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MOVING TOWARDS NET ZERO?

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

 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

8130059

Dr. Meike Sauerwein
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ANY QUESTIONS?

w Feel free to raise your hand and
ask at any time.

Ask & answer questions or
leave comments in the chat.
Feel free to also help each

other answer questions! ‘
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Participants Share Screen

Dr. Meike Sauerwein
06. April 2022
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Zoom Group Chat

From Me to Everyone:
| have a question

To: Everyone v Y File

Type message here...




...TO MAKE THINGS EASIER FOR ME ©

Please rename yourself so that ZOOM shows

1. your preferred name (how you want me to call you) and
2. your organizations name

e.q., M. Sauerwein (HKUST), or Meike (HKUST)

Since we are all interested in low carbon solutions:
Feel free to leave your video off while | am talking,
but | would appreciate if you cold turn it on for breakout rooms.

Dr. Meike Sauerwein
06. April 2022



* What is Net Zero?

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

* 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

OUTLINE

PART 1 - TODAY

| planned for 2 short breaks in between — but feel free to let

me know if you prefer to have less/more/longer/shorter ones
Dr. Meike Sauerwein
06. April 2022 5



* Life Cycle Assessment Methodology

« Recap and linkage to key frameworks and ISO standards
« Discuss benefits and limitations

* Life Cycle Assessment Tools & Applications

O UTLI N E * Examples of common uses of LCA

« Using LCA results — what to pay attention to?
PART 2 - FRIDAY . .
* Life Cycle Costing

» Key concept and examples

Feel free to ask about / suggest specific topics
— I'll try my best to include what interests you ©

Dr. Meike Sauerwein
06. April 2022



WHAT IS NET ZERQO?

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.

pul

~60 GtCO,-eq

Global net anthropogenic
GHG emissions in 2019

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)

Dr. Meike Sauerwein Source: United Nations — Climate Action;

06. April 2022 IPCC ARG, WG llI; Climate Change 2022, Mitigation of Climate Change; 7


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

WHAT IS NET ZERQO?
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Dr. Meike Sauerwein Source: https://www.youtube.com/watch?v=00W2PIvMpZs
06. April 2022
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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;
06. April 2022


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

Need for accurate

T— CLIMATE CHANGE IMPACTS

techniques!
Pathways with the near-term emissions characteristics, to haman systems “I*"bh
. . - Ian,;ﬂg?szng toum.aec ange.
lead to a median global warming of 2.4°C - 3.5°C by 2100 T e
) Ve edum
and positive Low

impacts

Impacts on
water scarcity and food production

Animal and  Fisheries
Agriculture/ livestock yields and
Human  y,ter crop health and  aquaculture

systems scarcity production  productivity  production

Global ) (- (-
Asia 9 9 °

Dr. Meike Sauerwein Source: IPCC ARG, WG Il and lII; Climate Change 2022, Impacts, Adaptation and Vulnerability & Mitigation of Climate Change;
10
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https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_FinalDraft_FullReport.pdf
https://report.ipcc.ch/ar6wg3/pdf/IPCC_AR6_WGIII_FinalDraft_FullReport.pdf

SCIENCE BASED TARGETS INITIATIVE (SBTi)

« The Science Based Targets initiative™ (SBTi) is enabling
companies and financial institutions globally to set ambitious - SCIENGE
emissions reductions targets in line with the latest climate - BASED
science (halve emissions before 2030 and achieve net-zero TARGETS
emissions before 2050) DRIVING AMBITIOUS CORPORATE CLIMATE ACTION

» Organizations disclose emissions annually and monitor progress on reaching the target.
« By March 2022 1,326 companies have put in place science-based targets in line with net zero

How many of these do you

think are from Hong Kong? *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
06. April 2022


https://sciencebasedtargets.org/resources/files/SBT-Commitment-Letter.pdf
https://sciencebasedtargets.org/resources/files/SBTi-criteria.pdf
https://www.unglobalcompact.org/take-action/events/climate-action-summit-2019/business-ambition/business-leaders-taking-action

COMPANIES THAT COMMITTED TO SCIENCE-BASED
TARGETS

CORPORATE EXAMPLES

43 Japanese, 10 Singaporean, 5 South Korean, 1 from Hong Kong (as of March 2022)

Dr. Meike Sauerwein Source: UN Global Compact, 2022 Business Leaders Taking Action; https://www.unglobalcompact.org/take-
06. April 2022 action/events/climate-action-summit-2019/business-ambition/business-leaders-taking-action ‘ 12



https://www.unglobalcompact.org/take-action/events/climate-action-summit-2019/business-ambition/business-leaders-taking-action

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, “ u o
Forestry, etc. In Hong Kong about 60 % of annual
Waste greenhouse gas emissions

ALY originate from the building sector

Y Transport

Hong Kong Carbon Emission Sources @ 2019

Dr. Meike Sauerwein Sources: IPCC ARG, WG IlI; Climate Change 2022, Mitigation of Climate Change;
06. April 2022 https://report.ipcc.ch/arowg3/pdf/IPCC_AR6_WGIIl FinalDraft FullReport.pdf 13
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

‘Upfront’ Embodied Carbon Operational Carbon

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

Dr. Meike Sauerwein Source: Carbon Leadership Forum
06. April 2022 14


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

LIFE CYCLE STAGES OF A PRODUCT

) " o, | -
Lo : p 1o n
h ﬁ s

- _ ‘
Process: e.q., Food Processing,

%D

Processes. e.g., Farming, Product Assembly, Chemical
Mining, Oil extraction, ... Processing, ...
- ﬂ ﬂ -
- — .

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
06. April 2022 1 5

Example: Life Cycle of a washing detergent, Source: The Sustainability Consortium ; hitps://www.sustainabilityconsortium.org/product-categories/ (retrieved Oct 2018)



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

Only part of these processes happen
within Hong Kong, which makes it a lot
harder to measure these emissions

‘Upfront’ Embodied Carbon

Manufacturing, transportation, and
installation of construction materials

Dr. Meike Sauerwein Source: Carbon Leadership Forum
06. April 2022

Operational Carbon
Building energy consumption

16


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

BUILDING LIFE CYCLE

Dr. Meike Sauerwein
06. April 2022
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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

EMBODIED VS OPERATIONAL CARBON

IMPORTANCE OF EMBODIED CARBON GROWS AS OPERATIONAL ENERGY DECARBONIZES

— S

« 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:
One Click LCA Ltd, 2018: ‘ 18


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/

SCOPE 3 EMISSIONS

INDIRECT UPSTREAM & DOWNSTREAM EMISSIONS THAT OCCUR IN THE VALUE CHAIN
(EXCLUDING INDIRECT EMISSIONS ASSOCIATED WITH POWER GENERATION (SCOPE 2)

Scope 1 Scope 3 ' ‘ ‘ ‘ ‘ .
DIRECT INDIRECT

i ol () 2] v e
0000 nn( 1 nﬁ
(8880 - - J

DRIVING AMBITIOUS CORPORATE CLIMATE ACTION
company company investments franchises leased end-of -life treatment use of sold processing of transportation
facilitios vehicles assets of sold products products sold products & distribution

PONNSTREAM ACTIVITIES If scope 3 emissions
represent >40% of a
Scope 2 Scope 3 company'’s overall
mR—— w—" emissions, the SBTi
5 OOO 5 =) 5 requires they set a
| et %9. T e "Q'B_ =5 B target to cover this
purc.huod ebt.:tncity. steam, purchased goods capital fuel & energy u.vjspf)na?lon waste hom business employee leased .
heating & cooling for own use & services goods related & distribution operations travel commute assets I m p a Ct .
UPSTREAM ACTIVITIES
Dr. Meike Sauerwein Source: CDP, 2018: How can companies address their scope 3 greenhouse gas emissions?
06. April 2022 https://www.cdp.net/en/articles/companies/how-can-companies-address-their-scope-3-greenhouse-gas-emissions

19


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

SCOPE 3 EMISSIONS

EXAMPLE: STARBUCKS

1EDOO

2030 Goals:

12 1000
50% absolute reduction -
in scope 1, 2 and 3 2 12000
greenhouse gas (GHG) emissions £ i
representing all of Starbucks direct g _
operations and value chain. :

i

. H000

Dr. Meike Sauerwein

Starbucks Greenhouse Gas Footprint FY17

15900

96%

Where might these
indirect (scope 3)

emissions come
from?

291 330

[
Eletricity Usage

Scope 2

Direct Emissions

Scope 1

Indirect Emissions

Scope 3

20



SCOPE 3 EMISSIONS

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

10,000

:

8,000

4,000

Scope 3 emissions (in Mt CO,e)

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

10,354

So not just our office / building
operations need to become
more sustainable, but also the
products we/our customers use

type of Scope 3 emissions was calculated is presented in parentheses for each seclor.

Dr. Meike Sauerwein
06. April 2022

Source: CDP, 2018: How can companies address their scope 3 greenhouse gas emissions?

‘ Use of sold products (1,135)

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

21


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

ACTIVITY 1 — DISCUSSION

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

22 =

Group discussion in . Take notes on the
10 min .
Breakout rooms shared google slide

(access link on the zoom chat)

06. April 2022



ACTIVITY 1

INSTRUCTIONS

Each room has their own note sheet on
google drive = see link on the chat

My Drive > Green Council Workshop » Activity 1- Sustainable Product

https.//bit.ly/3LI8ZBi

Please only edit the sheet that
matches with your room number

Name Owner Last modified F .
[ Room01_Activity1-Sustainable Produ.. &% me 11:09 4
B Room02_A ustainable Produ.. &% me 11:09 4 J0|n|ng Brea kout Rooms...
Room11_Activity1-Sustainable Product [BFikl * = & E G- [ sideshow
File Edit View Insert Format Slide Arrange Tools Hel I

B Room03_Activityl-Sustainable Pr{ « ~ & = a - x HO-Q N\« B # - bcoowd tnous Theme | Tamston

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

Click to add text

Dr. Meike Sauerwein
06. April 2022

Brea kOu

It might take a few moments.

| 2



IN THE BREAKOUT ROOM...

Facilitators are indicated with an “F” in front of their name.
He/she should

« Encourage everyone to briefly introduce themselves
 take the lead to start the discussion and ensure that at least one

room member is taking notes Need Help from
Host?

Please don't click unless

Say hi to each other

w/mics + cam you have to :)
oD o~ W 3 ., @ (7
Join Audio Start Video Participants Share Screen Chat Record Ask for Help
Find out who are Chat with
your roommates  your roommates
Dr. Meike Sauerwein or Share |IﬂkS

06. April 2022

24



WHAT IF YOU ACCIDENTALLY LEAVE
A BREAKOUT ROOM?

Click here to go
back into your room

‘22 A /] A ;"' ;.D ! = . @ ==

Unmute Start Video Invite Manage Participants Record Breakout Rooms

Dr. Meike Sauerwein
06. April 2022 ‘ 25



WHEN TIME IS UP

 you will see

®™ Breakout Rooms

e

Breakout Rooms will close in 23 seconds

You will be returned to the main session automatically.

Returning to Main Session...

Return to Main Session It might take a few moments.

= Wrap up within the time allowed, or

= Click Return to Main Session to leave the room immediately

Dr. Meike Sauerwein
06. April 2022



ACTIVITY 1 — DISCUSSION

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

22 =

Group discussion in . Take notes on the
10 min .
Breakout rooms shared google slide

(access link on the zoom chat)

06. April 2022



LIFE CYCLE STAGES OF A PRODUCT

) " o, | -
Lo : p 1o n
h ﬁ s

- _ ‘
Process: e.q., Food Processing,

%D

Processes. e.g., Farming, Product Assembly, Chemical
Mining, Oil extraction, ... Processing, ...
- ﬂ ﬂ -
e — — .

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
06. April 2022 28

Example: Life Cycle of a washing detergent, Source: The Sustainability Consortium ; hitos://www.sustainabilityconsortium.org/produci-categories/ (retrieved Oct 2018)



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

Processing,

LIFE CYCLE THINKING ey

Do ciaeie Production
CONCEPT Xtracton/rFroauction Of parts
Energy Solid Wast Energ{ SEHO-' Waste,
Life cycle thinking helps to ReSOUfCéS/ Emissions  Resources TISSIone
systematically identify a ll
product’s .
End of Life Assembly
° resource use (incl. financial Disposal/ Recycling
resources) ’ Emissions,
esources -
o Energy, ost 10 landfil REnergy, 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, SI(E)hd Waste, REnergy, Emissions
Dr. Meike Sauerwein Source: The Life cycle Initiative esources missions esSources

06. April 2022 29


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

. Processing,
Raw Material Production

LIFE CYC LE THINKIN G =xraction/Frodiction of parts

BENEFITS

Reduces the narrow focus
on just one or two stages.

ENERGY LABEL
B R R B

more efficient ¥
el

i 2

less efficient 8 HIE

Annual Energy Consumption eiriCoding)

I8

420

Cooling Capacity (kW) 364 1 ( FE ) 254

Refrigerant 3421 R410A

Room Air Conditioner ~ 2°ili##
Brand 2R ABC
Mun

Model 8IS . HK1234
Reference Number/Year ~ 8%/ 54 | U1-C180123/2018
IIIIIIIIIIIIII REE0NY: XYZ

MEM

#BTES Y EMSD

Dr. Meike Sauerwein Source: The Life cycle Initiative

06. April 2022

Solid Waste,
Emissions

|4

: Enerqy,
ngs\/s\%%tse, Resou?ges

End of Life Assembly

Disposal/ Recycling

Solid Waste,

Energy, Emissions Energy, Solid Waste,

Resources Resources Emissions
Use, Packaging,
Maintenance Distribution

. Solid Waste,

Energy, Solid Waste, Energy, Emissions
Resources Emissions Resources
30


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

. Processing,
Raw Material Production

LIFE CYC LE THINKIN G =xraction/Frodiction of parts

Solid Waste,

i Energy, -
BENEFITS ~Energy, Solid Waste,  pCleiaY, Emissions
Indicates how changes in one Q
life cycle stage affect lth.e End of Life Assembly
resource use and emissions Disposal/ Recycling

from other life cycle stages. 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? Solid Wast
2 : olid Waste,
Energy, Solid Waste, Energy, Emissions
Resources Emissions Resources
Dr. Meike Sauerwein Source: The Life cycle Initiative
31
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https://www.lifecycleinitiative.org/starting-life-cycle-thinking/what-is-life-cycle-thinking/

SHORT BREAK
UNTIL 15:23

Dr. Meike Sauerwein

32



Dr. Meike Sauerwein

06. April 2022

LIFE CYCLE THINKING
L IFE 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 TELLABOUT PRODUCT SUSTAINABILITY?

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

Hot Spot:
Process that causes
significant impacts

Life Cycle
M Assessment

aintenance Distribution

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
06. April 2022

End of Life

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

Processing,

LifeCycle ‘ ?

M 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: . 15900
50% absolute reduction g 960/ 0]
inscope 1,2 and 3 2 10w
greenhouse gas (GHG) emissions £ i
representing all of Starbucks direct g _
operations and value chain. g .

=

291 3a0
’ Direct Emissions Eletricity Usage Indirect Emissions
Scope 1 Scope 2 Scope 3

Dr. Meike Sauerwein
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CRADLE TO GRAVE
LCA OF MILK

mem Life Cycle -
Assessment :

pop  Life Cycle
Assessment

Assembly

Dr. Meike Sauerwein
06. April 2022

Which milk causes the least
greenhouse gas emissions
(has the lower carbon footprint)?

Hot Spot:
Process that causes
significantimpacts

What are the hotspots in the
different milk life cycles?

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

Cow Milk =
A 3

GRANAROLO

s -/

MW DAL 1057 ITALIANA DONTA & =

A

il

GUSTO NATURALE
ALA 0 « SN G0

e aaid

JENZA ZUCCHERI AGEIVNY
SENZA AROMI

A DASSO CONTENUTO DI SaLE

EPD, 2018, Granarolo, EPD Organic pasteurized whole milk

0IA ATALIANA BidlsIch

Soy Milk

36



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 1 liter of milk
(ingredients) do we need to fulfil it?

|dentical function but

different material flows.

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

Ingredients: Whole milk

ng_gomg_l_sq Nutrients (per 100mL)
l%w : Carbon Hydrates/ Sugar 5.0¢g Nutrients (per 100mL)
- Proteins 33g Carbon Hydrates/ Sugar 0.5g
w 2 Fat 3.7g Proteins 3.6g
w 4 Calories 67 kcal 0 ITALIANA BIg610h Fat 2.1g
- Calcium 120mg ww‘:j}“: Calories 35 kal

Dr. Meike Sauerwein
06. April 2022 37



COMPARING APPLES & PEARS?

Life Cycle Assessment can help to assess environmental impacts of products
even if these products are made from very different raw materials or through
! very different processing steps

as long as they fulfill the same function

Dr. Meike Sauerwein
06. April 2022




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

Dr. Meike Sauerwein
06. April 2022 39



BUILDING LIFE CYCLE

SCOPE OF THE ASSESSMENT BEcLER® 2 Cradle to Gate

Al
ca Grave Raw material assessments of all
Disposal l
Cc3
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
o 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 o . .
06. April 2022 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 of the product
system(s)? End of Life

Disposal/ Recycling

Use,
Maintenance

Dr. Meike Sauerwein
06. April 2022

Processing,
Production
of parts

Assembly

Packaging,
Distribution

41



ACTIVITY 2

Mapping Life Cycle Processes of Milk

22 =

Group activity in . Files can be found on the
/7 min :
Breakout rooms shared google slide

(access link on the zoom chat)

06. April 2022



ACTIVITY - MAPPING LIFE CYCLE PF

On that file you can find a
map that shows the

different life cycle stages of m

milk (grey boxes):

« Raw material production
e Transport

* Production & Packaging
* Distribution

« Use and End of Life

Dr. Meike Sauerwein
06. April 2022

Life cycles of milk products

N

\OCESSES

e

—

similar processes for all products

Production & Packaging




ACTIVITY - MAPPING LIFE CYCLE PROCESSES

The life cycle processes
for cow and soy milk are
listed around the map.

As a group, please work
together and discuss the
right sequence of the
processes into the right
order

Dr. Meike Sauerwein
06. April 2022

b b o @04 el By v il

mmm m “"“"m

MMM

Life cycles of milk products

m“ N = |

LIR R

o 0.0 |



Life cycles of milk products —

Vv

&

v
% ﬁ@ky -B 9!9.&998:59.‘5
W& — Packaging G |
& Cooling & production wmose |
Fodder Cattle Transport to i | 3 L0000 1l
. farming production AN o
roduction i e
P plant l ORI (BSsuds |
1R = bt 5 ‘y 44 . \\\
ol Biv |
7S ° Y || iz
Transport to — Heat treatment, - Retail & Use
Soybean production Production homogeniz_ation o (Storage in Disposal/
farming plant of soy drink & packaging Distribution fridge) Recycling
\ J
Y
X\ similar processes for all products
Fertilizer &
Pesticide
Production
Raw Material Production Transport Production & Packaging Distribution Use End of Life

Dr. Meike Sauerwein
06. April 2022 45



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
06. April 2022
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ol

DATA COLLECTION FOR RESOURCE & EMISSION
INVENTORY == %] 0 — 0D

FUEL WATER

SUGAR, OTHER

Eed | b INGREDIENTS CHEMICALS

Collecting primary data for each process / O %
rosesoners |

WATER ELECTRICITY

° HOW much electricity W ERTILIZER/ PESTICIDES F.UEL

s 1 ¥

How much fuel

m .
 How much water A %
. 24 Ha
N /‘ pr Transport to
’ HOV}(/ m dUCh ?tqelr prOdrl]“I CtS. (e Ig Soybean production Production
pesticides, fertilizer, chemicals) farming plant of soy drink
7. N BUT WAIT... these also have a life cycle... éé} 4@ éé}
‘ . . . JISSIONS EMISSIONS EMISSIONS
\& &) >What if the materials are all produced in TToAR TO AR ToAR
. y  different countries/ by different é
- manufacturers? N @
—~>How do | l,<>novv about all these process TOWATER e
emissions”
Dr. Meike Sauerwein TG ==
06. April 2022 e EMISSIONS 47

TOSOIL TOWATER



SHORT BREAK
UNTIL 16:08

Dr. Meike Sauerwein
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LIFE CYCLE ASSESSMENT OF MILK

STEP BY STEP

Dr. Meike Sauerwein
06. April 2022

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

49



CLASSIFICATION INTO ENVIRONMENTAL CATEGORIES

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

Production Distribution Disposal / Recycling

or Melke Sauerwein Source: 1SO 14044
06. April 2022 >0



CLASSIFICATION INTO ENVIRONMENTAL CATEGORIES

What kind of . cH, <M
environmental CH,

Impacts may these
chemicals cause?

Disposal / Recycling

Production

Dr. Meike Sauerwein
06. April 2022
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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) [CHENN CO; ‘cH,
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
06. April 2022

Disposal / Recycling

Source: 1ISO 14044

52




CLASSIFICATION INTO ENVIRONMENTAL CATEGORIES

One chemical can potentially
contribute to several impact
categories

Disposal / Recycling

Production

Dr. Meike Sauerwein
06. April 2022
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LIFE CYCLE ASSESSMENT OF MILK

STEP BY STEP

6. Characterizing (quantifying)
environmental Impacts

Dr. Meike Sauerwein
06. April 2022
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CHARACTERIZATION — QUANTIFYING THE POTENTIAL
IMPACT OF A GROUP OF CHEMICALS

Example: Fmmmmmm oo
Greenhouse Gas i Charaf;’::et(r)lrzatlon |
. . " I I | =l
Emissions L'_Q\[_eﬂtOFY Value- *| (Climate Change) |= ] Impact Potential :
Co, Co, N I U vt vrsemmisormun SIS e I o o ————h o
CH,
QMATE CH4CH 25 [kg CO,-Equivalent]
“HANGE - 50 [kg CO,-Equivalent]

Characterization:
Calculating how strongly
a certain chemical

contributes to the
potential environmental
damage.

Dr. Meike Sauerwein

06. April 2022 1 kg CH, is equivalent to the impact of 25 kg CO, 55



CLASSIFICATION & CHARACTERIZATION OF
POTENTIAL ENVIRONMENTAL IMPACTS

I Classification | : Characterization
: Potential to ch
OEIEVACKGRERN kg CO,-equivalents ir?eennelragy(/) t(;rsggi;r?
greenhouse gas the atmosphere
|

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

OE|ECIVAGCRC NI kg O,-equivalents Smog formation
(tropospheric) ]

Potential

L _FRroduction _ _ _ _ _ _ S

or Melke Sauerwem Related reference: eplca.jrc.ec.europa.eu/uploads/ILCD-Handbook-LCIA-Background-analysis-online-12March2010.pdf
06. April 2022 56



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

e Impacts from EMISSIONS

Land use Minerals, Fresh V\{ater
Fossil fuel depletion ~ depletion

Dr. Meike Sauerwein

06. April 2022 RESOURCE Depletion of




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
06. April 2022

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




BACK TO MILK

Cow Milk - Soy Milk
mmn LicCycle  pum ‘ .é? GOI.O
Assessment
« Which milk causes the least nol.omc ) SD\A

il

MW DAL 1057 ITALIANA DONTA & =

greenhouse gas emissions
(has the lower carbon footprint)?

GUSTO NATURALE
ALA 0 « S o

Hot Spot:
Process that causes
significantimpacts

pop  Life Cycle

Assessment
b L aid

01A ITALIANA BIGE0GICK
WENZA ZUCCHERI AGEIVME
SENZA AROMI

A DASSO CONTENUTO DI SaLE

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

Dr. Meike Sauerwein
06. April 2022 59



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

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 X
(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) 60



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

©

Distribution!
Production

Resource Extraction

c c (0] c > > C 8 (0] H

________
mmmmmmm

« 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. Meike Sauerwein

_ Source: Hauschild et al. 2018: Life Cycle Assessment
06. April 2022
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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

or Metke Sauervvem Source: Hauschild et al. 2018: Life Cycle Assessment
06. April 2022 62



LCA - TRADE-OFFS

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

Carbon footprint

Ecological footprint

Water footprint

Climate change

Stratospheric ozone depletion
Photochemical ozone formation
Acidification

Eutrophication

Ecotoxicity

Human toxicity

Particulate matter formation
Land use

Water use

Abiotic resource use

o

P

m Product A
m Product B

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. Meike Sauerwein
06. April 2022

Source: Hauschild et al. 2018: Life Cycle Assessment
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LIFE CYCLE ASSESSMENT IN PRACTICE

@ TOYOTA

we internally feedback analysed results,[...] S
to our development divisions to help improve Life Cycle Assessment Report
future models.’ N

— Global warming
1.0
09 - O End Life
0.8 -
[ Maintenance
0.7 -
0.6 - [l Use(driving) . .
05 - Fuel Cell Electric Vehicle
0 Use(fuel production)
L& o Company name: Toyota Motor Corporation
0.3 . Responsible person: Junji Tokieda
OVehicle LCA analysts: Tamaki Ozawa, Takuya Yoshida
0.2 N Under the supervision of:  Satoshi Aida, Lisa Oya
N
01 Q \ Report date: 2015.6.10
- Conformed standard: 1SO 14040(2006) and ISO 14044(2006)
0.0 \\\ &\\ & Critical reviewer: Dominik Miiller, TUV Rheinland LGA Products GmbH
1
HV MIRAI

Dr. Meike Sauerwein Source: Toyota, The MIRAI Life Cycle Assessment for communication

06. April 2022 04


https://www.toyota-global.com/sustainability/environment/low_carbon/lca_and_eco_actions/pdf/life_cycle_assessment_report.pdf
https://global.toyota/pages/global_toyota/sustainability/esg/challenge2050/challenge2/life_cycle_assessment_report_en.pdf

KEY TAKEAWAYS

LIFE CYCLE THINKING

Life Cycle Thinking [
’ COnSiders enVironmentaI impaCtS (Llfe CyC|e Assessmen’[) l,“‘ /. STAGES o
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
06. April 2022 65



KEY TAKEAWAYS

LIFE CYCLE ASSESSMENT

2. IDENTIFY TOTAL IMPACTS THAT
V\jITIl—[I)IIEI[\,IA\T::L:FZOIE)'LCJ)CTTngI:C;E%CLE OCCUR ALONG A PRODUCT'S LIFE CYCLE
(ECO-FOOTPRINT OF A PRODUCT)

Hot Spot:
Process that causes
significant impacts

s Life Cycle
End “g e Assembly .
il Assessment e Life Cycle

d of Assembly
s Assessment

Distribution

Dr. Meike Sauerwein
06. April 2022 ‘ 66



KEY TAKEAWAYS

LIFE CYCLE ASSESSMENT

Life Cycle Assessment

* reveals the full picture of a product’s environmental performance
& allows a quantitative comparison of products &
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
06. April 2022 67

LIFE CYCLE =gyl
STAGES



THANK YOU FOR
YOUR ATTENTION!

Feel free to stay and ask question
or continue earlier discussions

Dr. Meike Sauerwein

Contact

Dr. Meike Sauerwein, Lecturer

Division of Environment and
Sustainability, HKUST

Email: meike@ust.hk

See you for Part 2 on Friday!

68



Green Council Training Course

MOVING TOWARDS NET ZERO?

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

Dr. Meike Sauerwein

meike@ust.hk
8. April 2022

Resource Produchon
acquisition =1 Assembly

Extraction e V"
Trﬂnsformamrn /—) =@
» =
,.-:f 7 _ f
£ i [
| \ /

~, Packaging

- \ Distribution

_f-. . Storage

. Handling
’L?f) - ‘LJ‘ Transport

LIFE CYCLE
THINKING

End-of-life |
Collection Q ' . Maintenance
Recycling 7 / 5 s Repair
Energy recovery . E i
Landfilling




ANY QUESTIONS?

w Feel free to raise your hand and
ask at any time.

Ask & answer questions or
leave comments in the chat.
Feel free to also help each

other answer questions! ‘

Qe
an z

Participants Share Screen

Dr. Meike Sauerwein
08. April 2022

WSdE"Y20H

v X <« >»

¥ Raise Hand

©

psed Caption Reactions

W

Zoom Group Chat

From Me to Everyone:
| have a question

To: Everyone v Y File

Type message here...




...TO MAKE THINGS EASIER FOR ME ©

Please rename yourself so that ZOOM shows

1. your preferred name (how you want me to call you) and
2. your organizations name

e.q., M. Sauerwein (HKUST), or Meike (HKUST)

Since we are all interested in low carbon solutions:
Feel free to leave your video off while | am talking,
but | would appreciate if you cold turn it on for breakout rooms.

Dr. Meike Sauerwein
08. April 2022



* 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

OUTLI N E * Life Cycle Assessment Tools & Applications
PART 2 « Examples of common uses of LCA
« Using LCA results — what to pay attention to?

* Life Cycle Costing

» Key concept and examples

Dr. Meike Sauerwein
08. April 2022



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;
08. April 2022


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

SCOPE 3 EMISSIONS

INDIRECT UPSTREAM & DOWNSTREAM EMISSIONS THAT OCCUR IN THE VALUE CHAIN
(EXCLUDING INDIRECT EMISSIONS ASSOCIATED WITH POWER GENERATION (SCOPE 2)

Scope 1 Scope 3 ‘ ‘ ‘ ‘ ‘ ‘
DIRECT INDIRECT

SCIENCE
g S B B ? = D TARGETS
0000 - ] [—I J o n
company company investments franchises leased end-of -life treatment use of sold processing of transportation DRIVING AMBITIOUS CORPORATE GLIMATE ACTION
facilities vehicles assets of sold products products sold products & distribution

DOWNSTREAM ACTIVITES If scope 3 emissions
represent >40% of a

Scope 2 Scope 3 company'’s overall
INDIRECT INDIRECT emissions, the SBTi

o 88 B (@ > requires they set a
..d i i%,m %9 - §mm e o target to cover this

heating & cooling for own use & services goods related & distribution operations travel commute assots i m p a Ct

UPSTREAM ACTIVITIES

Dr. Meike Sauerwein Source: CDP, 2018: How can companies address their scope 3 greenhouse gas emissions?
08. April 2022 https://www.cdp.net/en/articles/companies/how-can-companies-address-their-scope-3-greenhouse-gas-emissions 6



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

SCOPE 3 EMISSIONS

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

‘ Purchased goods and
services (35,264)

N Capital goods (14,063)

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

10,354

10,000

8,000

8,000

4,000

Scope 3 emissions (in Mt CO,e)

‘ Use of sold products (1,135)

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?
08. April 2022 7


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

LIFE CYCLE STAGES OF A PRODUCT

) " o, | -
Lo : p 1o n
h ﬁ s

- _ ‘
Process: e.q., Food Processing,

%D

Processes. e.g., Farming, Product Assembly, Chemical
Mining, Oil extraction, ... Processing, ...
- ﬂ ﬂ -
e — — .

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
08. April 2022 8

Example: Life Cycle of a washing detergent, Source: The Sustainability Consortium ; hitos://www.sustainabilityconsortium.org/produci-categories/ (retrieved Oct 2018)



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

Processing,

LIFE CYCLE THINKING ey

Do ciaeie Production
CONCEPT Xtracton/rFroauction Of parts
Energy Solid Wast Energ{ SEHO-' Waste,
Life cycle thinking helps to ReSOUfCéS/ Emissions  Resources TISSIone
systematically identify a ll
product’s .
End of Life Assembly
° resource use (incl. financial Disposal/ Recycling
resources) ’ Emissions,
esources -
o Energy, ost 10 landfil REnergy, 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, SI(E)hd Waste, REnergy, Emissions
Dr. Meike Sauerwein Source: The Life cycle Initiative esources missions esSources

08. April 2022 9


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

. Processing,
Raw Material Production

LIFE CYC LE THINKIN G =xraction/Frodiction of parts

BENEFITS

Reduces the narrow focus
on just one or two stages.

ENERGY LABEL
B R R B

more efficient ¥
el

i 2

less efficient 8 HIE

Annual Energy Consumption eiriCoding)

I8

420

Cooling Capacity (kW) 364 1 ( FE ) 254

Refrigerant 3421 R410A

Room Air Conditioner ~ 2°ili##
Brand 2R ABC
Mun

Model 8IS . HK1234
Reference Number/Year ~ 8%/ 54 | U1-C180123/2018
IIIIIIIIIIIIII REE0NY: XYZ

MEM

#BTES Y EMSD

Dr. Meike Sauerwein Source: The Life cycle Initiative

08. April 2022

Solid Waste,
Emissions

|4

: Enerqy,
ngs\/s\%%tse, Resou?ges

End of Life Assembly

Disposal/ Recycling

Solid Waste,

Energy, Emissions Energy, Solid Waste,

Resources Resources Emissions
Use, Packaging,
Maintenance Distribution

. Solid Waste,

Energy, Solid Waste, Energy, Emissions
Resources Emissions Resources
10


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

. Processing,
Raw Material Production

LIFE CYC LE THINKIN G =xraction/Frodiction of parts

Solid Waste,

E - Energy, :
BENEFITS ~Energy, Solid Waste,  pCleiaY, Emissions
Indicates how changes in one Q
life cycle stage affect lth.e End of Life Accembl
resource use and emissions Disposal/ Recycling y

from other life cycle stages. Solid Waste,

Energy, Emissions Energy, Solid Waste,
Resources Resources Emissions
Use, Packaging,
Maintenance Distribution
S . Solid Waste,
Energy, Solid Waste, Energy, Emissions
Resources Emissions Resources
Dr. Meike Sauerwein Source: The Life cycle Initiative
11
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https://www.lifecycleinitiative.org/starting-life-cycle-thinking/what-is-life-cycle-thinking/

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
08. April 2022

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

e Life Cycle
nd r:}vl v\'v Assembly
: Assessment




THE FIRST LCA e
;

DRIN l" P 5 .
f"’fﬂ%
i BOTTLES
' FAMILY SIZE _

RE-USEABLE GLASS BOTTLE
VS
DISPOSABLE PLASTIC BOTTLE

7 N\

End of Life Material choice

Hunt et al. (1996) : LCA — How it came about — Personal reflections on the origin

Dr. Meike Sauerwein and the development of LCA in the USA, Intern. Journal of Life Cycle Assessment
08. April 2022 1 3



THE FIRST LCA

COCA COLA 1969

« Result: Contrary to expectation
« Study never published, Validity questioned
« Arguments over methodologies and comparability

- Call for standardization process

Dr. Meike Sauerwein
08. April 2022

14



e) International Organization for Standardization
When the world agrees

1SO 14041:1998 1ISO 14042:2000

Goa_l a]n_d scope Life cycle impact
definition and assessment

inventory analysis

ISO 14040:1997 ISO 14040:2006 ISO 14043:2000

Life cycle
interpretation

Principles and

Principles and
framework

Framework

1ISO 14044:2006

Requirements and
guidelines

or Meike Sauerwem Source: https://www.iso.org/developing-standards.html; http://slideplayer.com/slide/3381938/
08. April 2022 15



https://www.iso.org/developing-standards.html

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
08. April 2022

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

6. Characterizing (quantifying)

environmental Impacts

16



W English ~

E7e] nternational Organization for Standardization

ISO 14040 & 14044 When the world agrees
Scope

Normative references (ISO 14044)
Terms and definitions

General description of LCA
Principles; Phases; Key features; General concepts of product systems

5. Methodological framework

L=

Dr Metke Sauerveln Source: 1SO 14040:2006 & ISO 14044:2006
08. April 2022 17



LCA - METHODOLOGICAL FK

THE FOUR PHASES OF LCA

Dr. Meike Sauerwein
08. April 2022

AMEWOF

and Scope

Life Cycle Assessment Framework\

Goal

Definition

v 1

K[Assessment

Impact

Inventory
Analysis

4 3

Interpretation

_

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

pV W



LCA PHASES

1. Goal & Scope

2. LCI - Life Cycle
Inventory

3. LCIA - Life
Cycle Impact
Assessment

4. Interpretation

Dr. Meike Sauerwein
08. April 2022

GOAL STATEMENT

1. Reasons for conducting the study (why is the study done?)
2. Intended applications of the results (describes what a study does)

* |dentifying the parts of a product system that contribute most to its

environmental impact (i.e. “ hotspot identification”).

(analysis and * what-if ' scenarios in eco-design).

C—‘ﬁ“ —»

Single System Analysis Comparatlve Analy5|s

Source: 1ISO 14044:2006 — Chapter 4.2.2 Goal of the study; Hauschild et al. 2018 — Chapter 7

 Evaluating improvement potentials from changes in product designs

N}

R



GOAL STATEMENT

1. Reasons for conducting the study (why is the study done?)

LCA PHASES

2. Intended applications of the results (describes what a study does)
1. Goal & Scope

| * |dentifying the parts of a product system that contribute most to its
2.LCI - Lite Cycle environmental impact (i.e. “ hotspot identification”).

Inventory o _ . .
Evaluating improvement potentials from changes in product designs

3. I(_chlel\e_Ihwlfp?a ot (analysis and ‘* what-if ' scenarios in eco-design).
Assessment « Comparing environmental impacts of specific goods or services.

Documenting the environmental performance of products
(e.qg. in marketing using environmental product declarations or other types of
product environmental footprints).

Developing criteria for an eco-label.

4. Interpretation

Developing policies that consider environmental aspects.

Dr Metke Sauerwein Source: 1SO 14044:2006 — Chapter 4.2.2 Goal of the study; Hauschild et al. 2018 — Chapter 7
08. April 2022 20



LCA PHASES

1. Goal & Scope

2. LCI - Life Cycle
Inventory

3. LCIA - Life
Cycle Impact
Assessment

4. Interpretation

Dr. Meike Sauerwein
08. April 2022

GOAL STATEMENT

1. Reasons for conducting the study

2. Intended applications of the results

3. Audience - for whom are the results intended?

e.g., consumers, consumer organisations, companies (internal: managers, product
developers, etc. or external B2B), government, NGQOs, ...

Determines: which details of the study should be documented, the technical level of
reporting & interpretation of results

4. Comparative studies to be disclosed to the public (follow ISO standard)

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

21



MINI-EXERCISE |

GOAL STATEMENT
— TOYOTA MIRAI

i oV

What is the GOAL of Toyota for doing LCA for
their MIRAI model?

* Intended applications of the results?
« Target Audience?
« Any limitations, conflicts of interest or biases?

Dr. Meike Sauerwein

, Source: Toyota, The MIRAI Life Cycle Assessment for communication
08. April 2022

@ TOYOTA

The MIRAI

Life Cycle Assessment Report

Responsible person:

22


https://www.toyota-global.com/sustainability/environment/low_carbon/lca_and_eco_actions/pdf/life_cycle_assessment_report.pdf
https://global.toyota/pages/global_toyota/sustainability/esg/challenge2050/challenge2/life_cycle_assessment_report_en.pdf

1. Goal of the Study

MINI-EXERCISE | packground

There are multiple kinds of powertrains which show outstanding environmental performance in reduction of emissions

and pollutants during use phase of vehicles. However assessment of the environmental performance should consider all
impacts throughout life cycle of a vehicle from cradle to grave. On release of the world first volume production fuel cell
G O A L S TAT E M E N T vehicle the “MIRATI”, TOYOTA conduct life cycle assessment (hereinafter referred to as “LCA™) over the comparable
gasoline and gasoline hybrid vehicles as reference models.
)
— TOYOTA MIRAI

Objectives
We have been conducting LCA for all our passenger vehicles and components from 1997, and observed all of them
achieve better environmental performance than their predecessors. The summary of the results have been transparently

displayed in each brochure to potential customers and to the public.

What is the GOAL of Toyota for
. . Now we release the results of the “MIRAI”, compared with the relevant reference models, GV and GV hybrid. This
d O | n g I_CA fO r t h e | r I\/l | R A | m O d e | ? time, the assessment procedures are substantially focused on its unique conditions in its powertrain the “Fuel Cell” and

the energy source “Hydrogen”. We consider the impacts of sources of the hydrogen used to propel the “MIRAI” as well

o ' ' ?
l N te N d ed a p p I IC at 10NS Of t h eresu |tS ’ as the fuel cell components’ efficiency, its constitution of materials and production processes. (Environmental gains of

° S | N g | e Syste M Or com p a rat |Ve ana |y S | S ,? fuel cell vehicles, whose energy source is hydrogen, depend on how the hydrogen is produced and transported and how
. effectively it is converted. We are considering the multiple options of hydrogen sources from fossil fuels to renewable
 Target Audience?

energy, transportation methods, on-site or off-site.)

Target audience
Wh at tO pay atte ntl on to? The results will be used to communicate externally not only with customers but also with hydrogen suppliers and

governmental organizations of each region. Simultaneously, we internally feedback analysed results, such as what
Dr. Meike Sauerwein

08. April 2022

material or process has big impact on total vehicle life to our development divisions to help improve future models.



GOAL STATEMENT

EXAMPLE: TOYOTA MIRAI

SH000
Intended applications of results = ? ¥
, , _ Consequential -
» Supporting marketing / performance claims @
. o N
* Inform decisions by stakeholders CLIE A L
. Comparative Analysis
 Improve product or process design
@ TOYOTA

Comparison with “relevant reference models, Gasoline Vehicles and GV hybrid TN

Target audience

‘The results will be used to communicate externally not only with customers but also

with hydrogen suppliers and governmental organizations of each region. ez e

Simultaneously, we internally feedback analysed results,[...] to our development e s

divisions to help improve future models.’

https://www.toyota-global.com/sustainability/environment/low_

Dr. Meike Sauerwein carbon/ica_and_eco_actions/pdf/life_cycle_assessmeht_report.pdf

08. April 2022


https://www.toyota-global.com/sustainability/environment/low_carbon/lca_and_eco_actions/pdf/life_cycle_assessment_report.pdf

LCA PHASES

1. Goal & Scope

2. LCI - Life Cycle
Inventory

3. LCIA - Life
Cycle Impact
Assessment

4. Interpretation

Dr. Meike Sauerwein
08. April 2022

FUNCTIONAL UNIT

 The functional unit is a measure of the function of the studied system
* Provides a reference to which the inputs and outputs can be related
» Enables comparison of two essentially different systems that fulfil the same

\

unit function (offer the same service)

« Examples

» The functional unit for a paint system may be defined as the amount of paint
needed to cover 1m? surface protected for 10 years (e.g. 2L of paint)

» The functional unit for power generation systems may be defined as 1kWh of
electricity

Source: 1ISO 14044:2006 — Chapter 4.2.2 Goal of the study; Hauschild et al. 2018 — Chapter 7

25



FUNCTIONAL UNIT

Why do we need to define a functional unit

LCA PHASES Functional Unit;
1. Goal & Scope 1 liter of milk

» Functional unit: comparison of products on the
basis of equivalent function, for example:
comparison of 2 packaging systems for 100

2. LCI - Life Cycle litres of milk by (a) 100 disposable cartons or

Inventory (b) 1 reusable bottle :instead of
3. LCIA - Life comparison of 1 carton and 1 bottle.
Xyde Impae{:t CRaNAROIO » Functional unit is basis for comparison
ssessmen BIOLOGICO
- s f = T ==
4. Interpretation [ ] gz g (B
s N
0G Sz
iz ) ) ) e ) ) )
e B ) ) ) )
s ) o ), ) ) ) -
e (50 o o L
| TEZAZiZiiiii

Dr Metke Sauerwein Source: 1SO 14044:2006 — Chapter 4.2.2 Goal of the study; Hauschild et al. 2018 — Chapter 7
08. April 2022 26



LCA PHASES

1. Goal & Scope

2. LCI - Life Cycle
Inventory

3. LCIA - Life
Cycle Impact
Assessment

4. Interpretation

Dr. Meike Sauerwein
08. April 2022

SCOPE OF THE ASSESSMENT

SYSTEM BOUNDARY

‘-:‘:, cradle-to-grave

oo

i+

cradle-to-gate

gate-to-gate

Life cycle Phases

phase Life
Life cycle stages
| Extraction Processing Production‘ Use Dispos.al,
/Production Ingredients Recycling
of Raw
Materials

27



SCOPE OF THE ASSESSMENT
SYSTEM BOUNDARY

Cradle to A Cradle to Gate
LCA PHASES e Grave A Raw material assessments of all

1. Goal & SCOpe Disposal l extraction and supply bUIldlng prOdUCtS

c3

A2

. Transport to
2. I_Cl = |_|fe CyC|e _Wa?te Reuse manufacturing
| nvento r rgjggers:ér;%e?\; ...... Recovery plant
y or recycling = Eeu(t::‘r:lltl-lr;?
3' LClA - Llfe c2 Manufacturing
==z " " " and facbrication
Cycle Impact Jransport _l_ o Cradie to gravh
- (o B including benef§
Assessment facility and loads beyo
. the system
4. Interpretation ﬁ boundary
= Transport to
project site
c1 com n

Destruction and

demolition o

Bl Use

B2 Maintenance

B3 Repair

B4 Replacement

B5 Refurbishment
B6 Operation Water
B7 Operation Energy

Dr. Meike Sauerwein Source: Civic Exchange, HKGFA, 2020: Decarbonising Hong Kong Buildings Policy Recommendations and Next Steps|
08. April 2022 28

As Cradle to Site

Construction

and installation assessments of all
preee building products



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

LCA - METHODOLOGICAL FK

THE FOUR PHASES OF LCA

Dr. Meike Sauerwein
08. April 2022

AMEWOF

and Scope

Life Cycle Assessment Framework\

Goal

Definition

v 1

K[Assessment

Impact

Inventory
Analysis

4 3

Interpretation

_

Source: 1SO 14040:2006 & ISO 14044:2006
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LIFE CYCLE INVENTORY

DATA SOURCES

Primary Data
 Process data

 Governmental statistics

* Surveys

Secondary data (Background

data)

* Life Cycle Databases

« Published LCA reports
§acad_em|c literature or reports
ollowing ISO 14044)

Dr. Meike Sauerwein
08. April 2022

f
g Life Cycle
&

Life Cycle
Assessment

y

. . S 4
Cleaner '

Production

=

FUEL WATER

S

Soybean
farming

EMISSIONS
TOAIR

EMISSIONS
TO WATER

EMISSIONS
TOSCIL

Ha

Transport to
production
plant

!
e

EMISSIONS
TOAIR

L
N/
SUGAR, OTHER

INGREDIENTS ~ CHEMICALS

O 4

WATER ELECTRICITY

Production
of soy drink

!
Ve

EMISSIONS
TOAIR

(]

CHERICAL &
S0OLD WASTE

ﬂ F
=
EMISSIONS
TO WATER

30




LIFE CYCLE INVENTORY
DATABASES /\m AIW i)

i NV

\

«  GaBi eco

services EUROPEAN OOMMISSIDN

4 s“’

* Ecoinvent S | ,
v (@ L35 [soca
« Around 18000 LCI datasets, PsiLca (U I / /

social database

* aggregated and disaggregated mgb daj % @

» 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
08. April 2022 31


http://www.itke.com.cn/

LCA - METHODOLOGICAL FRAMEWOR

THE FOUR PHASES OF LCA

Life Cycle Assessment Framework\

Goal 4 )
and Scope
Definition
Inventory
Analysis
Impact
Assessment
K \_ /

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

Interpretation

Dr. Meike Sauerwein
08. April 2022
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LCA PHASES

1. Goal & Scope

2. LCI - Life Cycle
Inventory

3. LCIA - Life
Cycle Impact
Assessment

4. Interpretation

Dr. Meike Sauerwein
08. April 2022

LIFE CYCLE IMPACT ASSESSMENT (LCIA)

Classification (mandatory)

2. Characterization (mandatory)
3. Normalization (optional)

4. Weighting (optional)

LIFE CYCLE IMPACT ASSESSMENT

Mandatory elements

Selection of impact categories, category indicators and characterization models

1 |

Assignment of LCI results (classification)

-

Calculation of category indicator results (characterization)

TN 0

-

=

Category indicator results, L.CIA resuits (LCIA profile)

-

Optional elements

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

Grouping
Weighting

33



LC'A - Life Cycle Impact Assessment

CLASSIFICATION

Dr. Meike Sauerwein
08. April 2022



CLASSIFICATION INTO ENVIRONMENTAL CATEGORIES

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

Production Distribution Disposal / Recycling

or Melke Sauerwein Source: 1SO 14044
08. April 2022 =



CLASSIFICATION INTO ENVIRONMENTAL CATEGORIES

Production Disposal / Recycling

Dr. Meike Sauerwein
08. April 2022
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LC'A - Life Cycle Impact Assessment

CHARACTERIZATION

Dr. Meike Sauerwein

08. April 2022
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CHARACTERIZATION — QUANTIFYING THE POTENTIAL
IMPACT OF A GROUP OF CHEMICALS

Example:

Characterization

Greenhouse Gas factor s s,
Emissions Inventory Value | *| (Climate Change) |= | Impact Potential ;

Co; co, MO CH, 25 [kg CO,-Equivalent] .

CO, CLIMATE CH4CH
CHANGE ‘ 50 [kg CO,-Equivalent]

Ca|CU|ating hOW -------------------------------------------------------------
strongly a certain

chemical contributes to
the potential
environmental damage.

Dr. Meike Sauerwein

08. April 2022 1 kg CH, is equivalent to the impact of 25 kg CO, 38

------------------------------------------------------------




CHARACTERIZATION OF POTENTIAL
ENVIRONMENTAL IMPACTS

I Classification | : Characterization
: Potential to ch
OEIEVACKGRERN kg CO,-equivalents ir?eennelragy(/) t(;rsggi;r?
greenhouse gas the atmosphere
|

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

OE|ECIVAGCRC NI kg O,-equivalents Smog formation
(tropospheric) ]

Potential

L _FRroduction _ _ _ _ _ _ S

or Melke Sauerwem Related reference: eplca.jrc.ec.europa.eu/uploads/ILCD-Handbook-LCIA-Background-analysis-online-12March2010.pdf
08. April 2022 39



WHAT ARE COMMON LCA TOOLS?

LCA SOFTWARE TOOLS

~~ | SimaPro

e SimaPro opPenLca :
L 4 thinkstep
« Most widely adopted; produced by Pre Consultants (Netherlands) w7 GaBi

« Comes preloaded with many databases

« Can model whole product systems using aggregated or disaggregated
datasets

e 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
08. April 2022 40



LCA PHASES

1. Goal & Scope

2. LCI - Life Cycle
Inventory

3. LCIA - Life
Cycle Impact
Assessment

4. Interpretation

Dr. Meike Sauerwein
08. April 2022

LIFE CYCLE IMPACT ASSESSMENT (LCIA)

LIFE CYCLE IMPACT ASSESSMENT

Mandatory elements

Selection of impact categories, category indicators and characterization models

1 |

Assignment of LCI results (classification)

-

Calculation of category indicator results (characterization)

TN 0

3. Normalization (optional)

-

N
)
)
)
J

Category indicator results, L.CIA resuits (LCIA profile)

-

4, Weighting (optional) optonal stments

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

Grouping
Weighting

41



REFERENCE LITERATURE

Case Study: The Sustainability Consortium, 2013:
Life Cycle Impact Study of Leave-on Skin Care Products

Packaging - A
top cap (PP)

%

#

— | Plastic bottle

2 (HDPE)

B Small Plastic Packaging

Plastic

cap (PP)
_ P g’[ Plastic -‘
A= S cane)
Ty

B Glass Packaqging Plastic |

bottle
(T

(HDPE ) |

Large Plastic Packaging

Dr. Meike Sauerwein
08. April 2022

Plastic tube
(HDPE)

£

SUSTAINABILITY
CONSORTIUM

Life Cycle Impact Study of
Leave-on Skin Care Products

Plastic flip top
cap(HDPE)

)~

" Med Packaging

42



Packaging
Packaging Transport [l 2000km S Packaging Transport

g

(HDPE )
Plastic Plastic Plastic — R

Production Production Production
Raw material Extraction Transport of raw Oil Refining Polymerization M'eltlng Mouldmg to
Oil Extraction materials & HDPE Eellet Plastic Pellets desired Transport
Production (125°C) shape anspo [y

Lotion (Formulation)

Formulation Transport i
rewmp)

()
g Formulation Transport
rowm

Y

Raw material Extraction Transport of raw Oil Refining Chemical & Processing ) . R - -
Qil Extraction materials Petro-based ingredients Transport of ingredients r.‘ () [_Plastic Recycling |
2000km - 2000km ah\
1 | e
A |8 _
TLQATIAN ° © 1=\ == LLEC, —
r.- () Raw material Processing || Ingredient Production ré- ()
Raw material Production Extraction of Palm (Palm/Coconut oil-
Palm, Coconut Farmi Transport of raw Kernel Oil, Coconut Oil based Product ingredi
alm, Coconut Farming materials ernel Oil, Coconut Oi ased Products) Transport of ingredients
Dr. Meike Sauerwein

08. April 2022



ENVIE

Dr. Meike Sauerwein
08. April 2022

\ONMENTAL IMPACT CATEGOR

ES

A4



ACTIVITY

£
LCA — RESULTS OF @

LOTION & PACKAGING  °poemenan

provided on link

1. Which life cycle processes produce the highest
Environmental Impacts (hotspots). Which processes
seem negligible?

2. What has larger impacts — the lotion or the packaging?

Groups 1-5: Groups 6+:
Lotion in Plastic Packaging  Lotion in Glass Packaging

Plastic |

; ’ cap (PP)
1 Plastic
R ‘ cap (PP)
Plastic ‘

| Glass jar

(Borsilicate glass)
£

N

bottle
(HDPE)

Dr. Meike Sauerwein a
08. April 2022

100.
90. -
80. -

" End of Life

Distribution
Transport

¥ Packaging
Transport
Plastic
Packaging

" Manufacturing
of Lotion

¥ Formulation
Transport

B Formulation

Figure 9: Characterized Results for Large Plastic Packaged Lotion



A ' Plastic |
Plastic P cap (PP)

~620 mL lotion

cap (PP)
_ ~15 mL lotion

| Sesir || 69 g packaging il [ Pt 161 g packaging
N Product to Package ratio: 0.22 /. Lwore) || Product to Package ratio: 3.85

100.
- —
_ - 100.
: I m 90. 1

i " Distribution 80.
S Transport
W= Packaging 70.
| Transport 60 | | -
Packaging '
| 2 50. Distribution
" Manufacturing | ansport
l of Lotion 40. " Packaging
® Formulation 30. - Hggﬁgon
e,;\\é\ Transport P -
B Formulation 20. 1 " Manufacturing
10. - of Lotion
¥ Formulation
0. Transport

B Formulation

Dr. Meike Sauerwein
08. April 2022




BREAK
UNTIL 15:48

Dr. Meike Sauerwein
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LC'A - Life Cycle Impact Assessment

NORMALIZATION

Dr. Meike Sauerwein
08. April 2022
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LCIA — RESULTS (AFTER CLASSIFICATION AND GHARAGTERIZATION)
EXAMPLE: LCA OF SKIN GARE PRODUCTS (SMALL GLASS PACKAGED LOTION )

Plastic

i cap (PP)

| Glassjar

Which life cycle

(Borsicate glass)

process has
the highest
impacts
(hotpots)?

Dr. Meike Sauerwein
08. April 2022

Impact category
Unit

Formulation
Formulation Transport

Manufacturing of Lotion
Glass Packaging
Packaging Transport
Distribution Transport
End of Life

Climate change

Terrestrial acidification

Freshwater eutrophication

kg CO2eq kg SO2 eq kg P eq
1.20E-02 5.70E-05 5.70E-07
1.00E-02 2.60E-05 1.20E-08
5.20E-04 3.30E-06 3.10E-08
9.60E-02 6.20E-04 2.70E-06
5.10E-02 1.30E-04 6.10E-08
3.10E-02 8.30E-05 3.70E-08
6.10E-03 1.80E-06 9.20E-09

(based on ReCiPe midpoint impact assessment methodology)
The Sustainability Consortium, 2013: Life Cycle Impact Study of Leave-on Skin Care Products

49



LCIA — RESULTS (AFTER CLASSIFICATION AND GHARAGTERIZATION)
EXAMPLE: LCA OF SKIN GARE PRODUCTS (SMALL GLASS PACKAGED LOTION )

Plastic
-Cap e Impact category
- Gassjar Unit
= Formulation
Formulation Transport
Which life Manufacturing of Lotion
cycle Glass Packaging
Packaging Transport
process has —
: Distribution Transport
T[he highest End of Life
Impacts
(hotpot)?

| ecCotloxiIcIty €4

Climate change

Terrestrial acidification

Freshwater eutrophication

kg CO2 eq kg SO2 eq kg P eq
0.01 0.0001 0.00000057
0.01 0.0000 0.00000001
0.00 0.0000 0.00000003
0.10 0.0006 0.00000270
0.05 0.0001 0.00000006
0.03 0.0001 0.00000004
0.01 0.0000 0.00000001

Dr. Meike Sauerwein
08. April 2022

Source: The Sustainability Consortium, 2013: Life Cycle Impact Study of Leave-on Skin Care Products
(assessment based on ReCiPe midpoint impact assessment methodology)




NORMALISATION APPROACHES AND METHODS

EXAMPLES: INTERNAL NORMALIZATION

Normalization: dividing the results by a factor in

order to convert the results to a common scale.

Approach Principle Method Definition Sources and examples
Internal Impacts are  Division by Characterised indicator results for several alternatives are divided by | Laurent and Hauschild (2015); Norris (2001)
normalisation normalised baseline the scores obtained for one alternative (=baseline).

with

references Division by Characterised indicator results for several alternatives are divided by | Laurent and Hauschild (2015); Norris (2001) Norris and

linked to the | Maximum the scores obtained for the alternative with the highest score in each | Marshal (1995)

alternative(s)? Impact category

?ﬁsestse[? n Division by Characterised indicator results for several alternatives are divided by | Laurent and Hauschild (2015); Norris (2001); Norris and

€ study sum the sum of the scores obtained for all alternatives Marshal (1995)
QOutranking Use of pairwise comparisons to evaluate the significance of mutual Prado-Lopez et al. (2014)

normalisation  differences from characterised indicator results and to reflect impact
categories with critical differences between alternatives. The method
is non-linear.

Dr. Meike Sauerwein
08. April 2022 51



NORMALIZATION

EXAMPLE - INTERNAL NORMALIZATION

Plastic tube
/ (HDPE)

= Med Packagin

For studies that are
comparing several
alternatives

Plastic
cap (PP)
Glass jar
I o le=a)
=

B Glass Packaging

/| Plastic |

1 cap (PP) ‘

.\

Plastic flip top
cap(HDPE

9

EGIass Packaging ®Small Plastic Packaging ™Med Packaging

Large Plastic Packaging

Plastic flip Plastic
top cap (PP) bomﬂ
® Small Plastic Packaging (HDPE
Plastic bottle l
(HDPE)
Oz
" Large Plastic Packaging
Approach Principle Method Definition Sources and examples
Internal Impacts are | Division by Characterised indicator results for several alternatives are divided by  Laurent and Hauschild (2015); Norris (2001)
normalisation normalised baseline the scores obtained for one alternative (=baseline).
with
T Division by Characterised indicator results for several alternatives are divided by | Laurent and Hauschild (2015); Norris (2001) Norris and
linked to the | maximum the scores obtained for the alternative with the highest score in each | Marshal (1995)
alternative(s)? Impact category
taljsestsec-:j:l n Division by Characterised indicator results for several alternatives are divided by  Laurent and Hauschild (2015); Norris (2001); Norris and
€ study sum the sum of the scores obtained for all alternatives Marshal (1995)
Outranking Use of pairwise comparisons to evaluate the significance of mutual Prado-Lopez et al. (2014)

Dr. Meike Sauerwein
08. April 2022

narmalisation

differences from characterised indicator results and to reflect impact
categories with critical differences between alternatives. The method
is non-linear.




ENVIRONMENTAL IMPACTS OF DRINKING STRAWS

O Steelstraw @ Glassstraw © Bamboo straw

@ Plastic straw @ Paper straw

500x reuse 100x reuse 50x reuse « Comparative analysis of systems —in
Climate change each environmental impact category the
o 100% — . . . . .
Freshwater ecotoxicity S Ozone depletion product with highest errglss,lons is used
oo W N for normalization (=100%)
Human toxicit . N :
(non-oarcinogenig; | ] ParthUIate matter Approach Principle Method Definition
(al r pO”UtIOﬂ) Internal Impacts are  Division by Characterised indicator results for several alternatives are divided by
normalisation nqrmalised baseline the scores obtained for one alternative (=baseline).
\:Ielft:rences Division by Characterised indicator results for several alternatives are divided by
linked to the | maximum the scores obtained for the alternative with the highest score in each
: i/ ; alternative(s)® impact category
H uman tOXICIty 1 PhOtOChem IC.aI aﬁsessed in Division by Characterised indicator results for several alternatives are divided by
(Ca rcinogenic) ozone fo rmat|on the study sum the sum of the scores obtained for all alternatives
(air poIIution) Outranking Use of pairwise comparisons to evaluate the significance of mutual

Cumulative
energy demand

y Acidification

,
Eutrophication Water depletion
Resource
consumption
Dr. Meike Sauerwein
08. April 2022

differences from characterised indicator results and to reflect impact
categories with critical differences between alternatives. The method
is non-linear.

normalisation

Source: Zanghelini et al. 2020: Comparative life cycle assessment of drinking straws in Brazil, Journal of Cleaner Production
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NORMALISATION APPROACHES AND METHODS

EXAMPLES OF EXTERNAL NORMALIZATION

Approach Principle Method Definition Sources and examples
External Impacts are  Global Characterised indicator results of the system(s) under study are Huijbregts et al. (2003); Itsubo et al. (2015); Sleeswijk et
normalisation normalised normalisation | divided by the characterised indicator results of the total activities al. (2008); Stranddorf et al. (2005)

with taking place in the world over the reference duration (assumed

references balance between consumption and production)

that are

Dr. Meike Sauerwein
08. April 2022

external and
thus
independent
of the object
of the LCA.

Production-
based,
territorial
systems

Characterised indicator results of the system(s) under study are
divided by the characterised indicator results associated with all
territorial activities in a region or country, including its exports but
excluding its imports, thus accounting for all environmental flows that
take place within the physical or geographical boundaries of that
region/country over the reference duration

Bare et al. (2006); Breedveld et al. (1929); Cucurachi et
al. (2014); Dahlbo et al. (2013); Foley and Lant (2009);
Huijbregts et al. (2003); Itsubo et al. (2015); ltsubo et al.
(2012); ltsubo et al. (2004); Kim et al. (2013); Laurent
and Hauschild (2015); Laurent et al. (2011a); Laurent et
al. (2011b); Lautier et al. (2010); Lundie et al. (2007);
Ryberg et al. (2014); Sala et al. {2015); Sleeswijk et al.
(2008); Stranddorf et al. (2005); Strauss et al. (20086);
Wenzel et al. (1997)

Consumption-

based,
territorial
systems

Characterised indicator results of the system(s) under study are
divided by the characterised indicator results associated with the total
territorial consumption of a region/country, including its imports but
excluding its exports. It thus accounts for the environmental flows
from all upstream and downstream processes needed to support the
consumption activities of that region/country over the reference
duration, including those that occur outside its physical or
geographical boundaries as a consequence of the activities taking
place within that region or nation.

Breedveld et al. (1999); Dahlbo et al. (2013); Laurent
and Hauschild (2015)

Source:

54
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NORMALIZATION

EXAMPLE - EXTERNAL NORMALIZATION

/P

lastic |

1 / cap (PP) |
y [ Plastic |

}/ bottle

(HDPE

I

Large Plastic Packaging

Impact assessment

The ReCiPe midpoint impact assessment methodology (world normalization, hierarchist perspective)
ReCiPe World Midpoint Hierarchist is used to normalize and characterize the results.

«  ‘World’ refers to the impa

ngrmglizg!ign rgfgrgn@ H”i!-

Dr. Meike Sauerwein
08. April 2022

6.0E-04

5.0E-04

4.0E-04

3.0E-04

2.0E-04

1.0E-04

HEnd of Life

“ Distribution Transport

¥ Packaging Transport
Packaging

¥ Manufacturing of Lotion

® Formulation Transport

B Formulation

(assessment based on ReCiPe midpoint impact assessment methodology)

Source: The Sustainability Consortium, 2013: Life Cycle Impact Study of Leave-on Skin Care Products
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LC'A - Life Cycle Impact Assessment

WEIGHTING

Dr. Meike Sauerwein
08. April 2022
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LCIA — RESULTS (AFTER CLASSIFICATION AND GHARAGTERIZATION)
EXAMPLE: LCA OF SKIN GARE PRODUCTS (SMALL GLASS PACKAGED LOTION )

Plastic
Cap (PP) Impact category Climate change [Terrestrial acidification |Freshwater eutrophication
_ Unit kg CO2eq kg SO2 eq kg P eq
=2 .
—— Formulation 0.01 0.0001 0.00000057

Formulation Transport 0.01 0.0000 0.00000001
Manufacturing of Lotion 0.00 0.0000 0.00000003
Glass Packaging 0.10 0.0006 0.00000270
Packaging Transport 0.05 0.0001 0.00000006
Distribution Transport 0.03 0.0001 0.00000004
End of Life 0.01 0.0000 0.00000001

Is 0.1 kg CO,eq worse
than 0.006 kg SO,eq?

(based on ReCiPe midpoint impact assessment methodology)

or Melke Saverwein The Sustainability Consortium, 2013: Life Cycle Impact Study of Leave-on Skin Care Products

08. April 2022



LCIAMETHODOLOGIES

WEIGHTING

Can be used
to consolidate
A the results into

a single score

5

£g

G_) AN

O =,

Terrestrial Acidification
[kg SO, eq]

v

Sources:
Dr. Meike Sauerwein
08. April 2022 Carbon Leadership Forum, 2019: Life Cycle Assessment of Buildings: A Practice Guide

Weighting (optional)

A weighting scheme is a set of factors
that ranks the relative importance of
each impact category. You can consult a
weighting scheme to decide how much
importance to assign to each impact
category. If you want to produce a single
environmental “score” from your results,
you can multiply each impact with its
weighting factor and sum the results to
produce a single value.

Weighting is a controversial practice
because it adds subjective judgment to
quantitative analysis. For this reason,
weighting is not commonly performed in
LCAs. That being said, it should be noted
that an analysis that only considers carbon
or GWP takes the form of a weighting
scheme that assigns 100% of the weight to
carbon and zero to other impacts.

58
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https://link.springer.com/article/10.1007/s11367-020-01790-0
https://link.springer.com/article/10.1007%2Fs11367-016-1199-1

CHALLENGES AND OPPORTUNITIES OF
NORMALIZATION AND WEIGHTING

« Normalization and weighting are optional steps in LCA

« Can be crucial for providing support information to decision-makers, allowing
them to avoid subjective weighting of different environmental impacts

* The main criticism regarding normalization is the bias due to the choice of
normalization references - may change the conclusions drawn from the LCA

« But they are still frequently applied in practice for
* identifying “important” impact categories,
 understanding the meaning of results by comparing with more familiar references
* solving tradeoffs between results

Dr. Meike Sauerwein
08. April 2022 59


https://link.springer.com/article/10.1007%2Fs11367-016-1199-1
https://link.springer.com/article/10.1007/s11367-020-01790-0

LIMITATIONS OF LIFE CYCLE ASSESSMENTS

« Hugh amount of high-quality data required
 data can be inadequate, lacking or confidential - assumptions necessary
 time & resource & cost intensive - Doing LCA for millions of products - impossible task

« LCA results not universally true for all different locations, times, societies - comparability can be low
e.g. environmental performance of EV depends on local electricity system

« “Best estimate” - Principle
» LCA models based on the average performance and don’t consider risk events
e.g. nuclear power appears environmentally friendly in LCA as the risk of a nuclear disaster is not considered

« LCA doesn’t by default show where (globally) how much of which emissions occur (but regionalization
approaches become popular)

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

« 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

 Published reports may not be comparable or incomplete
e.g. publishing only GHG emission, setting boundaries arbitrarily, different functional units

Sources: Baldwin, 2012: Sustainability in the Food Industry — Chapter 5;

Dr. Meike Sauerwein Reisch and Thggersen, 2015: Handbook of research on sustainable consumption — Chapter 9;
08. April 2022 Shao, 2016: Are present sustainability assessment approaches capable of promoting sustainable consumption? A cross-section review on
- AP information transferring approaches 60



LCA LIMITATIONS

COMPARABILITY

OF RESULTS

e.g.,

Differences in functional units

Dr. Meike Sauerwein
08. April 2022

A Qg protein D

GHG Emissions
(kg COeq)
25

Beef (beef herd) 724
Lamb & Mutton 757
Beef (dairy herd) 490

0

Crustaceans (farmed) 1.0k
Cheese 1.9k

Pig Meat 116

Fish (farmed) 612
Poultry Meat 326

Eggs 100

Tofu 354

Groundnuts 100

Other Pulses 115 =

Peas 438 =
Nuts 199 =
Grains 23k

B Te>!

Milk 1.8k
Soymilk 354

¢ Tl keal>!

Cassava 288

Rice (flooded) 7.8k
Oatmeal 139

Potatoes 604

Wheat & Rye (Bread) 8.8k
Maize (Meal) 6.2k
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WHO USES
LIFE CYCLE ASSESSMENT
- AND WHY?

Dr. Meike Sauerwein
08. April 2022
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LIFE CYCLE ASSESSMENT IN PF

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 product developrert sustainable

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

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

‘We help you integrate sustainability
througholtt the building and construction
wvalue chain to foster growth and technology.

E==mE proftaoity -
=
ol Y
Chemicals & Life Metals, Mining & Services & Public
Science Manufacturing Sector

Let us help you simplify and strengthen
innawation, transparency, and reporting:

Use our proven methodologies and
consistent data to show the world what

Reduce energy intensity, develop
attematives, ana optimise supply chains
with the right data on demand. to establish aedible L ility is really worth,

Dr. Meike Sauerwein
08. April 2022

ACTICE

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
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Dr. Meike Sauerwein
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LIFE CYCLE ASSESSMENT IN PRACTICE

RETAIL
Walmart

Walmart has committed to science-based targets for emissions reduction,
Including 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 and 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 S _
ource:
08. April 2022 65

*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. PRODUCT LIFE CYCLE ASSESSMENT SsramasiLiy
IDENT'IFYING HOTSPOTS & AREAS FOR IMPROVEMENT

% e - %; N

Py /\

IR Ml &

v =

FEED PRODUCTION . FEED STORAGE CHICKEN

& HARVEST AND PROCESSING PRODUCTION TRANSPORTATION

~>e L0 Y =
— b W
0 & ®
Ay
[V TR
END-OF-LIFE CONSUMER RETAIL&FOOD SACKAGING SLAUGHTER,
DISPOSAL USE SERVICE PROCESSING, COOKING

& Land & Ecosystems P Health, Safety & Rights g Animal Welfare il

l!’ Climate & Energy @ Water Us

Dr. Meike Sauwernaein
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https://www.sustainabilityconsortium.org/what-we-offer/measurement-reporting-system/#av_section_2

2, CHICKEN

b 5 SUPPLY CHAIN HOTSPOTS

THE

SUSTAINABILITY
CONSORTIUM

m FEED PRODUCTION & HARVEST

s

o~
Y.

X
v

E END-OF-LIFE & DISPOSAL A FS

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.

(1)

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.

J & .

] [

L. FEED STORAGE & PROCESSING

mii

CONSUMER USE

2

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

ol

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

™ Climate & Ener Water Use ‘! Land & Ecosystems @ Health, Safety & Rights ‘:’ Animal Welfare
v ay ¥ y g

00000
20

o

Energy consumption - Animal
farm operations: Chicken

housing operations use electrici-

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

CHICKEN PRODUCTION Bk

Lo R
'2‘

e ﬁ@fw e

RETAIL & FOOD SERVICE PACKAGING

s

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® | ©2017 Ari

Joouer

TRANSPORTATION

SLAUGHTER, PROCESSING & COOKING el o

00

o

Labor rights - Animal farm

operations: Workers, especially
women and migrants, may face
labor issues including unfair pay.

zona State University And University of

& 2

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

Arkansas




COFFEE

SUPPLY CHAIN KEY PERFORMANCE INDICATORS

2. FORMULATION OF KEY

CONSORTIUM™

PERFORMANCE INDICATORS

g 2
n ' i
COFFEE BEAN PRODUCTION

00000 o Y
00000 ©

Key Performance Indicator (KPI):
A quantitative or qualitative
measure used to assess and
track performance toward
addressing key sustainability
issues for consumer goods.

Key Performance Indicator (KPI):

A quantitative or qualitative Crop supply mapping
re used to assess and
HOTSPOTS
Labor rights - On-farm Worker health and safety -
On-farm
HOTSPOTS HOTSPOTS

B

o

% END-OF-LIFE & DISPOSAL

Access to opportunities
for smallholder farmers

HOTSPOTS
1]

Yield - On-farm
HOTSPOTS

00

COFFEE BEAN PROCESSING

e

®

=lsd CONSUMER USE

Child labor use - On-farm

HOTSPOTS

Worker health and safety -
Processing

HOTSPOTS

o

Sustainability Topics: (fb Climate & Energy ‘ Water Use é Land & Ecosystems & Health, Safety & Rights

ol

Deforestation and land
conversion - On-farm

HOTSPOTS

Packaging raw material
sourcing

HOTSPOTS

o

Fertilizer application -

On-farm

HOTSPOTS

Sustainable packaging design

HOTSPOTS

®

==
oL

TRANSPORTATION

RETAIL & FOOD SERVICE Erulpes)

Greenhouse gas emissions Irrigation water use intensity -

intensity - On-farm On-farm
HOTSPOTS HOTSPOTS

o o

Transportation to retailers

HOTSPOTS

®

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
08. April 2022

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

LIFE CYCLE ASSESSMENT IN PRACTICE

RETAIL Walmart
. . Beauty and Personal Care
« |dentify hotspots (bottlenecks) of environmental Product Sustainability 0
' Rating System THE_ IR
impacts of products | SUSTAINABILITY
. . . CONSORTIUM
 Selection of relevant indicators to measure ﬂ 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 OACKAGING R
these indicators. e SIS s
Zaf.b Suslair;ablestr:urcing 15/10 4/8
Target group PR
Retailers [...] may voluntarily use this tool to independently i T R o R
evaluate product sustainability, with scores intended to remain | p . ot ot st . T
confidential between retailer and supplier. 4 Fomulaton - Chemicl selecion 5 a8
S —— g

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

08. April 2022 https://www.sustainabilityconsortium.org/wp-content/uploads/2018/04/TSC%C2%AE-BPC-Product-Sustainability-Rating-System. pdf 70
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THESIS PRODUCT, FI\NDEB@.’,; :

D, BEVERAGENAND

A

GENERAL MERCHANDISE

WAL

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,
And Waffle Mixes

»THESIS
s .

canned Meat and pPoul

snapshot
stainability Sn3pshe

© wansgnate Supply Chain

P

J Animal Welfare —

Beef Cattle

Dr. Meike Sauerwein

08. April 2022 Source: https://sustainabilityconsortium.org/thesis-product-finder/

{

Beer And Malt
Beverages




LIFE CYCLE ASSESSMENT IN PRACTICE

TSC PRODUCT SUSTAINABILITY TOOLKIT
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Dr. Meike Sauerwein
08. April 2022

SAP" sToRE

1SC Product Sustainability
Toolkit for SAP Product
Stewardship Network

Communicate sustainability performance to your customer

Evaluate environmental and social impact and
improve product sustainability using KPls developed
by The Sustainability Consortium®. Facilitate decision
making by retailers, manufacturers, and suppliers
along the value chain.

HKD 5,486.00

license / year

Taxes calculated during checkout

Log On / Register toBuy §
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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
A P P L I ( : AT I O N O F L< ; A LCA as a knowledge tool 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 recycling of waste & 2005; EU

Waste framework directive

Waste ol directive 2004); ELJ

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

or Melke Sauerweln Springer International Publishing
08. April 2022 73



LIFE CYCLE ASSESSMENT IN PRACTICE £

ECO-LABELLING (GOVERNMENTAL POLICY)

**,S*: Life cycle approach guarantees that the products’
Eu NS major environmental impacts are reduced in
ECU ﬂhE‘ comparison to similar products on the market. N
Ecolabel >

www.ecolabel.eu T~ abel.es
. warw oo -

= )K=

@ YEARD

- for the nvironment,
Hot Spot: B oty
Process that causes o AT
significant impacts

gy LifeCycle pum
Assessment

Dr. Meike Sauerwein Source: http://ec.europa.eu/environment/ecolabel/eu-ecolabel-for-consumers.html
08. April 2022




VOLUNTARY ECO-LABELS \€

EXAMPLE: ECO-LABEL BY EUROPEAN COMMISSION eu S ﬂhE

Feo
I
6

www.ecolabel.eu

Methodology

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

« Manufacturers provide data / test results

e ¥
T about their products
j\ l\ LO - Comparison with benchmark criteria = if

product does sufficiently well (in hotspot

I

Dr. Meike Sauerwein Source: http://ec.europa.eu/environment/ecolabel/eu-ecolabel-for-consumers.html
08. April 2022 75
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< VOLUNTARY ECO-LABELS
Bi;tr;\:;;a;:t? a B?sl;i.fasnlng @ EU\‘ii | l
Detergents c[] a e .
e EXAMPLE: ECO-LABEL BY EUROPEAN COMMISSION
o Rinse_off Once it's on your products, the
_ _ Co EU Ecolabel guarantees

Cosmetic

putera Ly Froducts e Reduced impact on aquatic ecosystems

o e Fulfilment of strict biodegradability requirements

Detergents e Limited packaging waste

T i 9 non-exhaustive st of EU Ecolabel cieris far Rinse-<ff Cosmeti procucis. Pleass see the Comiszion Declson [Z014/831/E)
ol ekt

Clothing and textiles -/ Rinse-off Cosmetic Products ~

Commission Decision of 9 Dece
Coverings Current criteria mber 2014
Corrigendum IT

31 December 2021

. - Validity prolonged
Do-It-Yourself Vvalid until Commission Decision of 19 Octo

ber 2019

What the producer needs
ﬁﬂﬁgffﬁiﬂ?/pﬂiﬁr(‘.ﬂff.ﬁ'uﬁ?“' w ‘to do ‘to Obtaln the |abe|

0ngoing. Please click here for
more information

Electronic Equipment

Revision

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

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

o eReed T ks SpePed W ORE AT
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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

* % %

o <
* *

* o K

Eu NS

Ecolabel

www.ecolabel.eu

reducing with
the Carbon Trust

The carbon footprint of
this loa is 1.0kg (509
per slice) and we
committed to reduce It.

The carbon footprint
of this product is the
total carbon dioxide

(C02) and other
greenhouse gases
emitted from the
ingredients, baking,
distributi

Dr. Meike Sauerwein
08. April 2022

LAUNDRY
LIQUID
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LYRECO
LAUNDRY
LIQUID
EVALUATION

Lyreco Laundry Liquid is a product
in the Lyreco Hygiene range.

SCORING METHODOLOGY

A PEFCR for the Laundry Liquid detergents products cate-
gory was designed by a committee of industry experts and
validated by a steering committee chaired by the EC.

This PEFCR makes possible to evaluate the environmental
performance of a Laundry Liquid detergent, according to
a defined functional unit. This score is the results of the
weighted impact evaluation of all environmental indicators
at each stages of the product lifecycle.

The score is defined on a common usage basis: 1 dose of
product per 1 wash.

It is expressed in micropoints (ppt) and compared with the
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 (in 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 1.22
END-OF-LIFE 6.24 6.13
TOTAL 12.58 17.95
USE PHASE 20.65 20.65

e e T 4 et o)

(*)The detailed results of the environmental performance of the Lyreco
product (“PEF report” certified by trusted third party EY) can be asked
at: group.qss@lyreco.com

o
a0) —
(=l |,

40%

GLOBAL
WARMING

18%

RESOURCE USE
(FOSSILS)

8<%
PARTICULATE
MATTER

ENVIRONMENTAL INDICATORS

In a detailed evaluation, Climate change,
Resource usage (fossils) and Particulate
matter are the most impacted environmental
indicators.

KEY ENVIRONMENTAL PERFORMANCE
FACTORS

Less detergents required to wash
4.5 kg of textiles

Lower amount of chemical

Chemical used are less impacting

NEXT
STEPS

Continuous improvement

Encourage our suppliers to adopt
the EU PEF methodology

Promote EU PEF to our customers



VOLUNTARY STANDARDS FOR BUSINESSES
EU PRODUCT ENVIRONMENTAL FOOTPRINT

“The European Commission (EC) O G ‘
developed the product environmental "

footprint (PEF) method to support
valid product comparisons”

@ Product
I+ .F % Environmental
Footprint

The European Product Environmental footprint: the PEF. (/'
| Lyreco
b > W) 05220 S om0

European Product Environmental Footprint

Dr. Meike Sauerwein

08. April 2022 https://pre-sustainability.com/solutions/consulting/sustainable-products/product-environmental-footprint/ ‘ /8


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

Ei!E |
. . . . ENVIRONM&? (=] ;
 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- o ATve Lo
intensive merTER [(Avemace |
Climate || Resource “’?mz“J
. . . change use, fossis 'an.dmctab
« Assessment results in a Report / Label that indicates by how ——
0 - il o o et kO
many % the product is better than the benchmark products 8 oo e i
Results relatve to the average wine®,
, , *generic PEF method available for product types without PEF CR mmmrﬂfﬁupeﬁw
Dr. Meike Sauerwein

08. April 2022 Source: https://ec.europa.eu/environment/eussd/smgp/PEFCR_OEFSR_en.htm#final
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https://ec.europa.eu/environment/eussd/smgp/PEFCR_OEFSR_en.htm#final

CONSTRUCTION

Dr. Meike Sauerwein



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

The EPDs

* Are used in marketing and communication and
demonstrate a company’s responsibility for

sustainability impacts

SEARCH THE EPD DATABASE

The following EPDs matched your search request

ccccccccccccccccccccccccccc

( oo saintGobain Gyproz  Construcon poducts
» Provide information that can directly be used to quantify 2smmopcrmonas O
impacts in building assessment schemes. H T —
Dr. Meike Sauerwein
08. April 2022 Source: https://www.environdec.com/What-is-an-EPD/Applications/Building-assessment-schemes/
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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

Dr. Meike Sauerwein https://www.youtube.com/watch?v=v6sJrp443Hg
08. April 2022 https://www.environdec.com/What-is-an-EPD/Applications/Building-assessment-schemes/ ‘ 82



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

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)

» Follow Product Category Rules: ‘standardized LCA

SEARCH THE EPD DATABASE

The following EPDs matched your search request

ccccccccccccccccccccccccccc

N b
recipe @ s
Dr. Meike Sauerwein Sources: https://www.environdec.com/library, Presentation by Anthony Park, 2020
08. April 2022
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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:

08. April 2022

DS
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 Envi 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

84


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

CUT AMD BEMT REINFORCING STEEL BARS aE GRowe

LIFE-CYCLE ASSESSMENT o

ENVIRONMENTAL PRODUCT DECLARATION LIFE-CYCLE ASSESSMENT INFORMATION B B B B o

IN ACCORDANCE WITH EN 15804+A2 & ISO 14025 / ISO 21930 Pariad for data 2020 il - —
BE GROUP e il st B St b b
AR AR AR R 2t da e il A
DECLARED AND FUNCTIONAL UNIT § T8 Pl g % ES SRR A AR AR O |
Declared unit 1kg ¥ i ‘ ] Bl %
Mass per declared unit 1 Modules not declared = MWD, Modules nat relevant = MHE

CUT-OFF CRITERIA
BIOGENIC CARBON CONTENT The study does not excluda ary modules or procasses which ara stated mandatary in
the EN 15804:2012+A2:2019 and the applied PCR. The study does nal exclude any

Product's biogenic carbon content at the factory gate i e e T S

Biogenic carbon content in product, kg € o The study includes all major rew material and energy consumplion. All inpuls and
autputs of the unit processes, for which data is available for, are included in the
Biogenic carbon content in packaging, kg C o caleulation. There is no neglected unit process more than 1% of tetal mass or energy

Raws, The module specific 1otal neglected input and catput lows also do not exceed
5% of energy usoge or mass.
SYSTEM BOUNDARY

Because of lack of accuracy in available modelling resources steel wire and textile

This EPD covers the cradle to gate with opficns scope with following mo- straps are exchidad, they conssitvants under 0,1% of product mass, Alsa the EU pol-
dules; A1 [Raw material supply), A2 [Transper!] and A3 [Manufochring], lets are axcluded they have o low mass share compared ta the praduct and are reu-
cUT AND BENT REINFORC'NG STEEL BARS D ) Ad [Transport], as well as C1 {Decanstruction), C2 {Transport of and.of. sad. The production of copital equipment, construction activities, and infrastnachure,
. e life), €3 [Waste processing] and C4 |Disposol]. In addition, module & mairdenance and cperation of capital equipment, personnel reloied octivilies, enengy
BE GROUP stRlGE AB - benafits and loods beyond the system boundary is included and water vie related o company manogemant and soles activities are excluded.
CUT AMD BEMT REIMNFORCIMG STEEL BARS
Progromma: Programme aperclor: E£PD ragistration number. ublicotion date Valid unkd
The international EPD" E7D Intarnational AB I $P.04449 1.08.25 2026.07:26 -4
l ‘ ENVIRONMENTAL IMPACT
Mote: addifional emviranmendal impact dota may be presenied in anneses,
. - . An EPD shauld provide carrent inlormafion and mary be updsted il conditions chang
EPD EPD Tho oted rabamy s tvrelore sove b o cortund e giskfin avd pobkaion o v snviondvecorm CORE ENVIRONMENTAL IMPACT INDICATORS - EN 15804+A2, PEF

Impact category  Unit Al AlL-AZ A4 A5 81 B2 B3 B4 BS BE B7 a (=] a ca o

G P - el g 002e -1 L2E-1 1Rt MD ey L MWD L 0 D o -1 [T S REE SRR TS SRR R
WP famd e e el e L . L L R I L
GWP - hiogenic WOl T Ere e T P A ] 7 Simeea s Bae
B -L e r2ee wo  (wo wo o w0 wo wo e sewes ama

Coone degletion pal. g CFC1Le ru—4 o MO M0 MDD w0 e [T T )
Acibficstion potwmtis]  mol e 18- 10 M (Mo MO v MO WD WD WD ams oA 2w

[T —— P AME-5 178 o sy [ o o e o wo B8 | 1nc-a

Pmarie wo  wn e mo w0 wo v ameer
et wo  wn w0 mp wD w0 e TS

PO [“umog ") ol iy Ll o o sl il -4 LM

ADF ek & meal wo  wo  wo o wo wo wa xs  quca

I T— wo  wn e eo w0 W wew 1men | famel

Wanter e WO wn WD M0 WD WD W ANE-] e

ezane bemation; ADF = Abiglic deplnicn petential. 2] EM 15804+A2 dackimer for Abintic deplation and
lih. The rauit f thass sov h carm o the en

Dr. Meike Sauerwein
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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: LCA REPORTS OF BUILDING MATERIALS
EXAMPLE: EPD REPORT: CEMENT

Search the EPD Library

Filter [ Cement]

ENVIRONMENTAL
PRODUCT
DECLARATION

Product Category Select

In accordancAWRRISD 14025 anc €N 1560KB012+42.2017 or
Steel reinforcement products for concrete -
Swedish production from Celsa Steel Service AB

)
l
PCR [ Select... ]
l
)

Geographical scope Select
Environmental Information
Validity [ Select I [ dd—yy For construction services, the total value of A1-A3 shall be replaced with the total value of A1-A5.
only sector EPDs m(w“?s‘;’mmﬁ?m ) The indicators, with one exception, are calculated with the characterisation factors published by the Joint Research Centre (ILCD 2013,

o AR SIS riberom characterization factors according to EC-JRC EF3.0, 2019), as they can be accessed in GaBi [Sphera Solutions GmbH) in the data set
Environmental quantities/EN15804+A2

The climate impact indicator GWP-GHG is calculated with characterisation factors published in the Intergovernmental Panel on Climate
Change's Fifth Assessment Report (IPCC ARS) as they can be accessed in GaBl in the data set Environmental quantities/IPCC AR5/
GWP100, excl. biogenic carbon.

arch

Potential environmental impact - mandatory indicators according to EN 15804
(Declared unit Per tonne of reinforcement products)

Showing the first 50 results A3 | TotA1-A3| A4 | c4
GWP-fossil kg CO; eq. 319 533 0567 373 138 0345 178 |0 |0 123
GWP-biogenic kg CO; eq 239 107 | 00806 25 334 | 000358 | 406 | O | O | 0571
CONSTRUCTION PRODUC CONSTRUCTION PRODUC NSTRUCTION PRODUC
GWP-luluc kg CO; eq 0211 | 00406 0000271 0252 | 000835 | 000274 | 017 | 0 | 0 | 00247
sroens srows srowe GWP-total kg CO; eq 243 544 0,45 398 472 035 2 |o0|o0]| 12
Steel reinforcement Steel reinforcement Steel reinforcement oDP kg CFC 11eq. | 1.69E-06 | 637E-15 | 5.84E-17 | 169E-06 | 551E-09 | 663E-17 | 411E-15 | 0 | 0 | 152E-14
products for concrete products for concrete products for concrete AP mol H' eq. 106 0931 | 000334 199 0283 | 000338 | 0023 | 0 | 0 | 0305
EP-freshwater | kg PO-eq. | 00159 | 748E-05 328E-07 | 00159 |438E-D4 | 30509E- | 189E-04 | 0 | 0 | 1,356-04
{Denmark) (Sweden) (Norway) . o
Celsa Steel Bervice A/8 Celsa Steel Services AB Celsa Steel Services AS K ‘celsa EP-freshwater kgPeq | 000517 | 244E-05 | 107E-07 | 000519 | 143604 | 9.95E-07 | 617605 | 0 | 0 | 439605
steelservice EP-marine kg N eq 0428 | 0471 | 000171 | 0901 0,148 | 000164 | 000782 | O | O | 00642
EP-terrestrial mol N eq. 4,64 51& 1,87E-02 982 1.6 00181 0,0921 0 0 0,68
POCP kgNMVOCeq. | 1,16 127 | 000496 | 243 0386 | 00048 | 00207 | 0 | O | 0232
ADP-minerals & kg Sheq. 1,13E-04 | 2.08E-06 | 6,32E-09 | 1,15E-04 | 1,76E-06 | 298E-08 | 1,85E-06 | 0 0 4,52E-05
metals®
ADP-fossil* MJ 2520 733 0453 3253 230 | 449 278 | 0| 0| 1140
WDP m? 100 01 1E-04 100 17 0003 02 0o 5
*Disclaimer: The results of this environmental impact indicator shall be used with care as the uncertainties of these results are high or
as there fs limited experience with the indicatar.
1) ADP-fossil as defined by EN15804+A2 includes uranium and is thus equal to the resaurce indicator PENRE.

Dr. Meike Sauerwein
08. April 2022 86


https://www.environdec.com/library
https://portal.environdec.com/api/api/v1/EPDLibrary/Files/f383f12a-fce6-42d2-ebba-08d98d4c9ead/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 EPD Product Nome Classifcaion ' ¢ etaase

procurement (GPP), etc,

Show entries Showing 1 to 10 of 4, 744 entries Gltered from 4, 758

30 Fiberglazs (LSF - FG) LO0m2 tineral building products £ TR 2n2s Specific  AKIDH}-Gilliar GloCobiDat @
Bncls, blocks and elements Dataszet Madenolilk TurCobdLrat
Matural cut stome San. ve Tic.
AS
3M Baseboard and Mult-use Adhesive LO0kg tineral ulding products £ EE pelip3 Speaific @
blortar and Concrete / Concrete Diataset
additive
5k P2000 High Performance Wood Floor LO0m2 klineral building products / WENT 2024 Specific 3M Company GloCobiDat @
Adhesive (2 %535 kg bags o a pail) tortar and Concrete / Adhesive Dataset  Ewrope EUCobDat
and adhesive mortar
3k P3000 High Performance Wood Floor L0mz blineral building products [/ WEWT 2024 Specific 3 Company GlaCobiDat @
Adhesive (600 m] sausage) tortar and Concrete £ Adhesive Dataset  Burope EUCobiDat
and adhesive mortar
3M 05 2000 B 24 k'V moulded mbber La Plastics / Sealing materials / FR zozt Specific  3M Company  GloCobiDat @

splice kot Fiece Rubber Datazet  Europe EUCoMDat

Dr. Meike Sauerwein
08. April 2022 87


https://lcadatabase.com/

LIFE CYCLE ASSESSMENT (LCA) & TOOLS
Product LCA <) Building LCA

Life Cycle Stages
R terial | dient/Material Fackaging & End of —
Froduction Procgssing + Production Transgpo%t Leg Life i el o ﬁ_u
=0/ 5\
. B -5 i, o 4 E
B N . & ‘_oﬂ:::ii“
: e ,, ° Slngle prOdUCt-SyStem’ based : 0O- ‘rﬁ'
Bl e o on one or more materials B
« Compilation of product-systems
Software
’
~~ _ SImaPro| . Calculation of Product B cconm et || e, (O « Calculation of Building Impacts
e chinkstep|  IMPacts = publish as EPD . | based on Product Databases
¥ GaBi b EC | e (EPDs)

Dr. Meike Sauerwein \ - / ‘



COMPARISON OF BUILDING LCA TOOLS

Embodied Carbon Calculators

'. CIC Carbon Assessment Tool
. EEXEERFMLIA

Data from
Environmental

Product
Declarations

Dr. Meike Sauerwein
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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


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

Electricity
Town Gas
Fuel Consumption
Water

C&D Waste

SITE IMPACTS




Data Input — Front Page

 ‘Permanent

W ciccarton Assessment oo < TJS-Test 1 Project Information Data Input Results Analysis Comparison 1HKGCic@cundall.com
WO rks - . RERNERNGIR = ; — . ” Project Manager

Substructure

=

wil allow

you to
choose: . —
il 01COze
Material Family@ - 01COs
o] 01COze
Material@ - osne-
Permanent Works - Substructure @ Permanent Works - Superstructure @ Temporary Works @ Site Impacts @
Country/Origin@
Note: All carbon emission factors used in Design
Quantity@® In.pu_t contaips a predefined ‘twastage 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 e COUsENL

Substructure and Superstructure BEXEE




CIC CAT User Guide (2019)

Data Input - Material

Add New Material

cicareen (LD

Product

Material Famil}rﬂ - salact -

-- glect --

i Aggregate
Ma!erlalﬂ

Reinforcement Bar

Prefabricated Reinforcement Bar|

Country/Origin Structural Staal

— s@lect —

Dr. Meike Sauerwein

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

Add New Material

CIC Grean m

Product

Material Family@ Concreta

Material — salect —

— select —
e C100, > 25% PFA mix
Country/Origin® | 400, < 26% PFA mix
C100, 35 - 6% GGRS mix §
CA00, &6 - T6% GGERS mix
Guantity@ C20, s 25% PFA mix
C20, OPC
30, = 26% PFA mix
Unitiy 30, = 26% PFA mix
C30, 35 - 56% GGAS mix
C30, 55 - T6% GGBS mix
C30, OPC
C3&, = 26% PFA mix
C35, = 25% PFA mix
C35, 35 - 65% QGBS mix
C35, 65 - T5% GGES mix

40, = 26% PFA mix
C40, = 25% PFA mix
@ 35 - 55% GGES mix

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

BIEXAE


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

4

Parmanent Works - Substructure &

Dr. Meike Sauerwein

B Concrete 50 (A7) 10y e
B FPrefabricated Reinforcament Bar BE0 [18%) 1Ty e
B Precast Concrete T8 3% 100, e
B Rainforeement Bar o (291 100y e
[ | 0o e
Permanant Works - Supsrstructure €@ Temporary Works €@

Site Impacts

Site Impacts €@

B CEDWaste
B Refrigerant
B Elactricity
B Town Gas

Z26.2 (929%) 100ye
28,6 (8%) 10,8
11 {0%) 120,

O 08 10 00e

0 e




LIFE CYCLE COSTING

Dr. Meike Sauerwein
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Life Cycle Cost




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 Ref“’%
of product) %

Dr. Meike Sauerwein ‘
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https://ec.europa.eu/environment/gpp/lcc.htm

LIFE CYCLE ASSESSMENT / COSTING

EXAMPLES: TOOLS DEVELOPED BY THE EUROPEAN COMMISSION

BEFORE TENDERING

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

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 TS
o User Guide « User Guide \ DURING TENDERING
« LGG Toel » HGE Toal To compare offers during the evaluation and

award of contracts, as foreseen in Directives

Computers and Monitors I ‘ Indoor Lighting AFTER TENDERING
* User Guide 5 * 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


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

LIFE CYCLE COSTING

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

el . In what context?
({9 rRICS

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.

=
Tie

— . BN l | IR |

Dr. Meike Sauerwein Source: https://www.rics.org/en-hk/products--services/data-products/facilities-
management/life-cycle-evaluator/ 1 OO



https://www.rics.org/en-hk/products--services/data-products/facilities-management/life-cycle-evaluator/

LIFE CYCLE COSTING IN PRACTICE

CHEMICAL INDUSTRY

— EXAMPLE: BASF (ECO-EFFICIENCY TOOL) §
« Comparing Environmental Performance with Cost * SVP-LITE
(Life Cycle Costing) = Portfolio Graph
. SVP-SCW
» Aggregate different environmental impacts into one L -
score (index) =y
Environmental 4 .
impact low Avoid
Trade-Offs .
\ g « SVP-LITE
‘ O SVP-SCW
\ costs1(‘:orm.)
) ) h Ig h > COSt Fi ig: 4.8 Thc? faco-e.fﬁciency portfolio comparison (upper, base case; lower, scenario with Indo-
Dr. Meike Sauerwein |OW nesian electricity mix)

08. April 2022 ‘



KEY TAKEAWAYS

LIFE CYCLE ASSESSMENT

2. IDENTIFY TOTAL IMPACTS THAT
V\jITIl—[I)IIEI[\,IA\T::L:FZOIE)'LCJ)CTTngI:C;E%CLE OCCUR ALONG A PRODUCT'S LIFE CYCLE
(ECO-FOOTPRINT OF A PRODUCT)

Hot Spot:
Process that causes
significant impacts

s Life Cycle
End “g e Assembly .
il Assessment e Life Cycle

d of Assembly
s Assessment

Distribution

Dr. Meike Sauerwein
06. April 2022 ‘ 1 02



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 =gyl
STAGES

Dr. Meike Sauerwein
06. April 2022 1 03



THANK YOU FOR Contact
YOUR ATTENTION!

Feel free to stay and ask question Dr. Meike Sauerwein, Lecturer

or continue earlier discussions - |
Division of Environment and

Sustainability, HKUST
Email: meike@ust.hk

Dr. Meike Sauerwein
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