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Agenda

* DOE Industrial decarbonization roadmap, modeling & related efforts

* |EDO Strategic Planning

* Building on the Roadmap and Looking Forward
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U.S. Industry’s Significant Energy Demand and CO, Emissions

Industrial sector is comprised of
manufacturing | agriculture | mining | construction

of the nation’s
primary energy use

30% of related CO, emissions

)
ACCOUNTS 3 3 A)

FOR

Anticipated industrial sector energy demand
growth of 30% by 2050 may result in a

17(y CO, emissions

increase

Energy Consumption

Commercial
16,684
18%

Residential
20,782
22%

Transportation
24,690
27%

CO, Emissions

718

Residential
894
19%

Transportation
1,591
35%

EIA, Annual Energy Outlook 2020 with Projections to 2050. Source: Industrial Decarbonization RKoadmap.

Commercial

Industrial
31,183
33%

Industrial
1,360
30%
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MTCO,

Cement and Lime
396 (1% of Industrial)

Food Products
1,629 (5% of Industrial)

Iron and Steel
1,422 (5% of Industrial)

Chemicals
7,519 (24% of Industrial)

Refining

|

4,735 (15% of Industrial)

All Other Manufacturing
7,941 (25% of Industrial)

Non-Manufacturing Industrial

|

7,540 (24% of Industrial)

Cement and Lime

22 (2% of Industrial)

Food Products
78 (6% of Industrial)

Iron and Steel
90 (7% of Industrial)

Chemicals
274 (20% of Industrial)

Refining
235 (17% of Industrial)

All Other Manufacturing
425 (31% of Industrial)

Non-Manufacturing Industrial
(Agriculture, mining, and construction)
236 (17% of Industrial)

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

(Agriculture, mining, and construction)
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https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap

2050 Industrial Emissions Reductions Potential

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

500 -
450 F===1 _:::::—:-::::::—.————::::::::::::::::::L_ Ef‘nliJSSions Roadmap Recommendations

@
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\2 s 457 - . Reductions
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= 350 - Further

E 300 | 223 58% Emissions

(@) ' ' Reductions

= 50 | 87% Industrial Through

= Electrification | Investments

TD/ 200 - - & LCFFES Across All

S — e Pillars

% 150 - Em’ar‘gy

LIEJ 100 - Efficiency Difficult-to-

o v v Aba}te.

o) 50 - } . ! ! Alternate Emissions

Addressed

S 5 - Approaches ¥ by Other

2015 2030 2040 2050 Approaches

[0 Remaining GHG Emissions ™ Emission Reduction by CCUS
¥ Emissions Reduction by Industrial Electrification & LCFFES Emissions Reduction by Energy Efficiency
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

No One-Size-Fits-All Solution

Onsite Energy Generation &

Manufactu ring Distribution Losses
. 14%
Sector Onsite
Nonprocess
Energy Use Uses
10%
Process
OthelrJ Sg;cess — Heating
5% 51%
Machine Drive
15%
c?:rﬁgél Process
29, Cooling
i 3%
Animal Food
F&B products Boverages 6% Grains anc
are diverse ° Oilseeds
9%
Other Food Sugar and
13% Confectionery
4%
Fruits and
Ba_llfery”and Vegetables
ortilla o,
Products 8%
8%
Seafood Dairy
2% 14%

Meats

24%

Distribution of Process
Heat in Mfg.

Heat Energy Used (TBtu)
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F&B facilities
are numerous
and distributed
across the U.S.
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[JChemicals M Refining [ Food [Jlronand Steel M Cement

Number of food and beverage processing plants, 2015
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Source: USDA, Economic Research Service using data from the U.S. Census Bureau’s County
Business Patterns.
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DOE Industrial Decarbonization Roadmap - Pillars and Sector Focus Areas

Industrial Decarbonization Pillars

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

Carbon
Capture,
Utilization,
and Storage
(CCUS)

Decarbonization pillars: inter-related, cross-cutting

strateiies to iursue in iara//e/

Z A & B m,

o« N >

Iron & Steel Chemicals Food & Petroleum Cement
Beverage Refining

N A
Food & Beverage
1,629 TBtu

/8 MMT energy-related CO,e

Annual Energy Outlook 2021 with Projections to 2050,”
U.S. Energy Information Administration, February 3,
2021, https://www.eia.gov/outlooks/archive/aeo21/.

See Table 19. Energy-Related Carbon Dioxide Emissions
by End Use.
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https://www.eia.gov/outlooks/archive/aeo21/

Energy & Carbon Footprints

Manufacturing Energy and Carbon Footprint Onsite Energy Use: 1,262 TBtu

Sector: Food and Beverage (NAICS 311, 312) Onsite Emissions: 45MMT CO-ze
gn15|te Energy, T
018 Generation

2=:1 Conventional
Boilers

s 96

CHP/

Process Nonprocess

Energy

Process Heating

s 107

Process Cooling
and Refrigeration

54

. Facility Lighting

Cogeneration § - 0.2
ﬁ 17.6 Other Facility § 8
~_ Other Process Uses Support
Fuol Type ot Other L8 12 =
Matural Gas ici
o = Electricity Electro-Chemical Onsite
Coal 5% Generation 0.0 Transportation
Distillate Fuel Oil 2% ‘“",';’ﬂ.’::t,?;mu -

(08 o2

Coke and Breeze <1%
HGL (excl. natural

non-combustion
alectricity output)

Machine Drive

gasoline) <1% - Other
0.1 61 Pumps
westoGes |y, o4  m y Nonprocess
Other Fuels <1% 46 Fans
Fuel Types |

48 Compressed Air

9 Materials Handling

1,262 2 ,
» 125 Materials Processing
I —— 2018 EIA MECS (with aqumams);
See webpage for details
Energy Greenhouse Gas (GHG) 93 5 Other Systems Last Revised: December 2021
(TBtu = Trillion British Emissions Steam Notes:

Thermal Unit = Distribution Sector-wide aggregate data for year 2018;

ermal Units) (MMT CO:e = Million Metric Tons gl - 0.8 i o ;

) Carbon Dioxide Equivalent)
~LuUel
| Total | onsite Process

[ Eiccuici, i I

rounded to nearest whole number
Offsite generation shown on net basis
{purchases, sales, and transfers
accounted for) and includes onsite non-

combustion renewable output

T | Orste Sambuston Emssions oo e st https://www.energy.gov/eere/iedo
o gy ey purging of surpius steam. /manufacturing-energy-and-
g Losses Process Emissions Feadstock enargy excluded

Page 2 of 3 carbon-footprints-2018-mecs

Prepared for the U.S. Department of Energy, Advanced Manufacturing Office by Enargetics
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Energy Demand and CO, Emissions

Total Industry Emissions, 2018
(energy-related + non-energy; million metric tons CO,eq)

Fuel Mix in U.S. Food Industry .
(TBtu) GHG Emissions (MMT CO,eq)
0 250 500 750 1,000 1,250

Propane
8.0, 1% Petroleum Chemicals
Fuel Oil 271, 2%
15.2, 1% Natural
Gas Petroleum Refining

Electricity 677.8, 56%

237.2, 19% Iron and Steel

Food and Beverage

Cement
Renewables

155.1, 13%
All Other Manufacturing

| B Baiaial N |

Steam Coal :
96.4. 8% Non-Manufacturing
Ry R e Industrial
® Energy-Related Emissions Non-Energy Emissions
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

Industrial Decarbonization is also a systems challenge

GHG reductions
require approaches

T T T —
Fuel 1 \ \  Carbon management e ’Q, =
combustion ' ! \_ through supply chains _ —-—~ Lt Core process
o | and \ o ) \ Scale-up . Py <5 y
- networ S _ ol _ ‘ ili
(:_) fermentation \\ 2 \\\ -~ "ScaleupcleanH, - /// Facility
\ N —— = —~ y,
=" : : =~ -~ Max.use " Near Zero Beyond plant bounds
O |COyasa N ___—-~"7 "~ Newchemistry with clean H = ~=_ _ 7" waste yonepb
foadstock ___>op Clean H, for medium - Blue-greenHp _ -~ T
——— \ 2 um T~ =~ Transformative - What the implicati -
—- \\Temperature process heat T SR _“EE or transformative at are the implications of:
: S RErEmElE Sl Te—l . technology integration | * Expanded H, generation
Evaporation and ~ _~ " Process electrification =~ 4 -- - _ _ _ &
asteurization ~. naturalgas_ - : . T T use
n P >~~~ Innovative separations _+" At-scale recycle «  New thermal energy
H_-' ol Jf'?ft APt Process heating ” Waste heat recovery sources & systems
("'3 Biofuels ol - ‘rrlo‘dtjlénzatlo?/ Material efficiency  a 4omation | ° SMart manufacturing,
' _ o . T e automation, & data
e Electric boilers, Electric ovens y : _ ’
g hybrid boilers and fryers L Smart manufacturing CHP or WHP analytics
o= .« Food waste reduction LCA sEMorEnMS| +  Transition to clean
Industrial Electrification Energy Efficiency electricity

Landscape of major RD&D investment opportunities for industrial decarbonization between now and 2050. * Policies

LCFFES = Low Cost Fuels, Feedstocks, and Energy Sources; CCUS = Carbon Capture Utilization and Storage

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

Representative Food & Beverage Opportunities

* Shift to electric ovens, fryers, boilers, and other electrified technologies
where possible, as grid decarbonizes.

e Reduce food waste throughout the supply chain through methods
identified in LCAs and collaboration between manufacturers.

e Increase RD&D into heat pumps to recover and supply process heat in
food and beverage manufacturing processes.

e Pursue recycling and material efficiency through methods like
alternative packaging and packaging waste reduction.

* |Invest in RD&D into transformative technologies.

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

Food & Beverage - Pathways to GHG Emissions Reductions

35_. ...........................................................................................................................
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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

Roadmap is a only a start for IEDO Strategy & Planning

Technology data
& Information

e.8., energy &
emissions data
Annual Strategy
e.g., technical topic
areas in FOAs

Set & Refine

Targeted Analysis
Goals

GOAL:

analytically . .
, National & global im,
informed & Multi-Year Strategy ational & global impact

defensible e.g., Multi-Year
Program Plan

e.g., LCA/TEA* for a
specific technology

Integrating
Analysis

Program & Portfolio Assessment
lterative & evergreen

e.g., systems
modeling

* Life cycle analysis/Technoeconomic analysis
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Going Forward - Deeper Mapping of Opportunities to Impacts

Energy Efficiency WataaT;ZZgnin:tand Materials Efficiency

Low-Carbon Fuels and

Electrified Heating

Low-carbon fuels or
electrification for steam
boilers

Low-carbon fuels or
electrification for steam boilers

Low-temperature waste heat
recovery from process
exhausts

Alternative protein products

Smart/Flexible
manufacturing processes

Drying and dewatering
innovations

Waste management
and reduction

Innovative cooling,
refrigeration and freezing
solutions

Wastewater Recovery and
Reuse

U.S. DEPARTMENT OF ENERGY

Low-temperature waste heat
recovery from process exhausts

Alternative protein products

Low-carbon fuels or
electrification for steam
boilers

Low-temperature waste
heat recovery from
process exhausts

Alternative protein
products

Smart/Flexible

Low-carbon fuels or
electrification for steam
boilers

Low-temperature waste heat
recovery from process
exhausts

Alternative protein products

Smart/Flexible . Smart/Flexible
. manufacturing :
manufacturing processes manufacturing processes
processes
Drying and dewatering Drying and dewatering Drying and dewatering
innovations innovations innovations
Waste management Waste management Waste management

and reduction

Innovative cooling, refrigeration
and freezing solutions

and reduction

Innovative cooling,
refrigeration and
freezing solutions

and reduction

Wastewater Recovery and Reuse

Wastewater Recovery
and Reuse
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Innovative cooling,
refrigeration and freezing
solutions

Wastewater Recovery and
Reuse




Strategic Analysis in Context with Technology Investments

Prospective analysis
Emerging technology opportunities

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 TARGET 2
r '\ Projects
I , Baseline Target Commercial New

Performance Performance Benchmark Technology

 S——
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Highlights from Current Analysis Areas

Sustainable
Manufacturing, Water-Energy-Land Industrial
Material Flows, and Nexus for Industry Decarbonization

Supply Chains
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EEIO-IDA Scenario Modeling Tool

EEIO-IDA: Environmentally Extended Input-Output for Industrial Decarbonization Analysis

EEIO-IDA is a new Excel-based tool for rapid “what-if” analysis of sector-level
industrial decarbonization opportunities, leveraging an environmentally
extended input/output (EEIO) approach.

/ \ Food, beverage, and tobacco products
Tool automatically Direct GHG emissions
calculates scope 1, (million metric tons CO,e) Electricity -
2, and 3 emissions lectrici Biogenic Natural
based on user etroleum e:tg”;'ty 14 Coal Gas
assumptions and ) N | _,,44.76‘( -42.2
compares results to . ;ﬁ»_q_ Petroleum
\a 2018 base case / vﬂB'OGfL;e'S o 2.2
Coal __ - Biofuels
c 1 5.8

741

/ Electricity
Electricity - _/ 48.3 106
Biogenic MMTCO.e
1.4 N

Scope 1 & 2 only

MMT CO,e

Scopel &2
and upstream Scope 3
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GHG Emission in Context: Significance of Supply Chain Emissions

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

U.S. Greenhouse Gas Emissions in 2018 (mil

0 200 400 600

800

W

Scope 1 & 2 only

Data Source: DOE EEIO-IDA tool

For more information, see Strategic Analysis poster on the EEIO-IDA tool

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | INDUSTRIAL EFFICIENCY & DECARBONIZATION OFFICE

lion metric tons CO,eq)

600

o

200 400

ﬂ“l!!!I!H!

Scope 1l &2
and upstream Scope 3

=DD=DDDDED!DD

800

@ Scope 1 (Site
Emissions)
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Strategic Analysis = Strategic Communications

Advanced Manufacturing Office

e e B/ s Clean Water Processing Technologies
ENERGY " -

= ENERGY
Industrial DOE Advanced
p . Manufacturing Office
Decarbonization G STORAE 2020 Peer Review

Roadmap )GRAND CHALLENGE

Review Panel Report

anced Manufacturing Office

al Process Intensification: Transforming the Way
ry Uses Thermal Process Energy

DOE/EE-2635
September 2022

AN ASSESSMENT OF ENERGY

TECHNOLOGIES AND RESEARCH

OPPORTUNITIES United States Department of Energy
‘ashington, DC 20585

‘Was}
@ Plastics Innovation

Challenge Draft Roadmap

‘Advanced Manufacturing Office

Multi-Year
PROGRAM PLAN

for Fiscal Years 2019 through 2023

Bandwidth Study on Energy Use
ENERGV EFFICIENCY &
revemaie exery | and Potential Energy Savings

Opportunities in U.S. Seawater
Desalination Systems

Plastics for 4 Circular Economy
Workshop: Summary Report

12,2019

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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https://www.energy.gov/eere/iedo/energy-analysis-data-and-report

FOR DIFFERENT CAPTURE TECHNOLOGIES WATER WITHDRWAL & CONSUMPTION FOI
Non-food use AMBIENT CONDITIONS AND UNIT SIZES. & CAPTURE TECHNOLOGIES FOR A 100 ¥
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Sustainable & Circular Water-Energy-Carbon Industrial Decarbonization:
Economy Extended Pathways Analysis

Energy & Materials
Resource Flows

Example Model Outputs for Strategic Planning

— s,
Technology Mixes

t tatlstlcal Analysis
Pareto
% Fronts
& Emissions Ranges

Industrial Decarbonlzatlon
Integrated Systems & Deep
Dives Analyses

16
Chemical nrodiict2

Environmentally Extended
Input-Output for Industrial

Project & Portfolio Impact

& Environmental Justice

Decarbonization Analysis Analysis
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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, Sam Gage
DOE - Zach Pritchard

OAK S %=
RIDGE Argonne ’\l = energehcs i:NREL

V"lt]o]l"‘ll L’lbor’ltor\ NATIONAL LABORATORY Lawrence Berkeley TranSform!ng EN ERGY
National Laboratory
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Thank you
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