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EXECUTIVE SUMMARY

As the global energy transition toward low carbon
resources continues, our dependence on oil,
natural gas, and coal as sources of fuel will diminish
substantially. However, demand for these fossil
resources will not disappear entirely. On the contrary,
the world is experiencing, and will continue to
experience, a rapid increase in demand for oil and
natural gas as feedstocks for petrochemical products.
This is perhaps most clearly seen in the planet’s
demand for, and production of, plastics—almost all of
which are derived from fossil fuels.
The production of petrochemicals is not immediately
recognizable as a continuing source of carbon
emissions, because much of the carbon from the fossil
fuel feedstocks is trapped within the petrochemical
products. However, as we now know, once disposed

of, these highly stable plastic products contribute
to perhaps the second greatest environmental
catastrophe following climate change: the global
plastic waste crisis. The defacto solution for this waste
crisis is incineration, which then releases the carbon
from plastics—making them no less emissions intensive
that fossil derived fuels.
There are many possible strategies that could be
adopted to reduce plastic waste production without
creating another potent source of carbon emissions.
However, promoting any of these technological solutions
will require careful carbon accounting and skillfullyimplemented policy solutions. This report attempts to
illustrate why putting the burden of embedded carbon
on the petrochemical producers may be essential to
support a sustainable petrochemical industry.
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INTRODUCTION

As scientists, policy experts, and business leaders
grapple with how best to transition to a sustainable
economy, clean energy has rightly been identified as
the single greatest opportunity to curb global carbon
emissions. However, as the world works to achieve the
emissions goals of the Paris Climate Agreement, it is
important to recognize that decarbonizing our energy
system alone will not lead us to a carbon-neutral (or
negative) society.
With the exception of methane produced by livestock
and land-use change, most carbon emissions being
released today by humans can ultimately be traced back
to the extraction of natural gas, coal, and oil (C2ES n.d.).
These resources—the products of millions of years of
naturally-sequestered organic material—will not cease
to exist once we transition to an energy system entirely
powered by zero-carbon energy sources. They will
remain available for extraction and processing by the
chemical industry.
In fact, many of the world’s largest oil and gas
companies are already beginning to look ahead
to a future in which the reserves they control will
have lessened value as fuel, and are investing in
processes that would increase the yield of high-value
petrochemical feedstocks (Tullo 2019).
Currently, the industrial sector accounts for
approximately a fifth of global greenhouse gas
emissions, as calculated by its direct “process energy”
demand, or the energy demanded to power industrial
processes (See Figure 1). Most industries only
require process energy; however, the petrochemicals
industry demands both process energy and the energy

FIGURE 1: GLOBAL GREENHOUSE GAS EMISSIONS BY ECONOMIC
SECTOR (2010)

Source: IPCC (2014); Based on global emissions from 2010. Details about the sources
included in these estimates can be found in the Contribution of Working Group III
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.
https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data

embedded in the hydrocarbon feedstocks that are used
to manufacture the petrochemical products.
This is why feedstock quantities are conventionally
described in terms of joules rather than by volume,
even though they are not used for energy generation.
Crucially, the convention of assigning an energy value
to feedstocks does not extend to the accounting of
embedded carbon as portrayed in Figure 1. Thus, even
though chemicals is the most energy intensive industry,
it is only the third most carbon intensive, after steel
and cement (IPCC 2014). This is because as long as a
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petrochemical product exists, these carbon atoms are
effectively sequestered.
In the United States between 1990 and 2016, for
example, it is estimated that only 34 to 38% of potential
carbon was released during the manufacturing of nonfuel petrochemical products (Environmental Protection
Agency 2016), leaving more than 60% stored within the
chemical products themselves.
However, this “storage” of carbon comes at a very
significant price. Plastics are a major category of
modern petrochemicals and the world already faces a
plastic waste crisis that, after climate change, might be
one of the most pressing ecological disasters of the
21st century (Woodring 2015). Today, there is a mass of
plastic floating in the Pacific ocean that is approximately
15 times the size of the state of Pennsylvania (Snowden
2019). These petrochemical products take centuries to
break down, and even then, microplastics can circulate
through food chains with unknown long-term effects.
There is little chance of global plastic consumption
decreasing, or even plateauing anytime soon. Advanced
economies use up to 20 times as much plastic as
developing countries, and plastic consumption is
expected to accelerate in Africa and South Asia as
local economies grow (International Energy Agency
2018). The majority of plastic waste (54–58%) is sent
to landfills or contaminates ecosystems (OECD 2018),
leading us towards the surreal midcentury scenario
of potentially having more plastic in the oceans than
fish (Kaplan 2016). The continued disposal of nonbiodegradable petrochemical products simply cannot
sustainably continue. For this reason, the concept of
carbon “storage” within petrochemical products must
also come to an end.
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RETHINKING WASTE MANAGEMENT

If the world continues using petrochemical products at
current or increased rates, it is critical that a strict endof-life management plan for these products is developed
which accurately accounts for embedded carbon.
Incinerating petrochemical waste, for example, is an
effective way of managing volume, but it also releases
the carbon that was embedded in those products,
mostly as CO2.
Currently, 24% of plastic waste is incinerated and is
used to produce energy (EIA 2020). In our existing
energy system, the energy produced through
incineration is likely displacing emissions elsewhere in
the energy system from oil, coal, or gas. This will not
hold in a carbon-neutral energy system, and obscures
the considerable quantity of carbon that is released
through the incineration process (CIEL 2019). Ultimately,
the incineration of plastic waste for energy is no more
climate friendly than if the feedstocks used to produce
that plastic had been burned directly.
As countries move to embrace renewable and other
zero-carbon energy sources, oil and gas demand is
poised to shift to the rapidly expanding petrochemical
industry (Tullo 2019). As a result, a considerable share
of our existing production of carbon dioxide will be
diverted toward the production of plastics, fertilizers,
and other chemical products unless alternative
feedstocks are assimilated.

By supporting the production of alternative low-carbon
and carbon-neutral feedstocks, we can ensure that the
emissions reductions achieved by a transition away from
oil, coal, and gas are maintained economy-wide. Before
discussing these emerging solutions, it is critical to
understand the feedstocks that these alternatives seek
to replace.
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WHAT ARE PETROCHEMICALS?

Petrochemicals are derived from petroleum oil, natural
gas, and coal. While there exists a vast variety of
petrochemicals, most are derived from only three sets of
starting materials consisting of seven different molecules,
collectively known as “primary chemicals” (IEA 2018).
These chemicals are produced directly from fossil fuels
and act as a gateway to the chemical industry.
Primary petrochemicals include the HVCs (high-value
chemicals), methanol, and ammonia. These materials are

used to produce most of the world’s plastic, synthetic
textiles, and nitrogen fertilizers, along with over 100,000
specialty chemicals used in manufacturing, packaging,
agriculture and beyond (IEA 2018).
HVCs include ethylene, propylene, and aromatic
compounds collectively called BTX (benzene, toluene,
and xylenes). These chemicals are predominantly
produced as byproducts from refining petroleum oil,
though ethylene and propylene can also be synthesized

FIGURE 2: PRIMARY CHEMICALS ARE THE BRIDGE BETWEEN THE FOSSIL FUELS AND CHEMICAL INDUSTRIES
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from natural gas. The choice of feedstock for HVCs
depends on several factors including the production
volume of the specific fossil fuel in the region (IEA 2018).
HVCs are used to make most of the world’s plastics
and the end-of-life emissions are dependent on how
these plastics are disposed of after use. In the case of
incineration, most of the embedded carbon is released
as CO2.
Methanol (CH3OH) is produced from a gaseous mixture
composed of carbon monoxide (CO) and hydrogen
(H2) called syngas. Syngas is traditionally produced
from natural gas or coal. Similar to HVCs, the carbon
atoms from these natural resources become embedded
in methanol and its downstream products with varying
end-of-life emissions.
For example, formaldehyde is one of the most important
products of methanol and is used to produce thin film
resins and adhesives. These products are typically
embedded in other materials, making them difficult to
recycle and are usually sent to landfills or incinerators
at the end of their useful life thereby contributing to
either the petrochemical waste crisis or climate crisis,
respectively (Liu 2018).
Ammonia (NH3) is unique among this list of primary
petrochemicals, because it does not contain any carbon.
It is categorized as a petrochemical because the
production relies on hydrogen gas derived from syngas.
Rather than being embedded in the product itself, most
of the carbon emissions associated with ammonia are
released at the point of synthesis. More than half of
globally produced ammonia is used to synthesize urea
(CH4N2O), which is then used as fertilizer (IEA 2018).
Urea is produced by combining ammonia with a
small percentage of the CO2 that is emitted during
the production of ammonia. The incorporated CO2
is later released as gaseous emissions after the
fertilizers decompose in the soil (Brown 2016). For this
reason, a transition to using alternative carbon-neutral
feedstocks would also eliminate the life-cycle carbon
emissions of fertilizers.
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A GROWTH IN SUPPLY AND DEMAND

The global production of petrochemicals is poised
for dramatic growth over the coming decades, due to
expected increases in both demand and supply (Grand
View Research 2020). In many developing countries,
demand for fertilizer is increasing by 1 to 2% annually,
and demand for plastic products is increasing even more
rapidly; in places more than 10% annually (IEA 2018).
Only in the most well-developed nations has there been
a plateau in annual demand for fertilizers at between
85 to 135 kg per capita. There are also some signs of
a possible saturation of plastic in many of these nations
at approximately 60 kg per capita per year. Fertilizers
and plastics account for 70% (by mass) of overall
petrochemical production.
If we assume a global cap of 100 kg of fertilizer per
capita and 60 kg of plastic per capita for all nations, and
maintain the 70% share of petrochemical production
that these two categories currently hold, we can posit
that the global capacity to consume petrochemicals is at
least 1,784 million tonnes (Mt) per year—approximately
twice current global production. If we also consider
the likely possibility that continued innovation will
let petrochemicals further displace other materials
such as wood and metal, the global capacity for
petrochemical consumption will be even higher (AFPM
Communications 2019).
The fossil fuel industry is more than ready to meet
this increasing demand. As noted previously, oil
and gas producers are beginning to explore the
possibility of increasing the petrochemical yield from
refineries in an effort to hedge against an energy
system in transition (Tullo 2017 and Chen 2019). As

global demand for gasoline, diesel, and other fuel
oils dissipates in the energy sector, oil producers
want to find the best way to continue refining crude
hydrocarbons into valuable products.
Today, approximately 12 million barrels per day (mb/d)
of oil products, 105 billion cubic meters (bcm) of
natural gas and 80 Mt of coal are used to produce new
petrochemicals. An additional 190 Mt of natural gas
liquids (NGL’s) and other refining byproducts are also
used. Compared to the total global production of these
resources, this represents roughly 14%, 10%, 1%, and
50% respectively (BP n.d., YCharts 2020, EIA 2020,
IEA 2020, EIA International n.d.).
If global demand reaches the levels of today’s most
developed countries, petrochemicals could use close
to 30% of current annual oil production, 20% of global
natural gas production, a relatively minor share of coal
production, and nearly the entire current global supply
of NGL’s. In this future, even if the global energy system
transitions entirely away from fossil fuels, a considerable
portion of the world production of fossil fuels will continue
to enter our economy in the form of petrochemicals, all
with the potential to eventually release their embedded
carbon during end-of-life processing.
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ALTERNATIVE FEEDSTOCKS

RECYCLING
The most commonly used alternative feedstock for
petrochemicals—though perhaps not always thought
of in this way—is other petrochemical waste. Recycling
of plastics and synthetic fibers is already a relatively
common practice around the world, but several
interrelated factors make large-scale recycling of
petrochemical waste an ongoing challenge. In an ideal
world, there would be no need to consider or account
for the embedded carbon in plastics and other nonfertilizer chemicals, because they would all be recycled
back into new products.
Unfortunately, only about 18% of global annual plastic
waste is currently being reprocessed into new plastic
products (IEA 2018). Some plastics, called thermosets,

are inherently non-recyclable, due to their inability to be
melted or reformed. However, the majority of plastics,
called thermoplastics, can theoretically be recycled. This
means that how to effectively recycle plastics is as much
a question of logistics and economics as it is a question
of chemistry.
Only about 20% of plastic waste is ever collected for
recycling and there are significant costs associated
with transporting and consolidating globally dispersed
waste (IEA 2018). Furthermore, traditional recycling
methods also result in a significant portion of plastics
being “down-cycled” into lower-grade products due to
impurities. The logistics of global recycling was recently
further complicated by China’s decision to no longer
accept many shipments of plastic waste for fear of

FIGURE 3: RECYCLING RATES IN SELECTED HIGH-INCOME COUNTRIES AND MARKETS

Source: OECD 2018
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the environmental and social burden it places on local
ecosystems and people (Nargi 2019).
While current global recycling rates for plastics are
low, there is significant opportunity for improvement,
as demonstrated by a number of individual countries.
Taiwan, for example, has implemented an aggressive
waste management system for decades, which has
led to recycling more than 50% of its municipal
waste (Simon 2019). Their 4-in-1 Recycling Program
(EPA Taiwan 2020) puts the onus to recycle on both
consumers and the private sector, and by doing so,
has helped Taiwan build a multi-billion-dollar recycling
industry (Bush 2019).
The European Union also has an ambitious plastics
strategy (Network for Circular Plastics Packaging, 2019)
that sets the goal of either reusing or recycling all plastic
packaging by 2030. Although today, only about 30% of
overall waste is processed into new products (Figure 3,
OECD 2018).
In order for countries to achieve much higher recycling
rates, multiple forms of recycling need to be considered
and ardently supported. There has recently been
growing interest in manufacturing plastics designed
for reuse, for example: packaging, manufacturing, and
consumer goods. Reuse of petrochemical products not
only avoids waste and the need to produce new products,
it also has the potential to be very cost-effective,
especially for the consumer (Network for Circular Plastics
Packaging 2019).
Petrochemical waste is an invaluable source of
carbon neutral feedstocks, addressing both waste
and emissions simultaneously. However, technical and
logistical challenges mean that even with extremely
ambitious and rigorous national recycling initiatives,
countries have struggled to successfully recycle even
a majority of petrochemical waste (See Figure 3). As
the rate of chemical consumption increases, traditional
recycling methods alone are unlikely to sufficiently
reduce the rate of petrochemical pollution, meaning that
incineration will likely continue to be a needed method of
waste management.
Alternative ways of producing carbon neutral feedstocks,
beyond product recycling, must be utilized for the
global petrochemical industry to meet the projected
growth in demand without increasing embedded carbon

emissions. Fortunately, thanks to the relative simplicity
of the seven primary petrochemicals, many non-fossil
fuel feedstocks could be utilized. Although the following
processes are all technologically feasible, they will all
require continued innovation and market support in order
to meet global demand.

RENEWABLE SYNGAS
Production of renewable syngas could decrease
emissions from methanol and its derived products.
One existing process employs biomethane (methane
captured during anaerobic digestion of biomass or
biological waste) to produce syngas using technologies
similar to traditional methods for processing methane
derived from natural gas.
Alternatively, the carbon monoxide and hydrogen gas
can be obtained from the respective electrolysis of CO2
and water (Smith 2019). If the electrolysis is powered by
carbon-neutral electricity, then the afforded syngas is,
effectively, renewable. As more countries and companies
invest in hydrogen infrastructure, the economics of this
process stands to improve dramatically (Patel 2020).

BIOLOGICALLY DERIVED CHEMICAL BUILDING BLOCKS
Biological feedstocks are considered a renewable
resource because all of the CO2 contained within these
materials is sequestered from the atmosphere during
the lifetime of the source plant. This distinguishes them
from fossil fuels, which contain sequestered CO2 from
millions of years in the past.
Biologically derived molecules are structurally different
and much more varied than the molecules in fossil
fuels. Therefore, in order to improve the efficiency of
producing chemical feedstocks from biological material,
it is essential that new methods for utilizing this wide
array of molecules are developed.
The generation of renewable syngas using biomethane
is one simple example of deriving chemicals from
biological sources, but synthesis of more complex
molecules is also possible. Ethylene (C2H4) is the
starting material for polyethylene, a prominent ingredient
in the manufacturing of a wide range of plastics. While
traditional synthetic routes use natural gas or naphtha
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(a product of oil distillation) in a process known as
cracking, biologically derived ethylene can be produced
by dehydrating ethanol (C2H6O) (Mohsenzadeh 2017).

one could not only decarbonize the process of ammonia
production but could also reasonably remove it from
consideration as a petrochemical.

Alternative ways of producing
carbon neutral feedstocks,
beyond product recycling,
must be utilized for the global
petrochemical industry to
meet the projected growth in
demand without increasing
embedded carbon emissions.

In a previous Kleinman Center report, we discuss how
production of hydrogen from water using electrolysis
is still extremely energy intensive and, as a result, fairly
expensive (Serpell et al. 2019). This high cost is a
significant barrier to utilizing renewable hydrogen at an
industrial scale. Fortunately, many in the energy sector
are motivated to increase the efficiency of the water
electrolysis reaction and lower production costs.

Ethanol, already the bedrock of the bioenergy industry,
can be produced from sugars and starches found in
a wide range of already harvested crops. In Brazil,
a company called Braskem is already commercially
producing chemicals-grade ethylene and polyethylene
from sugarcane (Braskem n.d.).
Production of chemical feedstocks could offer the
emerging bioenergy industry an alternative revenue
stream and, depending on the region, could perhaps be
competitive with other methods of local ethylene and
methanol production. This is unlikely to be true in the
United States because of the country’s plentiful and
low-cost natural gas resources. In countries without
easily accessible or affordable natural gas reserves,
however, biomethanol and bioethylene production could
be a viable business model.

RENEWABLE HYDROGEN FOR AMMONIA PRODUCTION
The molecular building blocks needed for the production
of ammonia are nitrogen (N2) and hydrogen (H2) gas.
Given its abundance in air (80% of our atmosphere),
nitrogen gas is considered a renewable resource. By
supplying pure H2 from renewably powered electrolysis,

Advances in this area will unlock the enormous potential
of hydrogen as a source of stored energy and distributed
thermal energy in a clean energy future (Deign 2019).
Producing sufficient hydrogen to offset the fossil fuel
demands of ammonia production would alone have a
considerable effect on the future carbon intensity of the
fossil fuel industry.

CHEMICAL RECYCLING (DEPOLYMERIZATION)
Chemical recycling is the concept of breaking down
waste products into their original molecular building
blocks using chemical reactions. While traditional
mechanical recycling remolds or reshapes the same
polymers into new uses (complete with structural
weaknesses and impurities), depolymerization allows
products to be repurposed into entirely new materials
that utilize the same building blocks and removes any
of the purity concerns inherent in mechanical recycling
methods. In other words, this is the truest form of
recycling as a source of alternative feedstocks.
Although depolymerization technologies are not currently
applicable on a commercial scale and significant
research and investment is still needed, chemical
recycling can, in theory, allow for higher efficiencies
than traditional mechanical recycling methods (Thiounn
and Smith 2020). Successful development of largescale chemical recycling could particularly impact
the lifetime emissions of plastics that are traditionally
thought of as non-recyclable (e.g. thermoset plastics
and plastics with stringent purity requirements such as
food grade plastics) but will require future innovations
in waste stream separation and purification as well as
the development of more effective catalysts needed to
reduce operating temperatures.

13 kleinmanenergy.upenn.edu

POLICY SOLUTIONS

In order to reduce the eventual end-of-life carbon
emissions of petrochemicals, it is necessary to “price-in”
the cost of those emissions somewhere along the value
chain. One solution would be to place this additional
cost on the incinerator—in other words, the direct
polluter who is using petrochemical waste to generate
energy and in doing so, is releasing the embedded
carbon. The alternative solution would be to assign
the social cost of carbon to the producers who are
responsible for embedding the carbon from fossil fuels
in the first place.
If carbon emissions were the only externality that
demanded consideration in the production and
processing of petrochemicals, then it should not matter
whether these externalities are priced in at the beginning
or the end of the life-cycle. Either way, these costs will
disperse through the market by increasing initial product
costs or by increasing end of life processing costs.

capture a larger percentage of the potential emissions
from petrochemicals and by doing so simultaneously
drive the industry away from incineration and landfills
and toward recycling. Carbon taxation at the point of
production could also be coupled with incentives for
companies to take a more active role in the life-cycle
processing of their products and to use recycled
feedstocks in their products.
These policies could also be used to track the quantity
of renewable and non-renewable carbon entering
the industry and allow commercial consumers of raw
petrochemicals to knowingly opt for suppliers that
use carbon-neutral or low-carbon feedstocks. This
imposition of a carbon price on producers could be
coupled with additional fees for landfill disposal, which
would further reduce the quantity of petrochemical
waste that goes unprocessed.

However, in the case of petrochemicals, climate change
is not the only relevant externality. Petrochemcials
themselves, specifically plastics, carry a considerable
externalized cost depending on the end-of-life
processing method that is used. Taxing carbon at
the direct source (incinerators) would decrease the
competitiveness of incineration as a waste solution, but
would shift post-consumer processing of plastics to
landfills and recycling. Taxing incinerators may reduce
carbon emissions from the petrochemical industry, but in
doing so could actually add to the plastic waste crisis by
handicapping an effective method of plastic reduction.

Following Taiwan’s model, partnerships between
industry, government, and consumers could result in
significantly improved plastics management systems
to tackle logistical hurdles. There, manufacturers
and importers are responsible for paying a fee to
Taiwan’s Environmental Protection Administration,
which contributes to some of the costs associated
with collecting and recycling those products at the
end of their useful life (Rapid Transition Alliance 2019).
Additionally, consumers are required to purchase
specific bags for different types of waste disposal,
each priced according to the type of waste, as a way to
further offset the costs of recycling.

Instead, by charging the producers for carbon based
on the full amount of embedded carbon, you effectively

Making products that can be cheaply and easily
repurposed is only half of the challenge. Collection,
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sorting, and public buy-in is equally, if not more,
important in order to dramatically increase the rate of
recycling of petrochemical waste.
While these programs create additional fees for the
public and for industry, they also encourage people to
produce less trash via reuse and create new revenue
streams associated with creating commodities from
recycled materials and which are, themselves, easily
recyclable or reusable. These innovative policies can
be implemented most effectively and directly if external
carbon costs are placed on the manufacturer.
Products that have longer lifetimes and can be reused
can minimize the need for additional plastic to be
created. This will result in a lower end-of-life emissions
per use, and will reduce the cost to manufacturers of
using recycled feedstocks. Other countries, including
the U.S., could adopt similar policies to support
consumer and producer-driven solutions, although
the specifics of policy design and implementation will
greatly depend on the country’s system of governance
and available infrastructure.
These policies, in combination, could address both
the high level of non-renewable carbon entering the
petrochemical production stream, as well as the low rate
of post-consumer processing of petrochemical waste.

In the case of petrochemicals,
climate change is not the
only relevant externality.
Petrochemcials themselves,
specifically plastics, carry a
considerable externalized cost.
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CONCLUSION

The ultimate goals of a sustainable petrochemical
industry are clear. On the one hand, solutions must
be found for the current petrochemical waste crisis,
especially plastic waste. Failure to introduce new
systems, and extend existing systems, for postconsumer management and processing of an everexpanding volume of petrochemical goods will lead to a
global ecological and economic crisis, perhaps second
only to the climate crisis. Both crises are symptoms of
an economic system that does not adequately internalize
the global costs of pollution.
Unfortunately, one of the most common methods of
managing post-consumer petrochemical waste is to
incinerate it—reducing the volume of disposed and nonbiodegradable waste, but at the same time releasing the
carbon contained within that waste. Recycling offers an
alternative solution to the waste crisis, but struggles to
compete economically with virgin chemical feedstocks
derived from fossil fuels. Therefore, the second goal of
a sustainable petrochemical industry must be to reduce
dependence on fossil fuels for feedstocks and instead
invest in carbon-neutral alternatives.
If business as usual production and end-of-life
processing of petrochemicals is allowed to continue, it
will have significant and highly detrimental impacts on
our ability to fight both the climate and plastic waste
crises. As the oil and gas industry looks for new sources
of demand for fossil fuel in a future of renewable energy,
there will be even greater pressure on the petrochemical
industry to continue relying upon unsustainable and
carbon intensive fossil fuel derived feedstocks. This will
in turn reduce the competitiveness of recycled products

and could, without intervention, lead to an even greater
rate of plastic disposal and incineration.
The best way to prevent this trend within the
petrochemical industry is to institute a broad set of
pollution-focused fees and regulations at several points
along the life-cycle of petrochemicals. By implementing
these policies, the world can continue deploying highly
useful petrochemical products in ways that are not only
environmentally benign, but could also significantly help
decarbonize our society by allowing for the production
of cheaper and lighter vehicles, solar panels, and a wide
range of other consumer products. Petrochemicals can
also continue to increase productivity of agricultural
land, thereby reducing the global need for deforestation
and other ecosystem disruption.
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