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. Refresher: What is LCA?

1
2. Whatis IAM?

3. Why combine LCA and IAM?
4

. Examples
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» from Dresden, Germany (near Berlin)
« came to US for a PhD in 2016

« now Earth Scientist at JGCRI (Joint
Global Change Research Institute)
(near DC)
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What is your experience with
LCA and / or IAM so far?
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_ _ Examples of life cycle stages:
» systematic analysis

» environmental impact @ - ﬂm

* entire Ilfe CyC|e Of a prOdUCt’ materlal’ Disposal/recycling Raw material extraction
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E E EARTH Q, search

Sustainability Space More ¥ |  Shows Kids Store Get involved Podcast 4 Sign up to Newsletter

ANIMALS

The strangest life cycles in nature!

https://www.bbcearth.com/news/the-strangest-life-cycles-in-nature
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Phases of a Life Cycle Assessment

" 225 _.—E'
Goal and Life Cycle Life Cycle Impact
Scope Inventory (LCI) Assessment (LCIA)

N 7

I

Interpretation

#5 carbon

e collective

https://www.carboncollective.co/sustainable-investing/life-cycle-assessment-Ica
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« Goal and Scope:

= Goal:
v' Compare products?
v' Basis for design, corporate or policy decisions?
v' Comply with regulation?
v Customer demand?
= For whom?
v’ Stakeholders?
v Customers?
v' The public?
= Scope:
v Functional unit

v' System boundaries

v Method
« Standard (ISO + regional standards)
* Impact assessment method
« Database

Phases of a Life Cycle Assessment

== ek
gy - — 2

Goal and
Scope

Life Cycle Life Cycle Impact
Inventory (LCI) Assessment (LCIA)

N Uz
\/

Interpretation

"""" % carbon
cu] lective

https://ecochain.com/blog/how-to-define-
the-goal-scope-of-your-Ica/
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Simplified product life cycle and its stages 4 Cradie-to-cradle
‘ Cradle-to-grave

EEP%B Cradle-to-gate
B[1E 4 Gate-to-gate

Manufacturing
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bMaterials
processing
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Distribution
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extraction
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Dsposal

https://www.circularise.com/blogs/what-is-life-cycle-assessment-Ica
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Well Tank Wheel
(fuel extraction) (fuel tank) (driving a vehicle)

» FSEE

.ml rehmnq refueling driving a vehicle

(combustion engine)

g 1ﬁ
power generation electrical charge ariving a vehicle

(electric)

+ | Well-to-Wheel (from fuel extraction to consumption during driving) | ,
- : >
- Well-to-Tank : Tank-to-Wheel :
0 from fuel extraction ' from fuel tank to fuel )
- to fuel tank : consumption during driving /| |
- |

» - »

https://kleebinder.net/future-smartmobility-needs-sustainable-cleanenergy/
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» Are tomatoes from Spain or Mexico less impactful on the
environment?

Q

« Should | buy an organic cotton T-shirt or a regular cotton one? v
S

 What is the total environmental impact of an electric vehicle (EV
manufactured in China, and driven in India over the entire vehicle
lifetime?

 What is the impact of GHG emissions from 1 kWh of electricity
generation in India?

 How does a conventional vehicle compare to an EV driven in the US
in terms of CO2 emissions?

* How big a share of renewable energy do we need in the electricity
grid for the carbon footprint of electric vehicles to become smaller
than the footprint of gasoline-powered vehicles?
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NATIONAL LABORATORY

Large scale

production- vs. consumption-based

Global Input-Output Models <«—— accounting of emissions;
often country level
Country
City, County avoids truncation errors of pLCA,;

Hybrid Models — —— .. facilitate regionalization

Business, Industry,

Household
usually comparing 2 alternatives;

Process-based LCA < often product level

Product (PLCA)

Fine scale

Adapted from https://www.sciencedirect.com/science/article/pii/S1877343510000369#fig1
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* integrate human + Human Systems

Earth system m
Economy
Water System
Models

Technology

* insights not available
from disciplinary
research alone

Population

e own discipline

Settlements Security
Migration Health
Managed Transport

Ecosystems

https://github.com/JGCRI/gcam_training
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The Model

Exogenous Assumptions Outputs of IAMs

POpU|EtiDI"I Climate CO,, GHGs, aerosols, OGs
Agriculture ‘

Labor Productivity Economy 2 Land Use Atmosphere,
Oceans

Prices, Taxes, e.g. CO,
Commodity Prices

Economic Activity

Technology

Primary Energy Supply
Electric & Refining
Crops & Forests

Policy

Resources Carbon Cycle

Livestock

Temperature, RF

Highly non-linear, strategic models
designed to consider global climate
forcing and climate impacts at decadal
time scales and regional disaggregation External Data
ranging from dozens to hundreds

* (FYIl, GCAM is fully public!)
https://github.com/JGCRI/gcam_training
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The Model
Exogenous Assumptions

Population

Agriculture
Labor Productivity BT & Land Use

Technology
Policy

Resources

External Data

https://github.com/JGCRI/gcam_training

Climate,
Atmosphere,
Oceans

Carbon Cycle

Outputs of IAMs

CO,, GHGs, aerosols, OGs
Prices, Taxes, e.g. CO,
Commodity Prices
Economic Activity
Primary Energy Supply
Electric & Refining
Crops & Forests
Livestock

Temperature, RF

17
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Energy/Socioeconomics: 32 regions

Land: 384 regions

f‘*

“’7

Water: 235 regions

Climate: 1 global region

e also Country-spe0|f|c versions such as GCAM-USA, GCAM-

China, GCAM-Canda etc.
https://gmd.copernicus.org/articles/12/677/2019/gmd-12-677-2019.pdf
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* No “winner takes all” (unlike strict optimization)

Choice

#1.1 Reference #2 1 Met-zero
=001 = | Technology
| . Hydrogen . Hydro
Biomass CCS MNuclear gen Il
| —— Biomass CCS trad Muclear gen |l
—_— — Biomass Refined liquids CC CCS
200 | Biomass trad B Refined liquids cc
. Geo . Refined liquids
3 C5P Gas CC CCS
0 . CSP w/ storage . Gas CC
Choice PV M o=
100 ! PV wi storage Coal CCS
PY rooftop I Coal CC5 conv
Nest: public IIII III e co
. Wind offshore . Coal conv
transport .
Wind w/ storage
- .---

21]1(] 21]2(] 2[]3(] 2[]4(] 2[J1E] 2[]2(] 2[]31]

https://www.sciencedirect.com/science/article/pii/S2590332224002021
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* What role will hydrogen play in the future globally or in certain countries?
 How can we stay within 1.5C?
 How much will it cost to reach “net-zero™?

« How will the power sector adapt to future climate targets?

* Which sectors strongly react to climate policies, which ones less?
 How does a carbon price affect the price of gasoline?

 How do biofuels, ammonia fuels, etc. affect food prices?
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System scale

Energy-economic-
environmental system

Gl wh

Transport modet—"* Transport system

ol =5

Integrated model ——* «<——— dynamic; aggregated

prospective LCA

Fleet life cycle

Vehicle fleet
assessment H’J‘ﬁﬁ
Vehicle life cycle Individual

assessment vehicle

ﬂ «—— static; detailed

https://www.sciencedirect.com/science/article/pii/S1361920919300513
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« Combine the strengths of both
= LCA:

v" additional pollutants and impact categories
v" more technological detail (e.g. battery chemistry)
v' more detailed supply chain processes

= |JAM:

v" market mechanisms (balancing of supply and demand)
v’ prices facilitate technology competition
v’ larger system boundary / whole economy

* To generate new insights for sustainability/climate policy
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NATIONAL LABORATORY

e Often an LCA that uses outputs from an IAM, most commonly electricity mix, more lately
also main industrial, transport and refining processes

* E.g. Premise tool: “Premise is a tool that streamlines the generation of prospective
inventory databases for LCA by integrating scenarios generated by Integrated Assessment

Models (IAM).”
ﬁ ’ 7 a.-éfe‘i 5 = ' ﬁ ’ 7?[://';}3
. = : ot - ?- . = :
f“‘l_“ L - "’ L
-=\I¢\;é ) i =\\\E i
= b I
% + /Y0y, =
o] | | Gl
Current Current 2030 2050 2100 Current 2030 2050 2100
LCI IAM pLCI

https://www.sciencedirect.com/science/article/pii/S136403212200226 X
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ecjmem
— -~
@ l'\ /J H%Mt From current to 2050,
T baseline
- @ ' From current to 2050, Paris
_I__LEI‘..[H._I ID__ : Y, 5 Agreement target @
=== > > B < e
From current to 2050, push /L ‘
e for CCS / \
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» Soft-linking of LCA and NEMS (not an IAM but still a systems model)
* Less automated

* Only 1 region, 1 sector / \
e But two-way communication!

NEMS
/ \ 2. Carbon tax - Equilibrium energy supply and demand
) - Carbon tax
LCA
- Vehicle indirect emissions / \
o Light duty vehicle module
. 1. Calibration - Vehicle characteristics
\ ) - Vehicle direct emissions
- Vehicle choice
3. Feebate

< !
https://www.nature.com/articles/s41467-021-27247-y
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NATIONAL LABORATORY

* Integrating LCI coefficients ,o @) Direct emissions only ¢) A b)-a)
Into vehicle choice 21
procedure does affect g" 1
optimal vehicle choice §10 2
pathways, see difference E g0
between a) and b) 0 E |
2010 2020 2030 2040 2050
I _b) Full pricing _ 2T |
2010 2030 2050
.g 15 I Other PCs PHEV-40 PC
Integrated | 5 —— Pl
LCAresults | 2 WO CEV LT [ BEV-100 LT
£ I HEV PC I BEV-200 PC
> I HEV LT | BEV-200LT
W PHEV-10 PC [ HFCEV PC
— 0 . PHEV-10LT B HFCEV LT

2010 2020 2030 2040 2050

https://www.nature.com/articles/s41467-021-27247-y 28
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* Tool “swims” upstream from end-use sector to primary energy carrier
* Production of equipment and/or infrastructure not included

Solar

well Tank Wheel
(fuel extraction) (fuel tank) (driving a vehicle)

A=)

= L B
bt e » oSS
Op R e—
oil refining refueling driving a vehicle

SOmEsS ﬁh o 7| i » oSl
power generation electrical charge driving a vehicle
(electric)
Natural : : '
v | Well-to-Wheel (from fuel extraction to consumption during driving) | ,
gas - : >
; Well-to-Tank E Tank-to-Wheel :
from fuel extraction i from fuel tank to fuel '
- to fuel tank : consumption during driving :
- o =

https://kleebinder.net/future-smartmobility-needs-sustainable-cleanenergy/
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* Very preliminary results!
- GREET: « GCAM:

renewable diesel ICE 2050 -
renewable diesel ICE 2040 -
renewable diesel ICE 2030 -
petroleum diesel ICE 2030 -
petroleum diesel ICE 2040 -
petroleum diesel ICE 2050 -

Ammonia, gaseous, NG+HB 2030 -
Ammonia, liquid, NG+HB 2040 -
Ammonia, gaseous, NG+HB 2040 -
Electricity, US mix 2050 -

Ammonia, liquid, NG+HB 2050 -
Ammonia, gaseous, NG+HB 2050 -
Hydrogen, gaseous, NG 2030 -
Hydrogen, gaseous, NG 2040 -
Hydrogen, gaseous, NG 2050 -
Petroleum diesel 2030 -
Petroleum diesel 2040 -
Petroleum diesel 2050 -

Fuel production requirements (powertrain efficiency NOT considered) Fuel production requirements (powertrain efficiency NOT considered)
23:222: %828 1 : e-diesel ICE 2030 -
Hycrogen. iquid i S ' - I
Hydrogen, liquid, PEM 2040 - [ . e-diesel ICE 2050
Hydrogen, liquid, PEM 2050 - [l = electricity Motor 2030 -
FT biofuels 2030 - = -
FT biofuels 2040 - . FT biofuels CCS ICE 2030 -
Hydrogen, liquid, NG 2030 - s - )
Hydrogen, liquid, NG 2040- [ENEESELEI——— - FT biofuels CCS ICE 2050~ [ W Biomass
Hydrogen, liquid, NG 2050 - s - - i _
Ammon%a, Iiguid, F(’]EM+HB 2030- M . . Feedstock Production Coal electricity Motor 2040 . Coal
Ammonia, gaseous, PEM+HB 2030~ [l . . &  FToiofuelsicE2030- [
Ammoria, iquid, FEM+HB 2040 . . Feedstock Production Natural Gas 2 FT biofuels ICE 2040~ [N B ceoverna
Ammonia, gaseous, PEM+HB 2040- M * . Feedstock Production Petroleum <! . Hydropower
& Ammonia, gaseous, PEM+HB 2050- Ml . B Fuel Production Coal £ . B Netural Gas
°>’, Hydrogen, gaseous, PEM 2030- M . [0} electricity Motor 2050 - _ .
_|  Hydrogen, gaseous, PEM 2040- M . . Fuel Production Natural Gas 2 ammonia [CE 2030 - _ Nuclear
o Hydrog = . ) o i
T lectricity, US mix 2030 - [N . | . Fuel Production Petroleum EI ammonia ICE 2040 - _ . Qil
R e S ; B Vehicie Operation o T hycrogen Fuelceizozo- [N | solar
Renewable diesel 2050- - 1 Vehicle Operation Natural Gas rydrogen Fuelcel 2040~ | Bl sopoeen o
Electricity, US mix 2040 - . . Wind
Ammonia, liquid, NG+HB 2030 - . Vehicle Operation Petroleum hydragen Fuel cell 2050 _

w
IN

2
GJ in/GJ out

o
-

GJ in/GJ out
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