Agenda

How analysis informs strategy: IEDO Strategic Analysis

IEDO Strategic Analysis in context

Examples on how previous, current, & future Strategic Analysis informs IEDO

Industrial decarbonization roadmap, modeling & related efforts

FY23 Strategic Analysis high-level view

See Strategic Analysis Posters for more details!
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Strategic Analysis Informs IEDO Strategy & Planning

Technology data
& Information
eemé;;glfsr %’a‘:‘a Desired Outcomes:
Well-informed IEDO
Annual Strategy .
e.g., technical topic Strategy & Plannmg
. areas in FOAs and
Targeted Analysis Set & Refine
; % ’ Goals DOE thought
&8, LA/TEAT fora analytically leadership
eI Eanes) informed & Multi-Year Strategy
defensible e.g., Multi-Year Cross-agency
Program Plan recognition
Integra'gng National & global
Analysis impact

e.g., systems
modeling

Program & Portfolio Assessment
Iterative & evergreen

* Life cycle analysis/Technoeconomic analysis
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Strategic Analysis in Context with IEDO

ﬁ

Active Project Management Program & Portfolio Assessment Strategic Analysis

Operations Integrating Analysis

Communicating Impacts: —
Budget analysis Website Targeted Analysis
e 4 Publications & Conferences & s

Studies and Reports
Social Media
Peer Review ...

Performance tracking &
reporting

Technology Data &
Information

Assessment approach:
Utilize retrospective, introspective
and prospective analysis methods

Basic Project Information:

— Nec ? ssary b utmsufflcrent — What do we need to know:

___________________________________________

' \ Impact of investments s A

5 | frojeféf %':f;igy ! I Goal - A more complete picture of ‘:
Arormation P i Energy Impact? | project/portfolio impacts: |
: Merit Review Milestone ! . Quantitative !
E Presentations Tracking ! Emissions |mpact’? : !
: ! i+ Measurable :
! Final Budget ! ! ’:

Reports Updates Economic Impact? .« Aligned with DOE/IEDO program goals
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Strategic Analysis in Context with Technology Investments

Prospective analysis

Emerging technology opportunities Introspective analysis
Assess & communicate impacts of

active projects/portfolio Retrospective analysis

Synthesize learnings from
commercialized technologies

Strategic
IEDO Desired Technology Current State R&D Project Targeted State Technology Impact
Outcomes Investments of Technology Advancements of Technology (Energy, Emissions, Cost)

Program-Level
Goals and BASELINE 1 TARGET 1
Targets
Funded BASELINE 2 W TARGET 2 ,
: : Projects 7
\ J Baseline Target Commercial New

Performance Performance Benchmark Technology

| S—

Energy Use
el

9

2]
K72
a0
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Strategic Analysis in Context with DOE

An holistic top-down and bottom-up systems approach to
shape the IEDO portfolio with the highest potential for impact

DOE Priority Areas Examples

Critical
- Decarbonization Circular Storage Water
Materials Economy

Fundamental Analysis Elements

Data, Tools,
Methodologies

Fundamental Systems
Analyses (e.g., LCA, TEA)

Integrating
Approaches

.

Bringing institutional knowledge to the table, IEDO is well-positioned to be
functional and thought leaders in DOE.

/

Energy/
Emissions-
Intensive
subsectors

\_

Energy

efficiency

IEDO Technology Areas Examples

Water/
Thermal Wastewater

Low Carbon
Fuels,
Feedstocks,

Energy Processes

Sources

Energy/
Emissions

Emerging
Techs

Industrial
Electrification
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Strategic Analysis = Strategic Communications

Advanced Manufacturing Office
U.S. DEPARTMENT OF

ENERGY

Industrial DOE Advanced

D b . . Manufacturing Office
ecarbonization < ENERGY STORAGE L 2020 Peer Review
Roadmap Y

GRAND CHALLENGE

Review Panel Report

. Advanced Manufacturing Office
E‘HEVR(;Y EFFICIENCY &

RENEWABLE ENERGY Thermal Process Intensification: Transforming the Way
Industry Uses Thermal Process Energy

DOE/EE-2635

September 2022 — = : " s
AN ASSESSMENT OF ENERGY Ve ’ "7 { - = 4 5 p Sustainable Manufacturing and the
'éicpl'g\é?bi%llEESSAND RESEARCH [t 2 Py ) g Circular Economy

United States Department of

‘Washington, DC
e Plastics Innovation

Challenge Draft Roadmap

‘Advanced Manufacturing Office

Multi-Year
PROGRAM PLAN

for Fiscal Years 2019 through 2023

ENERGY
oo . Bandwidth Study on Energy Use
ricwete ocrer — and Potential Energy Savings

Opportunities in U.S. Seawater
Desalination Systems

Plastics for & Circular Economy
Workshop: Summary Report

Foundational Roadmaps Workshops Planning Portfolio
* Technology * Decarbonization * Energy Storage * FOAs * Peer Review

Assessments * Energy Storage * Critical Materials * Prizes * Annual Report Conferences,
* Energy & Carbon * Critical Materials * Thermal * WFD Programs * Introspective journal
* Technology Adoption * Circular Economy Intensification MYPP Technology Tracking  articles etc.
* Ind. Heat Shot Big Ideas Summit TEA/LCA

Goal setting
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Previous, current, future work supports IEDO planning

Footprint

U.5. DEPARTMENT OF

ENERGY

Industrial
Decarbonization =]\ =
Roadmap , il |

AMO

IEDO
analytically
supported
baselines,
targets, &

metrics

AN ASSESSMENT OF ENERGY
TECHNOLOGIES AND RESEARCH
OPPORTUNITIES
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Expertise informs analyses and initiatives - e.g., thermal

2020 2025 2030 2040 2050 . . .
Advancod Manufachuriog ke Thermal Process B oo e s g~ Industrial Decarbonization
S Intensification (TPI) 5| \ L Roadmap
Input from subject-matter experts =" : EE.,..,.:.M Analysis associated with
on transformative technologies - s Industrial Decarbonization
and strategies to substantially £ @ENERGY ””mfw“ﬁ“w"”‘"‘;;f Roadmap
improve the performance of . e B
thermal processing systems in ket ol B e mm |
the industrial sector. =01 \ il &
« Workshop in late 2020 e w! ﬂ
« Report published in May 2022 e = N e

| Remaining GHG Emissions  ® Emission Reduction by CCUS
wonbczosgs | EMissions Reduction by Industrial Electrification & LCFFES @ Emissions Reduction by Energy Efficiency
| Emissions Reduction by Altemate Approaches (e.g.. Negative Emissions Technologies)

Manu factu rin g Ener gy an d ii?ﬁf%t:‘ﬂﬂ?.f&i’.%‘é?%? sty = Oraits Emioeions: - 242MMT COe :’P::(E(?SSSHT%E“;?
Carbon Footprints i- pter 6 Technology Assessments
The flow of energy supply, ‘ DOE Quadrennial
demand, and losses as well Technology Review 2015

Technology assessment
on process heating

as greenhouse gas (GHG)
emissions for end uses in 15
U.S. manufacturing industries

and manufacturing-wide.
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https://www.energy.gov/sites/default/files/2022-05/TPI%20Workshop%20Report_AMO.pdf
https://www.energy.gov/sites/default/files/2022-05/TPI%20Workshop%20Report_AMO.pdf
https://www.energy.gov/sites/default/files/2022-09/Industrial%20Decarbonization%20Roadmap.pdf
https://www.energy.gov/sites/default/files/2022-09/Industrial%20Decarbonization%20Roadmap.pdf
https://www.energy.gov/eere/iedo/manufacturing-energy-and-carbon-footprints-2018-mecs
https://www.energy.gov/eere/iedo/manufacturing-energy-and-carbon-footprints-2018-mecs
https://www.energy.gov/sites/prod/files/2016/06/f32/QTR2015-6I-Process-Heating.pdf
https://www.energy.gov/sites/prod/files/2016/06/f32/QTR2015-6I-Process-Heating.pdf

11% of All U.S. Energy-Related Emissions is from Process Heating

2020 Energy-Related CO, Emissions 2020 Estimated Industrial: Manufacturing
by U.S. Economic Sector Energy-Related CO, Emissions by Source

Off-Site
Emissions, 39%
Industrial:

Manufacturing
25%

Industrial Heat
46%

Transportation
35%

Non-process Use, 3%

Other Process Use, 12%

& i

| T

o Opportunity for
g_- improved energy
@  rviogen | productivity and

O sores reduced
Sources: EIA Annual Energy Outlook (2021); AMO 2018 -

emissions
Manufacturing Energy and Carbon Footprints (2022) <

Other: Mining, Agriculture,
Construction, 5%
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DOE Industrial Heat Shot

ENERGY

earthshots

U.S. DEPARTMENT OF ENERGY

Nnaustrial
Heat Shot

Develop cost competitive industrial heat decarbonization technologies with
at least 85% lower greenhouse gas emissions by 2035

D

o o |

>85% Lower Emissions

Timed with 2035 Clean Grid Goal.

https://www.energy.gov/eere/industrial-heat-shot
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https://www.energy.gov/eere/industrial-heat-shot

Previous, current, future work supports IEDO planning

US. DEPARTMEN' [ERGY (DOE) OFFICE OF ENERGY ICIENCY AND RENEWABLE ENERGY (EERE)
“““““““ e Tech ic, Energy & Carbon Tool for Early Stage Technologies (TECHTEST)

vse
& Version 1.0
978
PZs
oL A &

Release: February 19, 2023

U.S. Greenhouse Gas Emissions in 2018 (million metric tons C0,eq)
100 200 300 400 500 600 700 800

Current

analytically
supported

baselines,
targets, &
metrics
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Highlights from Current Analysis Topics

Sustainable
Manufacturing, Water-Energy-Land Industrial
Material Flows, and Nexus for Industry Decarbonization
Supply Chains
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U.S. Industry’s Significant Energy Demand and CO, Emissions

Total Industry Emissions, 2018
Industrial sector is comprised of (energy-related + non-energy; million metric tons CO,eq)

. . . . GHG Emissions (MMT CO.,eq)
manufacturing | agriculture | mining | construction o 250 500 750 1005 1250

ACCOUNTS 30% of energy-related CO, Chemicals
FOR

emissions
Petroleum Refining

Energy-Related CO, emissions, 2020

(million metric tons) Iron and Steel
CO, Emissions - Cement and Lime
7 22 (2% of Industrial) Food and Beverage
-~ "million Food Products

Commercial

| B Bt N |

0,
718 MTCO, 78 (6% of Industrial) §
L Iron and Steel = Cement
Residential 90 (7% of Industrial) 9
69 Chemicals %
19% Industrial S .
1,360 =8 (20 ok ladustial) All Other Manufacturing
L
o Refining
30% 235 (17% of Industrial)
Transportation All Other Manufacturing Non-Man ufa_ctu ring
1,591 425 (31% of Industrial) Industrial
35% ) )
Non-Manufacturing Industrial
= (Agriculture, mining, and construction) ® Energy-Related Emissions Non-Energy Emissions

236 (17% of Industrial) Energy-Related Emissions Non-Energy Emissions

EIA Monthly Energy Review, Manufacturing Energy Consumption

EIA, Annual Energy Outlook 2020 with Projections to 2050. Source: Industrial Decarbonization Roadmap. Survey: EPA GHGRP Inventory
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https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

DOE Industrial Decarbonization Roadmap - Pillars and Sector Focus Areas

Industrial Decarbonization Pillars

‘@ * Invest in all pillars
A
* Leverage cross-sector approaches

Low-Carbon
Fuels,
Industrial Feedstocks,
Efficiency Electrification and Energy
Sources
(LCFFES)

Carbon

Capture, * Interdependencies require

Utilization,

and Storage systems solutions

(CCUS)

Decarbonization pillars: inter-related, cross-cutting
strategies to pursue in parallel

% O\ & &

A & El e

' - '

Iron & Steel Chemicals Food & Petroleum Cement
Beverage Refining
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2050 Industrial Emissions Reductions Potential

Near-Zero GHG Emissions Scenario
(for five representative subsectors*)

500 -
— BAU -
E 450 £=== Ceo——— —————-——-—F——————————F=-————=—===—==—"2¢ Emissions Roadmap Recommendatlons
f% 457 Reductions
S 400+ 549,
O 350 ° cous * Advance Early-Stage RD&D
o Furth . c .
< 200 B 8% Emissions * Invest in Multiple Process Strategies
o Reductions .
2 50 87% industrial | Through  Scale through Demonstrations
£ Electrification | Investments -
% 200 4 v GLOFFES | Across Al e Address Process Heating
e nars . . .
S 4504 193 — * Decarbonize Electricity Sources
@2 e .
E 100 Efticiency | biticut-to- * Integrate Solutions
v v Abat :
S 50 - Ahorsts ] Emissions « Conduct Modeling and System
- Addressed

O Approaches ¥ by C;ﬁf:re Ana |yseS

2015 2030 2040 2050 Approaches o B Communiti D |
[0 Remaining GHG Emissions  ® Emission Reduction by CCUS g_a_ge 0 unities, bevelop a

Emissions Reduction by Industrial Electrification & LCFFES  Emissions Reduction by Energy Efficiency Thrivin g Workforce

B Emissions Reduction by Alternate Approaches (e.g., Negative Emissions Technologies)

*Subsectors included in Roadmap analysis: Iron & Steel, Chemicals, Food & Beverage, Petroleum Refining, and Cement. (Near zero GHG
scenario, excluding feedstocks.

Source: DOE Industrial Decarbonization Roadmap, Sept. 2022. https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap
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https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

2020

CCUS

LCFFES
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Industrial Decarbonization is also a systems challenge

2025 2030 2040

Hard-to-abate carbon addressed ,—) A e

\ i - <
\ p—— // y

expansion

. p . Scaleup o P
002 utlllzatlon N CI . d ; - .

| CO, bloconver3|on = ean Hy dominates - /

AN _ = _ Max. -
DAC_ -~ N “New chemistry Wlth -~ Clean electric ~~ Near Zero

100% no-carbon Hy i I :__l:v‘aite
Scale -up_ -

|
Heat lCOQtrunkllnes \ Pipeline \
integration '
\ CO, use trials
Reuse at

slipstreams

Connections \
at clusters

—
—

__»-~TClean H iron or stool}- - > _
p— Transformative -

— : "\ I‘:n:;%yror thermal storage S~~~ __ process _~ EE or transformative
Clean H, blending o S~ ~ technolo
~ I I H = —_ Vs gy
s (Scaleup clean Bo) ™y hrig membranes o - - _

Clean H, ammonia RN > ~” Scaled-up use of
recycled content

“‘;~<_” Electrochemistry to chemicals .~
= /
[Clean H, for process hea) “~~-__  Scale-up .7 Innovative

- HT heat pumps T / separations

-~

-.._/
——

Lower embodied
carbon

Biofuels -

o Trials at clusters WHP SEM  Motor systems

_d

-~ Process heat portfolio Electrolyzer efficiency ~ Materlals efficiency Smart manufacturing)

Industrial Electrification Energy Efficiency

Landscape of major RD&D investment opportunities for industrial decarbonization between now and 2050.
LCFFES = Low Cost Fuels, Feedstocks, and Energy Sources; CCUS = Carbon Capture Utilization and Storage
Source: Industrial Decarbonization Roadmap

Industrial GHGs
require approaches
at multiple levels:

Core process

Facility

Beyond plant bounds

What are the implications of:

* Expanded H, generation
& use

* New thermal energy
sources & systems

e Smart manufacturing,
automation, & data

analytics

* Transition to clean
electricity

* Policies


https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

Current Industrial Decarbonization Analysis and Goal Development
Efforts in IEDO

IEDO Analysis & Goal
Development

Chemicals Industrial Decarbonization Modeling

Iron & Steel

Expanded bottom-up analysis to capture specific technologies or
pProcess units

Cement & Concrete

Food & Beverage

|ldentify and standardize inputs and assumptions for transparency
now, and future-proofing going forward

Forest Products

Intensive Industries

(7]
[
S
()
@
S
L
=
>
o0
S
o
<
L

Other Industries

« Add resolution - fuel sources, process emissions, and adoption rates

Thermal Processing by technology, electrification, onsite generation, etc.
Utilization of LCFFES

* Refine pillar breakdown calculations to more accurately capture
adoption of technologies and separate electrification from low carbon
fuels, feedstocks, & energy sources (LCFFES)

Emerging Techs

Water

Cross-Sector
Technologies

Cross-Cutting
Assumptions: CCUS,
Material Efficiency, H,,
Grid Emissions
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Buying Clean requires Making it Clean

THE WHITE HOUSE

* The Department of Energy (DOE) is supporting Buy
Clean with training, technical assistance, and innovation

grants. The Building Technology Office is building tools

3uy
suich as GREET » for whole building lifecyele analysis n
and the Advanced Manufacturing Office is supporting
with tools such as LIGHTEnUp » and MFI » to support
standard-setting for specific products.
@ _— 1 . y
i iNREL £ energelics el
Transforming EMERGY Clean Energy Consulting Lawrence Berkeley
National Laboratory
Materials Flow through Industry (MFI) Tool Environmentally-Extended LIGHTEN-UP Tool
Linear network model of the U.S. industrial Input/Output (EEI0) models Scenario framework for assessing
sector. It can model a range of manufacturing Input/output techniques to estimate the prospective net energy impacts of a
scenarios, including the effects of changes in total impact of an industry’s products on technology/product, accounting for
production technology and increases in environmental metrics, such as greenhouse ~ Poth manufacturing and end-use life
industrial energy efficiency. gas emissions. cycle phases.
https://energyanalysis.Ibl.gov/tools
https://www.nrel.gov/manufacturing/mfi-modeling-tool.html LIGHTEn-UP: Lifecycle Industry GreenHouse gas,

Technology and Energy through the Use Phase
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https://www.whitehouse.gov/briefing-room/statements-releases/2022/09/15/fact-sheet-biden-harris-administration-announces-new-buy-clean-actions-to-ensure-american-manufacturing-leads-in-the-21st-century/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/09/15/fact-sheet-biden-harris-administration-announces-new-buy-clean-actions-to-ensure-american-manufacturing-leads-in-the-21st-century/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/09/15/fact-sheet-biden-harris-administration-announces-new-buy-clean-actions-to-ensure-american-manufacturing-leads-in-the-21st-century/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/09/15/fact-sheet-biden-harris-administration-announces-new-buy-clean-actions-to-ensure-american-manufacturing-leads-in-the-21st-century/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/09/15/fact-sheet-biden-harris-administration-announces-new-buy-clean-actions-to-ensure-american-manufacturing-leads-in-the-21st-century/
https://energyanalysis.lbl.gov/tools
https://www.nrel.gov/manufacturing/mfi-modeling-tool.html

GHG Emission in Context: Significance of Supply Chain Emissions

U.S. Greenhouse Gas Emissions in 2018 (million metric tons CO,eq)
0 200 400 600 800

200 400 600 800

o

Farms

Chemical products

Petroleum and coal products

Paper products

Construction

Primary metals

Nonmetallic mineral products

Oil and gas extraction

Food and beverage and tobacco products
Mining, except oil and gas

Wood products

Motor vehicles, bodies and trailers, and parts
Plastics and rubber products

Fabricated metal products

Computer and electronic products
Machinery

Textile mills and textile product mills
Electrical equipment, appliances, and components
Miscellaneous manufacturing

Other transportation equipment

Printing and related support activities
Support activities for mining

Apparel and leather and allied products
Furniture and related products

Forestry, fishing, and related activities

@Scope 1 (Site
Emissions)

B Scope 2 (Offsite
Electricity Emissions)

OScope 3 (Upstream
Supply Chain
Emissions)

ﬂ!il!!mH!

Scope 1 & 2

Scope 1 & 2 only and upstream Scope 3

=Dm=mmgg:D5DD

Data Source: DOE EEIO-IDA tool
For more information, see Strategic Analysis poster on the EEIO-IDA tool (Tuesday 5/16)
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Previous, current, future work supports IEDO planning

00000

Analysis
(FY24+)

IEDO : WE

analytically
supported
baselines,
targets, &
metrics

z retirement
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The imperatives for U.S. industrial decarbonization

Incremental solutions are insufficient:

* The need for an industrial re-revolution

CO, emissions from inefficient materials flows
are a problem:

* The opportunity for more thoroughly efficient
production processes

GHGs are one environmental impact factor:

* The need for more thoroughly sustainable
manufacturing
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Want to Learn More? See the Strategic Analysis Posters!

FOR DIFFERENT CAPTURE TECHNOLOGIES 'WATER WITHDRWAL & CONSUMPTION FOI
mni?:g e 16 320 AMBIENT CONDITIONS AND UNIT SIZES & CAPTURE TECHNOLOGIES FOR A 100 M EAF d H2-DRI and EAF Pro os
B [EAF Secondary Route coss s Storag
[ 00 05 10 15 20 25 30 35 01 1 nda e Zarbon Capture, Use and 8
1% 280 o TSR ; ! - 3

_ z .- pop | — ° == =
z = 23 Membrane | — _ . e 5 e | v
o 12 240 € S pcomton < B i -
5 " s | — vty o
9 NiMH (Optimistic) —, _ g TSA — - A
g 10 200 = 3 PSA TR €
3 3 ¢ ‘ A — - . Tl
e g NiMH (Conservative) 160 £ € ppsorption | — | - 7 ~ -
£ - TSA T I Lt i
8 w3 P — | ' T
8 d . 2 2 Membrane —— o —
4 O —
3 Top | e—
- = Pon

@ L=}

S Membrane = —

n -— x y — Public acceptance of C
i o—

Water-Energy-Carbon

Energy & Materials Sustainable & Circular

Resource Flows Nexus

Economy

Example Model Outputs for Strategic Planning

—
008 15 15 38

. Technology Mixes 1 .

— E Statistical Analysis

riod

Period T

a
Pareto
% Fronts
g Emissions Ranges
DA M —

Industrial Decarbonizatin:
Integrated Systems & Deep
Dives Analyses

i
Chemical nraduct-

Environmentally Extended
Input-Output for Industrial

Decarbonization Analysis

Analysis
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Project & Portfolio Impact
& Environmental Justice
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Industrial Decarbonization:
Extended Pathways Analysis



Closing Thoughts

Technology Investment Portfolios

* Investment strongly influences outcomes
* Too much diversification is a bad strategy
* |tis essential to make targeted investments

Should put a few eggs in the right baskets

Journal of Economic Dynamics and Control
Wolume 101, April 2019, Pages 211-238

ELSEVIER

Wright meets Markowitz: How standard
portfolio theory changes when assets are
technologies following experience curves

Rupert Way * ® S =@, Francois Lafond * be &, Fabrizio Lillo de &, Valentyn Panchenko =,

J. Doyne Farmer * 2 "=

Show mare ~

e a—
—

J. Doyne Farmer
REMADE Circular
Economy Conference
NAS March 21, 2023

+ Add to Mendeley «2 Share 3 Cite

https:{{doi.org/10.1016/).jedc.2018.10.006 ~ Get rights and content ~

https://doi.org/10.1016/].jedc.2018.10.006

5

L7 N
20N
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IEDO Strategic Analysis Team

joe.cresko@ee.doe.gov

For additional information:
https://www.energy.gov/eere/iedo/energy-analysis-data-and-reports

ANL - Sarang Supekar, Nwike lloeje, David Thierry, Diane Graziano
LBNL - Arman Shehabi, Prakash Rao, Jibran Zuberi

NREL - Alberta Carpenter, Samantha Reese, James McCall, Darlene Steward, Taylor Uekert, Hope
Wikoff

ORNL - Sachin Nimbalkar, Kristina Armstrong, Prashant Nagapurkar, Kiran Thirumaran, Ikenna
Okeke, Dipti Kamath

Energetics - Caroline Dollinger, Heather Liddell, Sabine Brueske, Brian Ray
DOE Zach Pritchard

OAK oeee)f
RibGE  Argonne® EBHM en=rcefics TINREL

National Laboratory
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mailto:joe.cresko@ee.doe.gov
https://www.energy.gov/eere/iedo/energy-analysis-data-and-reports

Thank you
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