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Executive Summary
A 35% increase in demand for chemicals is expected globally by 2050. This is an exciting time for the American 
industrial base, with many opportunities to simultaneously drive down the cost of innovative technologies and 
to scale and deploy energy innovation. Several private companies have announced commitments to invest in 
hydrogen, advanced nuclear and carbon capture, utilization and storage (CCUS) technologies. Reducing the cost 
of these technologies will enhance America’s position as a leader in energy and strengthen our manufacturing 
base, helping us overtake China as the largest exporter in the chemical and refining sectors. Investing in these 
innovative American technologies will increase the supply of key products that Americans use in their everyday 
lives, all while ensuring they are made cleaner.

Chemical production and refining are essential for producing fuels for power, heat and transportation. They also 
serve as vital inputs for a wide array of products, such as plastics, fertilizers, and pharmaceuticals, all of which 
are crucial to modern life.

This report aims to:
1.	 Identify the energy technologies that are most applicable to the future of American chemicals and 

refining. 
2.	 Demonstrate the U.S.’ competitive advantage in the chemical and refining sectors, which are not only 

cleaner than our competitors’, but also have domestic growth opportunities.
3.	 Illustrate the significant contribution of these sectors to the U.S. Gross Domestic Product (GDP) and 

export competitiveness.
4.	 Outline policy recommendations to further the development and adoption of clean, innovative chemical 

production and refining technologies. 

The best energy policy is to return American manufacturing to the U.S. where we have the highest environmental 
standards. This can be done by:

1.	 Reauthorizing the Clean Industrial Technology Act, with the inclusion of a dedicated research, 
development and demonstration (RD&D) initiative at the Department of Energy, which is essential for 
identifying and commercializing innovative American technologies. These technologies will provide  
cost-effective and clean solutions for industries, strengthen American manufacturers’ competitive 
advantage and continue their steady contribution to U.S. GDP.

2.	 Bolstering the Section 9003 Biorefinery, Renewable Chemical, and Biobased Product Manufacturing 
Assistance Program, which is essential because the chemical and refining sectors account for 5% of 
global emissions, and alternative feedstocks like biomass are a key lever.  

By investing in clean, cost-competitive and reliable technologies, the U.S. can ensure the continued growth 
and viability of the chemical and refining sectors to meet rising consumer demand for chemicals, while also 
advancing energy dominance goals by accelerating energy innovation to lower emissions.   
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The Role of the Chemical and Refining Sectors in Emissions
A 35% increase in demand for chemicals is expected globally by 2050. This is an exciting time for the American 
The chemical and refining industries are the backbone of American manufacturing, with 96% of all manufactured 
goods involving products from these sectors.1 These industries produce primary fuels for power, transportation 
and heat, while also providing essential inputs for widely used downstream products. Common household items 
like clothing, food containers, cars and TVs are all made with products from the chemical and refining sectors. As 
demand for these products increases, America must lead in developing clean, innovative solutions to decouple 
this demand from rising emissions. Projections indicate that emissions from chemical production and refining 
could rise by approximately 20% by 2050, driven by a 35% increase in demand.2

The largest sources of emissions in the refining sector are stationary fuel combustion units such as steam 
boilers and process emissions from catalytic cracking, reforming, flares, sulfur recovery plants and more.3 The 
refining sector produces a wide variety of products, including gasoline, jet fuel and bitumen.4 Additionally, the 
refining sector produces feedstocks for the production of chemicals, like naphtha. Across the U.S., many facilities 
integrate refineries with chemical production facilities to improve efficiency. 

Source: Dr. Marcio Wagner da Silva, MBA
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The primary sources of emissions in the chemical sector are the combustion of fossil fuels for industrial heat, 
process emissions and the use of electricity. Within the domestic chemicals sector, the production of ammonia, 
hydrogen and petrochemicals accounts for more than 75% of total emissions.5

Ammonia is a key input for nitrogenous fertilizers used in agricultural production.6 Emissions from ammonia 
production increased by 39% from 2011 to 2021, largely due to the growth in the number of ammonia facilities. 
Ammonia is produced by combining nitrogen from the air and hydrogen through the Haber-Bosch process.7 

Approximately 70% of the ammonia produced is used for agricultural fertilizers.

Petrochemical production emissions increased by 20% from 2011 to 2021, largely due to the increased number 
of petrochemical plants coming online.8 This increase in production capacity was primarily driven by lower 
natural gas prices and a rise in demand for products that use petrochemicals (e.g., smartphones, medical 
equipment, toiletries). Petrochemical production creates emissions mainly from industrial heat, process 
emissions and electricity consumption.

Global Emissions from the Chemical and Refining Sectors

The industrial sector accounted for 24% of global emissions in 2021. The chemical and refining sectors 
contributed 5% of total global emissions, with the chemical sub-sector responsible for 4% and the refining  
sub-sector for 1%.9 Within the industrial sector, the chemical and refining sector accounted for 22% of  
global emissions. 

Data Source: Rhodium Group
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Technological Innovations for Clean Chemicals and Refining
 Leading companies in the sector have identified innovative clean energy technologies such as hydrogen, nuclear 
power, carbon capture, utilization, and storage (CCUS), and low-emissions feedstocks (e.g., biomass, recycling) 
as potential pathways for reducing emissions and boosting America’s competitive advantage. Major industry 
players have set emissions reduction goals and are working to demonstrate and deploy American technologies. 
For example, Dow, a major chemical company, reduced its carbon emissions by 15% between 2005 and 2020 
while increasing the volume of manufactured products by 30%. Dow remains committed to achieving carbon 
neutrality and reducing Scope 1, 2, and 3 emissions by 2050.10 ExxonMobil also intends to invest over $20 billion 
in low-carbon projects by 2027, marking the third increase in the past three years, up from an initial $3 billion in 
early 2021.11

Hydrogen

Today, 89% of all U.S. hydrogen production is used by petroleum refiners and nitrogenous fertilizer producers. 
However, affordable, widely available clean hydrogen is needed to replace the chemical and refining sector’s 
demand for conventional hydrogen as low-carbon fuel and feedstock. Full adoption of clean hydrogen in 
ammonia production and significant uptake in refining is needed to decarbonize, with at least 7–8 million metric 
tonnes (MMT) of clean hydrogen per year by 2050. This is an increase of roughly 50% from expected levels 
in 2030.12 To meet these levels, the cost-competitiveness of clean hydrogen must improve through advancing 
policies that further expand and decrease the cost of midstream and end-use infrastructure while supporting 
reliable offtake for hydrogen producers beyond 45V, the hydrogen production tax credit. 

Data Source: Rhodium Group
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Nuclear

Many chemical processes require heat or steam with high-reliability factors, meaning they require high uptime 
and load factors. Nuclear energy can cleanly, affordably and reliably provide these inputs at the megawatt and 
gigawatt scales. Dow is building four high-temperature gas reactors in Seadrift, Texas, with X-energy, a developer 
of advanced small modular nuclear reactors. The Dow and X-energy project is expected to reduce the Seadrift 
site’s emissions by approximately 440,000 MT CO2 equivalent per year. 

Carbon Management

Carbon capture, utilization and storage (CCUS) for pure and dilute CO2 streams is an essential emissions 
reduction lever for the chemical and refining sectors. Significant scale-up is needed in the transport and 
storage of carbon dioxide and further research and development (R&D) of CCUS for dilute streams is required. 
ExxonMobil’s Baytown refining and petrochemical facilities are partnering with Honeywell to install a CCUS 
project on the site capable of storing up to 10 MMT of CO2 per year and capturing 7 MMT of CO2 annually. This 
will result in a reduction of site-wide CO2 emissions by up to 30% compared to current operations.13

2

Additionally, low-emissions biomass, waste, and captured CO2 feedstocks (i.e., forest residues, agricultural 
wastes, municipal solid wastes, recycled materials, etc.) can play an important role in decarbonizing the 
chemicals sector. The Department of Energy (DOE) Clean Fuels & Products Shot aims to source 50% of carbon-
based chemicals from alternative carbon resources and anticipates that by 2050, there will be 1,050 MMT of 
biomass and waste and 450 MMT of CO2 resources as feedstocks to produce more than 400 MMT of fuels and 
chemicals. If this shot is successful, more than 650 MMT of CO2e  emissions per year could be eliminated.14

Another pathway to reducing emissions is recycling, also known as circularity. Recycling in this context means 
that plastic waste is reused as feedstocks for chemical processes, which reduces the need for virgin plastic – 
plastic produced for the first time – and displaces the need for other chemicals and fuels. There are multiple 
types of advanced recycling processes, with the main ones being mechanical, pyrolytic, and chemical recycling. 
Mechanical recycling reprocesses plastic by melting and can reduce production emissions by as much as 
75%; however, the output material can have degraded material properties. Pyrolytic recycling is the thermal 
decomposition of materials in a low-oxygen environment and can increase overall production emissions by up 
to one-quarter. However, it generates a higher-quality alternative product. Chemical recycling processes like 
methanolysis are still in development and can potentially yield plastics with properties comparable to virgin 
plastics. Since 2017, companies from across the U.S. have announced 40 new projects in advanced recycling 
and recovery valued at over $7 billion with the potential to divert nearly nine MMT of waste from landfills per 
year.15 Demonstration scale projects of methanolysis are underway and have the potential to make resins with 
recycled content that is 20-30% less emissions intensive than using virgin feedstocks.

Economic Impact
The chemical sector is an essential economic driver for the U.S. Federal engagement for research, development, 
demonstration and deployment should be bolstered and streamlined to maximize American innovation 
to maintain and grow the U.S.’ competitive edge against geopolitical adversaries like China. Chemical 
manufacturing in the U.S. has seen steady growth in its contribution to GDP since the 1990s.16 In 2023, it 
accounted for 1.9% of the nation’s total GDP. Over the past 15 years, its share has remained relatively stable, 
peaking at 2% in 1997 and reaching a low of 1.7% in 2005. 
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In 2023, the total domestic employment from the chemicals and refining sectors was approximately 1.9 million 
jobs made up of 918,000 chemicals manufacturing workers, 101,000 petroleum manufacturing workers and 
751,000 plastics manufacturing workers. Additionally, the DOE anticipates that the chemical and refining 
industries’ emissions reduction goals could create approximately 5.5 million job-years through direct and indirect 
jobs through 2050.17

As demand for clean energy technologies continues to grow domestically and internationally, the chemical and 
refining sectors will play an important role in supplying components. U.S. chemical manufacturers produce 
materials used in batteries, hydrogen fuel cells and electrolyzers, small modular nuclear reactors and carbon 
capture, utilization and storage. 

American Competitiveness for Global Chemical Exports

The U.S. is the second largest chemical manufacturer globally.18 In 2023, the U.S. exported $159 billion and 
imported $213 billion in chemicals and related products.19 Chemicals and related products account for 8% of 
U.S. goods exports and 7% of U.S. goods imports in 2023. The U.S. is the second-largest goods exporter and the 
largest goods importer globally. As of 2022, goods exports comprise 70% of total U.S. exports20, with chemicals 
and related products representing roughly 5.5% of total U.S. exports. 

The top 10 domestic export markets for the chemical and refining sector are Canada, Mexico, China, Belgium, 
Japan, the Netherlands, Germany, Brazil, South Korea and the United Kingdom.21 Notably, these markets overlap 
significantly with regions that the International Energy Agency (IEA) predicts will contribute substantially to 
total global emissions.22 Most of these countries are key partners and allies of the U.S. Furthermore, U.S. allies 
and trading partners are implementing demand signals toward lower-emissions products. For example, the 
European Union has implemented a carbon border adjustment that will cover fertilizers (i.e., ammonia) starting 
in 2026 and also has the registration, evaluation, authorization and restriction of chemicals (REACH) law to 
encourage the production of cleaner chemicals. This presents an opportunity for the U.S. to collaborate with its 
allies to continue exporting clean chemical products and innovative technologies designed to reduce emissions. 
Additionally, upgrading domestic capacity ensures these products will be manufactured in the U.S. instead of 
China, where environmental standards are weaker. 

Source: FRED, U.S. Bureau of Economic Analysis
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The Need for More R&D 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

While the private sector has identified and committed to using these cutting-edge technologies, the U.S. is 
lagging behind other major players in research and development spending, especially China. By 2018, China 
spent around $24 billion annually on chemicals R&D, more than double that of American investments.23 The U.S. 
is the second largest exporter of chemicals behind China. 

The chemical sector is a significant contributor to U.S. exports and economic growth. However, U.S. companies’ 
R&D investments lag at 2.2% of revenue compared to chemical manufacturers in other countries, including 
Germany (5.8%), Japan (5.9%), and China (6.6%). In other words, the U.S. ($9.5 billion invested) has invested 
$14.5 billion less than China ($24 billion invested) in R&D.24 Further R&D investments are needed to keep 
American suppliers competitive against the Chinese for the forecasted increase in demand from sectors like 
household appliances to newer sectors like clean energy.

Data Source: U.S. National Science Foundation
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Federal Investments in Clean Chemical Production and Refining
The federal government engages in reducing emissions from the chemical and refining sub-sectors mainly 
through DOE. The Department of Defense (DoD) and the Department of Agriculture (USDA) also oversee 
programs that have the potential to reduce emissions from chemical production. Lanzatech, an innovative 
company pioneering biorefining and based out of Illinois, won an Advanced Research Projects Agency-Energy 
(ARPA-E) grant to convert waste CO2 into ethanol in 2021. Now, the company has five commercial-scale facilities 
that combined are abating approximately 515,000 MT of CO2 per year.25

While the existing programs are a step in the right direction, further federal engagement is needed. The DOE 
is doing this for other sub-sectors, like steel, cement and concrete, by investing in R&D. There is a high-impact 
opportunity for DOE to do the same with the chemical and refining sub-sectors. For example, in the $6.3 billion 
Industrial Demonstration Program (IDP) awards, which were established in the Energy Act of 2020, only  
one-sixth of the funds went towards the chemical and refining sub-sectors despite those sectors making up over 
a third of U.S. industrial emissions.26 With further rounds of the IDP, targeted R&D funding can support innovative 
technologies for chemical manufacturing and refining. 

The DOE, DoD and the USDA are all engaged in R&D programs that could help lower emissions from the chemical 
and refining sectors. Engagement at DOE spans from foundational research to demonstration projects. The 
DoD is mainly focused on foundational research. USDA hosts a loan guarantee program for biobased chemicals 
and refineries, as well as a labeling program for biobased products. See Table 1 in the appendix for a further 
breakdown of federal engagement and resources reducing emissions from refining and chemical production.

Policy Recommendations
While the federal government is investing in the chemical and refining sectors, there are opportunities to 
streamline efforts and provide targeted support to innovative American technologies. Technologies to 
reduce emissions from these sectors today are not affordable or widely adopted. Furthermore, breakthrough 
technologies that are in the early stages of R&D or not conceptualized yet are expected to be key solutions. 

Reauthorize the Clean Industrial Technology Act

The manufacturing sector is expected to be America’s top source of emissions by 2035, with the chemical 
and refining sectors making up over one-third of those emissions, expected to rise due to increasing demand. 
American R&D spending in the chemical and refining sectors is lagging behind global competitors like China and 
jeopardizing the U.S.’s potential for export growth.

The Clean Industrial Technology Act (CITA) was enacted into law in the Energy Act of 2020.27 CITA provides 
direction for the DOE and federal investment in reducing emissions from the nonpower industrial sector through 
a competitive grant program. The Industrial Demonstrations Program (IDP) discussed above was created  
by CITA. 

Congress can enhance the current program by improving research, development, and demonstration (RD&D) 
coordination for previously selected federal RD&D projects, including refining as a focus area, and providing 
targeted RD&D support for the chemical and refining sectors. Furthermore, Congress could reauthorize the IDP, 
which has invested in the competitiveness of America’s manufacturing base, by continuing its funding profile 
through fiscal year 2025. 
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Reauthorizing this program, with updates to reflect President Trump’s energy dominance agenda, will enable 
targeted investment with clear goals to unleash private investment and advance American manufacturing 
competitiveness. 

Bolster the Farm Bill’s Section 9003 Biorefinery, Renewable Chemical, and Biobased Product Manufacturing 
Assistance Program

The Section 9003 Program aims to solidify America as a leading manufacturer of advanced biofuels, renewable 
chemicals, and biobased products. The Section 9003 Program spurs innovation deployment in the bioproduct 
sector, through low-interest loan guarantees for the development, construction, and retrofitting of commercial-
scale biorefineries and biobased product manufacturing facilities with new and emerging technologies. 
Facilitating the deployment of these technologies creates economic opportunities for America’s rural 
communities and creates new markets for biobased feedstocks. This program can be modernized to reflect 
recent innovations and secure investments in the rural economy. Therefore, the Section 9003 program can be 
amended to:

•	 Restore the pilot and demonstration-scale facility development grant program. In conjunction with the loan 
guarantee program, USDA can offer grants to reduce risks associated with nascent technologies.

•	 Include emissions reduction as a selection criterion. Currently, the USDA must consider whether the 
applicant will have a positive impact on resource conservation, public health, and the environment, but does 
not specify reducing emissions as a positive impact.28

•	 Specify obligated funds. Since 2008, Section 9003 has seen a reduction in mandatory Farm Bill funding. 
The 2008 Farm Bill provided $320 million, $200 million in 2014 and $75 million in 2018. Specifying obligated 
funds is needed to reap the potential benefits of biomanufacturing. 

Strengthening this program will unlock investment in biomanufacturing for chemical manufacturing and refining 
by reducing risks associated with early-stage technologies.

Conclusion
The chemical and refining sub-sectors are integral to the U.S. economy, accounting for a significant share of both 
exports and GDP. These industries are essential drivers of economic growth and are responsible for the products 
and materials that make modern life possible for the American people. They provide materials for various 
sectors, from manufacturing to agriculture, and support millions of jobs across the country. Without the chemical 
and refining industries, smartphones, modern medical equipment, clean energy technologies and so much more 
would not be possible. However, alongside their economic contributions, these sectors are also major sources of 
emissions. 

To solve the global climate challenge, we need to bring manufacturing back to the U.S., where our environmental 
standards are better than in China. The federal government has a critical role to play by fostering innovation 
within the chemical and refining sub-sectors. By increasing support for R&D, the government can help develop 
efficient and affordable technologies that not only address the challenges of reducing emissions but also 
strengthen America’s competitive position in the global market. Such investments could lead to breakthroughs in 
clean production processes and energy-efficient technologies, advancements that would both reduce emissions 
and bolster the long-term competitiveness of the U.S. chemical and refining industries. 
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Appendix
Table 1. Federal Engagement and Resources Supporting Clean Chemical Production and Refining



State of Play: The Chemical and Refining Sectors

13



State of Play: The Chemical and Refining Sectors

14



State of Play: The Chemical and Refining Sectors

15



State of Play: The Chemical and Refining Sectors

16

Bibliography
1.	 American Chemistry Council, Chemical Industry Outlook 2021
2.	 U.S. Department of Energy, Pathway to Liftoff: Decarbonizing Chemicals and Refining​ 2024
3.	 US Environmental Protection Agency, 2011-2021 GHGRP Sector Profile Petroleum Refineries 2022
4.	 The key component of asphalt used for roads
5.	 US Environmental Protection Agency, 2011-2021 GHGRP Sector Profile Chemicals 2022
6.	 ClearPath, Agriculture 101 2024
7.	 The Editors of Encyclopaedia Britannica, The Haber-Bosch process 2025
8.	 US Environmental Protection Agency, 2011-2021 GHGRP Sector Profile Chemicals 2022
9.	 Rhodium Group data, ClearPath analysis
10.	Dow, Decarbonization and Climate Mitigation
11.	American Fuel & Petrochemical Manufacturers, Sustainability Report 2024
12.	U.S. Department of Energy, Pathway to Liftoff: Decarbonizing Chemicals and Refining​ 2024
13.	ExxonMobil, Low-carbon hydrogen: Fueling our Baytown facilities and our net-zero ambition
14.	U.S. Department of Energy, Clean Fuels and Products Shot 2024
15.	https://plasticmakers.org/our-solutions/advanced-recycling-technologies/
16.	Chemical manufacturing for the purposes of this GDP data, as defined by the U.S. Census Bureau, is “the 

transformation of organic and inorganic raw materials by chemical processes and the formulation of 
products. This subsector distinguishes the production of basic chemicals that comprise the first industry 
group from the production of intermediate and end products produced by further processing of basic 
chemicals that make up the remaining industry groups.”

17.	U.S. Department of Energy, Pathway to Liftoff: Decarbonizing Chemicals and Refining​ 2024
18.	Cybersecurity & Infrastructure Security Agency, Chemical Sector Profile 2022
19.	The Bureau of Economic Analysis
20.	Office of the United States Trade Representative, Countries & Regions
21.	United States International Trade Commission, Chemicals and Related Products 2020
22.	India, the EU, Canada, Mexico, Japan, Brazil, Africa, and Southeast Asia will emit roughly as much as China 

and Russia combined. International Energy Agency, World Energy Outlook 2023
23.	National Science Foundation, Research and Development: U.S. trends and international comparisons
24.	Joint Subcommittee on Environment, Innovation, and Public Health and the Sustainable Chemistry Strategy 

Team of the National Science and Technology Council, Sustainable Chemistry Report Framing the Federal 
Landscape 2023

25.	LanzaTech, Biorefining
26.	Office of Clean Energy Demonstrations, Industrial Demonstrations Program Selections for Award Negotiations: 

Chemicals and Refining 2024; U.S. Department of Energy, Pathway to Liftoff: Decarbonizing Chemicals and 
Refining​ 2024

27.	Energy Act of 2020
28.	US Code Title 7 Chapter 107 Section 8103
29.	Office of Fossil Energy and Carbon Management, Carbon Conversion
30.	Industrial Efficiency & Decarbonization Office, Chemical and Petrochemical Manufacturing
31.	Industrial Efficiency & Decarbonization Office, Cross-sector Technologies
32.	Manufacturing USA, RAPID (Rapid Advancement in Process Intensification Deployment Institute)



State of Play: The Chemical and Refining Sectors

17

33.	Advanced Materials & Manufacturing Technologies Office, Secure and Sustainable Materials
34.	CESMII The Smart Manufacturing Institute, Smart Manufacturing for Chemical Processing: Energy Efficient 

Operation of Air Separation Unit
35.	Manufacturing USA, REMADE (Reducing EMbodied-energy And Decreasing Emissions)
36.	ARPA-E, High Intensity Thermal Exchange through Materials, and Manufacturing Processes
37.	Office of Clean Energy Demonstrations, Industrial Demonstrations Program 2024
38.	Loan Program Office, Title 17 Clean Energy Financing
39.	Department of Energy, LPO announces conditional commitment for Solugen’s Bioforge Marshall Facility
40.	EPIXC, Home
41.	Ames Laboratory, Institute for Cooperative Upcycling of Plastics
42.	Lawrence Berkeley National Laboratory, Manufacturing Innovation
43.	Oak Ridge National Laboratory, Manufacturing Science
44.	National Energy Technology Laboratory, Center for Sustainable Fuels and Chemicals
45.	National Energy Technology Laboratory, Carbon Dioxide Conversion Program
46.	National Renewable Energy Laboratory, Advanced Manufacturing Research
47.	BioMADE, BioMADE
48.	Strategic Environmental Research and Development Program (SERDP) and the Environmental Security 

Technology Certification Program (ESTCP), About Us
49.	National Defense Center for Energy & Environment (NDCEE), Who we are
50.	Rural Development, Biorefinery, Renewable Chemical, and Biobased Product Manufacturing Assistance 

Program
51.	BioPreferred, About us



State of Play: The Chemical and Refining Sectors

18

References

About | Manufacturing Science | ORNL. (n.d.). ORNL. 
https://www.ornl.gov/division/manufacturing-science

About us. (n.d.). BioPreferred. https://www.biopreferred.gov/
About us. (2025, February 24). https://serdp-estcp.mil/about
Advanced Manufacturing Research | NREL. (n.d.). 

https://www.nrel.gov/manufacturing/index.html
American Chemistry Council. (2021, November 11). Chemical industry outlook: Slower growth amid Near-Term 
Headwinds - American Chemistry Council. American Chemistry Council. 

https://www.americanchemistry.com/chemistry-in-america/news-trends/press-release/2019/chemical-
industry-outlook-slower-growth-amid-near-term-headwinds

BioMADE. (2025, April 11). BioMADE. https://www.biomade.org/
Biorefinery, renewable chemical, and biobased product manufacturing assistance. (2014). 

In TITLE 7—AGRICULTURE. 
https://www.govinfo.gov/content/pkg/USCODE-2023-title7/pdf/USCODE-2023-title7-chap107-sec8103.pdf

Biorefinery, Renewable Chemical, and Biobased Product Manufacturing Assistance Program. 
(2025, March 25). Rural Development. 
https://www.rd.usda.gov/programs-services/energy-programs/biorefinery-renewable-chemical-and-biobased-
product-manufacturing-assistance-program

Biorefining – LanzaTech. (n.d.). https://lanzatech.com/biorefining/
Carbon conversion. (n.d.). Energy.gov. https://www.energy.gov/fecm/carbon-conversion
Carbon Dioxide Conversion Program. (n.d.). netl.doe.gov. 

https://netl.doe.gov/carbon-management/carbon-conversion
Center for Sustainable Fuels and Chemicals. (n.d.). netl.doe.gov. 

https://netl.doe.gov/key-lab-initiatives/csfc
Chemical and petrochemical manufacturing. (n.d.). Energy.gov. 

https://www.energy.gov/eere/iedo/chemical-and-petrochemical-manufacturing
Clean fuels and products shot. (2024, November 15). Energy.gov. 

https://www.energy.gov/topics/clean-fuels-and-products-shot
ClearPath. (2024, April 11). Tech 101. https://clearpath.org/tech-101/?category=agriculture
Cross-Sector Technologies. (n.d.). Energy.gov. 

https://www.energy.gov/eere/iedo/cross-sector-technologies
Decarbonization and Climate Mitigation. (n.d.). Dow. 

https://corporate.dow.com/en-us/purpose-in-action/climate-protection/decarbonization.html



State of Play: The Chemical and Refining Sectors

19

Electrified Processes for Industry Without Carbon - EPIXC. (2025, March 10). Home - EPIXC. EPIXC. 
https://epixc.org/

High Intensity Thermal Exchange through Materials, and Manufacturing Processes. (n.d.). 
ARPA-E. https://arpa-e.energy.gov/programs-and-initiatives/view-all-programs/hitemmp

Industrial Demonstrations program selections for award negotiations: Chemicals and refining. (n.d.). 
Energy.gov. 
https://www.energy.gov/oced/industrial-demonstrations-program-selections-award-negotiations-chemicals-
and-refining

Institute for Cooperative Upcycling of Plastics. (n.d.). Ames Laboratory. 
https://www.ameslab.gov/index.php/institute-for-cooperative-upcycling-of-plastics-icoup
Lawrence Berkeley National Laboratory. (2025, January 21). Manufacturing Innovation | Research | Berkeley 
Lab. https://www.lbl.gov/research/manufacturing-decarbonization/

Low-carbon hydrogen: Fueling our Baytown facilities and our net-zero ambition | ExxonMobil. (n.d.). ExxonMobil. 
https://corporate.exxonmobil.com/news/viewpoints/low-carbon-hydrogen

LPO announces conditional commitment for Solugen’s Bioforge Marshall Facility. (n.d.). Department of Energy. 
https://www.energy.gov/lpo/articles/lpo-announces-conditional-commitment-solugens-bioforge-marshall-
sustainable

RAPID (Rapid Advancement in Process Intensification Deployment Institute). (2024, December 16). Manufacturing
 USA. https://www.manufacturingusa.com/institutes/rapid

REMADE (Reducing EMbodied-energy and Decreasing emissions). (2024, December 16). Manufacturing USA.
 https://www.manufacturingusa.com/institutes/remade

Research and Development: U.S. trends and international comparisons | NSF - National Science Foundation. 
(n.d.-a). https://ncses.nsf.gov/pubs/nsb20225/table/RD-14

Research and Development: U.S. trends and international comparisons | NSF - National Science Foundation. 
(n.d.-b). https://ncses.nsf.gov/pubs/nsb20225/table/RD-14

Secure material supply chains. (2021, July 16). Energy.gov. 
https://www.energy.gov/eere/ammto/secure-material-supply-chains

Smart Manufacturing for chemical processing: Energy Efficient Operation of Air Separation Unit - CESMII.
 (2025, March 13). CESMII. https://www.cesmii.org/project/sopo-2310/

Sustainability Report. (2022). American Fuel & Petrochemical Manufacturers. 
https://www.afpm.org/data-reports/publications/sustainability-report

SUSTAINABLE CHEMISTRY STRATEGY TEAM, Prabhakar, A., Koizumi, K., Lubchenco, J., Spinrad, R., Frey, C., 
Buser, M., Guiseppi-Elie, A., Balshaw, D., Beers, K., Berkowitz, D., Holmes, B., Alter, J., Appleman, T., Beebout, 
S., Bradley, C., Bruner, B., Dawson, J., Da Costa, G. G., . . . Zeb, T. (2023). SUSTAINABLE CHEMISTRY REPORT. 



State of Play: The Chemical and Refining Sectors

20

https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/08/NSTC-JCEIPH-SCST-Sustainable-
Chemistry-Federal-Landscape-Report-to-Congress.pdf

The Editors of Encyclopaedia Britannica. (2025, April 10). Haber-Bosch process | Definition, Conditions, 
Importance, & Facts. Encyclopedia Britannica. https://www.britannica.com/technology/Haber-Bosch-process

TITLE 17 CLEAN ENERGY FINANCING. (n.d.). Energy.gov. 
https://www.energy.gov/lpo/title-17-clean-energy-financing

U.S. Department of Energy. (2025, February 12). Decarbonizing chemicals and refining - pathways to commercial 
liftoff. Pathways to Commercial Liftoff. https://liftoff.energy.gov/industrial-decarbonization/chemicals-and-
refining/

U.S. Environmental Protection Agency. (2022a). 2011-2021 GHGRP Sector Profile Chemicals. 
https://www.epa.gov/system/files/documents/2023-03/Chemical_Profile_03-27-2023%20508c.pdf

U.S. Environmental Protection Agency. (2022b). 2011-2021 GHGRP Sector Profile Chemicals. 
https://www.epa.gov/system/files/documents/2023-03/Chemical_Profile_03-27-2023%20508c.pdf
US Environmental Protection Agency. (2022). 2011-2021 GHGRP Sector Profile Petroleum Refineries [Report]. 
https://www.epa.gov/system/files/documents/2022-11/refineries_2021_sector_profile.pdf

Who we are – National Defense Center for Energy & Environment (NDCEE). (n.d.). 
https://www.denix.osd.mil/ndcee/about-us/who-we-are/


