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• Background and Context – Industrial Energy and Emissions 

• Industrial Decarbonization Roadmap 

• Ongoing Analysis – Look Ahead 

Vision: An efficient and competitive industrial sector 
with net-zero greenhouse gas emissions by 2050. 

Mission: Accelerate the innovation and adoption of 
cost-effective technologies that eliminate industrial 
greenhouse gas emissions. 
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Energy Demand in the U.S. 

U.S. Energy Flow Chart for 2022 (LLNL) - https://flowcharts.llnl.gov/commodities/energy 

https://flowcharts.llnl.gov/commodities/energy
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Energy & Emissions in Manufacturing 

https://www.energy.gov/sites/default/files/2022-01/2018_mecs_all_manufacturing_energy_carbon_footprint.pdf 

Manufacturing Energy and 
Carbon Footprints 

The flow of energy supply, 
demand, and losses as well 
as greenhouse gas (GHG) 
emissions for end uses in 

15 manufacturing 
subsectors. 

https://www.energy.gov/sites/default/files/2022-01/2018_mecs_all_manufacturing_energy_carbon_footprint.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
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Thermal Energy Systems 

No One-Size-Fits-All Solution 

Figure source: DOE Industrial Decarbonization Roadmap 

Data source: Manufacturing Energy and Carbon Footprint for 2018 

Figure source: DOE Industrial Decarbonization Roadmap 

Data source: McMillan 2018 

https://www.energy.gov/industrial-technologies/doe-industrial-decarbonization-roadmap
https://www.energy.gov/eere/iedo/manufacturing-energy-and-carbon-footprints-2018-mecs
https://www.energy.gov/industrial-technologies/doe-industrial-decarbonization-roadmap
https://data.nrel.gov/submissions/118
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Complex interactions across scales 

Water 

Resources 

Materials 

Fuels / Energy 

Emissions 

Greenhouse gases 

Toxic releases 

… and more 

Economics 

Exchange of goods 

Interaction 

Complexity 
of resource flows 

& exchanges 

Unit 

Operation 

Facility Product Sector Nation World 

Engineering 

complexity 
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Integrating Data Across Scales 

AEO Sectors Commercial ResidentialIndustrial Transportation 

Food Paper Chemicals Steel Misc.AEO Industrial 
Sub-Sectors 

Grains Corn Sugar Dairy Tobac. 

Boilers Process Machines Other 

Electricity NG Pet Coal Steam Other 

MECS 
Sub-Sub-
Sectors 

AEO Energy 
Sources by 
MECS Energy 
Mix 

MECS End-Use 
Of AEO Energy 

Reported in AEO 

Disaggregated 
By MECS Share-weights 

Disaggregated 
By MECS End-Use Mix 

Disaggregated 
By MECS Share-weights 
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IEDO analysis methodologies and tools 

Unit 
Operation 

Facility Product Sector Nation World 

MFI (Materials Flows through Industry): an NREL tool for environmental and material flow analysis of industrial supply chains 

EEIO-IDA (Environmentally Extended Input/Output for Industrial Decarbonization Analysis): an IEDO-developed model for analysis of emissions accrual through 
industry supply chains 

TECHTEST (Techno-economic, Energy, and Carbon Heuristic Tool for Early-Stage Technologies): an IEDO-developed Excel tool for simplified life cycle assessment (LCA) 
and technoeconomic analysis (TEA) of low-TRL technologies 

LIGHTEnUP (Lifecycle Industry GreenHouse gas, Technology, and Energy through the Use Phase): an LBNL developed tool for forecasting product and sector life-cycle 
energy and emissions across the US economy 

LIGHTEnUP 

TECHTEST Better Plants tools 

Techno-economic analysis 

MFI 
Energy and Carbon 

Footprints 

Bandwidth Studies 

Life cycle assessment 

EEIO-IDA 

Circular Economy/ 
Supply Chain Analysis 

Industrial Decarbonization Roadmap 

Plant Water Profiler 

https://www.nrel.gov/manufacturing/mfi-modeling-tool.html
https://www.energy.gov/eere/iedo/articles/environmentally-extended-input-output-industrial-decarbonization-analysis-eeio
https://www.energy.gov/eere/iedo/techno-economic-energy-carbon-heuristic-tool-early-stage-technologies-techtest-tool
https://eta.lbl.gov/publications/lifecycle-industry-greenhouse-gas
https://eta.lbl.gov/publications/lifecycle-industry-greenhouse-gas
https://www.energy.gov/eere/iedo/techno-economic-energy-carbon-heuristic-tool-early-stage-technologies-techtest-tool
https://betterbuildingssolutioncenter.energy.gov/better-plants/tools-and-trainings
https://www.energy.gov/eere/iedo/life-cycle-assessment-and-techno-economic-analysis-training
https://www.nrel.gov/manufacturing/mfi-modeling-tool.html
https://www.energy.gov/eere/iedo/manufacturing-energy-bandwidth-studies
https://www.energy.gov/eere/iedo/life-cycle-assessment-and-techno-economic-analysis-training
https://www.energy.gov/eere/iedo/articles/environmentally-extended-input-output-industrial-decarbonization-analysis-eeio
https://www.energy.gov/industrial-technologies/doe-industrial-decarbonization-roadmap
https://www.energy.gov/eere/iedo/plant-water-profiler-tool-excel-version-10-pwpex-v10
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IEDO Strategic Planning in Context with DOE 
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Foundational 

• Technology 

Assessments 

• Energy & Carbon 

• Technology Adoption 

Roadmaps 

• Decarbonization 

• Energy Storage 

• Critical Materials 

• Circular Economy 

Workshops 

• Energy Storage 

• Critical Materials 

• Thermal 

Intensification 

• Ind. Heat Shot 

Planning 

• FOAs 

• Prizes 

• WFD Programs 

• MYPP 

• Big Ideas Summit 

• Goal setting 

Portfolio

• Peer Review 

• Annual Report 

• Introspective 

• Technology Tracking 

• TEA/LCA 

Conferences, 

journal 

articles etc. 

Analysis Informed Resources 

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap
https://www.energy.gov/eere/amo/articles/workshop-clean-water-processing-technology-research-and-development-july-10-11
https://www.energy.gov/sites/prod/files/2020/09/f78/AMO%202020%20Peer%20Review%20Report-0920.pdf
https://www.energy.gov/sites/prod/files/2017/03/f34/qtr-2015-chapter6.pdf
https://www.energy.gov/energy-storage-grand-challenge/articles/energy-storage-grand-challenge-roadmap
https://www.energy.gov/eere/amo/articles/bandwidth-study-us-seawater-desalination-systems
https://www.energy.gov/sites/default/files/2022-05/TPI%20Workshop%20Report_AMO.pdf
https://www.energy.gov/eere/bioenergy/articles/plastics-circular-economy-workshop-summary-report
https://www.energy.gov/eere/amo/articles/sustainable-manufacturing-and-circular-economy
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• Background and Context – Industrial Energy and Emissions 

• Industrial Decarbonization Roadmap 

• Ongoing Analysis – Look Ahead 
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• Pillars, and associated pathways to net-
zero GHG emissions by 2050 for high-
emitting industrial subsectors 

• Rethink the opportunity for RDD&D and 
robust technology solutions 

• Innovations for more sustainable 
manufacturing 

DOE Industrial Decarbonization Roadmap 

For Internal Use Only
https://www.energy.gov/industrial-technologies/doe-industrial-decarbonization-roadmap 

https://www.energy.gov/industrial-technologies/doe-industrial-decarbonization-roadmap
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U.S. Industry Emissions 

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

Total Industry Emissions, 2018 
(energy-related + non-energy; million metric tons CO2eq) 

Energy-Related CO2 emissions, 2020 
(million metric tons) 

EIA Monthly Energy Review, Manufacturing Energy Consumption 

Survey; EPA GHGRP Inventory 

Industrial sector is comprised of 

manufacturing | agriculture | mining | construction 

30% of energy-related CO₂ 
emissions 

ACCOUNTS 
FOR 

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap
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DOE Industrial Decarbonization – Pillars, Pathways and Technologies 

• Invest in all pillars 

• Leverage cross-sector approaches 

• Interdependencies require systems solutions 

• Strategies are needed to minimize implementation 
hurdles, address scale-up, and accelerate adoption 

Industrial Decarbonization Pillars 

Energy 
Efficiency 

Industrial 
Electrification 

Low-Carbon 
Fuels, 

Feedstocks, 
and Energy 

Sources 
(LCFFES) 

Carbon 

Capture, 

Utilization, 

and Storage 

(CCUS) 

Decarbonization pillars: inter-related, cross-cutting 

strategies to pursue in parallel 

Food & 

Beverage 

Iron & 

Steel 
Chemicals Petroleum 

Refining 

Cement 

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

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap
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2050 Industrial Emissions Reductions Potential 

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

scenario, excluding feedstocks). 

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

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

Roadmap Recommendations 

• Advance Early-Stage RD&D 

• Invest in Multiple Process Strategies 

• Scale through Demonstrations 

• Address Process Heating 

• Decarbonize Electricity Sources 

• Integrate Solutions 

• Conduct Modeling and System 

Analyses 

• Engage Communities, Develop a 

Thriving Workforce 

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

Core process 

Facility 

Industrial GHGs 
require approaches 
at multiple levels: 

Beyond plant bounds 

What are the implications of: 

• Expanded H2 generation 

& use 

• New thermal energy 

sources & systems 

• Smart manufacturing, 

automation, & data 

analytics 

• Transition to clean 

electricity 

• Policies 

Industrial Decarbonization is also a systems challenge 

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap
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Pillar 1: Energy Efficiency 

Foundational, cost-effective decarbonization strategy. 

• Improve process heating, steam, and motor systems efficiency (largest end-uses of 

energy in industry). 

• Smart manufacturing and advanced data analytics to unlock energy efficiency 

opportunities at every level of system integration: equipment, facility, and supply chain. 

• 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. 

• Demonstrate 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. 

Pillar 1 

Energy 
Efficiency 

Example Opportunities for Energy Efficiency 
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Pillar 2: Industrial Electrification 

Allow for the expanded use of low-carbon electricity 

• Scale-up electrified technologies 

• Durability and reliability of electrified services 

• Integration with intermittent energy sources (e.g., control systems and interfaces) 

• Hybrid process heating (e.g., hybrid boilers) 

• More efficient heat transfer at commercial scale 

• Modular size-matching for application needs 

• Analysis of tradeoffs between energy source and CO2 reduction 

Example Opportunities for Industrial Electrification 

Pillar 2 

Industrial 
Electrification 
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Pillar 3: Low-Carbon Fuels, Feedstocks, and Energy Sources (LCFFES) 

Substitute low-carbon inputs to reduce combustion related emissions 

• Novel technologies for hydrogen use such as metal refining, synthetic fuels production, 

and stationary fuel cells can further enable nationwide emissions reductions 

Example Opportunities for LCFFES 

Pillar 3 

Low-Carbon 
Fuels, 

Feedstocks, 
and Energy 

Sources 
(LCFFES) 

Other low-carbon energy sources 

• Renewable natural gas (RNG) 

for CHP and direct use in 

industrial processes. 

• Modular and distributed 

processes for alternative 

sources of energy and fuels. 

• Solar, including concentrating 

solar power hybrid systems. 

• Modular nuclear power. 

Bioenergy, biofuels, and bio-

feedstocks 

• Improve costs of conversion 

technologies for low-carbon 

feedstocks to fuels. 

• Data science and process 

simulation for alternative low-

carbon resources. 

• Coordination across multiple 

sectors & industries for GHG 

accounting standards and net-

zero accountability (to avoid 

burden-shifting). 

Renewable hydrogen 

• Cost, efficiency, and durability 

improvements for electrolyzers. 

• Reversible fuel cells that 

combine the functionality of 

electrolyzers and fuel cells. 

• Hydrogen infrastructure 

advancements – compression, 

pipeline and chemical carrier 

transport, and bulk storage. 
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Pillar 4 

Pillar 4: Carbon Capture, Utilization, and Storage (CCUS) 

• Improve catalysts and better process designs → increase efficiency, lower costs, and lower 

material consumption/waste production. 

• Optimize of the techno-economic performance of the technology and heat exchanger network 

(e.g., with calcium looping) 

• Pilot-scale demonstrations for CCUS of heavy industries emissions; explore technological 

potential of storage near industrial plants. 

• Research to address specific installation, operation, and maintenance requirements, ensure 

continuous operation at a given capture level is possible for specific plants. 

• Continued research on other mitigation options, such as direct air capture and forest 

preservation. 

Carbon 
Capture, 

Utilization, and 
Storage (CCUS) 

Mitigate hard-to-abate emissions 

Example Opportunities for CCUS 



U.S. DEPARTMENT OF ENERGY    OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY   |   INDUSTRIAL EFFICIENCY & DECARBONIZATION OFFICE 21 

Roadmap Figures 
Aggregated results and individual results for five sectors studied. For details, see the assumptions, framing, and analysis in 

the DOE Industrial Decarbonization Roadmap: https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap 

https://www.energy.gov/eere/doe-industrial-decarbonization-roadmap
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Barriers to Decarbonization - Examples 

Industrial heterogeneity. The industrial sector is 
diverse, with a wide range of processes and 
products. There are no “one-size-fits-all” 
technology solutions. 

Incumbent technologies and practices. Existing 
infrastructure, capital investments, and workforce 
training favor incumbent technologies and 
practices. 

High costs for low-carbon technologies. Low-
carbon alternatives are often more costly than 
incumbent practices and materials. 

Scale-up. Transitioning a technology from 
laboratory to commercial scale is costly and often 
introduces new technical challenges. 

Iron and Steel: lower quality of scrap-based and 
“green” steel (produced with lower-carbon 
fuels) 

Chemicals: high costs of low-carbon feedstocks 
compared to fossil fuel feedstocks; long-lived 
capital assets that limit adoption rates 

Food and Beverage: food shelf-life and waste; 
lack of in-house uses of waste heat streams 

Refining: by-product dependency; capital 
intensity constraints 

Cement: regulatory barriers for blended 
cement; prevalence of hard-to-abate process 
emissions 

Cross-cutting barriers Sector-specific barriers 
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Key Roadmap Recommendations 

Pursue industrial heat 
decarbonization pillars in 
parallel. 

Drive capital investment 
aligned with expansion of 
renewable energy and low-
carbon assets. 

Develop robust RD&D 
portfolio and workforce for 
cross sectoral and innovative 
thermal processes. 

• Generate heat from clean electricity 

• Integrate clean heat from alternative sources 

• Innovative low- or no-heat process technologies 

• Leverage low-capital solutions to facilitate early adoption 

• Technology integration into systems and supply chains 

• Align industrial heat decarbonization strategies with 

infrastructure of the future 

• New low-carbon industrial heat technologies & pathways 

• Analysis and modelling to measure energy, emissions, and 

cost impacts 

• Spectrum of worker skill sets and diversity and inclusion 
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• Background and Context – Industrial Energy and Emissions 

• Industrial Decarbonization Roadmap 

• Ongoing Analysis – Look Ahead 
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Cross-Cutting 

Assumptions: CCUS, 

Material Efficiency, H2, 

Grid Emissions 

IEDO Analysis & Goal 

Development 

Chemicals 

Iron & Steel 

Cement & Concrete 

Food & Beverage 

Forest Products 

Other Industries 

Thermal Processing 

Utilization of LCFFES 

Emerging Techs 

Water 
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Ongoing Industrial Decarbonization Analysis 

Industrial Decarbonization Modeling 

• Expanded bottom-up analysis to capture specific technologies or 
process units 

• Identify and standardize inputs and assumptions for transparency now, 
and robust documentation and flexibility going forward 

• Add resolution - fuel sources, process emissions, and adoption rates by 
technology, electrification, onsite generation, etc. 

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

EEII Cross-Sectoral Cross-Economy 

Pillars Roadmap 
Roadmap 

+ Ongoing analysis 
Ongoing analysis 

Levers 
Roadmap 

+ Ongoing analysis 
Ongoing analysis Ongoing analysis 

Core Technologies 
Roadmap 

+ Ongoing analysis 
Ongoing analysis 

E.g., demand response 

& synergy between other 

areas of economy and 

industry 
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Example Roadmap Extension/Expansion work – Scenario Options 

Energy 

Efficiency 

Industrial 

Electrification 

LCFFES CCUS 

LCFFES 

CCUS 

IE 

EE 

IE IE 

LCFFES LCFFES 

CCUS CCUS 

IE 

LCFFES 

CCUS 

EE EE EE 

Net Zero 

EE 

CCUS 

IE 

LCFFES 

Additional 

Levers 

Case 

Studies 

IE 

CCUS 

EE 

LCFFES 

TBD 

TBD 

TBD 

TBD 

Additional 

Levers 

TBD TBD 
Low Medium High 

LCFFES 

CCUS 

IE IE 

LCFFES 

EE 

CCUS 

EEEE 

LCFFES 

CCUS 

IE 

Composite Scenarios Pillar Scenarios 
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The Long Emissions Tail of the Industrial Sector 

Onsite Process Emissions 

All subsectors 

equivalents 

Offsite Combustion Emissions 

Onsite Combustion Emissions 

Need for innovative technologies for all industry 

All industrial 
emissions 

Sustainable 

Manufacturing 

Industrial 

Decarbonization 
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The imperatives for U.S. industrial decarbonization 

Incremental solutions are insufficient: 

• The need for an industrial transformation 

CO2 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 

Industrial decarbonization 
is a complex systems 

challenge 
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Technology Investment Portfolios 

• Investment strongly influences outcomes 

• Too much diversification is a bad strategy 

• It is essential to make targeted investments 

• Should put a few eggs in the right baskets 

J. Doyne Farmer 

REMADE Circular 

Economy Conference 

NAS March 21, 2023 
https://doi.org/10.1016/j.jedc.2018.10.006 

Closing Thoughts 

https://doi.org/10.1016/j.jedc.2018.10.006
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joe.cresko@ee.doe.gov 

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

ANL – Sarang Supekar, Nwike Iloeje, 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 

IEDO Strategic Analysis Team 

mailto:joe.cresko@ee.doe.gov
https://www.energy.gov/eere/iedo/energy-analysis-data-and-reports
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Backup Slides 
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Ongoing Roadmap Analysis 

• Original models are being expanded to address new scope, including: 

– Inclusion of original roadmap sectors (cement; chemicals; iron & steel; food & beverage; petroleum 
refining) plus pulp & paper 

– Modeling at 1-year increments 

– More bottom-up analysis in each sector to capture specific technologies or process units 

– Identify & standardize inputs & assumptions for increased transparency and extensibility 

– Adding significant resolution (i.e., allowing differing fuel sources, process emissions, and carbon capture & 
storage (CCS) rates by technology; adding nuance to CCS, electrification, onsite electricity generation) 

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

• Built-out pillar-based scenarios 

– Further aligned sectors to ensure consistency & allow estimates to be summed within & across sectors 
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Strategic Analysis Posters – Full Versions Available Online 

1. Energy & Materials Resource Flows 

2. Sustainable and Circular Economy 

3. Water-Energy-Carbon Nexus 

4. Industrial Decarbonization: Extended Pathways Analysis 

5. Industrial Decarbonization: Integrated Systems & Deep Dives Analyses 

6. Environmentally Extended Input-Output for Industrial Decarbonization 
Analysis (EEIO-IDA) 

7. Project & Portfolio Impact & Environmental Justice Analysis 

IEDO Strategic Analysis Team 

The multi-laboratory IEDO Strategic Analysis (StA) 

Team provides independent, objective, and credible 

information to inform decision-making. 

Highlights 
Follow 

https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Iloeje_IEDO_Strategic Analysis_Poster_Sustainable and Circular Economy.pptx
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Rao_IEDO_Strategic Analysis_Poster_Water Energy and Carbon Nexus poster.pptx
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Supekar_IEDO_Strategic Analysis_Poster_Industrial Decarbonization Deep Dives.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Supekar_IEDO__Strategic Analysis_Poster_Industrial Decarbonization Pathways Analysis Extension.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Liddell_IEDO_Strategic_Analysis_EEIO-for-Industrial-Decarb_POSTER-VERSION.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Liddell_IEDO_Strategic_Analysis_EEIO-for-Industrial-Decarb_POSTER-VERSION.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Dollinger_IEDO_Strategic-Analysis_Poster_Project-and-Portfolio-Impact-and-Environmental-Justice-Analysis.pptx
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Poster: Energy & Materials Resource Flows 

Decarbonization of 

the Economy 

Decarbonization of 

the Industrial Sector 

• Product life cycle 

emissions and energy use 

• Life cycle resource 

consumption of industrial 

products 

• Circularity 

• Manufacturing energy 

and process emissions 

• Industrial energy 

efficiency 

• Facility resource 

utilization 

Technology System 1.n 

Unit Op 1.n.x 

Unit Op 1.n.y 

Unit Op 1.n.z 

Technology System 1.1 

Unit Op 1.1.a 

Unit Op 1.1.b 

Unit Op 1.1.c 
Application 

Area 1 

Technology System 2.n 

Unit Op 2.n.x 

Unit Op 2.n.y 

Unit Op 2.n.z 

Technology System 2.1 
Unit Op 2.1.a 

Unit Op 2.1.b 

Unit Op 2.1.cApplication 

Area 2 

Impacts can 
occur across 

different 
application 

areas 

Impacts can occur across 
multiple technologies and unit 

operations 

Life-Cycle Targets Process-Level Targets 

See full poster here: 
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Poster: Resource Flows - Sustainable Manufacturing 

Sustainability is defined globally as “meeting the needs of the present without compromising the well-being of future 

generations” (United Nations General Assembly 1987, 41). 

Sustainable manufacturing is the “creation of manufactured products through economically sound processes that minimize 

negative environmental impacts while conserving energy and natural resources” (EPA 2021) and then extended to require safety 

for employees, communities, and consumers (DOC). 

The circular economy is defined as an economic system that uses a systemic approach to maintain a circular flow of resources, 

by regenerating, retaining or adding to their value, while contributing to sustainable development (draft ISO standard). 

Why are materials important? 
Social 

Equity, Justice, Health, 
education, culture, 
standard of living, 
happiness, social 

harmony 

Environmental 

Natural 
Resources, 
efficiency, 

emissions, waste, 
environment, 

quality, recycling 

Economic 

Productivity, 
competitiveness, 

technology, 
performance, 
employment 

See full poster here: 

https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Iloeje_IEDO_Strategic% 

20Analysis_Poster_Sustainable%20and%20Circular%20Economy.pptx 

https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Iloeje_IEDO_Strategic Analysis_Poster_Sustainable and Circular Economy.pptx
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Iloeje_IEDO_Strategic Analysis_Poster_Sustainable and Circular Economy.pptx
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Poster: Sustainable Manufacturing & the Circular Economy Report: 
Select case study observations 

Renewable power 

can decarbonize 

the sector but 

unprecedented 

ramp-up of 

renewable energy 

systems would 

need abiotic 

resources at a rate 

significantly higher 

than today. 

Improved packaging 

technologies and labeling 

standards are needed to 

reduce consumer food 

waste and the associated 

impacts. 

Consideration of waste 

material collection levels 

and technology adoption 

characteristics are needed 

to properly assess novel 

technologies that convert 

plastic waste into functional 

materials. 

Increased recycling 

combined with shift to low-

cobalt chemistries seems 

to be the most promising 

environmental solution. 

Recycling technologies with lower chemical intensities and strategic 

siting of recycling facilities are needed to sustainably and cost-

effectively offset primary materials demand. 

https://www.energy.gov/eere/amo/articles/sustainable-manufacturing-and-circular-economy 

See full poster here: 

https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Iloeje_IEDO_Strategic%20Analysis_ 

Poster_Sustainable%20and%20Circular%20Economy.pptx 

https://www.energy.gov/eere/amo/articles/sustainable-manufacturing-and-circular-economy
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Iloeje_IEDO_Strategic Analysis_Poster_Sustainable and Circular Economy.pptx
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Iloeje_IEDO_Strategic Analysis_Poster_Sustainable and Circular Economy.pptx
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Poster: Sustainable and Circular Economy 

Supply Chain Analysis requires a systems approach that is dynamic and geospatially 
explicit 

• Sustainability Supply Chain Analysis seeks to understand the environmental implications 

• Competitiveness Supply Chain Analysis seeks to understand global market competition, 
resiliency, vulnerabilities, and the capacity to evolve and grow 

Competitiveness objective is to 

have supply chains that are 

flexible, resilient, and robust 

Sustainability objective is to 

minimize the environmental 

impacts from the supply chain 

See full poster here: 

https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Iloeje_IEDO_Strategic%20Analysis_Poster 

_Sustainable%20and%20Circular%20Economy.pptx 

https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Iloeje_IEDO_Strategic Analysis_Poster_Sustainable and Circular Economy.pptx
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Iloeje_IEDO_Strategic Analysis_Poster_Sustainable and Circular Economy.pptx
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Poster: Water-Energy-Carbon Nexus 

Strategic Analysis (StA) team has been evaluating water considerations in the U.S. manufacturing sector since 
2016 

• Identified manufacturing need for water supply risk mitigation and resilience 

Recent work aims to understanding the water use/need impacts of manufacturing sector transformation to 
meet decarbonization goals (due to interconnectedness of water, energy and CO2 emissions) 

• Changes to manufacturing processes, supply chains, locations, or any other characteristic should be evaluated to 
better understand impacts on water supply, use, or wastewater discharge 

• Emphasize development of technologies/strategies that are sustainable and within water resource limits 

Example analysis: Water impacts of iron & steel decarbonization – Increased electrification & direct reduced ironmaking (DRI) 

Results show that DRI produced with hydrogen via electrolysis (left) for steel 

making will result in significant increases in water use and consumption (right) 

See full poster here: 

https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Rao_IEDO_Strategic%20 

Analysis_Poster_Water%20Energy%20and%20Carbon%20Nexus%20poster.pptx 

https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Rao_IEDO_Strategic Analysis_Poster_Water Energy and Carbon Nexus poster.pptx
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Rao_IEDO_Strategic Analysis_Poster_Water Energy and Carbon Nexus poster.pptx
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Poster: EEIO-IDA Scenario Modeling Tool 

0 100 200 300 400 500 600 700 800 

Farms 

Forestry, fishing, and related activities 

Oil and gas extraction 

Mining, except oil and gas 

Support activities for mining 

Construction 

Wood products 

Nonmetallic mineral products 

Primary metals 

Fabricated metal products 

Machinery 

Computer and electronic products 

Electrical equipment, appliances, and components 

Motor vehicles, bodies and trailers, and parts 

Other transportation equipment 

Furniture and related products 

Miscellaneous manufacturing 

Food and beverage and tobacco products 

Textile mills and textile product mills 

Apparel and leather and allied products 

Paper products 

Printing and related support activities 

Petroleum and coal products 

Chemical products 

Plastics and rubber products 

U.S. Greenhouse Gas Emissions in 2018 (million metric tons CO 2eq) 

Scope 1 (Site Emissions) 

Scope 2 (Offsite Electricity Emissions) 

Scope 3 (Upstream Supply Chain Emissions) 

Tool automatically 

calculates scope 1, 

2, and 3 emissions 

based on user 

assumptions and 

compares results to 

a 2018 base case 

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. 

See full poster here: 

https://www1.eere.ener 

gy.gov/iedo/downloads/ 

2023/peer_review/Lidd 

ell_IEDO_Strategic_Anal 

ysis_EEIO-for-Industrial-

Decarb_POSTER-

VERSION.pdf 

https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Liddell_IEDO_Strategic_Analysis_EEIO-for-Industrial-Decarb_POSTER-VERSION.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Liddell_IEDO_Strategic_Analysis_EEIO-for-Industrial-Decarb_POSTER-VERSION.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Liddell_IEDO_Strategic_Analysis_EEIO-for-Industrial-Decarb_POSTER-VERSION.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Liddell_IEDO_Strategic_Analysis_EEIO-for-Industrial-Decarb_POSTER-VERSION.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Liddell_IEDO_Strategic_Analysis_EEIO-for-Industrial-Decarb_POSTER-VERSION.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Liddell_IEDO_Strategic_Analysis_EEIO-for-Industrial-Decarb_POSTER-VERSION.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Liddell_IEDO_Strategic_Analysis_EEIO-for-Industrial-Decarb_POSTER-VERSION.pdf
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Poster: Project & Portfolio Impact & Environmental Justice Analysis 

Introspective Portfolio Assessment (IPA) 
Portfolio-level Analysis 

Manufacturing Environmental & Social Justice 

• Contributing analysis on 

quantitative & qualitative 

social & environmental 

data to inform 

decarbonization studies 

• Such as expanding technology adoption & savings 
analysis to industrial decarbonization technologies 

See full poster here: 

https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Dollinger_IEDO_Strateg 

ic-Analysis_Poster_Project-and-Portfolio-Impact-and-Environmental-Justice-Analysis.pptx 

https://www.energy.gov/eere/iedo/techno-economic-energy-carbon-heuristic-tool-early-stage-technologies-techtest-tool
https://www.energy.gov/eere/iedo/life-cycle-assessment-and-techno-economic-analysis-training
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Dollinger_IEDO_Strategic-Analysis_Poster_Project-and-Portfolio-Impact-and-Environmental-Justice-Analysis.pptx
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Dollinger_IEDO_Strategic-Analysis_Poster_Project-and-Portfolio-Impact-and-Environmental-Justice-Analysis.pptx
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Decarbonizing Industry is an Opportunity for America’s Economy 

CONTRIBUTES 
$2.79 trillion to 
the U.S. Economy 

GENERATES 
12% of U.S. GDP 

SUPPORTS 
11.2 million jobs 

U.S. Census Bureau Annual Survey of Manufactures & U.S. Bureau of 
Economic Analysis data for 2021

4
2

U.S. Census Bureau Annual Survey of Manufactures & U.S. Bureau of 
Economic Analysis data for 2021 

All industrial 
emissions 

All subsectors 

equivalents 

U.S. manufacturing 
subsector… 

MMT CO 2 

https://www.census.gov/data/tables/time-series/econ/asm/2018-2021-asm.html
https://www.bea.gov/news/2022/gross-domestic-product-fourth-quarter-and-year-2021-second-estimate
https://www.bea.gov/news/2022/gross-domestic-product-fourth-quarter-and-year-2021-second-estimate
https://www.census.gov/data/tables/time-series/econ/asm/2018-2021-asm.html
https://www.bea.gov/news/2022/gross-domestic-product-fourth-quarter-and-year-2021-second-estimate
https://www.bea.gov/news/2022/gross-domestic-product-fourth-quarter-and-year-2021-second-estimate
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0 200 400 600 800 
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Chemical products 

Petroleum and coal products 

Paper products 
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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) 

Scope 2 (Offsite 

Electricity Emissions) 

Scope 3 (Upstream 

Supply Chain 

Emissions) 

GHG Emission in Context: Significance of Supply Chain Emissions 
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Chemical products 

Petroleum and coal products 
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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 & 2 only 

Scope 1 & 2 
and upstream Scope 3 

U.S. Greenhouse Gas Emissions in 2018   (million metric tons CO 2eq) 

Data Source: DOE EEIO-IDA tool 

For more information, see Strategic Analysis poster: https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Liddell_IEDO_Strategic_Analysis_EEIO-for-Industrial-Decarb_POSTER-VERSION.pdf 

https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Liddell_IEDO_Strategic_Analysis_EEIO-for-Industrial-Decarb_POSTER-VERSION.pdf
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Buying Clean requires Making it Clean 

FACT SHEET: Biden-Harris 

Administration Announces New Buy 

Clean Actions to Ensure American 

Manufacturing Leads in the 21st 

Century | The White House 

Materials Flow through Industry (MFI) Tool 

Linear network model of the U.S. industrial 

sector. It can model a range of manufacturing 

scenarios, including the effects of changes in 

production technology and increases in 

industrial energy efficiency. 

LIGHTEn-UP Tool 

Scenario framework for assessing 

prospective net energy impacts of a 

technology/product, accounting for 

both manufacturing and end-use life 

cycle phases. 

https://energyanalysis.lbl.gov/tools 
https://www.nrel.gov/manufacturing/mfi-modeling-tool.html 

Environmentally-Extended 

Input/Output (EEIO) models 

Input/output techniques to estimate the 

total impact of an industry’s products on 

environmental metrics, such as greenhouse 

gas emissions. 

LIGHTEn-UP: Lifecycle Industry GreenHouse gas, 

Technology and Energy through the Use Phase 

https://www.energy.gov/eere/iedo/articles/environmentally 

-extended-input-output-industrial-decarbonization-analysis-

eeio 

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
https://www.energy.gov/eere/iedo/articles/environmentally-extended-input-output-industrial-decarbonization-analysis-eeio
https://www.energy.gov/eere/iedo/articles/environmentally-extended-input-output-industrial-decarbonization-analysis-eeio
https://www.energy.gov/eere/iedo/articles/environmentally-extended-input-output-industrial-decarbonization-analysis-eeio
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DOE Industrial Decarbonization Roadmap 

Key Takeaways: 

• Invest in all pillars 

• Leverage cross-sector 

approaches 

• Interdependencies 

require systems 

solutions 

Industrial Decarbonization Pillars 

Energy 
Efficiency 

Industrial 
Electrification 

Low-Carbon 
Fuels, 

Feedstocks, 
and Energy 

Sources 
(LCFFES) 

Carbon 

Capture, 

Utilization, 

and Storage 

(CCUS) 

Decarbonization pillars: inter-related, cross-cutting 

strategies to pursue in parallel 

Iron & Steel Chemicals Petroleum 

Refining 

Food & 

Beverage 

Cement 
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All-hands-on-deck effort (example research areas) 

• Foundational 
R&D 
Capabilities at 
the User 
Facilities 

• High 
Performance 
Computing for 
Manufacturing 

• RD&D in 

manufacturing 

processes, 

technologies, 

products, 

facilities, and 

supply chains 

Office of 

Science 

•Industrial 
Decarbonization 
Demonstration 
projects 

Office of Clean 
Energy 

Demonstrations 

Industrial 

Efficiency and 

Decarbonization 

Office •RD&D to 
expand 
nuclear energy 
to industrial, 
transportation, 
and energy 
storage 
applications 

Nuclear 
Energy 

• RD&D 

development of 

processes using 

alternative 

feedstocks and 

low/no heat 

manufacturing 

options 

Bioenergy 

Technologies 

Office 

• RD&D of clean 
hydrogen 
technologies 
for low-carbon 
feedstocks 
and fuels 

Hydrogen and 

Fuel Cell 

Technologies 

Office 
• RD&D in 

concentrated 
solar thermal 
and thermal 
storage 
technologies 

Solar Energy 

Technologies 

Office 

• RD&D to 
convert 
captured 
carbon into 
products 
without the 
need for heat 
or using 
substantially 
less heat 

Fossil Energy 

and Carbon 

Management 

DOE National Laboratories RD&D 
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Energy & Emissions in Manufacturing 

https://www.energy.gov/sites/default/files/2022-01/2018_mecs_all_manufacturing_energy_carbon_footprint.pdf 

Manufacturing Energy and 
Carbon Footprints 

The flow of energy supply, 
demand, and losses as well 
as greenhouse gas (GHG) 
emissions for end uses in 

15 manufacturing 
subsectors. 

https://www.energy.gov/sites/default/files/2022-01/2018_mecs_all_manufacturing_energy_carbon_footprint.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
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Strategic Analysis Deep Dives 

Energy & Materials 
Resource Flows 

Sustainable & Circular 
Economy 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Coal-Fired Boiler 

NG-Fired Combined Cycle 

Integrated Gasified Combined 

Cycle 

Oxy-Fuel Combustion 

WATER CONSUMPTION FOR DIFFERENT CAPTURE TECHNOLOGIES 

UNDER DIFFERENT AMBIENT CONDITIONS AND UNIT SIZES 

Water Cons umpti on (m3/MT CO2 Captured)
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WATER WITHDRWAL & CONSUMPTION FOR DIFFERENT COOLING 

& CAPTURE TECHNOLOGIES FOR A 100 MW COAL  BOILER UNIT 

Water Consumpti on (m3/MT CO2 Captured) 

Water Wi thdrawal  (m3/MT CO2 Captured) 

Water-Energy-Carbon 
Nexus 

Carbon Capture, Use and Storage Electrolytic ProcessesH2-DRI and EAF ProcessesEAF Secondary Route BF-BOF Primary Route

Source: The future of steelmaking, How the European steel 

industry can achieve carbon neutrality, Roland Berger, 2020.

~30% of total US steel 

production; most energy 
and carbon intensive

~70% of total US steel 

production; not enough & 
impurities in the scrap 

Shaft furnace: still requires 

iron ore pellets; H 2 volume and 
scale of electrolyzers; green 

electricity

Fluidized bed – less developed

Public acceptance of C 

storage; C utilization 
must rule out C release 

at later stage; 

maintenance burden

Still at the lab or pilot stages; 

infle xible – cannot be stopped 
easi ly; needs constant source 

of electricity. 

Industrial Decarbonization: 
Extended Pathways Analysis 

Industrial Decarbonization: 
Integrated Systems & Deep 

Dives Analyses 

Environmentally Extended 
Input-Output for Industrial 
Decarbonization Analysis 

Project & Portfolio Impact 
& Environmental Justice 

Analysis 

https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Iloeje_IEDO_Strategic Analysis_Poster_Sustainable and Circular Economy.pptx
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Iloeje_IEDO_Strategic Analysis_Poster_Sustainable and Circular Economy.pptx
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Rao_IEDO_Strategic Analysis_Poster_Water Energy and Carbon Nexus poster.pptx
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Rao_IEDO_Strategic Analysis_Poster_Water Energy and Carbon Nexus poster.pptx
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Supekar_IEDO_Strategic Analysis_Poster_Industrial Decarbonization Deep Dives.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Supekar_IEDO_Strategic Analysis_Poster_Industrial Decarbonization Deep Dives.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Supekar_IEDO__Strategic Analysis_Poster_Industrial Decarbonization Pathways Analysis Extension.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Supekar_IEDO__Strategic Analysis_Poster_Industrial Decarbonization Pathways Analysis Extension.pdf
https://www1.eere.energy.gov/iedo/downloads/2023/peer_review/Supekar_IEDO__Strategic Analysis_Poster_Industrial Decarbonization Pathways Analysis Extension.pdf
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