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Ethylene is the highest volume commodity chemical in the U.S., with production resulting in about 44.4
MMT CO2/yr*—more than the annual emissions of the entire state of Nevada. It’s used as a building
block chemical to create plastics, packaging, construction materials, and many of the products
encountered in daily life. From the onset, emissions from using fossil fuels are embedded in most
ethylene production. Over 80% of the ethylene produced domestically uses ethane (Qian et al. 2023), a
hydrocarbon gas derived from natural gas, as the feedstock (DOE 2022). Ethylene produced in other
countries is more reliant on naphtha, a liquid petroleum product. Production pathways do exist to
create ethylene from renewable hydrocarbon feedstocks, biomass, or captured and/or recycled carbon,
but these make up a negligible amount of the current ethylene market (Lingle and Connolly 2023) as
these routes are currently more expensive.

e Almost all ethylene manufactured in the U.S. uses steam cracking technology. Steam crackers
are one of the most energy and carbon-intensive manufacturing processes (Galluci 2023).

e Ethylene, along with benzene, is the base for most of the world’s plastics. For example, almost
three quarters of the plastics consumed annually for packing and film (mostly single-use) are
derivatives of ethylene (Bylsma et al. 2023).

e The U.S. produces 30-40 MMT of plastic waste annually, which translates to the highest per
capita plastic waste production rate of any nation in the world. An estimated 1-2 MMT of waste
is mismanaged and leaks into the environment in the U.S., polluting landscapes and waterways
(Committee on the United States Contributions to Global Ocean Plastic Waste 2022).

e The U.S. has one of the lowest plastic packaging recycling rates in the world. Polyvinyl chloride
(PVC) is an ethylene-based plastic that has a close to 0% recycling rate. Other ethylene-based
plastics like polyethylene terephthalate (PET) bottles and HDPE milk bottles have much higher
recycling rates, around 29%. Most plastics end up in landfills at the end of product life
(Milbrandt et al. 2022).

e Some ethylene co-products are highly hazardous. For example, more than 90% of 1,3-butadiene
is produced by ethylene crackers. Butadiene is a carcinogenic air pollutant that U.S.
Environmental Protection Agency (EPA) recently concluded poses an unreasonable risk to
human health from inhalation exposure to workers and fenceline communities.

e There is currently a serious oversupply of ethylene production capacity, placing one-third of the
world’s 330 ethylene crackers at serious risk of closure (Cui et al. 2024).

To reduce GHG emissions and minimize health and environmental impacts, innovative solutions need to
be targeted across ethylene’s feedstock, manufacturing process, and end-of-life phases. Sixty percent of

1 Derived from data and models: Nicholson, Scott R., Nicholas A. Rorrer, Taylor Uekert, Greg Avery, Alberta C. Carpenter, and
Gregg T. Beckham. 2023. “Manufacturing Energy and Greenhouse Gas Emissions Associated with United States Consumption of
Organic Petrochemicals.” ACS Sustainable Chemistry & Engineering 11 (6): 2198-2208.
https://doi.org/10.1021/acssuschemeng.2c05417.; Meng, Fanran, Andreas Wagner, Alexandre B. Kremer, Daisuke Kanazawa,
Jane J. Leung, Peter Goult, Min Guan, et al. 2023. “Planet-Compatible Pathways for Transitioning the Chemical Industry.”
Proceedings of the National Academy of Sciences 120 (8): €2218294120. https://doi.org/10.1073/pnas.2218294120.
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ethylene’s embodied emissions occur during the refining and manufacturing stage and 40% occur at the
end of product life (Meng et al. 2023). When these products break down or are incinerated, fossil
carbon is returned to the atmosphere. Release of carbon to the atmosphere at the end of product life is
delayed when ethylene-based products are buried in landfills or remain in use as durable plastic goods
(e.g., PVCin building applications), and enhancing the circularity of plastics can help to displace virgin
fossil fuel feedstocks.

Geography of Ethylene Production

Ethylene is produced at around 30 facilities today in the U.S. (Shaykevich et al. 2024). These facilities are
concentrated in the Gulf Coast region of Texas and Louisiana, with additional production capacity in the
Ohio River Valley region and upper Midwest along the Mississippi River (Figure 1). Facility siting is
heavily influenced by access to abundant and low-cost natural gas, as well as proximity to additional
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Figure 1. Map of U.S. ethylene production by state and facility, in metric tons/year. Data from Shaykevich
et al. 2024.

Ethylene Market Structure

Bulk ethylene is the precursor to a vast number of chemical products—mostly plastics—consumed by a
wide range of markets. Five main intermediate chemicals, however, account for about 80% of the bulk
ethylene that is produced globally as illustrated in figure 2 (a simplified estimate of the general structure
of how ethylene flows to derived intermediate products and primary end use markets). Three variations
of polyethylene (linear low-density (LLDPE), low-density (LDPE), and high-density (HDPE)) are plastics
used primarily for packaging, although HDPE is also prevalent in buildings (e.g. for pipes, plastic outdoor
decks, or furniture). Ethylene dichloride is a precursor to PVC products. Ethylene oxide is used to make



PET polyester plastic for packaging and textiles, as well as to manufacture engine antifreezes and
coolants.
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Figure 2. The estimated global market flow of ethylene which shows the five main intermediate chemical
products derived from ethylene. Data sources available upon request.

Health and Environmental Safety Impacts of Ethylene
Production

Ethylene production has released toxic pollutants, including known carcinogens such as benzene or 1,3-
butadiene, into fenceline communities for decades?. Manufacturing facilities are permitted to release a
set amount of air toxics, although standards for installed pollution control technology can be periodically
made more stringent. This regulatory strategy makes it difficult to directly or proactively limit emissions
from industrial facilities, even if there are known violations of facility air quality permits (Song 2024).

e Every facility in the U.S. that produces ethylene also emits chemicals which are linked to
reproductive harms, cancer, and respiratory diseases (EDF 2024) and 11 of the 27 facilities had

2 Facility-specific data on toxic releases and violations can be found at fencelinedata.org, which combines data from the EPA’s
Toxics Release Inventory, Greenhouse Gas Reporting Program (GHGRP) and Enforcement and Compliance History Online
(ECHO) programs.


https://fencelinedata.org/about

high priority violations of their clean air permits between 2020 and 2023 (Shaykevich et al.,
2024).

o Twenty-three of 27 (85%) of ethylene facilities are located within three miles of disadvantaged
communities (ibid.)

e Downstream ethylene derivative chemicals can also be toxic, especially to chemical workers and
fenceline communities. This is especially true for ethylene dichloride, used to make vinyl
chloride, a component of PVC plastics (Tabuchi 2024) and even more so for ethylene oxide, also
a major ethylene derivative that is classified as a hazardous air pollutant (EPA 2018), primarily
contributing to PET polyester value chains.

e There are also toxicity concerns for consumers from the use of ethylene-based plastics. Ethylene
products break down into “microplastics,” which are already ubiquitous and easily ingested.
There is growing research into the negative impacts of microplastics on human health (Rahman
et al. 2021).

Technological Pathways: Challenges and Opportunities

Challenge: International chemical facilities could outcompete the U.S. in a new growing market for
low-emissions chemical products.

The chemical industry in the U.S. grew rapidly because of the availability of low-cost ethane feedstocks,
and because it was able to build on well-established infrastructure, especially along the Gulf Coast. The
economic benefits of the chemical sector in the U.S., however, are declining. In Louisiana, the
petrochemical sector only accounts for 4.5% of the state’s revenues compared to 40% in the 1990s
(Sanzillo et al. 2024). A new ethylene plant in Pennsylvania, operational as of 2022 and given over $1.5
billion in state tax incentives, has yet to deliver measurable economic benefits to the county where it is
located (de Place and Stone 2023). The U.S. chemical industry needs to invest in cutting edge research
and develop the infrastructure to support markets for more sustainable chemical products, to improve
resiliency and competitiveness of the industry, and to ensure that economic benefits accrue to the
states and communities where facilities are located.

e Additional RD&D funding can help companies commercialize cutting edge technologies that
produce chemical products with fewer emissions, while reducing demand for fossil fuel feedstocks.
Promising efforts include developing alternative feedstocks at scale and commercializing more
efficient processing technologies that avoid toxic emissions.

o If biofeedstocks are to play a key role in sustainable product portfolios, there will be a need
to scale bio-refining and processing technologies, to improve process efficiency, and to
develop new supply chains from regions rich in waste biomass (e.g., corn stover from the
Midwest or forestry residue from the north and southeast).

o The majority of carbon capture funding to date has been for sequestration and storage;
there is a need for expanded support for carbon utilization strategies that reuse waste
carbon from other industrial sectors (e.g., cement, steel) to produce durable carbon-based
materials. For example, one of the Industrial Demonstration Program awards announced in
2024 provides $200 million federal cost share for a pilot facility along the Gulf Coast
planning to utilize captured waste carbon to produce ethylene (OCED 2024).



o There are potentially transformative new production pathways that could reduce energy
waste, cut pollution emissions, and enhance the circularity of the chemical industry.
Additional state and federal support can help to incentivize new facilities in the U.S. to scale
promising new chemical production methods, within value chains such as PET plastic (IN
EDC 2024).

o Market and tax policy tools can address the price disparity between conventional and lower-
emission, innovative production methods for ethylene, encouraging companies to invest in cutting-
edge technologies and production strategies.

o Clean contracts for differences (CCfDs) are a new market tool in the context of U.S. state
and federal policy that could be more economically efficient than tax credits for driving
demand for cleaner products, especially for more durable ethylene-based products (i.e.,
outside of packaging) (Gangotra et al. 2023).

o Production tax credits or investment tax credits, implemented at either the federal or state
level, could help to overcome price barriers between ethylene produced from alternative
feedstocks or in decarbonized facilities and conventionally produced ethylene.

o Carbon border adjustment policies can help cleaner U.S. products maintain trade
advantages over chemical products produced abroad that are more emissions-intensive.

Challenge: Direct electrification of chemical manufacturing processes is an efficient pathway to safer,
cleaner manufacturing facilities but energy systems are not yet ready for large new demands for
electricity.

Most manufacturing process emissions for ethylene occur during steam cracking, a high temperature
heating process reliant on natural gas—which accounts for an estimated 90% of the 12.2 MMT of CO,
energy-related emissions released when converting ethane to ethylene. Electrifying steam crackers
could potentially eliminate emissions from this production step, if clean electricity can be sourced to
power this equipment.

e The first industrial-scale demonstration of an electrified cracker, requiring six MW of renewable
energy, came online at a BASF plant in Germany in April 2024 (BASF 2024). This demonstration
electrified approximately 10% of the facility production capacity of ethylene.

e High capital expenditures, relatively low natural gas prices, and competition for access to clean,
affordable electricity are major barriers to electrifying more steam crackers. Strategies to
overcome these issues include state or federal clean heat or electrification tax credits, and state
or federal grant or loan programs that defray the capital expenditure costs to be an early
adopter of electrification technologies.

e Market and regulatory reforms will also be needed, to streamline the process of permitting and
building additional new clean energy infrastructure in support of the policy goal of
decarbonizing the grid while meeting growing demand (McCarthy 2024). Demand side solutions,
including energy efficiency and customer demand flexibility, should also be deployed to avoid
overbuilding the grid and increasing customer bills.

Challenge: Without a reduction in demand for primary plastic products, the chemical industry is
unlikely to see its emissions decrease by 2050.

Demand for plastics is on track to at least double by 2050, under current policies; the associated carbon
emissions could consume more than a quarter of the remaining global carbon budget that leads to a
50% chance of remaining below a 1.5-degrees Celsius warming threshold (Karali et al 2024). To meet



global climate targets while also addressing a growing plastic pollution crisis, demand for carbon-
intensive primary plastic production must decrease. While technology strategies can cut ~80% of
chemical sector emissions by 2050, the remaining 20% requires demand reduction (DOE 2025).

More than 70% of plastic waste in U.S. landfills consists of single-use plastic products (Milbrandt et
al 2022), and almost 75% of single-use plastic products are derived from ethylene. At the local level,
single-use plastic bans, mostly for plastic bags, are in place in many jurisdictions across the country
(Kandasamy 2024).

Mandated recycled content for plastics market subsectors can help to overcome the higher prices of
recycled feedstocks and support the expansion and improvement of recycling infrastructure—in the
U.S. only 5% of plastics are recycled. The European Union has set a goal of 30% recycled content in
all plastic packaging by 2030 (EU 2024). California has passed a bill that requires all plastic beverage
containers to contain at least 50% recycled material by 2030 (CalRecycle 2024).

Improved data tracking infrastructure is needed to measure the relative carbon intensity of chemical
products, including ethylene-based plastics, incentivizing companies to develop more carbon-
efficient production strategies. Standardized and carefully regulated mass balance approaches
(Beers et al. 2022) can lead to more transparent supply chains and improve the development of
competitive markets for lower-carbon plastic products, including products produced from biobased
or recycled feedstocks instead of virgin fossil fuels.
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