment Tools & Applications
« Examples of common uses of LCA
« Using LCA results — what to pay attention to?

* Life Cycle Costing

» Basic concepts

73



LIFE CYCLE ASSESSMENT
QUANTIFICATION OF ENVIRONMENTAL IMPACTS ALONG THE LIFE CYCLE

1. IDENTIFY HOT SPOTS
WITHIN A PRODUCT’S LIFE CYCLE

Hot Spot:
Process that causes
significant impacts

s Life Cycle
End of Life Assembly
sl Assessment

Dr. Meike Sauerwein
10. February 2023

2. IDENTIFY TOTAL IMPACTS THAT
OCCUR ALONG A PRODUCT'S LIFE CYCLE
(ECO-FOOTPRINT OF A PRODUCT)

e Life Cycle
nd (',’,l YW‘ Assembly
: Assessment




End of Life Material choice

Dr. Meike Sauerwein
10. February 2023

THE FIRST LCA

v DRIN I;l/téfd
| FAMI L

RE-USEABLE GLASS BOTTLE
VS
DISPOSABLE PLASTIC BOTTLE

7 .

Hunt et al. (1996) : LCA — How it came about — Personal reflections on the origin
and the development of LCA in the USA, Intern. Journal of Life Cycle Assessment

: ol TR
15 '\l i b 4
| 1\ 1 .5 \
» v \ ‘ A
g \ "o \
/‘ & Vs
:‘
g.

% BOTTLES

Y SIZE

75



LCA - METHODOLOGICAL FRAMEWORK
THE FOUR PHASES OF LCA

Life Cycle Assessment Framework\

Goal 4 A

and Scope
Definition

o1
{ Invento.ry
Analysis

v 1

Impact
KAssessment

Source: 1SO 14040:2006 & ISO 14044:2006

Interpretation

TILT

_

Dr. Meike Sauerwein
10. February 2023



LIFE CYCLE ASSESSMENT OF MILK

STEP BY STEP

1. What is the function, how much of it
do we want to compare, and what
type and kind of material (ingredients)
do we need to fulfil it?

2. What are the processes involved in
each life cycle stage of the product
system(s)?

3. Inventory - What resources go into

each stage? What amount?
e.q., electricity, water, amounts of chemicals, etc.

4. Inventory - Which emissions are

released at each stage? Amount?

e.g., concentration of chemicals in wastewater & air,
solid waste, etc.

Dr. Meike Sauerwein
10. February 2023

5. Classifying the type of potential impact
(damage), a specific emission could
cause in the environment

6. Characterizing (quantifying)
environmental Impacts

/ Life Cycle Assessment Framework\

Goal
and Scope
Definition

Interpretation
Inventory
Analysis
Impact
stessment

)/

rf



BUT LIFE CYCLE ASSESSMENT VS. CARBON
FOOTPRINT

0o,
End of Life '
Use »y
Distribution! .
Production '
Res .. Resource Extraction .
< < O c 2 > < ¢ o
1%} . = =
g % 2 £ & © % g 9
5} 2 8 2 8 8 8 € 2 &
O E O © & F 5 & &
T 2 4 9 o ¢ 2 4 =z
mmmmmm
< © 5 €
£ 2 =]
35 T

Strat. Ozon
Part. Matter

« LCA is a tool at allows quantification of a variety of different environmental categories
including carbon footprinting

Dr Melke Saverwein Source: Hauschild et al. 2018: Life Cycle Assessment
10. February 2023 78



LIFE CYCLE IMPACT ASSESSMENT CATEGORIES

Despite the importance of global warming due to greenhouse gas emissions
- keep in mind that these are not the only impacts

Eutrophication

Impacts from EMISSIONS

Land use Minerals, Fresh water
Fossil fuel depletion  depletion

Dr. Meike Sauerwein

10. February 2023 RESOURCE Depletion 79




LIFE CYCLE IMPACT ASSESSMENT CATEGORIES

Table 1. Selected LCIA methods and impact categories. Metrics of impact categories are shown for each LCIA method.

LCIA CML EDIP EF EPD ILCD IMPACT ReCiPe TRACI
Methods
E;T_::f;lng kg CO, eq kg CO; eq kg CO; eq kg CO, eq kg CO; eq kg CO; eq kg CO, eq kg CO; eq
Acidification kg 50U eq m- mol H+ eq kg 507 eq mol H " eq kg 50U eq kg 50> eq kg 5Us eq
Ozone kg CFC-11 kg CFC-11 kg CFC-11 kg CFC-11 kg CFC-11 kg CFC-11 kg CFC-11 kg CFC-11
depletion eq eq eq__ eq eq eq eq eq
E,utrophication ke POy eq ke P ke P eg ke POy eq ke P eq ke POy P-lim ke Peg ke N eg
Energy con- . .
sumption M]J M] M]J M] primary kg oil eq M] surplus
Resource kg Sb e PR2004 kg Sb eq kg Sb e kg Sb e kg Cu eq
‘Smug kg CoHy eq per.ppm.h lgg NMVOC kg NMVOC :g NMVOC kg CoHy eq kg NOy eq kg O3 eq
Waler 3 . 3 3 3
depletion m- depriv. m” eq m” water eq m
Human
toxicity kg 14-DBeq  person CTUh CTUh ]ég CH5C kg 1,4-DCB CTUh
(Cancer) 4
;a;::;;ﬂate disease inc. kgPM25eq kgPM25eq kgPM25eq kgPM25eq
Ecotoxicity 3 kg TEG
(Freshwater) kg14-DBeq m CTUe CTUe water kg 1,4-DCB CTUe
Land use Pt kg C deficit m?org.arable  mZa crop eq

Dr. Meike Sauerwein
10. February 2023

Source: Dong et al. 2021: Developing Conversion Factors of LCIA Methods for Comparison of LCA Results in the
Construction Sector, Sustainability




ACTIVITY
Interpreting LCA results

a2 €

In pairs 10 min Feel free to take notes on
handout

Dr. Meike Sauerwein
10. February 2023
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LCA
RESULTS :

« How many
materials are .
compared? 100%

» Scope? s0%

« Which life cycle 0%
stages? oo

» Which o
environmental
categories?

«  What unit? .

* Which one is the 60%
best/worst? o

20%

O = N W s OO N ®

Unit: tonne CO2-eq.

200%

100%

0%

-20%

Dr. Meike Sauerwein
10. February 2023

il Il.. I| Ilﬁ

mTotal mConstruction

Mw MS cw

= Operation

= Materials Energy mTransport

=
MW MS cw

m Electricity mPlastic u Timber
Aluminium = Transport mWater

m Steel
Paint

Bitumen Concrete

= End-of-life

Ccs

Bitumen Concrete

= Maintenance mEoL

Ccs

Bitumen Concrete

mConcrete mBitumen
mDetergent mPaper

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Unit: Tpnne CO2teq.

0.5
g B B
MwW MS cw CcsS

mWater mPaint mTransport =Bitumen mDetergent

Bitumen Concrete

Abiotic Abiotic Acidification Eutrophication Global Global Photochem. Ozone Layer Primary energy
Depletion (ADP Depletion (ADP Potential (AP) Potential (EP) Warming Warming Ozone Creation  Depletion demand from
elements) [kg  fossil) [GJ] [kgSO2eq.] [kgPhosphate Potential (GWP Potential (GWP  Potential  Potential (ODP, ren. and non
Sbeq] eq] 100 years) 100years), excl (POCP)[kg steady state) ren. resources
[tonne CO2eq]  biogenic Etheneeq] [mgR11eq] (net cal.value)
carbon
[tonneCO2 eq.]

=MW ~MS sCW «CS m=Bitumen =Concrete

= MW = Monterrey steel solution with wood batten
= MS = Monterrey steel solution with steel batten

= CW = Classic steel solution with wood batten

= CS = Classic steel solution with steel batten.

Source: https://worldsteel.org/wp-content/uploads/Life-cycle-
assessment-Environmental-assessment-of-roofing-systems. pdf 82
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DATA COLLECTION FOR RESOURCE & EMISSION
INVENTORY I e T A

W

m ﬂ
PUEL WATER SUGAR, OTHER
m INGREDIENTS ~ CHEMICALS

\

Collecting primary data for each process /' . Q %

ERTILIZER/ PESTICIDES FUEL

 How much e|eC’[ricity ﬁ ‘ ‘ WATER _ ELECTRICITY
m E
« How much fuel "
 How much water e
== L)
o = “ /l‘ pr Transport to
* How much ]ch_e.r products (e.lg. = = Soybean oroduction oroduction
pesticides, fertilizer, chemicals) farming plant of soy drink
7. . BUT WAIT... these also have a life cycle... éé} 4@ éé}
. . . MISSIONS EMISSIONS EMISSIONS
\& 8/ >What if the materials are all produced in TToAR TO AR ToAR
‘ y  different countries/ by different é
- manufacturers? N @
—~>How do | lf)novv about all these process TOWATER e
emissions”
Dr. Meike Sauerwein AN —
10. February 2023 . EMISSIONS 84
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CLASSIFICATION & CHARACTERIZATION OF
POTENTIAL ENVIRONMENTAL IMPACTS

____________ 1 I - - - - - - - S S S S S S S S S S S - ..

Classification

. : Potential to change
Capamtz eeleiERel kg CO,-equivalents e
green use gas the atmosphere

So much
work”?

OET VAR kg SO,-equivalents Acidification
an acid (form ] Potential
protons)

OE|ECIVAGCNC I kg O,-equivalents Smog formation
(tropospheric) ]

Potential

L _FRroduction _ _ _ _ _ _ S

Dr Metke Sauerwein Related reference: eplca.jrc.ec.europa.eu/uploads/ILCD-Handbook-LCIA-Background-analysis-online-12March2010.pdf
10. February 2023 85



WHAT ARE COMMON LCA TOOLS?

LCA SOFTWARE TOOLS SimaPro
£ N\
orPenLca
» SimaPro ~  Q)sphera’

» Most widely adopted; produced by Pre Consultants (Netherlands)
« Comes preloaded with many databases

« Can model whole product systems using aggregated or disaggregated
datasets

 GaBi

 Very popular LCA software produced by Sphera
« Comes with GaBi database and other databases can be purchased

e Open LCA

» Open source software produced by Green Delta (German Consultancy)
« Other include Umberto, Quantis Suite, Brightway?2, etc.

Dr. Meike Sauerwein
10. February 2023 86



GABI (SPHERE)

LCA SOFTWARE TOOLS

Only Maize used - replaced by new
Miscant hybrid in alternative

scenario

Electricity

-
BoReav aoe?

GB: Flaring =u-so> ’0
5.36E005 m3

1 e (product)

GB: Maize Silags Main ;h,_ l

Flan <LC=» 3.5E007 kg

SLO: maize silage

I
I GB: AD Digester

“U-50>

“o w Biogas (53¢ GB: Raw Biogas (53% §°

) 5.54E005 MJ |1,19E007
, GB: CHP Generation go

7.66E006 m3| CH# <ussox
7.66E006 m3

1.79E004 I

Raw Biogas (33%
CH4)

Minimal amount of external
electricity used, allocate as
weighted average or skip totally
asimpact would be minimal

GB: Diesel mix
refinery ts
S9BEOOS MY
GB: Digastate go
rocess effluen "
2.5E007 kg | separation <u-sox

2.5E007 kg R

Bl Wianc ] Procass effluent
é 7 ka I1.85E007 ka ,lé,SEOOé K

GB: Process Water o8 GB: Liquid £ cB:salid 2
(recirculated) zu-sox Digestate <u-so= Digestate

|1.sse007ka l6.38006 ka
Liquid digesta Solid digestate to
to lageon store/field

Liquid digestate to lagoon flow
created in 'production

GB: Avoided Mineral A'h
Fertiliser Praduction

residuss->waste to recovery’
IMPORTANT - to discuss the
recycled amount of digestate

Dr. Meike Sauerwein
10. February 2023

Source: Research Gate Blog Post — 2020

147E006 m3 fU-se®

— B ;
ST GB DMT Membrane 3?IO\

GaBi Learning Center Part 1 |
LCA and introduction to GaBi

thinkstep
21 videos 140,075 views Last updated on 15 Feb...

=+ 2

P Playall >3 Shuffle

Part 1: What is LCA, and how do you carry out
an LCA with thinkstep's GaBi Software?

The first part of this video tutorial series

O sphera

o8

L e B T T - e . Ty . L . Ty - P - 1
T Sl g T s TP vealy dute u]
| 3 2

Part 1 | Chapter 1: How to use these video tutorials ——

thinkstep * 26K views * 4 years ago

Part 1 | Chapter 2: 1ISO 14044, Goal, scope and functional units

thinkstep * 14K views * 4 years ago

Part 1 | Chapter 3: System boundaries, allocation and data collection

. thinkstep * 13K views * 4 years ago

Part 1 | Chapter 4: LCI, LCIA, classification and characterization

thinkstep * 11K views * 4 years ago

Part 1| Chapter 5: Connecting and activating a database

thinkstep * 16K views * 4 years ago

Part 1 | Chapter 6: Understanding flows

37


https://www.researchgate.net/post/LCA_in_GaBi_How_the_credits_for_avoided_processes_could_be_included_in_the_main_plan

SIMAPRO (pre-consuLTing SimaPro

@ File Edit Calculate Tools Window Help E‘E‘E‘
LCA SOFTWARE TOOLS e T Sl B A
MNetwork f Tree I Impact assEssrnentI Inventory | Process cuntr\buﬁonl Setup I Ched@l Product overwewl
K@{ Single score ;II(Pt} I EI% ®. ¥ !;l iy ﬁlmﬂgl@_’_l_lu 5 ﬂ_l_l@ )
O Assembly T Mavigator (= il
DEzeEs Model 5
S Fle Edit Calculste Tools Window Help O Disposal scenario
™ > O Disassembly
;B@H-J‘§1$B§l@‘)ﬁl' 'I";gh? h.’allllllu’ﬁié O Reuse
DX . foutput | | System desaription | O Material N
D) =gy 11 nodes visible of 43
O Transport
[ Products O Processing —
O Use
Known outputs to technosphere, Products and co-products O VWaste scenario
Name Wnt Unit Q'uanh'tv MW“ % \A!aste type ,‘?MQW = O Waste treatment 1p 903 MJ 284kg 3E5E3 D
Pro (aluminium) voltage, waste/ML 5 demo7 filter
production UCTE,
Known outputs to technosphere, Avoided products
Name Amount Unit Distrbuton  SD~2or 2*SDMin Max Comment o= it G Lo
= A - N g
‘ Inputs
Known nputs from nature (resources) ip 9,83 kg 3,65E3p
Name Sub-compartment  Amount Unit Dstrbuton  SD“2or 2*SDMin ing Pro Municipal waste/NL Filter production
(extruded alumin.) 5
Known inputs from technosphere (materials/fuels)
Name Amount Unit Distribution SD#2 or 2*SDMin Max L
Transport freight, sea, transoceanic ship {G O} | market for | Alloc De 8284 thm Lognormal If 281 alj
20 10. D
Transport, freight, lorry, unspedified {GLO}| market for | Alioc Def, U [‘}.3576 lxm chqmrr'-ai l: 281 ] (1,1,4,54n
Transport d
Commodity F
2002, 2007,
Bureau of Tr
the total roa
to be by dek
large share ¢
goods that &
[transport, freight, nland waterways, barge {GLO}| market for | Aloc Def, U Jo,0758 I JLognormal  [2,281 | | (1,1,4,54n Se alc h .
T
F

7N

SimaPro Tutorial
Dr. Meike Sauerwein

10. February 2023
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LIFE CYCLE ASSESSMENT (LCA) & TOOLS
Product LCA <) Building LCA

Life Cycle Stages
R terial | dient/Material FPackaging & End of p
Production Proc:tgssing + Production Trangpogrjt Hse Life i R o ﬁ-u
=6 s\ -
= ¢lis. @ i<
. : b P&
. « Single product-system, based _ = o i
1 on one or more materials @i
« Compilation of product-systems
Software
[
~~ _ SimaPro| . cCalculation of Product % somiy| %Ch |+ Caloulation of Building Impacts
0Pe\n/Lca thinkstep Impacts -> publish as i = based on many product LCAs
o GeB LCA report CBECS T e | results consolidated in a

\ ‘» = database
Dr. Meike Sauerwein

10. February 2023 ‘ 89




COMPARISON OF BUILDING LCA TOOLS

Embodied Carbon Calculators

. . CIC Carbon Assessment Tool

. BEXBEmAMAITA
E o=

: CIC GREEN PRODUCT CERTIFICATION H

Dr. Meike Sauerwein
10. February 2023



INDUSTRY COUNCIL o el 1-'_ Aboutthe Tool Methodology Howtouse Support HX

o EEERE

-

7

S @

.‘ '-’.A
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._, ( . ’ t".a’
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CIC-CARBON ASSESSMENT TOOL
SCOPE OF THE TOOL

The scope of the Tool is Cradle to Site (A1 to A5) and is based on the ISO 14025:2010
(Environmental Labels and Declarations -Type Il Environmental Declarations - Principles
and Procedures

N N |
Supplier T
Warehouse 1
11

11

11

]

Factory 1} Hong Kong : :Constrtjotion
M _____ oSt
Production (A1-A3) Transportation (A4) Installation (A5)

Dr. Meike Sauerwein
10. February 2023


https://www.youtube.com/watch?v=TmIjcfftSTU

CIC-CAT

INPUT CATEGORIES
PERMANENT WORKS
SUPERSTRUCTURE SUBSTRUCTURE
Aggregate
Concrete

Reinforcement Bar
Prefabricated Reinforcement Bar
Structural Steel
Prefabricated Structural Steel

Dr. Meike Sauerwein
10. February 2023

Electricity
Town Gas
Fuel Consumption
Water

C&D Waste

SITE IMPACTS




ACTIVITY
CIC Carbon Calculator Tool

Idividually 10 min

Dr. Meike Sauerwein
10. February 2023
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Data Input — Front Page

 ‘Permanent

W ciccorbon assessment To < TJS-Test1 Project Information Data Input Results Analysis Comparison 1HKGCic@cundall.com
Works — @ #eRanarcin J v iroe-cmte

Substructure’

E
The software 4+ s | impor |

wil allow

you to
ChOOSG B 0tCOse
il 0 1COze
Material Family@ - p—
i) 01COze
Material@ = i
Permanent Works - Substructure @ Permanent Works - Superstructure @ Temporary Works @ Site Impacts @
Country/Origin@
Note: All carbon emission factors used in Design
Quantity® In.pu_t contalps a predefined _wastage va!ue
within to estimate the potential wastage in actual
‘ construction operation. This “wastage value”
Unit@ “Add New Field” is the button to click to add the materials | does not exist in the construction stage’s
to the project database.
Dr. Meike Sauerwein The number will be total for the project and split into potsigelallioqu o

10. February 2023 Substructure and Superstructure FESTE 4




CIC CAT User Guide (2019)

Data Input - Material

Add New Material

SIS @ o

Product

Material Family@ — solact —

salect
) Aggregate
Material@
Reinforcament Bar
Prefabricated Reinforcement Bar
Country/Origin Structural Staal

— salect —

Dr. Meike Sauerwein
10. February 2023

Add New Material

CIC Green m

Product

Material Family@ Concrete

Material@ — salect —

- select --
C100, > 25% PFA mix
C100, = 25% PRA mix
C100, 35 - 55% GGBS mix
C100, 55 - 75% GGES mix
Quanliryﬂ C20, = 25% PFA mix
C20, OPC
30, = 25% PFA mix
Uniti 30, = 26% PFA mix
C30, 35 - 55% GGBS mix
C30, 55 - 7T5% GGBS mix
C30, OPC
C35, = 28% PFA mix
C35, = 25% PFA mix
G35, 35 - 65% GBS mix
C35, 55 - T5% GGRS mix

Country/Origin

40, = 25% PFA mix
C40, = 25% PFA mix
@35 - 55% GGBS mix

Select the material family from the pre-
defined drop down list

Select the type/specification of the material from the pre-
defined drop down list

If the type/specification for the material is unknown, please
select the Average or Unknown option provided

CONSTRUCTION
INDUSTRY COUNCIL

EICE S


https://cat.cic.hk/Landing/downloadUserGuide?lang=en
https://www.youtube.com/watch?v=TmIjcfftSTU

» Monthly Carbon Emission 5,706 tCQO.e

Per marert and Temporary War ks Site Impacts
‘ B Concrete 2,550 (A7) 1o e B CEDWaste
‘ B Prefabricated Reinforcement Bar BE0 [18%) 1Ty e B Refrigerant
B Precast Concrete T8 3% 100, e B Elactricity
B Rainforeement Bar o (291 100y e B Town Gas
[ | R (Y [ |
Permanent Works - Substructure €@ Permanant Works - Supsrstructure €@ Temporary Works €@ Site Impacts €@

Dr. Meike Sauerwein
10. February 2023

Z26.2 (929%) 100ye
28,6 (8%) 10,8
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WHO USES
LIFE CYCLE ASSESSMENT
- AND WHY?

LCAAPPLICATIONS

Dr. Meike Sauerwein
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LIFE CYCLE ASSESSMENT IN PRACTICE

In 2010, the Finnish Environment Institute
published a report on the adoption of LCA
in 20 global corporations from multiple
sectors.

Sustainability Expertise in All Major Industries

Energy & Mobility Building & Consumer Goods

Construction
Make produc developrert sustainable

from concept to consumer hands with
our deep data, expertise, and

Maove doser to sustainabilty and reet
evertightening targets with the insights
and tools only thinkstep offers.

We help you integrate sustainabilty
throughout the building and construction
wvalue chain to foster growth and technology.

[>iseeseorors | profitabily. E=E

[ seesacions |
e
Fulk i ant

Services & Public

Chemicals & Life
Science Manufacturing Sector

Metals, Mining &

Reduce energy intensity, develop Let us help you simplfy and strengthen Use our proven methodologies and
attematives, and optimise supply chains innawation, transparency, and reporting. consistent data to show the world what
with the right data on demand. 10 establish aedible St ility is really worth,

Dr. Meike Sauerwein
10. February 2023

Table 2. Environmental impact categories taken into account by companies surveyed.

Energy consumption

Climate change

Acidification

Eutrophication

Material depletion

Phochemical ozone
formation

Ozone deple-tion

Waste problem

Eco-toxicity

Human toxicity

Water reserve
impacts

Land use

Biodiversity

BASF

Bombadier
Transportation

Continental

Daimler

Electrolux

GE

GlaxoSmithKline

Interface

KONE

Mestle VWaters

Procter & Gamble

Siemens

Unilever

Wartenfall

Vestas

Xerox

Sources: Nygren & Antikainen (2010) Use of life cycle assessment in global companies. Reports of the Finnish Environment Institute.
Life Cycle Assessment (2018): Theory and Practice, Part | — Chapter 4;
M. Z. Hauschild, R. K. Rosenbaum, S. |.Olsen (Ed.); Springer International Publishing

99
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LIFE CYCLE ASSESSMENT IN PRACTICE

RETAIL
Walmart

Walmart has committed to science-based targets for emissions reduction,
iIncluding achieving zero emissions in their operations by 2040 and engaging
suppliers through the Project Gigaton™ initiative to reduce or avoid supply chain
emissions by 1 billion metric tons by 2030.

Walmart suppliers report their emissions reductions activities through
 disclosure to CDP
» project Gigaton Account
Provision of various calculation tools incl.
« Waste Reduction Model & Waste diversion calculator (U.S. EPA),
« Life cycle assessment tool COMPASS (for packaging)
» Design-for-recyclability calculator
« National FARM Program Environmental Stewardship Module (FARM ES) tool
» Fertilizer calculator
« Etc.

Dr. Meike Sauerwein _
Source:
10. February 2023 101

*Scope 3 is estimated to represent 95% of Walmart’s full scope 1, 2, and 3 emissions


https://corporate.walmart.com/esgreport/esg-issues/climate-change
https://www.walmartsustainabilityhub.com/media-library/document/project-gigaton-accounting-methodology/_proxyDocument?id=00000165-159f-d0cc-ab77-95ff84350000

1. LCA AND HOTSPOT IDENTIFICATION SU%

CONSORTIUM

.y?
b S

EXAMPLE: CHICKEN MEAT

Joouer

m FEED PRODUCTION & HARVEST oot CHICKEN PRODUCTION ool TRANSPORTATION

(5] o> 64 00000 hA® ) -
© 00 w

A o . o o
at. WrHo E“@M‘ n@ﬁm

E END-OF-LIFE & DISPOSAL L) CONSUMER USE 5o RETAIL & FOOD SERVICE

FEED STORAGE & PROCESSING o1

—

PACKAGING SLAUGHTER, PROCESSING & COOKING A1

Hotspot: An activity within
a products life cycle that is
identified as having a substantial

environmental or social impact
that is supported by significant
evidence.

Worker health and safety -
Animal farm operations:
Workers may be exposed to
dust, chemicals, or other hazards
on the farm

Sustainability Topics:

Air quality - Animal farm
operations: Chicken manure
releases ammonia that can
cause air quality issues for
workers and communities.

Energy consumption - Process-
ing: Processing and cooking
chicken uses electricity can lead
to climate change and pollution.

2

Animal welfare: Chickens may
face health issues related to
proper housing, nutrition,
handling, transportation, and
slaughter.

o

Antibiotic use - Animal farm
operations: Chickens may need
antibiotics to treat disease but
overuse can cause antibiotic
resistance in humans and affect
the environment

6 Climate & Energy . Water Use Q Land & Ecosystemns € Health, Safety & Rights *a’ Animal Welfare

o

Energy consumption - Animal
farm operations: Chicken

housing operations use electrici-

ty and fuel, which can lead to
climate change and pollution.

o

Environmental impacts - Feed
cultivation: Improper manage

ment of soil, fertilizer, pesticides,

water, and energy to grow feed
can cause pollution and affect
workers, communities, climate,
and natural resources.

Version: 04.02 | The Sustainability Consortium®

o

Labor rights - Animal farm
operations: Workers, especially
women and migrants, may face

labor issues including unfair pay.

200 2

Manure management - Animal
farm operations: Chicken
manure releases greenhouse
gases and can cause water
pollution and climate change.

2017 Arizona State University And University of Arkansas




2. FORMULATION OF KEY PERFORMANCE INDICATORS I:L

CONSORTIUM™

EXAMPLE: COFFEE
=

ol

TRANSPORTATION

3
3

e
COFFEE BEAN PRODUCTION [ COFFEE BEAN PROCESSING [

00000 N 1) ©
00000 v

Key Performance Indicator (KPI): ad

A quantitative or qualitative N o ()
measure used to assess and
track performance toward
addressing key sustainability
issues fOF consumer gOOdS. E END-OF-LIFE & DISPOSAL e CONSUMER USE il RETAIL & FOOD SERVICE Hlsd

Key Performance Indicator (KPI):

A quantitative or qualitative Crop supply mapping Access to opportunities Child labor use - On-farm Deforestation and land Fertilizer application - Greenhouse gas emissions Irrigation water use intensity -
re used to and for smallholder farmers conversion - On-farm On-farm intensity - On-farm On-farm
gkeys
issues for COHVSUFTTEF good 3 HOTSPOTS HOTSPOTS HOTSPOTS HOTSPOTS HOTSPOTS HOTSPOTS HOTSPOTS
Labor rights - On-farm Worker health and safety - Yield - On-farm Worker health and safety - Packaging raw material Sustainable packaging design Transportation to retailers
On-farm Processing sourcing
HOTSPOTS HOTSPOTS HOTSPOTS HOTSPOTS HOTSPOTS HOTSPOTS HOTSPOTS

Sustainability Topics: (l& Climate & Energy ‘ Water Use A Land & Ecosystems &P Health, Safety & Rights Version: 03.02.10 | The Sustainability Consortium® | ©2017 Arizona State University And University of Arkansas



Supplier Surveys and

Key Performance Indicators

Measuring Progress

Setting Targets based
on KPI (for suppliers)
to improve

¥

Support for follow up
actions

¥

Regular checks on
Process

Dr. Meike Sauerwein
10. February 2023

3.

QUESTION RESPONSE OPTION

1. Crop Supply Mapping
For what percentage of your crop supply can B. The following percentages represent the origins of our crop supply:

yqu_id’;entify the country, region, or farm of B1. % is the portion of our crop supply for which we are unable to
origin?

A. We are unable to determine at this time.

determine the origin.

B2. % is the portion of our crop supply for which we have identified the
country of origin.

B3. % is the portion of our crop supply for which we have identified the
region of origin.

B4. % is the portion of our crop supply for which we have identified the
farm of origin.

2. Access to Opportunities for Smallholder A. Not applicable. We do not source our supply from smallholder farmers.
Farmers B. We are unable to determine at this time.
What percentage of your smallholder farmer- C. The following percentage of our smallholder farmer-sourced crop supply, by mass,
sourced crop supply, by mass, was sourced was sourced from smallholder farmers that are supported by a program to increase
from smallholder farmers that are supported by opportunities for agricultural training, inputs, and services:
a program to increase opportunities for c1 %
agricultural training, inputs, and services? —_—

3. Child Labor Use - On-farm A. We are unable to determine at this time.

Child Labor Use - On-farm

What are the outcomes of the risk
assessments for the worst forms of child labor
performed on your crop supply?

. Fertilizer Application - On-farm

What was the nitrogen use intensity and
phosphorus surplus associated with fertilizer
application on the fields where your crops were
produced?

A.
B.

w »

We are unable to determine at this time.

The following percentages, by mass purchased, represent the outcomes of our risk
assessment(s) for the worst forms of child labor for our crop supply:

B1. % of crop supply came from low-risk countries with corrective actions
taken for any known high-risk sites.
B2, % of crop supply came from high-risk countries that have high-risk sites

for which we took corrective actions.

We are unable to determine at this time.
We are able to report the following for our crop supply:

B1. kg nitrogen per metric tonne of crop harvested.
B2. % of our crop supply, by mass, is represented by the number reported
in B1.
B3. kg phosphorus surplus per metric tonne of crop harvested.
B4. % of our crop supply, by mass, is represented by the number reported
in B3.

B4. %‘o.f ourvcrop suppl.y, by. mass, is represented by the number reported

in B3.


https://www.sustainabilityconsortium.org/tsc-downloads/coffee-product-sustainability-toolkit-supply-chain-diagram/?wpdmdl=20838&ind=1505429607600
https://www.sustainabilityconsortium.org/tsc-downloads/coffee-product-sustainability-toolkit-supply-chain-diagram/?wpdmdl=20838&ind=1505429607600

LIFE CYCLE ASSESSMENT IN PRACTICE

RETAL - Walmart
. . Beauty and Personal Care
« |dentify hotspots (bottlenecks) of environmental Product Sustainability Y
i Rating System THE L SN
impacts of products | SUSTAINABILITY
. . . CONSORTIUM
* Selection of relevant indicators to measure m i Ri
sustainability performance of a product -— -
Objective
The assessment tool includes a set of key performance indicators KPI Table of Contents
(KPIs), along with a proposed method of scoring products against —— p—
these indicators. ooemme ronTs ek
Zaf.b SustZir;;jble:nr:urcingg 15/10  4/8
Target group PR
Retailers [...] may voluntarily use this tool to independently R o et o sty ot o IR
evaluate product sustainability, with scores intended to remain | e Rl i RS
confidential between retailer and supplier. 4 Fommulaton - Cremicl selecion 15
S —— g

Dr Melke Sauerwein Source: https://www.sustainabilityconsortium.org/projects/bpc-rating-system/

10. February 2023 https://www.sustainabilityconsortium.org/wp-content/uploads/2018/04/TSC%C2%AE-BPC-Product-Sustainability-Rating-System. pdf 105
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THESIS PRODUCT; FI\I\TDE&‘Q.’,’;@

K

B BEVERAGENAND

A

GENERAL MERCHANDISE

¢ BrSIS)

Sustainability issues within these items tend to have similar hotspots: deforestation, biodiversity, labor rights, animal welfare,
packaging, and many more. The production of these items directly affect not just the planet, but the people that work to bring these CLOTHING, FOOTWEAR, AND TEXTILES HOME AND PERSONAL CARE
items to a retail store online or near you.

The items we consume, which include food, beverage, and agriculture, make up a large percentage
of our consumer goods purchases. These are items we rely on daily for our nutrition and
consumption for ourselves and our families.

Click through the food, beverage, and agriculture items below to explore the many sustainability

® issues present their supply chain. TSC members are working daily to mitigate these hotspots to
help us create more sustainable products. In addition, TSC works with global companies to help
tackle both food waste and hunger along with our commodity mapping program that uses trade

P RODUCT Fl N DER route data to help companies see where their commodities like coffee, beef, and barley originate.

-4

Baking, Pancake,

#THESIS
s AL

canned Meat and pPoul

snapshot
stainability Sn3pshe

@ Manag the Supply Chain

o

d Animal Welfare —
Beans And Peas Beef Cattle

Beer And Malt - ‘
Beverages BEGES

Dr. Meike Sauerwein

10. February 2023 Source: https://sustainabilityconsortium.org/thesis-product-finder/

And Waffle Mixes

Avocados




LIFE CYCLE ASSESSMENT IN PRACTICE

TSC PRODUCT SUSTAINABILITY TOOLKIT —
STORE

ﬁ COFFEE

SUPPLY CHAIN HOTSPOTS

- . s Q__J:LB. 8880 5 t e
N Fg i mE 1SC Product Sustainability
 —— - FE— - A — wm :
https://www.sustainabilityconsortium.org/downloads/coffee-product-sustainability-toolkit-supply-chain-diagram/ TOOlkIt for SAP PrOdUCt
e urmbetnee | bt | enoecsuegn-ontom: | s oo | ane-Spame | et A P

Stewardship Network

o—._ow )
- - SUPPLY CHAIN KEY PERFORMANCE INDICATORS
N— N v Communicate sustainability performance to your customer
so YV, = A >
(L5 \ ﬁn ()| L Evaluate environmental and social impact and
p
m}":;ﬂoaznmwuc:\::‘ - mwrssam Plocsisl»c“ ™ : PACKAGING B LS i TRANSFORTATION i improve product Sustainability using KPls developed
09000 v ¢ - = = By
by The Sustainability Consortium®. Facilitate decision
a. s . & ol soag making by retailers, manufacturers, and suppliers
1 |"‘L'| n t A=Y along the value chain.
CONSUMER USE - RETAIL & FOOD SERVICE. -
- . . HKD 5,486.00
- S v ety license / year
-y aa” o Taxes calculated during checkout
° ° o
PO —— Y Y =

Dr. Meike Sauerwein
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https://www.sapstore.com/solutions/99039/TSC-Product-Sustainability-Toolkit-for-SAP-Product-Stewardship-Network
https://www.sustainabilityconsortium.org/downloads/coffee-product-sustainability-toolkit-supply-chain-diagram/

Table 4.1 Examples of LCA applications at different stages of the policy cycle

Topic Initiation year and/or

geographical scope
AP P L I ( : ATI O N O F L‘ : A LCA as a knowledge ool in policy formulation

Environmental technologies action plan (ETAP) 2004:; EU

P O | | CY MAKIN G Integrated product policy (IPP) 2003: EU

Directive on the eco-design of energy using products (EuP) 2005; EU

Strategy for the sustainable use of natural resources 2005

Sustainable production and consumption action plan (SCP) 2007; EU

Biofuels Germany

Application of pesticides Costa Rica
Supporting the implementation of information based instruments: LCA & policy implementation
Eco-labelling Various countries
Environmental product declarations (EPD) Various countries
Strategic environmental assessment directive 2004

Public procurement EU, Japan
Construction products directive 1989; EU

Ordinance on the avoidance and recovery of packaging wastes | Germany

Waste management France, Mexico, japan
LCA as a tool for policy evaluation

Thematic strategy on prevention and recyeling of waste & 2005; EU

Waste framework directive

Waste ol directive 2000; EU

Life Cycle Assessment (2018): Theory and Practice, Part | — Chapter 4; M. Z. Hauschild, R. K. Rosenbaum, S. 1.Olsen (Ed.);

Dr. Meike Sauerwein Springer International Publishing
10. February 2023 108



LIFE CYCLE ASSESSMENT IN PRACTICE -

ECO-LABELLING (GOVERNMENTAL POLICY)

* * %

* *

\6 Life cycle approach guarantees that the products’
cu &= major environmental impacts are reduced in

comparison to similar products on the market.

Fcolabe

www.ecolabel.eu

Methodology

* Development of LCA based benchmarks and
product performance criteria in each product
category

* Manufacturers provide data / test results about
their products

« Comparison with benchmark criteria = if product
does sufficiently well (in hotspot categories) it is
awarded a label

Hot Spot:
Process that causes
significantimpacts

Dr. Meike Sauerwein
10. February 2023

Source: http://ec.europa.eu/environment/ecolabel/eu-ecolabel-for-consumers.html
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& VOLUNTARY ECO-LABELS
©
S EX AMPLE: ECO-LABEL BY EUROPEAN COMMISSION

Coang i
Once it's on your products, the

A
Rinse-ofm Qs EU Ecolabel guarantees

Detergents

Hard
Surface
Cleaning
Products

Cosmetic
Donwasner ererges Products

Detergents

e Reduced impact on aquatic ecosystems

e Fulfilment of strict biodegradability requirements

Laundry
Detergents

e Limited packaging waste

Checklist (for a first assessment only) in terms of requirements
U Ecolabel crtera for Rinse-cff Cosmetc producis. lease see the Cormiszion Deckion (20

Clothing and textiles
/ Rinse-off Cosmetic Products ”~
-
Coverings Commission Decisicn of 8 Dece
Current criteria mber 2014

Corrigendum IT

31 December 2021

Validity prolonged

Commission Decision of 19 Octo
ber 2019

Electronic Equipment User Manual

What the producer needs
AEPLERSN PREE A co e i i to do to obtain the label

Do-lt-Yourself

valid until

0ngoing. Please click here for

Revision more information

Gardenlng 2016 version of the Detergent I
noredient Database (DID-list) P
art &

Lubricants Miscellaneous 2015 version of the Detergent I
ngredient Database (DID-list) P
art B

Other Household tems Technical background report

i | CA-Hotspots — Fact sheets

Sources: http://ec.europa.eu/environment/ecolabel/products-groups-and-criteria.html
https://ec.europa.eu/environment/ecolabel/documents/Rinse-0ff%20Cosmetics%20factsheet.pdf 110

Criteria in a nutshell

Paper Products

Personal care products



http://ec.europa.eu/environment/ecolabel/products-groups-and-criteria.html
https://ec.europa.eu/environment/ecolabel/documents/Rinse-off%20Cosmetics%20factsheet.pdf

EU PRODUCT
ENVIRONMENTAL
FOOTPRINT (PEF)

* % %

SE
* *

* o *

Eu NS

Ecolabel

www.ecolabel.eu

Dr. Meike Sauerwein
10. February 2023

yreco,

LAUNDRY
__LlQuib

LYRECO
LAUNDRY
LIQUID
EVALUATION

score of a representative Laundry Liquid detergent (with
EU average characteristics). The closer this score is to
zero, the less impact it has on the environment.

Lyreco Laundry Liquid is more environmen-
tally friendly that the average laundry liquid
with a score of 12.6 vs 18 ppt/dose.

LIFECYCLE ASSESSMENT

Except for the End-of-life, Lyreco Laundry Liquid
performs better than the representative product
at each stage of the lifecycle. For the Raw ma-
terial stage, which is one of the most important
one, Lyreco product particularly performs in
comparison with the average product. This is
also the case for the Manufacturing process.

50% less impact in the Raw Material
category: 4.58 vs 8.10 ppts/dose

30% less impact on the Manufacturing
process category: 0.30 vs 0.46 ppts/dose

LIFECYCLE COMPARED RESULTS fin ypt/dose)®

LYRECO REPRESENTATIVE
DETERGENT PRODUCT

RAW MATERIAL 4.58 8.1

PACKAGING 0.77 2.05
MANUFACTURING 0.3 0.46
DISTRIBUTION 0.69 122
END-OF-LIFE 6.24 6.13
TOTAL 12.58 17.95

USE PHASE 20.65 20.65
Including water release from the washing machine.

('lﬂn detailed results of the

al performance of the Lyreco
ot (“PEF report” :mf‘odby'rushdﬂnrdpmyiﬂmboud-d
n greup .com

—

&9

Lower amount of chemical

Chemical used are less impacting

Lyreco Laundry Liquid is a product
footprint of
with | ot 1.0k (3 Lyreco i i 4o° 1 8° 8°
'hl:dudng Bt ullu';: ‘n."!:: d Y . y in the Lyreco Hygiene range. /° /° /°
000@ [ cvontoopin ) 4 GLOBAL RESOURCE USE PARTICULATE
{ L
Y LT N .5 SCORING METHODOLOGY WARMING (FOSSILS) MATTER
(002)":!'!; m‘u 12.6 A PEFCR for the Laundry Liquid detergents products cate-
rech e - designed by a committee of industry experts and
from the . gory was designed by ry expe
fﬂmﬁfm{;'."um. i Rt validated by a steering committee chaired by the EC. ENVIRONMENTAL INDICATORS
distribution, average product . . .
gl o? g,:':‘m This PEFCR makes possible to evaluate the environmental l': a detailed evallflatleln, Cl':';'e f:halnge, N EXT
carbon-label.com and packaging. performance of a Laundry Liquid detergent, according to es:eurce u'iage ( (:S.SI s) a;\ oy ancHiate sl
a defined functional unit. This score is the results of the mz ;'are Smosimpacioc enyironmen
weighted impact evaluation of all environmental indicators INSUERIOR:
at each stages of the product lifecycle.
5L 1.8L KEY ENVIRONMENTAL PERFORMANCE
= The score is defined on a common usage basis: 1 dose of FACTORS il b
w‘f“"} D product per 1 wash. b ranracgibil i i
A Less detergents required to wash Encourage our suppliers to adopt
e . It is expressed in micropoints (ppt) and compared with the 4.5kg ofrt';xﬁleseq the EU PEF methodology

Promote EU PEF to our customers



VOLUNTARY STANDARDS FOR BUSINESSES
EU PRODUCT ENVIRONMENTAL FOOTPRINT

“The European Commission (EC)
developed the product environmental
footprint (PEF) method to support
valid product comparisons”

Dr. Meike Sauerwein
10. February 2023

O
0 Product

» .F % Environmental
Footprint

EV

The European Product Environmental footprint: the PEF. (/
Lyreco
C O - 2 I

#transparency

European Product Environmental Footprint
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https://www.youtube.com/watch?v=xTXtGpRyxUk
https://pre-sustainability.com/solutions/consulting/sustainable-products/product-environmental-footprint/
https://www.youtube.com/watch?v=xTXtGpRyxUk

VOLUNTARY STANDARDS FOR BUSINESSES

EU PRODUCT ENVIRONMENTAL FOOTPRINT

* The European commission in collaboration with LCA consultants and companies from specific
industries, initiated projects to conduct LCA of representative market products

- Based on those they develop Product Environmental Footprint Category Rules (PEFCR)
- a guideline how to conduct LCA for different product groups, to allow comparability

 This includes the provision of a variety of data sets and simpler
calculation tools to enable life-cycle based calculations on a
product level which would normally very expensive and data-
intensive

« Assessment results in a Report / Label that indicates by how
many % the product is better than the benchmark products

. . *generic PEF method available for product types without PEF CR
or. Melke Sauerwein o e- hitps://ec.europa.eulenvironment/eussd/smgp/PEFCR_OEFSR_en him#final
10. February 2023 ource: https://ec.europa.eu/environment/eussd/smgp 7 _en. ina

O Ei!E |

ENVIRONMENT [

TOTAL

.
WORSE [AVERAGE‘ BETTER \

MOST RELEVANT IMPACTS ARE..,

serrn Y veren VBRAGE
Climate Resource R'”"'?w
change use, fossis |45 I J
A ,J\

and metals
\ _.

/

You can combat global warming by choosing
wisely: (hys wine laads 1o less emyssion of
greenhouse gases

Results relative to the average wine®,
based on the EU PEF method

Venhed by EFHA
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https://ec.europa.eu/environment/eussd/smgp/PEFCR_OEFSR_en.htm#final

Sustainable Products Initiative —
A new digital product passport

SPI | Sustainable Products Initiative

The European Commission gears up to launch its Sustainable Products
Initiative (SPI) on 30 March. The introduction of digital product passports is

expected as one of the highlights.

Dr. Meike Sauerwein _
10. February 2023 souree 114


https://ecostandard.org/news_events/sustainable-products-initiative-a-new-digital-product-passport/

Digital Product Passport

On the EU digital product passport

Digital Product Passport > On the EU digital product passport

The fact that products should carry a passport is not new, and definitely not new in GS1. The real change is that
this is happening through legislation and by leveraging both green and digital transformations.

The regulation states that “the product passport means a set of data specific to a product that includes the
information (specified in the delegated act) and that is accessible via electronic means through a data carrier”.

Under the new regulation, the product passport shall:

e ensure that actors along the value chain, including consumers, economic operators, and competent national
authorities, can access product information relevant to them

* improve traceability of products along the value chain
» facilitate the verification of product compliance by competent national authorities

* include the necessary data attributes to enable the tracking of all substances of concern throughout the
lifecycle of the products covered

Source: https://gs1.eu/activities/digital-product-passport/on-the-eu-digital-product-passport/
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LIFE CYCLE ASSESSMENT IN PRACTICE

CONSTRUCTION INDUSTRY International EPD® System
Type Ill: ISO 14025

Environmental Product Declarations (EPD)

« Supporting / verify performance claims

« Product Certification e.g. used in
building assessment schemes

P » o) 017/454

Dr. Meike Sauerwein
10. February 2023 https://www.environdec.com/What-is-an-EPD/Applications/Building-assessment-schemes/ ‘ 117


https://www.youtube.com/watch?v=v6sJrp443Hg
https://www.youtube.com/watch?v=v6sJrp443Hg

LIFE CYCLE ASSESSMENT IN PRACTICE

ENVIRONMENTAL PRODUCT DECLARATIONS (EPD) (TYPE lll ECO-LABELS)

Quantified environmental information on the life cycle of a
product embedded in a system to verify and register EPDs
and maintain a publicly-available library of EPDs.

E.g. building industry increasingly use LCA based

information for their environmental impact communication
SEARCH THE EPD DATABASE
T h e E P D S The following EPDs matched your search request
* Are used in marketing and communication and
demonstrate a company’s responsibility for - ..~ "
sustainability impacts O oo e
 Provide information that can directly be used to quantify esmomcrantos
impacts in building assessment schemes. =
Dr. Meike Sauerwein
10. February 2023 Source: https://www.environdec.com/What-is-an-EPD/Applications/Building-assessment-schemes/

eeeeee
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ENVIRONMENTAL PRODUCT DECLARATION (EPD)

« Life Cycle Assessments of products (particularly
popular for construction materials) reported in a
standardized format

« Based on ISO standard ISO 14025 (Environmental
Product Declaration) B et
 Follow Product Category Rules: ‘standardized LCA | ...
I’eCIpe’ ( ZSTMOPNIOPEN s coban Oy Consirctan o
. e ——
Dr. Meike Sauerwein Sources: https://www.environdec.com/library, Presentation by Anthony Park, 2020
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https://www.environdec.com/library

PRODUCT CATEGORY RULES

THE COOK-BOOK FOR MAKING LCA-BASED ENVIRONMENTAL PRODUCT DECLARATIONS

A PCR is a copyrighted document that is part of the EPD
‘cookbook” and contains the recipe to create a high-quality EPD

for the product category you are interested in.

The PCR provides the instructions for how the life-cycle assessment (LCA)
should be conducted. It sets out what you need to consider, including but not

limited to:

¢ System boundaries, i.e. which processes and stages of the product’s life
cycle need to be considered

e Declared/functional unit: the amount, weight and service life of the
product being assessed

e How to define e.g. the use phase and end-of-life options

e What impact categories need to be assessed in addition apart from the

standard set as described in our General Program Instructions (GPI)

Dr. Meike Sauerwein Sources:

10. February 2023

DN
EPD;
PRODUCT CATEGORY
RULES
(PCR)

for preparing an environmental product
declaration (EPD) for

Natural Mineral Water

PCR 2006:07

The Swedish Environmental Management Council
Version 1.0
2007-02-07
This PSR- with for Product

isin
Declarations, MSR 1999:2, published by the Swedish Environmental Management Council
2000-03-27, as a part of the EPD® system.

Information about the EPD® system and EPD’s: www. com
Comments on the PSR-document, please E-mail to: info@environdec.com
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https://www.environdec.com/library
https://www.environdec.com/product-category-rules-pcr/the-pcr

EPD DATABASES: LCA REPORTS OF BUILDING MATERIALS

EXAMPLE: EPD REPORT: STEEL

ENVIRONMENTAL PRODUCT DECLARATION

IN ACCORDANCE WITH EN 15804+A2 & ISO 14025 / I1SO 21930

BE GROUP

CUT AND BENT REINFORCING STEEL BARS

CUT AMD BEMT REIMFORCING STEEL BARS

e GRowe

LIFE-CYCLE ASSESSMENT

LIFE-CYCLE ASSESSMENT INFORMATION

Periad for data 2020

DECLARED AND FUNCTIONAL UNIT

Declared unit 1 kg

Mass per declared unit 1

BIOGENIC CARBON CONTENT

Product's biogenic carbon content at the factory gate

Biogenic carbon content in preduct, kg C Q

Biogenic carbon content in packaging, kg C 4]

SYSTEM BOUNDARY

This EPD covers the cradle to gate with opficns scape with following me-

dules; Al Row material supply), AZ [Transpert] and A3 (Manufocturing],

Ad (Transport], as wall as C1 [Decanstruction), C2 {Transport at end-of
life), C3 [Waste processing] and C4 |Disposal). In additon, medule D
- benafits and loads beyond the system boundary is included.

End of e stage

aja[alo
MND | MND | MND | MND | MND | MND MND MWD & x| & 3 6 x| &

HRARERERRRRRAARREEE
] z| 3 7 & H iz F i
RUSIEIRE AR A 3 L i
L 3 LR R A |

& £

Mesdules net declored = MND. Modules not relevant = MNE.

CUT-OFF CRITERIA

The study does not axclude ary modulas or procasses which are ssated mondatary in
the EM 15804:2012+A2:2019 and the applied PCR. The sludy does not exclede any
hazardous materials or substances.

The study includes all major rew material and energy consumption. All inputs and
outputs of the unit processes, for which data is available for, are included in the
caleulation. There is no neglected unit process more than 1% of total mass or energy
Rows, The module specific total neglected input and catput lows also do not excesd
5% of energy usoge or mass.

Bocause of lack of accuracy in available modslling resources stel wire and textile
straps are exchided, they consfitvants under 0,1% of product mass, Alsa the EU pol-
lets are axcluded they have o low moss share compared bo the product and are rew.
sad. The production of copital equipment, construction activities, and infrastruchure,
mairfenance and cperation of capital equipment, personnelrelated activities, enengy
and water use related 1o company manogement and sales activities are excluded.

CUT AND BEMT REINFORCING STEEL BARS

BE GROUP SVERIGE AB

Programma
The intecnotionol EPD*

| Publicotion date:
i 2021.08.25

Valid unkd

2026.07.26

Programmae operaar EPD ragistration number
EPD Intarnationol AB ' S.P.04449

ENVIRONMENTAL IMPACT

Mete: addifional emvironmental imgact dat mey be presented in anneses

CORE ENVIRONMENTAL IMPACT INDICATORS - EN 15804+A2, PEF

Impact category Unit AL A2 A3

An EPD should prov

 inkorration and may be updeted i condition change

===EPD

Al-A3 A4 A5 Bl B2 B3 B4 B5  B6 BT

EPD

The shoted rulidity s tharafore sséject #o the conlisued registratios und publcation of wws emiroades com - WOl R s ) -1 LGl WO M0 we w0 e Mo we e
P - fod Wi AWE amEr e A L MG M w0 w0 ee o e e
GWF - biogenic g 0ze wo  (wo  wo w0 mo w0 we  we
[ e wo  wo wo wo  wme  wmo ww we
Ceome depietionpet g FCIe wo  wa  we w0 we Mo we [
Acdfication potantal i e W e w0 w0 we  mo o w0 aeEs  anes
e whe wo  wo  wo  wo  wmo  mo  we  we | Lme | wmes
rmare e wo o wo w0 wme  wmo o
Psemesral moine T f= e awa we Mo wn  wo  eo wo we  we
oy Cumar’) Mo INES RaEee it 101 UmEd WG Me w0 w0 ee o o e
ADFmieGKAmEIE Wb TNI-d AT AN Ll ma e MO wo we w0 o wa  we
APt e mee amte awe amm lets  we Mo w0 w0 wme  mo w0 v ]
weater e Mg, AnE-l X3 1M amE-1 M2 M wa wo wo w0 w0 we w0 ses wie- e cuma

/F = Global Worming Possntiak B
ond cpcnol indicotors sy
fasn mault ore bigh cr o theew is frrited ax

it powntial FOCF = Fecmchemicol czans formation; ADF = Abiatic deplstion paential. 2] EN 15504+A2 dackaimer for Abiotic depletion and
citar ord Larering rodiat o i ol -
rcd weih the i (=

e haclh bin s wits cars o the uncertcing

impact meicaion

gl PO,

Dr. Meike Sauerwein
10. February 2023

121


https://www.environdec.com/library
https://portal.environdec.com/api/api/v1/EPDLibrary/Files/f383f12a-fce6-42d2-ebba-08d98d4c9ead/Data
https://portal.environdec.com/api/api/v1/EPDLibrary/Files/e2fdeec7-52ff-4269-efd9-08d966bc9806/Data

EPD DATABASES / LIBRARIES

DICITAL ENVIRONMENTAL HUB FOR
#/ CLOBAL CONSTRUCTION PRODUCTS

o M

—

Global Construction Products EPD/LCA Database

The data sets follow the
international standards and norms
and are used for building LCA
software, green public PD ProductName R—

procurement (GPP), etc,

Showr entries : ring 1to 10 of 4, 744 entries filtered from 4. 758

30 Fiberglazs (LSF - FG) LO0m2 tineral building products £ TR anzs Specific  AKIH}-Gilliar GloCobiDat @
Bncls, blocks and elements Dataszet Madenclilk TurCobdIrat
Matural cut stome San. ve Tic.
AS
3M Baseboard and Mult-use Adhesive LOkg tineral ulding products £ EE o0z Speafic @
blortar and Concrete / Concrete Diataset
additive
5 P2000 High Performance Wood Floor LO0m2 klineral building products [/ WENT 2024 Specific 3M Company GloCobDat @
Adhesive (2% 55 kg bags o a pail) tortar and Concrete / Adhesive Dataset  Ewurope EUCobDat
and adhesive mortar
b1 P3000 High Performance Wood Floor L0mz blineral building products [/ WEWT 2024 Specific 3W Company GlaCobiDat @
Adhesive (600 m] sausage) tortar and Concrete /£ Adhesive Dataset = Burope EUCobiDat
and adhesive mortar
b 052000 B 24 k'V moulded mbber Lo Flastics / Sealing materials / FR zozt Speaific 3M Company  GloCobiDat @

splice kot Fiece Rubber Datazet  Europe EUColDat

Dr. Meike Sauerwein
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https://lcadatabase.com/

COMPARISON OF BUILDING LCA TOOLS

Embodied Carbon Calculators

.. CIC Carbon Assessment Tool
. EEXEEFERFMLIA

Data from
Environmental

Product
Declarations

Dr. Meike Sauerwein
10. February 2023



LIMITATIONS OF LCA
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LCA LIMITATIONS
THE ELUSIVE BENCHMARK

LCA Comparison shows what is a “better
product” not what’s sustainable

Dr. Meike Sauerwein

10. February 2023 125




L A L I I\/I I T AT I N GHG Emissions Land Use Acid. Eutroph.  Scty. Water
(kg CO,eq) 10 (m2year) 1o (9SO.eq) (gPOeq) (kLeq)

A 0 25 50 75 Pc Mean0 100 200 300Pc Mean0 75 1500 75 1500 50 100

COMPARAB”_'TY Beef (beef herd) 724 = > 20 50 . = 42 164

Lamb & Mutton 757 = 12 20 . 30 185 [ | [ | >
OF RESU I_TS Beef (dairy herd) 490 . 91 17 = 73 22 [ 8 - e
0 10 15 0\5 10 15 0 75 1500 75 1500 50 100
Crustaceans(farmed)1.0kl I T —> 54 18 I . I I I 04 20 I - I - . _
. Cheese 1.9k — 51 11 > 44 41 I o S
Published reports may not be Pig Meat 116 = 46 76 e
Comparable Fish (farmed) 612 . : 25 6.0 . 04 37 M = e
Poultry Meat 326 L] 24 57 . 38 7.1 [ B [ ]
: : ; Eggs 100 . 26 4.2 = 40 57 [ [ | B
e.q. different functional units e o 20 o | .
Groundnuts 100 = 06 1.2 = 18 35 [ | [
Other Pulses 115 = 10"petl. 05 0.8 . > 46 73 | u [
Peas 438 et s 04 [ 12 34 | I I
Nuts 199 = -22 03 . —-27 79 [ | 3
Grains 23k | ® 1.0 2.7 T 1.7 46 W [ ] [
;Y I S S S S S S S S O L O
Milk 1.8k . 17 32 —~ 11 89 S e e
Soymilk 354 = 06 1.0 = 03 07 | | |
CTwowe>? | 0 0z fc 0= wo g owo @
Cassava 288 . 0.4 14 . 0.8 1.9 [ ] [
Rice (flooded) 7.8k . 04 12 = 0.3 0.8 DE s e
Oatmeal 139 . 0.3 0.9 . 11 2.9 [ mm [
) ) Potatoes 604 " 0.2 06 = 06 1.2 [ | s [ |
Dr. Meike Sauerwein dd Wheat & Rye (Bread) 8.8k | = 0.3 0.6 . 0.4 1.4 I [ [ ]
10. February 2023 Maize (Meal) 6.2k | = 02 04 |m 03 07 [N [ B
|



Contribution analysis Multiple-Use system
COMPARAB”_'TY 0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

OF RESULTS Acidification I S

Climate change, total I S S A

Eutrophication, freshwater | I S

Published reports may not be Eutrophication, marine - IS
comparable Eutrophication, terrestrial [N
lonising radiation - | N

Ozone depletion [N

Particulate matter [N N S
Photochemical ozone formation [N T
Resource use, fossils |

Resource use, minerals [N I —_—

Water consumption [IIIIINIEINEGNGEE e

e.qg., setting boundaries & process
inclusion / exclusion

B Raw material extraction and manufacturing m Distribution

B Use phase transport W Washing

B Eol recycling M Eol incineration
W EoL landfilling

Dr. Meike Sauerwein Source; Ramboll 2022: COMPARATIVE LIFE CYCLE ASSESSMENT (LCA) SINGLE-USE AND MULTIPLE-
10. February 2023 USE TABLEWARE SYSTEMS FOR TAKE-AWAY SERVICES IN QUICK SERVICE RESTAURANTS 127



LCA LIMITATIONS
RESULTS ARE NOT UNIVERSALLY TRUE

LCA results not universally true for all different
locations, times, societies
—> comparability can be low

e.qg., environmental performance of EV depends on
local electricity grid

Dr. Meike Sauerwein
10. February 2023

Raw Material
Extraction/Production

End of Life

Disposal/ Recycling

Use,
Maintenance

Processing,
Production
of parts

Assembly

Packaging,
Distribution
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LCA LIMITATIONS RN

ALL YOU NEED IS DATA, DATA, DATA e e =
« Hugh amount of high-quality data required A SQUARE!  BROADW
 data can be inadequate, lacking or confidential ' .
—> assumptions necessary o .
* time & resource & cost intensive Y 0 A
- Doing LCA for millions of products — an impossible task?
- Datasets can be outdated / not representative / TR
incomplete - Example organic cotton H&M AN\ —
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh R jiieogemnioliape ity vy
— =
& % ﬁ:ﬂ 7
#i + w20 }l

Source: https://qz.com/2180075/hm-showed-bogus-environmental-higg-index-scores-for-its-clothing

Dr. Meike Sauerwein
10. February 2023 BATES KASSATLY and BAUMANN-PAUL (2022): 1 29


https://dockets.justia.com/docket/new-york/nysdce/7:2022cv06247/583569

LCA LIMITATIONS
JUST AN ANALYSIS TOOL

LCA itself is just an analysis tool to evaluate and track
performance & doesn’t require the analyst to take action
nor guarantees that the right action will be taken to
improve the sustainability performance of
products/processes and services

s Life Cycle
Assessment .

Dr. Meike Sauerwein
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Life Cycle Cost
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LIFE-CYCLE COSTING (LCC)

Life-cycle costing (LCC) means considering all the costs that will be incurred during
the lifetime of the product, work or service:

| | | Life Cycle Cost
« Purchase price and all associated costs (delivery,
Installation, insurance, etc.)

« Operating costs, including energy, fuel and water
use, spares, and maintenance

» End-of-life costs (such as decommissioning or
disposal) or residual value (i.e. revenue from sale
of product)

Refurbish

G J

Dr. Meike Sauerwein
10. February 2023 ‘


https://ec.europa.eu/environment/gpp/lcc.htm

LIFE CYCLE ASSESSMENT / COSTING
EXAMPLES: TOOLS DEVELOPED BY THE EUROPEAN COMMISSION

The European Commission has developed a series of sector specific LCC calculation tools LRI DAL

which aim to facilitate the use of LCC amongst public procurers. To assess the LCC of the current situation and
roughly evaluate different solutions to help guide

pre-tendering market engagement activities, or

to narrow down different technological solutions.

Vending Machines Imaging Equipment 7S
o User Guide e User Guide \ DURING TENDERING
» LCC Tool * LCC Tool To compare offers during the evaluation and

award of contracts, as foreseen in Directives

Computers and Monitors ‘ Indoor Lighting ‘ AFTER TENDERING
* User Guide 3 * User Guide A To evaluate the performance of the awarded
* LCC Tool « LCC Tool solution in comparison to the previous situation

or other offers, to monitor and communicate
results and help prepare future tenders.

 |dentify cost drivers
« some can be easily included in LCC calculations, such as energy consumption.

» Others -such as durability might be relevant from an economic point of view but
are more difficult to quantify in terms of how much they increase the product’s
lifespan.

» Besides cost drivers, basic parameters for the LCC need to be defined (evaluation
period, discount rate, your electricity cost, etc.).

Dr. Meike Sauerwein
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LIFE CYCLE COSTING

COSTS ARE ACCUMULATED OVER A LIFESPAN

Monetary flows occur at different times.

—> This complicates the analysis for two reasons.

1. prices change due to the market dynamics

Car example: all costs associated with a car (steel, labour, fuel, plastics, taxes etc.), are
change from year to year. =2 In the long run there is a sustained increase in the general
price of goods

—In LCC one would like to compare costs based on a chosen reference year and therefore
all costs needs to be adjusted to that year when doing the comparison. This is done by
using inflation rates.

2. people are likely to have a time preference, and often prefer to spend money later rather
than now.

« LCC accounts for this comparison of comparing future and present costs by using
discounting. Discounting essentially weights impacts by assigning a lower weight to costs
in the future than present costs.

Dr. Meike Sauerwein Hauschild et al. 2018 - Life Cycle Assessment — Chapter 15
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LIFE CYCLE COS
(LCC)

ING

« Conventional LCC (financial LCC): original
method, and in many ways synonymous with
Total Cost of Ownership.

« Environmental LCC is aligned with
environmental LCA in terms of system
boundaries, functional unit, and
methodological steps.

« Societal LCC includes monetarization of other
externalities, including both environmental
impacts and social impacts (less developed)

Dr. Meike Sauerwein
10. February 2023

Hauschild et al. 2018 - Life Cycle Assessment — Chapter 15

Table 15.2 Comparison of the different variants of life cycle costing

Conventional LCC

Environmental LCC

Societal LCC

Goal

The assessment of all
life cycle costs that are
directly covered by the
main producer or user in
the product life cycle

The assessment of all
life cycle costs that are
directly covered by all
stakeholders connected
to the product life cycle

The assessment of all
life cycle costs that are
covered by anyone in
the society

Definition of

Economic lifetime, often

Complete life cycle

Complete life cycle

the life cycle | excluding end-of-life
Perspectives | Mainly one stakeholder, | One or more Anyone in the society,
either manufacturer or stakeholders connected | often governments
user to the life cycle
Reference Product or project Functional unit functional unit
unit
Types of Internal costs of one Internal costs of Internal costs of all
COosis stakeholder, focusing stakeholders connected | actors plus external
mainly on acquisition to the life cycle, plus costs, i.e. impacts that
and ownership costs external costs and production or
benefits expected to be | consumption have on
internalised such as CO- | third parties
taxes
Adjustment | Yes Yes Yes
to inflation
Discounting | Consistent, with No. Discounting the Consistent but usually
of results discount factors ranging | results of the LCC low discount factors
between 5 and 10% would make the analysis | (<3%)
inconsistent with the
steady-state assumption
of LCA (see Sect. 15.5
on discounting)
Consistent No Yes, but with a risk of Mo, due to risk of double
with LCA? double counting the counting and
monetarised inconsistencies with the
environmental impacts quasi-dynamic approach
in sLCC (see Hunkeler
et al. (2008))
Standards Multiple standards, MNone, but follows the Currently no standards

including IS0 15663,
IEC 60300-3-3, BS
3843, AS/NZS 45306,
ISO 15686

LCA standards ISO
14040/14044




CONVENTIONAL LIFE CYCLE COSTING

* only internal costs are considered 100% T i’ | ———
—> Total Cost of Ownership (TCO) S
e T & - "@' — I
%
 Activity-Based-Costing (ABC) 60%
— hotspot identification s
40% s — H—
-
20% g
g
0% — —
Manufacturer User Recycler

Fig. 15.1 Different level of details for different actors in life cycle costing of a passenger car

Dr. Meike Sauerwein Hauschild et al. 2018 - Life Cycle Assessment — Chapter 15
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LIFE CYCLE COSTING

Have you / has your organization been
TOOLS applying Life Cycle Costing?

(“\Q RICS In what context?

News & Insight Upholding Professional Standards Training and Events Surveying profession Products & Services Join RICS

Home > Products & Services > BCIS Data Products > Facility Management > Product: Life Cycle Evaluator

Life Cycle Evaluator

This 12 month online subscription tool helps to compare costs and activities
of components to support the ongoing management of your property
portfolio.

ESSCUN o | | I

Dr. Meike Sauerwein Source; https://www.rics.org/en-hk/products--services/data-products/facilities-
10. February 2023 management/life-cycle-evaluator/ 1 38
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LIFE CYCLE COSTING IN PRACTICE
CHEMICAL INDUSTRY

— EXAMPLE: BASF (ECO-EFFICIENCY TOOL) §
« Comparing Environmental Performance with Cost E * SVR-LITE
(Life Cycle Costing) =2 Portfolio Graph
SVP-SCW
« Aggregate different environmental impacts into one o, -
score (index) i
Environmental 4 .
impact low Avoid
Trade-Offs .
\ é « SVP-LITE
‘ o SVP-SCW
\ costs1(‘:orm.)
) ) h Ig h > COSt Fig. 4.8 The eco-efficiency portfolio comparison (upper, base case; lower, scenario with Indo-
Dr. Meike Sauerwein |OW nesian electricity mix)

10. February 2023 ‘



KEY TAKEAWAYS

LIFE CYCLE ASSESSMENT

1. 1DENTIEY HOT SPOTS 2. IDENTIFY TOTAL IMPACTS THAT

: OCCUR ALONG A PRODUCT'S LIFE CYCLE
WITHIN A PRODUCT'S LIFE CYCLE (ECO-FOOTPRINT OF A PRODUCT)

Hot Spot:
Process that causes
significant impacts

s Life Cycle
By Assembly .
Assessment e Life Cycle

nd o Assembly
s Assessment

Distribution

Dr. Meike Sauerwein
10. February 2023 ‘ 140



KEY TAKEAWAYS

LIFE CYCLE ASSESSMENT

 There is a growing demand for quantification of impacts and
disclosure, esp. of carbon emissions along the product/ building life cycle

* Trends point into the direction that corporates have to consider
their supply chain emissions

« LCAis a mature tool, yet

* new, simplified applications are developed by various institutions
to make LCA more accessible

 applications of LCA expand to more and more sectors

LIFE CYCLE  Egyoid/
STAGES

Dr. Meike Sauerwein
10. February 2023 141



THANK YOU FOR
YOUR ATTENTION!

Feel free to stay and ask question
or continue earlier discussions

Dr. Meike Sauerwein
10. February 2023

Contact
Dr. Meike Sauerwein, Lecturer
Division of Environment and Sustainability

The Hong Kong University of Science and
Technology

Email:

https://www.linkedin.com/in/meikesauerwein/
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