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Talk content

- Why broad future background scenarios for prospective LCA?

- Recent progress and tools for generating and using prospective LCI
databases

- Does it matter? Results from studies using background scenarios
- Challenges and possible next steps

Bernhard Steubing | CML, Leiden University = 27/09/2022 3



We live in an era of great technological change.
Climate change. Environmental guidance is crucial.

New materials and
technology

Artificial
intelligence

... and much more...

Bernhard Steubing | CML, Leiden University = 27/09/2022



Prospective LCA

Environmental
Impact
Prospective (or ex-ante) LCA tries to . Scenarios!
anticipate environmental impacts of \
products and services provided by ~ 8 ~ -
future technologies. ]S = g
.

Time
Technological development

Bernhard Steubing | CML, Leiden University = 27/09/2022 5



What is a scenario?

A scenario is a description of how the future
may develop, based on a coherent and

internally consistent set of assumptions... (rcc2021)

Bernhard Steubing | CML, Leiden University = 27/09/2022




What is a scenario?

A scenario is a description of how the future
may develop, based on a coherent and
internally consistent set of assumptions...

about key drivers including demography,
economic processes, technological innovation,
governance, lifestyles, and relationships
among these driving forces (rcc2021)
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Different kinds of scenarios

Broad (global) scenarios Narrow (local) scenarios

- For the global economy - For specific technologies

- Relevance for prospective LCAs in general - Limited to a specific prospective LCA
- Background scenarios - Foreground scenarios

Demister fzz

B2 Demister

P L]
Deionized water "o
>

MO

Cooler Circulating
PUID vyjing Guo et al 2019
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Foreground and background scenarios

A car manufacturer wants to make an LCA
for an EV (electric vehicle) in 2030:

Steel

EV Foreground

Batteries

production system

Fossils

Electricity

Renewables

S mix
Background

system

Foreground scenarios:

How will the EV of 2030 look like?
How will it be used?

Background scenarios:

How will supply chains in the wider
economic system of 2030 look like?

- Important, but difficult to consider
(at least by individual stakeholders)
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Our economy is deeply interlinked!

« E.g. Electricity mix affects:
« EVuse Steel

| EV Foreground
« EV production production system

, , Batteries
« Materials / components production
EV use

» But greener raw materials also

improve electricity mix and \ ‘ Electricity
mix

most other products! Fossils
«  Feedback loops Renewables Background
system
=» Broad future (background)
scenarios help LCA practitioners S— Fasy
to consider the combined effect of
future changes to model for an LCA practitioner
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Narrative consistency

A car manufacturer wants to make an LCA
for an EV (electric vehicle) in 2030:

Steel EV Foreground
Battorion production | | optimistic optimistic
5 v
Fossils 7 Electljlclty ®
mix
Renewables Background e e Lo . e e
system [ pessimistic optimistic
Bernhard Steubing | CML, Leiden University = 27/09/2022 11




Temporal consistency

A car manufacturer wants to make an LCA
for an EV (electric vehicle) in 2030:

Steel
EV Foreground HIlN
Batteries production system 2030 2030
Vv
: Electricity
Fossils 7 ix
Renewables Background 2020 2030
system
Bernhard Steubing | CML, Leiden University = 27/09/2022 12
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Is this important?
Yes, the “background” matters for LCA results!

LCA can be very influential
for decision making and
public opinion

We need to look at the
future, not the past, in
order to get a better idea
on the potential of future
technologies!
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Terminology “pLCI database”

pLCI database = prospective life cycle inventory database

The difference to a regular LCI database is that it represents LCI data for a
specific future point in time for a specific scenario.

Bernhard Steubing | CML, Leiden University = 27/09/2022
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A short and incomplete history of pLCI databases

« NEEDS project (2004-2009)

- First systematic approach to generate future scenarios of the ecoinvent
database (electricity supply and other sectors)

« THEMIS model (Gibon 2015; Hertwich 2015)
- Hybrid (MRIO-LCA) model including IEA energy and NEEDS scenarios
* “When background matters” (Mendoza 2018)

- Combine data from the integrated assessment model IMAGE and ecoinvent
(focus electricity supply)

- IAMs model SSPs (Shared Socio-economic Pathways) and RCPs
(representative concentration pathways)

- python package for systematic modifications of LCI databases (wurst)
* Premise (Sacchi 2022)

- python package for generating pL.CI databases (premise)

- Strongly based on IAM data (IMAGE, REMIND)

- Electricity and additional sectors

27/09/2022

Socio-economic challenges

for mitigation

% SSP5

(Mitigation challenges dominate)
Fossil-fueled
development

Taking the Highway

% SSP3

(High challenges)
Regional rivalry

A Rocky Road

% SSP 2

(Intermediate challenges)

Middle of the road

% SSP1

(Low challenges)

Sustainability

* SSP 4

(Adaptation challenges dominate)

Inequality

Taking the GreenRoad A Road Divided

Socio-economic challenges
for adaptation

IPCC Representative Concentration Pathways

1200 RCP8.5
g
& 1000
=
L 800
g RCP6.0
-]
o 600 RCP4.5
O 400 RCP2.6
U | | | | | | | | |

2000 2020 2040 2060 2080 2100
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Integrated Assessment Models (IAMs)

No additional climate policy
Global regionalized models that consider broad (~5 °C warming by 2100)

socio-economic and technological developments
and their consequences over time.

Used to inform policy makers on climate change
and other environmental or socio-economic

criteria. — HEI ad :iiti-:-rj&”
E y ¢ climate policy
= reference
- sCenano
° -]
Key drivers: g ‘:: c
i} : ElE 5,
Population 5|5 £
- T
- GDP 215 Mitigation
ol = SCenarios
- Food demand ﬁ s
: 2 = SSPX-Y Five man
- Technological development £l S e I
%’ ir:'vEEdii‘]El'.E'ﬂ
- FEtc. £ in WG
. S 4 Additional
Scenarios: & SSPEY 55P scenarios
=

RCPY Prewous RCP

IPCC 2021 e

- Shared-Socioeconomic Pathways (SSPs)

- Representative Concentration Pathways (RCPs)

Paris agreement
(~1.5 °C warming by 2100)
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Pl‘emise (Sacchi 2022)

Steps
1) Input data: future scenarios /}m
from IAMs and the LCI database S / N ~
ecoinvent \ / S T e
. . Y N From current to 2050, Paris Superstructure

2) Integration of future scenario REMIND | ) = M groment arge e
data with the LCI database via = — —~ ~ ‘

. From current to 2050, push
premise MAGE J\ S fc/"""e“t for CCS /—)\@
3) Export of pLCI databasesin |~ . [ / = \ o e T 2050, Br;‘?::;ar‘; "
various formats - O Corcuror = ~ e nthon
4 & 5) optional feedback of |
environmental indicators to -
TAMs R

\
N

3 IMAGE and 5 REMIND scenarios are available (until 2100)

Figure based on Sacchi 2022
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Open-source python packages

* Brightway: LCA framework

* Wurst: systematic
transformations of LCI

-
—
databases [based on brightway] \= - / ( @nvent From current to 2050, pLCIdatabaslx:3
= baseline
- Premise: integration software SN From current to 2050, Pars
for IAM (and other) data with REMIND J s et reement arge
L.CI databases [based on wurst] = N rom cument 02050, psh
o= ecoment for CCS
* Superstructure approach: IMAGE =
conversion of multiple LCI . [ / V| e TSm0 2050, push ,
databases into a single LCI o= = . Jimapro
D %(;arculator . . A pgthon
database (superstructure) and a STEM = : :
scenario difference file [based on
brightway] —
 Activity Browser: graphical
user interface to brightway;
* (13 2»
implements “scenario-LCA
based on superstructure
approach [based on brightway]
Figure based on Sacchi 2022
Bernhard Steubing | CML, Leiden University = 27/09/2022 19




What does premise (try to) do?

Power

Create regional electricity markets
Adjust power plant efficiency

Renewables

Adjust solar PV and wind turbines
efficiency

Fuels

Create regional fuel markets
Add new production pathways
(synthetic fuels)

80%

Transport

Create market for passenger
and freight road transport

N
&S

Metals recycling

Adjust future recycled content

Industry
Adjust efficiency for cement
and steel production (fuel
mix, process efficiency,
material composition, etc.)

Slide of Romain Sacchi

30%
oD

[+]
APy

O oo
- N

Hot pollutant emissions

Adjust hot pollutant emission
from GAINS

& &

v v

Carbon capture andstorage

Add carbon captureand
storage where needed

Bernhard Steubing | CML, Leiden University
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Example Of tran SfO rm ati on: Slide partly by Romain Sacchi
power generation

\

. . —» 1kWh

IAM > LCA
Efficiency —
Hard coal ‘ ‘
40% Lignite
Natural gas [
2020 2050 -
Pollutants S0, NO,, VO, ...

J

|
s T
.
S AN

2020 2050
Market mixes Relinking Steel
2050 ‘i i
US A B Market SA
t N——"
SA Farming

.

In a pLCI database, regions of transformed
sectors are defined by the IAM

Regions in
ecoinvent

0 data in ecoinvent

n 5
\:I ecoinvent v2
B new in ecoinvent v3 S
hq_ff"“—’*“‘ﬁ—‘?( »
y—\l)— Ea

v - [ ©
i \@:}
i = ;\\
) - [
-
aEsroms T
' Treyer 2016

Regions in REMIND

Regions in
an IAM
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Is this important?
EleCtriCity (Sacchi 2022, based on premise)

(1) Clinker production, kilogram [United States] (2) Electricity, medium voltage, kWh [World]

100 - - 100 e
. . 75 75
 Substantial impact 5 \‘\
reductions across sectors & 50 50
é 25 25
e Much is due to loyvgr GHG 5 o i s o P = i
per kwh Of: eleCtrICIty and g 1008 , (3) Low-alloyed steel, kilogram [World] 100 (4) Transportation, freight, lorry 40t, ton kilometer [Europe]
electrification 3 — ] ] \
s 7 75 \\ﬁ:
E‘ 50 50
 Results strongly depend on 3
the scenario and the IAM g 5 25
=z
2820 2030 2040 2050 28?—0 2030 2040 2050
Year
IMAGE RCP 1.9 —&— IMAGE RCP 6.0 REMIND RCP 2.6
—o— |IMAGE RCP 2.6 REMIND RCP 1.9 REMIND RCP 6.0
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Electric vehicles and Metals

(based on Mendoza 2018)

03 Climate change results for an EV

0.25
_E 0.2 T —
2 02
e
o
3 0.15 —EV-GreenRoad
EJ, — EV-MidRoad
0.1  _Ev-RegRivalry ,
------- EV-GreenRoad-2.6
0.05 .. EV-MidRoad-26 "
EV-RegRivalry-3.4
0

2012 2020 2030 2040 2050

Mendoza 2018
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in kg CO2eq

Climate change results for
metals

MS + ES-Mitigation

Climate change

copper

e lead

0-— g . . ;
2010 2020 2030 2040 2050

Harpprecht 2021
Based on Mendoza 2018

’ N
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Mobility: lithium-ion batteries

(from Xu 2022, based on premise, Harpprecht 2021, and Meide 2022)

£ b
Lh O Lh O LA
T T 1

o

kg CO2-Eq/kWh
L B S R LS

o Lh O Lh

2020

LFP

2020

'n's

H B

3-4°C
2050 in SSP2-Base scenario

LIFP

2050
less ambitious

e\

BN BN =

China Us EU

China Us EU

2°C
2050 i SSP2-PkBudg 1100 scenario

LFP
Other energy

B m Electricity
B 2050
- more ambitious

T
China us EU

Other cathode materials
H3PO4

m LiOH

Fig. 6. Absolute contribution analysis of GHG emissions of the cathode production split by materials and energy, in terms of 1 kWh battery cell capacity.

» The decarbonization of the energy supply plays a crucial role

* (the change of future metal supply chains had a smaller effect in our study)

Bernhard Steubing | CML, Leiden University
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Chemicals: ammonia production

(Boyce in prep, based on premise)

3-4°C 2°C 1.5°C
. e SSP2-Base SSP2-RCP26 SSP2-RCP19
* GHG emissions from global 1000
ammonia production can be -
substantially lowered

800

)
-
g

2]
o
o

 Key factors:

(5]
(=]
o

future demand

1
IS
S
S

supply of clean electricity

W
=]
=]

]
=]
(=)

shift to green hydrogen
- CCS

Global warming potential (Mt CO2-eq)
Ammonia production (Mt

0
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 205( 2020 2025 2030 2035 2040 2045 205C

Year Year Year

mmm CHN  mmm RUS Europe USA mmm ME INDIA mmm Other = =total production
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Bulk materials: cement production

(Miiller in prep, based on premise)

* GHG emissions from global 2020

cement production may be
substantially lower in the
future

« CCS is a major factor in this
(next to electricity) and so
there is considerable
uncertainty to these results

SSP2-Base

Possible futures
by 2060

« There may also be trade-offs
with other environmental
impact categories

Bernhard Steubing | CML, Leiden University = 27/09/2022

Current production

Global average: 0.99

l 2°C world \‘5 ¢ world

SSP2-2.6 SSP2-1.9

Business as
usual

Global average: 0.90

kg CO2-eq/kg clinker

-0.2 0.0 0.2 0.4 0.6
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Building stock

(Yang 2022, based on premise)

3-4°C

a) GHG of material inflows (SSP2)

 Notable reduction of GHG of building
materials by 2050 through cleaner
electricity

—
0 ' y y " | -
2015 2020 2025 2030 2035 2040 2045 2050
Year

c) GHG of energy supply (S5P2)

 Substantial reduction of operational
energy related GHG emissions

0
2015 2020 2025 2030 2035 2050

Year

2040 2045

27/09/2022

Zinc

Extruded polystyrene
Wood fibre
Softwood

Sand cement

Sand

Reinforced concrete
Polyvinylchloride
Polyurethane foam
Plywood

Primary glass
Precast concrete
Mineral wool
Hardwood

Gypsum plaster
Gravel

Expanded polystyrene
Ceramics

Brick

Bitumen

Argon

Aluminium

Aerated concrete

appliances and lighting
solar water heater
hybrid heat pump
electric heat pump
heat network

natural gas boiler

Mt CO»-eq

2°C

b) GHG of material inflows (SSP2 450)

-

|
4

-

-

|
39 -

-

|

- -

2 )| | —

-
1]

-
0 y g ' . J
2015 2020 2025 2030 2035 2040 2045 2050

Year

d) GHG of energy supply (SSP2 450)

0
2015 2020 2025 2030 2035

Year

2040 2045 2050

Zinc

Extruded polystyrene
Waood fibre
Softwood

Sand cement

Sand

Reinforced concrete
Polyvinylchloride
Polyurethane foam
Plywood

Primary glass
Precast concrete
Mineral wool
Hardwood

Gypsum plaster
Gravel

Expanded polystyrene
Ceramics

Brick

Bitumen

Argon

Aluminium

EEm Aerated concrete

appliances and lighting
solar water heater
hybrid heat pump
electric heat pump
heat network

natural gas boiler




Growing list of work that makes use of
and/or contributes to pLCI databases

Application sector Studies pLCI Contribution to
database premlse"

Passenger cars, BEVs, heavy duty vehicles Cox 2018, Cox 2020; Dirnaichner, Mendoza 2018

2022; Sacchi 2021; Sacchi 2022 Premise
Metal supply (Cu, Ni, Zn, Pb; Co) Harpprecht 2021; Meide 2022 Mendoza 2018
EV batteries Xu 2022 Premise Possibly
Offshore wind power Li 2022 Premise
Building stock Zhong 2021 Mendoza 2018

Yang 2022 premise
Ammonia Boyce in prep Premise Yes
Cement Miiller in prep; Cavalet 2022 Premise Planned

(more ongoing)
Heat supply Myridinas in prep Premise Possibly
Hydrogen production Wei in prep Premise Possibly
Electric aircrafts Strathoff 2022 Premise
Biofuels for ships Watanabe 2022 Premise

See also

E]ectricity Supply Gibon 2022 Premise references Slide
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Challenges
for
pLCI databases
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Sectoral coverage

Challenge:

> Sectoral
coverage

> Environmental
coverage

» Consistency vs.
quality

» Harmonization
and acceptance

» Sharing

» Use in LCA
software

» Interpretation

Bernhard Steubing | CML, Leiden University

Current premise scenarios include:
» Energy production: electricity, fuels
» Energy use in industry: cement, steel

 Transport: trucks, cars, buses, two-wheelers

Ongoing development:

« Ammonia, heat, cement, metals, hydrogen, ...

Important sectors missing:

* Many raw materials, metals

* Chemicals

 Agriculture, food, forestry, bioeconomy

* Circularity: reuse, recycling, re...

27/09/2022

Global greenhouse gas emissions by seclor SifeG
This is shown for the vear 2016 — globhal greenhouse gas emissions were 49.4 billion tonnes CO,eq.

Agriculture,

Forestry &
" Loy | and Use
astewaf@"(l.w;. 18.4%
Chemics Is
2.2%
Cement
Energy N Ag_:v-‘cu\ : L;r: !
=2, Fishing (/7

Electricity,
fuels

Eney

V
8 use in puidin®
(\\
Oﬂ?mef@j , ‘\0%‘5

3 (¢%) " Residentia\ puild

OurWorldinData.org - Research and data to make progress against the world's largest problems.
Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020)

https://ourworldindata.org/emissions-by-sector



https://ourworldindata.org/emissions-by-sector

Environmental coverage

Challenge:

> Sectoral
coverage

> Environmental
coverage

» Consistency vs.
quality

» Harmonization
and acceptance

» Sharing

» Use in LCA
software

» Interpretation

« While current pLCI databases can be used
for full LCIA, they are generated with a
focus on climate change

e More attention should in the future be
given to other impact categories

* Prioritization based on planetary
boundaries?

Planetary Boundaries

r

NOVEL ENTITIES

CLIMATE CHANGE ‘“

BIOSPHERE E/MSY
INTEGRITYS N STRATOSPHERIC OZONE

DEPLETION

Bll
(Not yet quantified)

ATMOSPHERIC

LAND-SYSTEM AEROSOL
CHANGE LOADING
(Not yet quantified)
-~ ~
~ .
e ~
// \H‘\
P N
OCEAN
ACIDIFICATION
FRESHWATER USE

p N

BIOGEOCHEMICAL
FLOWS
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Consistency vs quality/detail

Challenge:

> Sectoral
coverage

> Environmental
coverage

» Consistency vs.
quality

» Harmonization
and acceptance

» Sharing

> Use in LCA
software

» Interpretation

Bernhard Steubing | CML, Leiden University

Scenario data should be:
- as consistent as possible

- as good as possible

But: there is no single consistent data source that covers everything at sufficient technical detail

Solution: use additional data sources

Better solution (?): improve IAMs with that data

Consistent (e.g. IAMs)

Regions in REMIND

75 S T

L 3
25 4 J‘W “G%

o1 ﬁ‘_ e &

.

—50 4

=754

=150 =100 =50 0 50 100 150

27/09/2022
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SSA
USA
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Good (specific datasets)




Harmonization and acceptance

Challenge: - Diversity of scenarios is scientifically interesting

g fgﬁg?g%le « But harmonization is to be strived for to make cross-comparisons easier

> Environmental » Perhaps the way forward is to have a smaller set of well-developed and accepted scenarios
coverage

» Consistency vs.
quality

» Harmonization
and acceptance

» Sharing

» Use in LCA
software

» Interpretation

https://www.c2ccertified.org/n
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Sharing

Challenge:  Public sharing of pLCI databases currently hindered by licensing restrictions
> Sectoral * Best solutions currently:

coverage
NP - “Local generation” via python code

coverage

- Sharing on demand

> Consistency vs. i i .
quality » We need easier solutions to reach normal LCA practitioners

» Harmonization
and acceptance

» Sharing

» Use in LCA
software

» Interpretation

.
https://www.nbs.net/articles/making-
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Use in of pLCI databases in LCA software

Challenge:

> Sectoral
coverage

> Environmental
coverage

» Consistency vs.
quality

» Harmonization
and acceptance

» Sharing

» Use in LCA
software

» Interpretation

» Practical obstacle:
dealing with multiple

background systems
(representing different
scenarios and years)

» LCA software should
enable users to «switch»
the background scenario
and perform scenario
LCAs in a simple way

e Possible solution:

Superstructure approach
(Steubing and Koning 2021)

Implemention in
the Activity Browser

How to deal with multiple background systems?

Superstructure approach

Superstructure

pLCI database

Foreground
system

Choose impact category: |('IPCC 2013, 'climate change', 'GWP 100a') ~

pLCI databases

N / -~ -
\ / e
\ s 7
-
Foreground
system

Scenario values

‘ one click!

IPCC 2013, climate change, GWP 100a

LCA Results

O overview @ by impact category

transport, passenger car, electric |
transport, passenger car, electric | GLO
| superstructure_paper

transport, passenger car, electric |
transport, passenger car, electric, more
efficient | GLO | superstructure_paper

! BN SS5P2-base, 2020
| SSP2-base, 2030
N SSP2-base, 2040
| mmm SSP2-base, 2050
I m S5P2-2.6, 2020
mmm SSP2-2.6, 2030

SSP2-2.6, 2040

: = SSP2-2.6, 2050

F t T T T T t T T
0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200
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Interpretation

Challenge:  LCA practitioners need to understand

> Sectoral

- What BG scenarios represent
coverage

5 Environmental - What their limitations are

coverase * In order to correctly interpret and communicate LCA results

» Consistency vs. .. .
quality » LCA practitioners need guidance for that

» Harmonization
and acceptance

» Sharing

» Use in LCA
software

» Interpretation

Bernhard Steubing | CML, Leiden University = 27/09/2022


https://stileex.xyz/axiomes-communication/
https://creativecommons.org/licenses/by/3.0/

o o o _ o Steubi ,
Vision: “Qualities” of pLCI databases Mendoza,

Sacchi in prep

Best available

data & models, Broad sectoral and .
transparent, environmental Practitioners can Easy to work with
reproducib]e, coverage easily obtain them in LCA software
consistent
Gieneration Sharing

Scenatrlo Se2 Science-based Useful Accessible Usable

enerators
e = LCA Goal:

: ractitioners i
t Scenario data Integrati on pLCl databases 7 P Mearrlromgful
software . . 8 LCA software 202 —) decision

t LCI database J - support from

ld Scenario | Software providers prospective LCA

ata H Superstructure
providers [ MW W integrators DL datsbe o
Documentation & Guidance Interpretable
Institutions Well-maintained
Practitioners
Regular updates understand the
A collaborative effort of all stakeholders is and improvements scenarios

required to make this happen
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Conclusions

* Good scenarios really matter! For LCA results, for stakeholder opinions and for
decision making. Important to get this right!

 The systematic generation of pLCI databases is an exciting and important
development for prospective LCA

« pLCI databases are increasingly being used (at least in academia)

* Lots of work remains to improve these databases and make them ready for a wider
use in LCA practice — collaborative effort needed
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Links to open-source tools

Brightway2 (LCA framework): https://github.com/brightway-Ilca

Activity-Browser (GUI for Brightway): https://github.com/LCA-ActivityBrowser/activity-browser

Brightway-superstructure (superstructure approach): https://github.com/LCA-ActivityBrowser/brightway-

superstructure

premise (IAM-LCA coupling): https://github.com/polca/premise

wurst (systematic transformation of LCA databases): https://github.com/polca/wurst
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https://github.com/brightway-lca
https://github.com/LCA-ActivityBrowser/activity-browser
https://github.com/LCA-ActivityBrowser/brightway-superstructure
https://github.com/romainsacchi/premise
https://github.com/polca/wurst
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