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Indusiry’s Significant Energy Demand and CO, Emissions

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

of the nation’s
primary energy use

30% of CO, emissions

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

17%

Technological advances in manufacturing will be critical
to enabling decarbonization for other sectors.

CO, emissions
increase

Data source: Energy Information Administration (EIA) Annual
Energy Outlook 2021 with Projections to 2050.
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Cement and Lime
396 (1% of Industrial)

Food Products
1,629 (5% of Industrial)

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

Bulk 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)

Food Products

78 (6% of Industrial)

Iron and Steel
90 (7% of Industrial)

Bulk Chemicals
274 (20% of Industrial)

Refining
235 (17% of Industrial)

All Other Manufactuning
425 (31% of Industrial)

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

Roadmap

(Agriculture, mining, and construction)
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https://www.eia.gov/outlooks/archive/aeo21/
https://www.eia.gov/outlooks/archive/aeo21/

Manufacturing Energy and Carbon Footprint Onsite Energy Use: 1,076 TBtu

E n ergy U Se CI n d Sector: Iron and Steel (NAICS 331110, 3312) Onsite Emissions: 71 MMT CO.e

Onsite Energy,

Emissions in Iron  21s
& Steel Sector

Onsite
Generation

5: Conventional
Boilers

Process Nonprocess

Energy Energy
;2 Facility HVAC
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Facility Lighting
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Other Facility
Support

Process Heating

- 18.6

Process Cooling
and Refrigeration

T 02

Other Process Uses

|80 35

Fuel Type -~ Of Electricity

Total h Electro-Chemical Onsite 2
Natural Gas 51% Generation ok T rtati
Coke and Breeze | 23% (excludes <g.l1 TBtu . ransportation
renewable
Blast Furnace/ " . . 0.3
Cos G s 204 Don-combuston Machine Drive 03
yproduct ue
Coal 3% - 0.0 19 Pumps N Other
Distillate Fuel Oil | <1% onprocess
Other Fuels 1% Fans - 0.1

Fuel Types

10 Compressed Air

# Electricity Export” |
w Excess Steam” ‘

Energy use data source:
2018 EIA MECS (WIth adjustmems)

- 3 Materials Handling
1,076

34 Materials Processing

. . See webpage for details
SO urce: DO E E nergy FOOt pri nt Energy Greenhouse Gas (GHG) 25 0 Other Systems Last Revised: December 2021
. (TBtu = Trillion British Emissions Steam Notes:
A Nna | y SIS b ase d on E ne rgy Thermal Units) (MMT CO.e = Million Metric Tons Distribution Sector-wide aggregate data for year 2018;
. . . . ) . Carbon Dioxide Equivalent) Losses :on:;%id vat:)u:: :r:gtfw: o?ep:upr:xmages
Info m atlon Ad min ISt ratlon S i - Onsite Process Offsite generation shown on net basis

(purchases, sales, and transfers
accounted for) and includes onsite non-
combustion renewable output

* Refers to sales and transfers offsite of

Manufacturing Energy Consumption | EEmEma» ooy 2L Emissions =
site Combust!on Emissions +
Survey (MECS) data for 2018. TR e Sl e s o s ot st ot o

Combined. Onsite Emissions = Onsite purging of surplus steam
Combustion Emissions + Feedstock ene: toscdad
-~ Losses Process Emissions ' ray
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https://www.energy.gov/sites/default/files/2021-12/2018_mecs_iron_steel_energy_carbon_footprint.pdf
https://www.energy.gov/sites/default/files/2021-12/2018_mecs_iron_steel_energy_carbon_footprint.pdf

The Industrial Decarbonization Pillars

Energy Management

. Adoption of Smart Manufacturing
Improved Material and Process Efficiency
Utilization of Combined Heat and Power

Energy
Efficiency
(near-term)

Electrification of Process Heating
Electrification of Space Heating
Electrification of Hydrogen Production
Development of Electrified Processes

Low-Carbon Euels Develt?pment of Carbon-Free AIte.rnatlve Fuels
= . Adoption of Low-Carbon Alternative Fuels

Industrial
Electrification
(mid- to long-term)

. gy e .
Fee.:stoclks and Ener Utilization of Low-Carbon Feedstock Materials
(mid- to long-term) Development of Biofuel Infrastructure

Direct Air Carbon Capture

@ Carbon Capture, L
~ Utilization. and Storage Carbon Capture, Utilization, and Storage
. g s e e
\- T — . CO, Distribution Infrastructure

. Chemical Utilization

%OAK RIDGE Source: Industrial Decarbonization Roadmap; DOE/EE-2635; United States Department of Energy: Washington, DC, USA, 2022.
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Energy Efficiency as a Foundational Technology Pillar

Path to Net-Zero CO, Emissions
(for five representative subsectors*)

Energy Efficiency Pillar

=
1100 P - .
N Iron & Steei . Strategic
S 90 e e e e
(EJ 80 - A T Management
_S 70 o T  systemn
E 60 O e [ N EfﬁCiency
\u-; 50 O e
S 40 Naglels;
-% T Manufacturing
@ 3041 |
LIEJ o0 4-f | Materials and
Q life cycle
S 11 Efficiency
0
2015 2050-BAU Energy  Electrificaton =~ CCUS Alternate . Combined
Efficiency and LCFFES Approaches Heat & Power
*Subsectors included in Roadmap analysis: Iron & Steel, Petroleum Refining, Cement, select \

chemicals (ammonia, methanol, and benzene, toluene, and xylenes (BTX)), and select food & beverage
products (beer, beet sugar, cane sugar, fluid milk, red meat, soybean oil, and wet corn milling).
Data source: Scenario modeling based on Roadmap findings (this study).

AK RIDGE
%gtionalLaborgry Source: Industrial Decarbonization Roadmap; DOE/EE-2635; United States Department of Energy: Washington, DC, USA, 2022.




Landscape Of RD&D Advancement Opportunities

« RD&D investments are needed across a host of opportunities in the U.S. steel industry to
lower technical hurdles, improve economic viability, accelerate adoption, and pave
the way for even more transformative low-carbon technologies.

2020 2025 2030 2040 2050
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fﬁ Scaling up electric ~~ recycled content
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O N _/_/ efficiency  recovery from slag
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Electrification of reheat and other py
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Strategic Energy Management

e Energy Performance Improvement Platform
— Energy efficiency is only one focus
— Integrated demand side management (IDSM)
— Resilience, security, demand, supply
— Decarbonization

e QOperational Excellence Program
— Policies and procedures
— Systematic approach
—  Change management

A management

e Broader Organizational Framework system is:
—  Energy management platform integrated into business systems Say what you do

. . . . . Do what you say
— (Multinational) Corporate reporting, compliance, and alignment B

Improve it

— Demonstrates action and commitment to long term success
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EnMS Programs and Support of ISO 50001 Standard

d Euperior
I nergy )
1] 50001 Ready g Periormance

U.S. DEPARTMENT OF ENERGY

SELF ATTEST CERTIFY VERIFY

Requires ISO 50001 certification

Complete 25 steps in Navigator : tﬁi@?&?ﬁfﬁcﬁii: rtédlt gszuasrtty egé\ég; E,O:r?(')rmance
Self-attest to completion verification audit
. DOE support of US SEP 50001 Certification
Professional certifications
WG S0 Elevated recognition by DOE

Report energy performance
Recognition by DOE

Time required to complete: Time required to complete: 12-18
12-18 months months

Time required to complete: flexible

50001 Ready can be part of a Pathway toward ISO 50001 Certification and Validated Energy Savings in SEP
%OAK RIDGE
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Superior Energy Performance 50001 Program

® Analysis of eleven years of SEP
program participants’ energy
savings shows a 4.2%

Research Findings: Energy Management Saves More Energy

improvement across all Annual Energy Performance Improvement

facilities in the first year. 450%
SEP Facilities

4.00%

®* Bythe 11th year, the facilities
are still achieving a 3.4% year
on year improvement in energy
performance.

3.50%

3.00%

Better Plants Target
250% = = = = = = = = = = = = = = = ————

®* Far exceeds the average
improvement in energy intensity
across all of industry

—  0.5%/year per EIA
—  1.3%/year per I[EA

2.00%
1.50%
1.00%

Industrial Average
0.50% to oot -

Annual Energy Performance Improvement

® Journal article to publish in
Sustainable Energy Technologies 0005
and Assessments in late 2023 1 2 3 4 5 6 7 8 9 10 11 12

Year

2022 LBNL analysis
%OAK RIDGE
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https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fjournal%2Fsustainable-energy-technologies-and-assessments&data=05%7C01%7Cethan.rogers%40ee.doe.gov%7Cd6aa299afea04b59023008db3f60da2f%7C6b183ecc4b554ed5b3f87f64be1c4138%7C0%7C0%7C638173457429165397%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=1%2F0MONYWn4JBTsXf2dSd2OGOlbGG%2BHnlBpBXpunWmQU%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fjournal%2Fsustainable-energy-technologies-and-assessments&data=05%7C01%7Cethan.rogers%40ee.doe.gov%7Cd6aa299afea04b59023008db3f60da2f%7C6b183ecc4b554ed5b3f87f64be1c4138%7C0%7C0%7C638173457429165397%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=1%2F0MONYWn4JBTsXf2dSd2OGOlbGG%2BHnlBpBXpunWmQU%3D&reserved=0

System Focus Targets Major Energy Consumers

Manufacturing Energy and Carbon Footprint

Sector: Iron and Steel (NAICS 331110, 3312)
Onsite Energy,

Onsite

2018 Generation
11
5 Conventional
Boilers
CHP/
Cogeneration
1.7

Fuel Type 00! Electricity
Natural Gas 51% Generation
Coke and Breeze | 23% (excludes <0.1TBtu

renewable,
Blast Furnace/ non-combustion
:;ok:oodvo“n Gnl)u 21% electricity output)
yproduct uel
Coal 3% - 0.0
Distillate Fuel Oil | <1%
Other Fuels 1%
Fuel Types
i ( B55/ BE5)
1,076 214 214 230
> |
L 7 126
Energy Greenhouse Gas (GHG) 25

(TBtu = Trillion British Emissions ‘Steam

Thermal Units) (MMT CO.e = Million Metric Tons D'Eg'sb;é“so”

Fuel

Losses

Carbon Dioxide Equivalent)

- Onsite Process

Total Emissions =
Offsite Combustion Emissions +
Onsite Combustion Emissions +

Process Emissions

Onsite Emissions = Onsite
Combustion Emissions +
Process Emissions
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Onsite Energy Use: 1,076 TBtu
Onsite Emissions: 71 MMT CO.e

Process
Energy

Process Heating

[[31a] 186

Process Cooling
and Refrigeration
0.2

Nonprocess

Facility HVAC

I Facility Lighting
| 108 oo

Other Facility
Support

oz o

Onsite
Transportation
0.3

Other
Nonprocess

o o

2 Electricity Export*
)

Machine Drive
19

Pumps

28 Fans

10 Compressed Air

'3 Materials Handling

134 Materials Processing Energy use data source:

2018 EIA MECS (with adjustments);
webpage for details

Last Revised: December 2021

Notes:

Sector-wide aggregate data for year 2018;

energy values and fuel type percentages

rounded to nearest whole number

Offsite generation shown on net basis

(purchases, sales, and transfers

accounted for) and includes onsite non-

combustion renewable output

* Refers to sales and transfers offsite of

electricity to utilities and other entities

“ Refers to sales and transfers offsite or

purging of surplus steam

Feedstock energy excluded

-0

Other Systems

Page 2 of 3

Prepared for the U.S. Dep. Office by Energetics

of Energy,

Process Heating/
Steam Systems
60 — 80%

Typical Energy

Consumption Rates

Electric Motor

Systems Pumping
8-15% Systems
7-15%

Compressed
Air Systems

2-7%

Other*®
< 2%

10% to 20%

5% to 10%

< Potential Energy Saving Opportunities

10% to 20%

* Other ancillary energy
usages such as lighting
representless than 2%

of energy consumption

5% to 10%




Smart Manufacturing Pathways for Industrial Decarbonization and
Thermal Process Intensification

Industrial Decarbonization Thermal Process Intensification

. Energy Management

. Adoption of Smart Manufacturing

. Improved Material and Process Efficiency
. Utilization of Combined Heat and Power

Energy
Efficiency
(near-term)

- Electrification of Process Heating Alternative Thermal Electric, induction, and resistance heating

. Electrification of Space Heating . Alternative liquid biofuels or biochemicals
S : Processing :

. Electrification of Hydrogen Production Hybrid fuel systems

. Development of Electrified Processes Solar thermal systems

Industrial
Electrification
(mid- to long-term)

(near- to mid-term)

. Development of Carbon-Free Alternative Fuels Transformative Smart loT devices for system optimization
. Adoption of Low-Carbon Alternative Fuels SUbblemental Smart manufacturing (e.g., artificial intelligence, digital
. Utilization of Low-Carbon Feedstock Materials twins, predictive process controls)

Low-Carbon Fuels,
Feedstocks, and Energy

(mid- to long-term) . Development of Biofuel Infrastructure (near-term) Flexible, modular manufacturing and operations design

Carbon Capture . Direct Air Carbon Capture Waste Heat High-temp heat pumps

e 1 . Carbon Capture, Utilization, and Storage
Utilization, and Storage 1 &€ p . g Management Thermal energy storage and waste heat t? power
(long-term) . CO, Distribution Infrastructure = cQe=hement Recuperators, regenerators, and economizers

. Chemical Utilization (near-term) Thermoelectric devices, heat pipes, etc.

Smart manufacturing pathways offer a way to both decarbonize and
intensify existing processes while enabling continuous efficient operations
and future implementation of new technologies.

Source: Price, C.R.; Nimbalkar, S.U.; Thirumaran, K.; Cresko, J. Smart Manufacturing Pathways for Industrial Decarbonization and Thermal

%gﬁﬁ%{ggg Process Intensification. Smart Sustain. Manuf. Syst. 2023, 7, 41-53.
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Pathways toward a smart (S), intensified (1), and decarbonized
(D) system from the baseload (left) case

Implementation of SM in the manufacturing sector can enhance the performance of existing
systems, improve equipment lifespan, reduce waste, and increase production yields

(Local Levelj

( c0,, NO,, etc. )
\ Process Heating System ‘

Control System
: I Heat °
Transfer i
p= |
| 227
3 4 3
Energy = <= ez 5S€ D 9=
3 o
SNECES ‘ Change Energy Source o g 3 =
/ Change Underlying Process /8 S G <
[Combustion\ Capture Emissions = )

~] I Charge Material I -
LCarbon/Fossil}

Based Fuels

Source: Price, C.R.; Nimbalkar, S.U.; Thirumaran, K.; Cresko, J. Smart Manufacturing Pathways for Industrial Decarbonization and Thermal

%gﬁﬁ%{gﬁg Process Intensification. Smart Sustain. Manuf. Syst. 2023, 7, 41-53.



Average Annual Energy Performance of DOE’s Better Plants
Partners

Average energy intensity improvement in terms of no. of plants and

« Through the program, DOE program energy footprint for selected sectors(?
supports 270+ partners (~3600
_— . i NOTE: Bubble size denotes
facilities), corresponding to 14% of =~ 6% ;  Beverageand e et iectrical | unadivsted baseline energy
the U.S. manufacturing footprint. § | TovaceoProducts Equipment,  ©OnsumPption as of fall 2022
g 5% Computer and Appliances, and
. Fy Electronic Products Components
« Since 2010, fthese partners have §ax - I s
reported savings of 2.2 QBtu of = " Manufacturing Machinery
energy and $10.6 billion. This is g 3% o &)
equivalent to 131 MMT of CO2 < Nonmetallic :
emissions reductions() 2% 4 Ppaper- Utilities ~ Mineral Products Chemicals
S ) Miscellaneous .
8 1% _
g . Plastics and Rubber TransPonatlon
2 Products Equipment
0% . : : : . .
0 100 200 300 400 500 600

- Number of Plants
Printing and Furniture and

Related Support Related Products

(1) Better Plants 2022 Progress Update:: https://betterbuildingssolutioncenter.energy.gov/resources/2022-betterplants-progress-update
(2) Sundaramoorthy, S.; Kamath, D.; Nimbalkar, S.; Price, C.; Wenning, T.; Cresko, J. Energy Efficiency as a Foundational Technology Pillar for

%OAK RIDGE Industrial Decarbonization. Sustainability 2023, 15, 9487.
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https://betterbuildingssolutioncenter.energy.gov/resources/2022-betterplants-progress-update

Energy Use of Select Energy and Carbon-Intensive Indusiries

« Energy efficiency technology pillar can achieve a significant reduction in energy
consumption and corresponding energy-related CO2 emissions by reducing current typical
energy intensities to state-of-the-art energy intensities.

3500 - 3500 - B Current Typical
_S 3000 - W State-of-the-Art
E' 3000 B Theoretical Minimum
> 2500{ 25007
S ©
020001 £20007
B >
5~ 15004 @ 1200-
& =
o 1000 1000 1
)

- 500 A
5 500
0 - 0

Chemicals Petroleum Pulp and Food and Ironand Cement
Refining Paper  Beverage Steel

%OAK RIDGE Source: Sundaramoorthy, S.; Kamath, D.; Nimbalkar, S.; Price, C.; Wenning, T.; Cresko, J. Energy Efficiency as a Foundational Technology Pillar for
National Laboratory Industrial Decarbonization. Sustainability 2023, 15, 9487.




Specific Strategies for the Six Energy-Intensive Industries

Energy Efficiency Pillar Iron and Steel Food and Beverage Plgg;?rl‘?:;n Pulp and Paper

Strategic energy Commitment, identification, and implementation of energy efficiency projects, tracking energy and carbon efficiency performance, ISO 50,001, and energy
management management information systems
Steam, process heating Steam. process Stearr;n%r%cc:)isﬁi g Process heating, compressed
Process heating, Steam, process heating  and cooling, compressed eam, p . 9 air, pumps, and fans; efficient
: . : heating and cooling, compressed air, O ) .
compressed air, pumps, and and cooling, compressed air, pumps, fans, non- . grinding technologies (e.g., high-
fans air, pumps, and fans thermal drying, and EOIPEESER £l ST 35, LEINE: pressure grinding rolls, vertical
’ ’ . pumps, and fans efficient dispersers, M ’ )
dewatering refiners, and grinders roller mills in place of ball mills
Top pressure recovery High-efficiency clinker cooling

turbine, coke dry quenching, o . Innovative drying and grinding; innovative
BOF gas recovery, Energy, system, and Des]ulfunﬁactllon us!ng techniques, increased chemistry (blended cement and
Materials and life cycle improving semi- material efficiency (e.g., Food waste reducti ff_e_an ¢ y rogf?n, use of recycled pulp, low-carbon binders), and clinker
efficiency manufacturing yields, scrap recycling and waste ood waste reduction € 'C'eg use ot fow= biogas production from  substitutes (fly ash, ground
reduction of end-use goods minimization) carsgzrigzrgy effluent, and black  granulated BF slag, etc.) wastes
by improved manufacturing liquor gasification  (oils and solvents) as alternative
techniques (e.g., AM) fuels in kilns

Automation and smart
manufacturing (soft or
virtual software sensors to
augment physical data

Shortened smelting time

and enhanced smelting ST TEMUEEIITE

using data mining and Automation and smart Upgraded cement process

Smart eggf;?gnug;r:go?tfﬁr;:ﬁd modeling to develop oints and enable control Diaital twin manufacturing, such as controls to lower firing
manufacturing . dynamic target values for P 9 cleaner automation;  temperatures and times; digital
components, blowing o of nonstandard process - . .
energy consumption; digital twin twin

variables), and precise
measurement/control of
steam energy; digital twin

: Waste heat management Combined heat and Waste heat recovery;
Cg‘:‘ ::,' e [z e (reduce, recover, and power; waste heat to Waste heat recovery Waste heat recovery = combined heat and
P recycle) power power

%OAK RIDGE Source: Sundaramoorthy, S.; Kamath, D.; Nimbalkar, S.; Price, C.; Wenning, T.; Cresko, J. Energy Efficiency as a Foundational Technology Pillar for
National Laboratory Industrial Decarbonization. Sustainability 2023, 15, 9487.

controls, and component

analysis; digital twin digital twin




RD&D Needs for Energy Efficiency

To improve the efficiency of process heating, steam, and motor systems — the largest
end-uses of energy in the industrial sector.

Smart manufacturing and advanced data analytics to unlock energy efficiency
opportunities at every level of system integration: equipment, facility, and supply chain.

. A e
B 21e lea e b =R
Equipment level Facility level Supply chain level

Increasing system scale

Research to address big data challenges related to data quality, storage, and

computing; advanced analytical tools are needed to process the data and improve
cybersecurity.

Demonstrations of plant automation systems that provide real-time energy
performance data.

Data integration to facilitate utility efficiency programs that reward manufacturers for
energy saved rather than equipment installed.

%g{XK RIDG
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DOE'’s Better Plants Program zgﬁg‘f;

EEEEEEEEEEEEEEEEEE

 The Better Plants Program partners with leading manufacturers and
water utilities to improve energy efficiency and competitiveness in
the industrial sector, saving money in the process.

 Through Better Plants, partners voluntarily set a specific goal,
typically to reduce energy intensity by 25% over a 10-year period
across all their U.S. operations.

Y (3 co.

I d ¢

ncrease Water Waste Carbon
Energy Savings Reduction Reduction

Productivity
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All Better Plants Partners
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Better Climate Challenge

Better Climate
CHALLENGE

U.S. DEPARTMENT OF ENERGY

Portfolio-wide reduction in GHG emissions of at least 50% in 10 years

@ Reduction includes Scope 1 & 2 emissions @ Pursue an energy efficiency target that will
contribute towards the 50% emissions
reduction. This target is intended to

® Baseline up to 5-years back from join date encourage prioritizing energy efficiency when
pursuing a decarbonization plan.

® RECs allowed; No offsets

@® Encouraged to establish an absolute target, [} )
but intensity-based targets will be accepted Goals less than 50% will be considered for
energy-intensive sectors

%OAK RIDGE

National Laboratory




Better Climate Challenge — Industrial Partners
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Why Companies Join Betiter Plants or Beiter Climate Challenge

Industry Leadership Technical Assistance Resources

Developing Innovative, Replicable
Solutions with Market Leaders

« National Recognition

* Peer to Peer Networking

» Better Building Solutions Center

Making Energy Efficient Investments
Easier

« Tools for Energy & Carbon Management
« Financing Navigator
« Diagnostic Equipment Program

Better
Plants’

U.S. DEPARTMENT OF ENERGY

Better Climate
CHALLENGE

U.S. DEPARTMENT OF ENERGY,

Emerging Technologies Workforce Development

Innovation to Drive Savings Helping You Meet Your Challenges of
- DOE National Labs Today, and Tomorrow
* Advanced Technology Field Validation * In-Plant Trainings

* Fundamentals of Energy Management and
Decarbonization Trainings

%OAK RIDGE * Industrial Assessment Centers

National Laboratory
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Questions

Sachin Nimbalkar, PhD —
Email: nimbalkarsu@ornl.gov ENERGY
Phone: 865.576.3590 EFFICIENCY
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Energy Efficiency as a Foundational Technology Pillar

Energy efficiency is the foundational, cross-cutting decarbonization Pillar 1
strategy—and remains the most cost-effective option for GHG reductions.

97% of industrial sector CO, emissions (and 63% of GHG emissions overall) are
associated with fossil fuel combustion for energy, with a majority attributed to

process heating, steam, and motor-driven systems.
YL,
» *
al O

.

[
. IIIIII

— —
Process Motor- Process Electro- Other Non- Ener
Heating Driven Cooling Chemical Process Process . e gy
and Steam Systems Processin Uses Uses Efficiency

g
42% 28% 47 47 7% 15%

of industrial of industrial of industrial of industrial of industrial of industrial
combustion combustion combustion combustion combustion combustion
emissions emissions emissions emissions emissions emissions

Data sources: U.S. EPA Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2019; DOE Manufacturing Energy and
Carbon Footprint, based on EIA Manufacturing Energy Consumption Survey (MECS) data for 2014.

%OAK RIDGE Source: Industrial Decarbonization Roadmap; DOE/EE-2635; United States Department of Energy: Washington, DC, USA, 2022.
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