Key Topic 1: Factors Contributing to a Changing Climate
1. Describe climate change and the process through which it occurs.
2. Outline the factors, both anthropogenic and natural, which influence climate and climate
change.
3. Describe the major economic sectors that contribute to greenhouse gas (GHG) emissions.
4. Describe major energy sources and explain how each contributes to climate change.
5. Outline indicators of climate change.
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Basics of Climate Change
Learn about some of the key concepts related to climate change:
•
•
•
•
•

The Greenhouse Effect
Key Greenhouse Gases
Other Greenhouse Gases
Aerosols
Climate Feedback

How is the Climate Changing in the United States?

Observations across the United States and world provide multiple, independent lines of
evidence that climate change is happening now. Learn More About Climate Change
Indicators <https://epa.gov/climate-indicators> >>

The earth's climate is changing. Multiple lines of evidence show changes in our weather,
oceans, and ecosystems, such as:
•
•
•
•
•

Changing temperature and precipitation patterns <https://epa.gov/climateindicators/weather-climate>.1 2
Increases in ocean temperatures, sea level, and acidity
<https://epa.gov/climateindicators/oceans>.
Melting of glaciers and sea ice <https://epa.gov/climate-indicators/snow-ice>.3
Changes in the frequency, intensity, and duration of extreme weather events
<https://epa.gov/climate-indicators/weather-climate>.
Shifts in ecosystem characteristics <https://epa.gov/climate-indicators/ecosystems>, like the
length of the growing season, timing of flower blooms, and migration of birds.

These changes are due to a buildup of greenhouse gases in our atmosphere and the warming of
the planet due to the greenhouse effect.
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The Greenhouse Effect

The greenhouse effect helps trap heat from the sun, which keeps the temperature on earth
comfortable. But people’s activities are increasing the amount of heat-trapping greenhouse gases in
the atmosphere, causing the earth to warm up.

The earth's temperature depends on the balance between energy entering and leaving the
planet’s system. When sunlight reaches the earth’s surface, it can either be reflected back into
space or absorbed by the earth. Incoming energy that is absorbed by the earth warms the
planet. Once absorbed, the planet releases some of the energy back into the atmosphere as
heat (also called infrared radiation). Solar energy that is reflected back to space does not warm
the earth.
Certain gases in the atmosphere absorb energy, slowing or preventing the loss of heat to space.
Those gases are known as “greenhouse gases.” They act like a blanket, making the earth
warmer than it would otherwise be. This process, commonly known as the “greenhouse effect,”
is natural and necessary to support life. However, the recent buildup of greenhouse gases in the
atmosphere from human activities has changed the earth's climate and resulted in dangerous
effects to human health and welfare and to ecosystems.
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Key Greenhouse Gases
Most of the warming since 1950 has been caused by human emissions of greenhouse gases. 4
Greenhouse gases come from a variety of human activities, including burning fossil fuels for
heat and energy, clearing forests, fertilizing crops, storing waste in landfills, raising livestock,
and producing some kinds of industrial products.

Carbon Dioxide
Carbon dioxide is the primary greenhouse gas contributing to recent climate change. Carbon
dioxide enters the atmosphere through burning fossil fuels, solid waste, trees, and other
biological materials, and as a result of certain chemical reactions, such as cement
manufacturing. Carbon dioxide is absorbed and emitted naturally as part of the carbon cycle,
through plant and animal respiration, volcanic eruptions, and ocean atmosphere exchange.

The Carbon Cycle

The carbon cycle is the process by which carbon continually moves from the atmosphere
to the earth and then back to the atmosphere. On the earth, carbon is stored in rocks,
sediments, the ocean, and in living organisms. Carbon is released back into the
atmosphere when plants and animals die, as well as when fires burn, volcanoes erupt, and
fossil fuels (such as coal, natural gas, and oil) are combusted. The carbon cycle ensures
there is a balanced concentration of carbon in the different reservoirs on the planet. But a
change in the amount of carbon in one reservoir affects all the others. Today, people are
disturbing the carbon cycle by burning fossil fuels, which release large amounts of carbon
dioxide into the atmosphere, and through land use changes that remove plants, which
absorb carbon from the atmosphere.

Methane
Both natural and human activities produce methane. For example, natural wetlands, agricultural
activities, and fossil fuel extraction and transport all emit methane.

Nitrous Oxide
Nitrous oxide is produced mainly through agricultural activities and natural biological processes.
Fossil fuel burning and industrial processes also create nitrous oxide.
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F-Gases
Chlorofluorocarbons, hydrochlorofluorocarbons, hydrofluorocarbons, perfluorocarbons, and
sulfur hexafluoride, together called F-gases <https://epa.gov/ghgemissions/overview-greenhousegases#f-gases>, are often used in coolants, foaming agents, fire extinguishers, solvents,
pesticides, and aerosol propellants.

Global Warming Potential

Different greenhouse gases can remain in the atmosphere for different amounts of time,
ranging from a few years to thousands of years. In addition, some gases are more
effective than others at making the planet warmer. Learn more about Global Warming
Potential (GWP) <https://epa.gov/ghgemissions/understanding-globalwarming-potentials>,
a measure of climate impacts based on how long each greenhouse gas remains in the
atmosphere and how strongly it absorbs energy.

Other Greenhouse Gases
Ground-Level Ozone
Ground-level ozone <https://epa.gov/ground-level-ozone-pollution> is created by a chemical
reaction between emissions of nitrogen oxides and volatile organic compounds from
automobiles, power plants, and other industrial and commercial sources in the presence of
sunlight. In addition to trapping heat, ground-level ozone is a pollutant that can cause
respiratory health problems and damage crops and ecosystems.

Water Vapor
Water vapor is another greenhouse gas and plays a key role in climate feedbacks because of its
heat-trapping ability. Warmer air holds more moisture than cooler air. Therefore, as greenhouse
gas concentrations increase and global temperatures rise, the total amount of water vapor in the
atmosphere also increases, further amplifying the warming effect.5
For more information on greenhouse gases, see Greenhouse Gas Emissions
<https://epa.gov/ghgemissions>.
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Aerosols
Aerosols in the atmosphere can affect climate. Aerosols are microscopic (solid or liquid)
particles that are so small that instead of quickly falling to the surface like larger particles, they
remain suspended in the air for days to weeks. Human activities, such as burning fossil fuels
and biomass, contribute to emissions of these substances, although some aerosols also come
from natural sources such as volcanoes and marine plankton.
Unlike greenhouse gases, the climate effects of aerosols vary depending on what they are made
of and where they are emitted. Depending on their color and other factors, aerosols can either
absorb or reflect sunlight. Aerosols that reflect sunlight, such as particles from volcanic eruptions
or sulfur emissions from burning coal, have a cooling effect. Those that absorb sunlight, such as
black carbon (a part of soot), have a warming effect.
Not only can black carbon directly absorb incoming and reflected sunlight, but it can also absorb
infrared radiation.6 Black carbon can also be deposited on snow and ice, darkening the surface
and thereby increasing the snow's absorption of sunlight and accelerating melt.7 While
reductions in all aerosols can lead to more warming, targeted reductions in black carbon
emissions can reduce global warming. Warming and cooling aerosols can also interact with
clouds, changing their ability to form and dissipate, as well as their reflectivity and precipitation
rates. Clouds can contribute both to cooling, by reflecting sunlight, and warming, by trapping
outgoing heat.

Climate Feedbacks
Climate feedbacks are natural processes that respond to global warming by setting or further
increasing change in the climate system. Feedbacks that set the change in climate are called
negative feedbacks. Feedbacks that amplify changes are called positive feedbacks.
Water vapor appears to cause the most important positive feedback. As the earth warms, the
rate of evaporation and the amount of water vapor in the air both increase. Because water vapor
is a greenhouse gas, this leads to further warming.
The melting of Arctic sea ice is another example of a positive climate feedback. As
temperatures rise, sea ice retreats. The loss of ice exposes the underlying sea surface, which is
darker and absorbs more sunlight than ice, increasing the total amount of warming. Less snow
cover during warm winters has a similar effect.
Clouds can have both warming and cooling effects on climate. They cool the planet by
reflecting sunlight during the day, and they warm the planet by slowing the escape of heat to
space (this is most apparent at night, as cloudy nights are usually warmer than clear nights).
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Climate change can lead to changes in the coverage, altitude, and reflectivity of clouds. These
changes can then either amplify (positive feedback) or dampen (negative feedback) the original
change. The net effect of these changes is likely an amplifying, or positive, feedback due mainly
to increasing altitude of high clouds in the tropics, which makes them better able to trap heat,
and reductions in coverage of lower-level clouds in the mid-latitudes, which reduces the amount
of sunlight they reflect. The magnitude of this feedback is uncertain due to the complex nature
of cloud/climate interactions.8
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Causes of climate change

What is the most important cause of climate change?
Human activity is the main cause of climate change. People burn fossil fuels and convert land
from forests to agriculture. Since the beginning of the Industrial Revolution, people have burned
more and more fossil fuels and changed vast areas of land from forests to farmland.
Burning fossil fuels produces carbon dioxide, a greenhouse gas. It is called a greenhouse gas
because it produces a “greenhouse effect”. The greenhouse effect makes the earth warmer, just
as a greenhouse is warmer than its surroundings.
Carbon dioxide is the main cause of human-induced climate change.
It stays in the atmosphere for a very long time. Other greenhouse gases, such as nitrous oxide,
stay in the atmosphere for a long time. Other substances only produce short-term effects.
Not all substances produce warming. Some, like certain aerosols, can produce cooling.
What are climate forcers?
Carbon dioxide and other substances are referred to as climate forcers because they force or
push the climate towards being warmer or cooler. They do this by affecting the flow of energy
coming into and leaving the earth’s climate system.
Small changes in the sun’s energy that reaches the earth can cause some climate change. But
since the Industrial Revolution, adding greenhouse gases has been over 50 times more powerful
than changes in the Sun's radiance. The additional greenhouse gases in earth’s atmosphere
have had a strong warming effect on earth’s climate.
Future emissions of greenhouse gases, particularly carbon dioxide, will determine how much
more climate warming occurs.
What can be done about climate change?
Carbon dioxide is the main cause of human-induced global warming and associated climate
change. It is a very long-lived gas, which means carbon dioxide builds up in the atmosphere with
ongoing human emissions and remains in the atmosphere for centuries. Global warming can only
be stopped by reducing global emissions of carbon dioxide from human fossil fuel combustion
and industrial processes to zero, but even with zero emissions, the global temperature will remain
10

essentially constant at its new warmer level. Emissions of other substances that warm the climate
must also be substantially reduced. This indicates how difficult the challenge is.
What is climate change?
Climate change is a long-term shift in weather conditions identified by changes in temperature,
precipitation, winds, and other indicators. Climate change can involve both changes in average
conditions and changes in variability, including, for example, extreme events.
The earth's climate is naturally variable on all time scales. However, its long-term state and
average temperature are regulated by the balance between incoming and outgoing energy, which
determines the Earth's energy balance. Any factor that causes a sustained change to the amount
of incoming energy or the amount of outgoing energy can lead to climate change. Different
factors operate on different time scales, and not all of those factors that have been responsible
for changes in earth's climate in the distant past are relevant to contemporary climate change.
Factors that cause climate change can be divided into two categories - those related to natural
processes and those related to human activity. In addition to natural causes of climate change,
changes internal to the climate system, such as variations.
In ocean currents or atmospheric circulation, can also influence the climate for short periods of
time. This natural internal climate variability is superimposed on the long-term forced climate
change.
Does climate change have natural causes?
The Earth's climate can be affected by natural factors that are external to the climate system,
such as changes in volcanic activity, solar output, and the Earth's orbit around the Sun. Of these,
the two factors relevant on timescales of contemporary climate change are changes in volcanic
activity and changes in solar radiation. In terms of the Earth's energy balance, these factors
primarily influence the amount of incoming energy. Volcanic eruptions are episodic and have
relatively short-term effects on climate.
Changes in solar irradiance have contributed to climate trends over the past century but since the
Industrial Revolution, the effect of additions of greenhouse gases to the atmosphere has been
over 50 times that of changes in the Sun's output.
Human causes
Climate change can also be caused by human activities, such as the burning of fossil fuels and
the conversion of land for forestry and agriculture. Since the beginning of the Industrial
Revolution, these human influences on the climate system have increased substantially. In
addition to other environmental impacts, these activities change the land surface and emit various
substances to the atmosphere. These in turn can influence both the amount of incoming energy
and the amount of outgoing energy and can have both warming and cooling effects on the
climate. The dominant product of fossil fuel combustion is carbon dioxide, a greenhouse gas.
The overall effect of human activities since the Industrial Revolution has been a warming effect,
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driven primarily by emissions of carbon dioxide and enhanced by emissions of other greenhouse
gases.
The build-up of greenhouse gases in the atmosphere has led to an enhancement of the natural
greenhouse effect. It is this human-induced enhancement of the greenhouse effect that is of
concern because ongoing emissions of greenhouse gases have the potential to warm the planet
to levels that have never been experienced in the history of human civilization. Such climate
change could have far-reaching and/or unpredictable environmental, social, and economic
consequences.
Short-lived and long-lived climate forcers
Carbon dioxide is the main cause of human-induced climate change. It has been emitted in vast
quantities from the burning of fossil fuels and it is a very long-lived gas, which means it continues
to affect the climate system during its long residence time in the atmosphere. However, fossil fuel
combustion, industrial processes, agriculture, and forestry-related activities emit other substances
that also act as climate forcers. Some, such as nitrous oxide, are long-lived greenhouse gases
like carbon dioxide, and so contribute to long-term climate change. Other substances have
shorter atmospheric lifetimes because they are removed fairly quickly from the atmosphere.
Therefore, their effect on the climate system is similarly short-lived. Together, these short-lived
climate forcers are responsible for a significant amount of current climate forcing from
anthropogenic substances. Some short-lived climate forcers have a climate warming effect
(‘positive climate forcers') while others have a cooling effect (‘negative climate forcers').
If atmospheric levels of short-lived climate forcers are continually replenished by ongoing
emissions, these continue to exert a climate forcing. However, reducing emissions will quite
quickly lead to reduced atmospheric levels of such substances. A number of short-lived climate
forcers have climate warming effects and together are the most important contributors to the
human enhancement of the greenhouse effect after carbon dioxide. This includes methane and
tropospheric ozone – both greenhouse gases – and black carbon, a small solid particle formed
from the incomplete combustion of carbon-based fuels (coal, oil and wood for example).
Other short-lived climate forcers have climate cooling effects, most notably sulphate aerosols.
Fossil fuel combustion emits sulphur dioxide into the atmosphere (in addition to carbon dioxide)
which then combines with water vapour to form tiny droplets (aerosols) which reflect sunlight.
Sulphate aerosols remain in the atmosphere for only a few days (washing out in what is referred
to as acid rain), and so do not have the same longterm effect as greenhouse gases. The cooling
from sulphate aerosols in the atmosphere has, however, offset some of the warming from other
substances. That is, the warming we have experienced to date would have been even larger had
it not been for elevated levels of sulphate aerosols in the atmosphere.
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Climate Change 2022: Impacts, Adaptation & Vulnerability - Full video
(https://youtu.be/SDRxfuEvqGg)
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Sector by sector: where do global greenhouse gas emissions
come from?
Globally, we emit around 50 billion tonnes of greenhouse gases each year. Where do these
emissions come from? We take a look, sector-by-sector.
by Hannah Ritchie
September 18, 2020
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To prevent severe climate change we need to rapidly reduce global greenhouse gas emissions.
The world emits around 50 billion tonnes of greenhouse gases each year [measured in carbon
dioxide equivalents (CO2eq)].1
To figure out how we can most effectively reduce emissions and what emissions can and can’t
be eliminated with current technologies, we need to first understand where our emissions come
from.
In this post I present only one chart, but it is an important one – it shows the breakdown of
global greenhouse gas emissions in 2016.2 This is the latest breakdown of global emissions by
sector, published by Climate Watch and the World Resources Institute.3,4
The overall picture you see from this diagram is that almost three-quarters of emissions come
from energy use; almost one-fifth from agriculture and land use [this increases to one-quarter
when we consider the food system as a whole – including processing, packaging, transport and
retail]; and the remaining 8% from industry and waste.
To know what’s included in each sector category, I provide a short description of each. These
descriptions are based on explanations provided in the IPCC’s Fifth Assessment Report AR5)
and a methodology paper published by the World Resources Institute.5,6

Emissions come from many sectors: we need many solutions to
decarbonize the economy
It is clear from this breakdown that a range of sectors and processes contribute to global
emissions. This means there is no single or simple solution to tackle climate change. Focusing
on electricity, or transport, or food, or deforestation alone is insufficient.
Even within the energy sector – which accounts for almost three-quarters of emissions – there is
no simple fix. Even if we could fully decarbonize our electricity supply, we would also need to
electrify all of our heating and road transport. And we’d still have emissions from shipping and
aviation – which we do not yet have low-carbon technologies for – to deal with.
To reach net-zero emissions we need innovations across many sectors. Single solutions will not
get us there.
Let’s walk through each of the sectors and sub-sectors in the pie chart, one-by-one.
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Energy (electricity, heat and transport): 73.2%
Energy use in industry: 24.2%
Iron and Steel (7.2%): energy-related emissions from the manufacturing of iron and steel.
Chemical & petrochemical (3.6%): energy-related emissions from the manufacturing of
fertilizers, pharmaceuticals, refrigerants, oil and gas extraction, etc.
Food and tobacco (1%): energy-related emissions from the manufacturing of tobacco products
and food processing (the conversion of raw agricultural products into their final products, such
as the conversion of wheat into bread).
Non-ferrous metals: 0.7%: Non-ferrous metals are metals which contain very little iron: this
includes aluminium, copper, lead, nickel, tin, titanium and zinc, and alloys such as brass. The
manufacturing of these metals requires energy which results in emissions.
Paper & pulp (0.6%): energy-related emissions from the conversion of wood into paper and
pulp.
Machinery (0.5%): energy-related emissions from the production of machinery.
Other industry (10.6%): energy-related emissions from manufacturing in other industries
including mining and quarrying, construction, textiles, wood products, and transport equipment
(such as car manufacturing).

Transport: 16.2%
This includes a small amount of electricity (indirect emissions) as well as all direct emissions
from burning fossil fuels to power transport activities. These figures do not include emissions
from the manufacturing of motor vehicles or other transport equipment – this is included in the
previous point ‘Energy use in Industry’.
Road transport (11.9%): emissions from the burning of petrol and diesel from all forms of road
transport which includes cars, trucks, lorries, motorcycles and buses. Sixty percent of road
transport emissions come from passenger travel (cars, motorcycles and buses); and the
remaining forty percent from road freight (lorries and trucks). This means that, if we could
electrify the whole road transport sector, and transition to a fully decarbonized electricity mix, we
could feasibly reduce global emissions by 11.9%.
Aviation (1.9%): emissions from passenger travel and freight, and domestic and international
aviation. 81% of aviation emissions come from passenger travel; and 19% from freight.7 From
passenger aviation, 60% of emissions come from international travel, and 40% from domestic.
Shipping (1.7%): emissions from the burning of petrol or diesel on boats. This includes both
passenger and freight maritime trips.
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Rail (0.4%): emissions from passenger and freight rail travel.
Pipeline (0.3%): fuels and commodities (e.g. oil, gas, water or steam) often need to be
transported (either within or between countries) via pipelines. This requires energy inputs, which
results in emissions. Poorly constructed pipelines can also leak, leading to direct emissions of
methane to the atmosphere – however, this aspect is captured in the category ‘Fugitive
emissions from energy production’.

Energy use in buildings: 17.5%
Residential buildings (10.9%): energy-related emissions from the generation of electricity for
lighting, appliances, cooking etc. and heating at home.
Commercial buildings (6.6%): energy-related emissions from the generation of electricity for
lighting, appliances, etc. and heating in commercial buildings such as offices, restaurants, and
shops.

Unallocated fuel combustion (7.8%)
Energy-related emissions from the production of energy from other fuels including electricity and
heat from biomass; on-site heat sources; combined heat and power (CHP); nuclear industry;
and pumped hydroelectric storage.

Fugitive emissions from energy production: 5.8%
Fugitive emissions from oil and gas (3.9%): fugitive emissions are the often-accidental
leakage of methane to the atmosphere during oil and gas extraction and transportation, from
damaged or poorly maintained pipes. This also includes flaring – the intentional burning of gas
at oil facilities. Oil wells can release gases, including methane, during extraction – producers
often don’t have an existing network of pipelines to transport it, or it wouldn’t make economic
sense to provide the infrastructure needed to effectively capture and transport it. But under
environmental regulations they need to deal with it somehow: intentionally burning it is often a
cheap way to do so.
Fugitive emissions from coal (1.9%): fugitive emissions are the accidental leakage of
methane during coal mining.
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Energy use in agriculture and fishing (1.7%)
Energy-related emissions from the use of machinery in agriculture and fishing, such as fuel for
farm machinery and fishing vessels.

Direct Industrial Processes: 5.2%
Cement (3%): carbon dioxide is produced as a byproduct of a chemical conversion process
used in the production of clinker, a component of cement. In this reaction, limestone (CaCO3) is
converted to lime (CaO), and produces CO2 as a byproduct. Cement production also produces
emissions from energy inputs – these related emissions are included in ‘Energy Use in Industry’.
Chemicals & petrochemicals (2.2%): greenhouse gases can be produced as a byproduct from
chemical processes – for example, CO2 can be emitted during the production of ammonia,
which is used for purifying water supplies, cleaning products, and as a refrigerant, and used in
the production of many materials, including plastic, fertilizers, pesticides, and textiles. Chemical
and petrochemical manufacturing also produces emissions from energy inputs – these related
emissions are included in ‘Energy Use in Industry’.

Waste: 3.2%
Wastewater (1.3%): organic matter and residues from animals, plants, humans and their waste
products can collect in wastewater systems. When this organic matter decomposes it produces
methane and nitrous oxide.
Landfills (1.9%): landfills are often low-oxygen environments. In these environments, organic
matter is converted to methane when it decomposes.

Agriculture, Forestry and Land Use: 18.4%
Agriculture, Forestry and Land Use directly accounts for 18.4% of greenhouse gas emissions.
The food system as a whole – including refrigeration, food processing, packaging, and transport
– accounts for around one-quarter of greenhouse gas emissions. We look at this in detail here.
Grassland (0.1%): when grassland becomes degraded, these soils can lose carbon, converting
to carbon dioxide in the process. Conversely, when grassland is restored (for example, from
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cropland), carbon can be sequestered. Emissions here therefore refer to the net balance of
these carbon losses and gains from grassland biomass and soils.
Cropland (1.4%): depending on the management practices used on croplands, carbon can be
lost or sequestered into soils and biomass. This affects the balance of carbon dioxide
emissions: CO2 can be emitted when croplands are degraded; or sequestered when they are
restored. The net change in carbon stocks is captured in emissions of carbon dioxide. This does
not include grazing lands for livestock.
Deforestation (2.2%): net emissions of carbon dioxide from changes in forestry cover. This
means reforestation is counted as ‘negative emissions’ and deforestation as ‘positive
emissions’. Net forestry change is therefore the difference between forestry loss and gain.
Emissions are based on lost carbon stores from forests and changes in carbon stores in forest
soils.
Crop burning (3.5%): the burning of agricultural residues – leftover vegetation from crops such
as rice, wheat, sugar cane, and other crops – releases carbon dioxide, nitrous oxide and
methane. Farmers often burn crop residues after harvest to prepare land for the resowing of
crops.
Rice cultivation (1.3%): flooded paddy fields produce methane through a process called
‘anaerobic digestion’. Organic matter in the soil is converted to methane due to the low-oxygen
environment of waterlogged rice fields. 1.3% seems substantial, but it’s important to put this into
context: rice accounts for around one-fifth of the world’s supply of calories, and is a staple crop
for billions of people globally.8
Agricultural soils (4.1%): Nitrous oxide – a strong greenhouse gas – is produced when
synthetic nitrogen fertilizers are applied to soils. This includes emissions from agricultural soils
for all agricultural products – including food for direct human consumption, animal feed, biofuels
and other non-food crops (such as tobacco and cotton).
Livestock & manure (5.8%): animals (mainly ruminants, such as cattle and sheep) produce
greenhouse gases through a process called ‘enteric fermentation’ – when microbes in their
digestive systems break down food, they produce methane as a by-product. This means beef
and lamb tend to have a high carbon footprint, and eating less is an effective way to reduce the
emissions of your diet.
Nitrous oxide and methane can be produced from the decomposition of animal manures under
low oxygen conditions. This often occurs when large numbers of animals are managed in a
confined area (such as dairy farms, beef feedlots, and swine and poultry farms), where manure
is typically stored in large piles or disposed of in lagoons and other types of manure
management systems ‘Livestock’ emissions here include direct emissions from livestock onlythey do not consider impacts of land use change for pasture or animal feed.
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Energy and the Environment Explained

BASICS
Natural gas has many qualities that make it an efficient, relatively clean burning, and
economical energy source. However, the production and use of natural gas have some
environmental and safety issues to consider.

Natural gas is a relatively clean burning fossil fuel
Burning natural gas for energy results in fewer emissions of nearly all types of air pollutants and
carbon dioxide (CO2) than burning coal or petroleum products to produce an equal amount of
energy. About 117 pounds of CO2 are produced per million British thermal units (MMBtu)
equivalent of natural gas compared with more than 200 pounds of CO2 per MMBtu of coal and
more than 160 pounds per MMBtu of distillate fuel oil. The clean burning properties of natural
gas have contributed to increased natural gas use for electricity generation and as a
transportation fuel for fleet vehicles in the United States.

Natural gas is mainly methane—a strong greenhouse gas
Some natural gas leaks into the atmosphere from oil and natural gas wells, storage tanks,
pipelines, and processing plants. The U.S. Environmental Protection Agency estimates that in
2019, methane emissions from natural gas and petroleum systems and from abandoned oil and
natural gas wells were the source of about 29% of total U.S. methane emissions and about 3%
of total U.S. greenhouse gas emissions.1 The oil and natural gas industry takes steps to prevent
natural gas leaks.

Natural gas exploration, drilling, and production affects the
environment
When geologists explore for natural gas deposits on land, they may disturb vegetation and soil
with their vehicles. Drilling a natural gas well on land may require clearing and leveling an area
around the well site. Well drilling activities produce air pollution and may disturb people, wildlife,
and water resources. Laying pipelines that transport natural gas from wells usually requires
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clearing land to bury the pipe. Natural gas production can also produce large volumes of
contaminated water. This water requires proper handling, storage, and treatment so that it does
not pollute land and other waters. Natural gas wells and pipelines often have engines to run
equipment and compressors, which produce air pollutants and noise.
In areas where natural gas is produced at oil wells but is not economical to transport for sale or
contains high concentrations of hydrogen sulfide (a toxic gas), it is burned (flared) at well sites.
Natural gas flaring produces CO2, carbon monoxide, sulfur dioxide, nitrogen oxides, and many
other compounds, depending on the chemical composition of the natural gas and on how well
the natural gas burns in the flare. However, flaring is safer than releasing natural gas into the air
and results in lower overall greenhouse gas emissions because CO2 is not as strong a
greenhouse gas as methane.

BASICS

Biofuels may have fewer effects on the environment than
fossil fuels
Production and use of biofuels is considered by the U.S. government to have fewer or lower
negative effects on the environment compared to fossil-fuel derived fuels. There are also
potential national economic and security benefits when biofuel use reduces the need to import
petroleum fuels. Government programs that promote and/or require biofuels use, such as the
U.S. Renewable Fuel Standard (RFS) and California's Low Carbon Fuel Standard (LCFS),
define the types of biofuels and processes or low-carbon pathways by which biofuels can be
produced in order for them to qualify for use under the programs. While biofuels have
environmental benefits, their production and use do have effects on the environment.
Pure ethanol and biodiesel are nontoxic and biodegradable, and if spilled, they break down into
harmless substances. However, fuel ethanol contains denaturants to make fuel ethanol
undrinkable. Similar to petroleum fuels, biofuels are flammable (especially ethanol) and must be
transported carefully.
When burned, pure biofuels generally produce fewer emissions of particulates, sulfur dioxide,
and air toxics than their fossil-fuel derived counterparts. Biofuel-petroleum blends also generally
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result in lower emissions relative to fuels that do not contain biofuels. Biodiesel combustion may
result in slightly higher amounts of nitrogen oxides relative to petroleum diesel.
Ethanol and ethanol-gasoline mixtures burn cleaner and have higher octane levels than
gasoline that does not contain ethanol, but they also have higher evaporative emissions from
fuel tanks and dispensing equipment. These evaporative emissions contribute to the formation
of harmful, ground-level ozone and smog. Gasoline requires extra processing to reduce
evaporative emissions before blending with ethanol.
Burning biofuels results in emissions of carbon dioxide (CO2), a greenhouse gas. However,
according to international convention, CO2 emissions from biofuel combustion are excluded
from national greenhouse gas emissions inventories because growing the biomass feedstocks
used for biofuel production may offset the CO2 produced when biofuels are burned.
The effect that biofuel use has on net CO2 emissions depends on how the biofuels are produced
and whether or not emissions associated with cropland cultivation are included in the
calculations. Growing plants for fuel is a controversial topic because some people believe the
land, fertilizers, and energy used to grow biofuel crops should be used to grow food crops
instead. In some parts of the world, large areas of natural vegetation and forests have been
cleared or burned to grow soybeans and palm oil trees to make biodiesel. The processes for
producing ethanol, renewable diesel, renewable heating oil, and renewable aviation fuel require
a heat source, and most producers of these biofuels currently use fossil fuels. Some U.S.
ethanol producers burn corn stalks for heat and ethanol producers in Brazil use sugar cane
stalks (called bagasse) to produce heat and electricity.
The U.S. government is supporting efforts to produce biofuels with methods that use less
energy than conventional fermentation and that use cellulosic biomass, which requires less
cultivation, fertilizer, and pesticides than corn or sugar cane. Cellulosic ethanol feedstock
includes native prairie grasses, fast-growing trees, sawdust, and even waste paper. However,
there is currently no commercial cellulosic ethanol production in the United States because of
technical and economic challenges.
Lipid feedstocks—waste/used cooking oil and animal fats/tallow and grease—have relatively
low carbon intensities as feedstocks for biofuels production and they have been used to meet
the targets for advanced biofuels under the federal RFS program. The total process (or lifecycle) emissions for lipid feedstocks are low because lipids were previously used for another
purpose and the emissions related to transportation of these biofuels feedstocks only account
for emissions that occur after the waste oil/grease is collected. Because of their potentially lower
carbon intensities, some state governments provide more support for biofuels production from
lipid feedstocks than for raw, unused vegetable oil feedstocks. In California, lipids account for
the majority of the feedstocks for U.S. non-fuel ethanol biofuels production and also for the
majority of credits generated under California's LCFS. The federal RFS currently does not
differentiate between lipid and vegetable oil feedstocks as it does with cellulosic and other
renewable fuels. At scale, hydrogenated lipid-based biofuels production requires a significant
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amount of hydrogen, which if produced from fossil fuels, may increase process emissions and
thus increase their carbon intensity.
Last updated: April 13, 2022

BASICS

Using biomass for energy has positive and negative effects
Biomass and biofuels made from biomass are alternative energy sources to fossil fuels—coal,
petroleum, and natural gas. Burning either fossil fuels or biomass releases carbon dioxide
(CO2), a greenhouse gas. However, the plants that are the source of biomass for energy
capture almost the same amount of CO2 through photosynthesis while growing as is released
when biomass is burned, which can make biomass a carbon-neutral energy source.1

Burning wood
Using wood, wood pellets, and charcoal for heating and cooking can replace fossil fuels and
may result in lower CO2 emissions overall. Wood can be harvested from forests, from woodlots
that have to be thinned, or from urban trees that fall down or have to be cut down.
Wood smoke contains harmful pollutants such as carbon monoxide and particulate matter.
Modern wood-burning stoves, pellet stoves, and fireplace inserts can reduce the amount of
particulates from burning wood. Wood and charcoal are major cooking and heating fuels in poor
countries, but if people harvest the wood faster than trees can grow, it causes deforestation.
Planting fastgrowing trees for fuel and using fuel-efficient cooking stoves can help slow
deforestation and improve the environment.

Burning municipal solid waste (MSW) or wood waste
Burning municipal solid waste (MSW), or garbage, in waste-to-energy plants could result in less
waste buried in landfills. On the other hand, burning garbage produces air pollution and
releases the chemicals and substances in the waste into the air. Some of these chemicals,
which are mostly related to the combustion of non-biomass materials in garbage, can be
hazardous to people and the environment if they are not properly controlled.
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The U.S. Environmental Protection Agency (EPA) applies strict environmental rules to waste-toenergy plants , which require waste-to-energy plants to use air pollution control devices such as
scrubbers, fabric filters, and electrostatic precipitators to capture air pollutants.
Scrubbers clean emissions from waste-to-energy facilities by spraying a liquid into the
combustion gases to neutralize the acids present in the stream of emissions. Fabric filters and
electrostatic precipitators also remove particles from the combustion gases.
The particles—called fly ash—are then mixed with the ash that is removed from the bottom of
the waste-to-energy furnace.
A waste-to-energy furnace burns at high temperatures (1,800°F to 2,000°F), which break down
the chemicals in MSW into simpler, less harmful compounds.

Disposing ash from waste-to-energy plants
Ash from waste-to-energy plants can contain high concentrations of various metals that were
present in the original waste. Textile dyes, printing inks, and ceramics, for example, may contain
lead and cadmium.
Separating waste before burning can solve part of the problem. Because batteries are the
largest source of lead and cadmium in municipal waste, they should not be included in regular
trash. Florescent light bulbs should also not be put in regular trash because they contain small
amounts of mercury.
The EPA tests ash from waste-to-energy plants to make sure that it is not hazardous. The test
looks for chemicals and metals that could contaminate ground water. Some MSW landfills use
ash that is considered safe as a cover layer for their landfills, and some MSW ash is used to
make concrete blocks and bricks.

Collecting landfill gas or biogas
Biogas forms as a result of biological processes in sewage treatment plants, waste landfills, and
livestock manure management systems. Biogas is composed mainly of methane (a greenhouse
gas) and CO2. Many facilities that produce biogas capture it and burn the methane for heat or to
generate electricity. This electricity is considered renewable and, in many states, contributes to
meeting state renewable portfolio standards (RPS). This electricity may replace electricity
generation from fossil fuels and can result in a net reduction in CO2 emissions. Burning methane
produces CO2, but because methane is a stronger greenhouse gas than CO2, the overall
greenhouse effect is lower.

Biofuels
Biofuels are generally cleaner burning than petroleum fuels made from crude oil, but production
and use of biofuels do have effects on the environment. Biofuels may be considered carbon41

neutral because the plants that are used to make biofuels (such as corn and sugarcane for
ethanol and soy beans and oil palm trees for biodiesel) absorb CO2 as they grow and may offset
the CO2 emissions when biofuels are produced and burned.

BASICS
Although electricity is a clean and relatively safe form of energy when it is used, the generation
and transmission of electricity affects the environment. Nearly all types of electric power plants
have an effect on the environment, but some power plants have larger effects than others.
The United States has laws that govern the effects that electricity generation and transmission
have on the environment. The Clean Air Act regulates air pollutant emissions from most power
plants. The U.S. Environmental Protection Agency (EPA) administers the Clean Air Act and sets
emissions standards for power plants through various programs such as the Acid Rain Program.
The Clean Air Act has helped to substantially reduce emissions of some major air pollutants in
the United States.

The effect of power plants on the landscape
All power plants have a physical footprint (the location of the power plant). Some power plants
are located inside, on, or next to an existing building, so the footprint is fairly small. Most large
power plants require land clearing to build the power plant. Some power plants may also require
access roads, railroads, and pipelines for fuel delivery, electricity transmission lines, and cooling
water supplies. Power plants that burn solid fuels may have areas to store the combustion ash.
Many power plants are large structures that alter the visual landscape. In general, the larger the
structure, the more likely it is that the power plant will affect the visual landscape.

Fossil fuel, biomass, and waste burning power plants
In the United States, about 60% of total electricity generation in 2020 was produced from fossil
fuels (coal, natural gas, and petroleum), materials that come from plants (biomass), and
municipal and industrial wastes. The substances that occur in combustion gases when these
fuels are burned include:
•
•

Carbon dioxide (CO2)
Carbon monoxide (CO)
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•
•
•
•

Sulfur dioxide (SO2)
Nitrogen oxides (NOx)
Particulate matter (PM)
Heavy metals such as mercury

Nearly all combustion byproducts have negative effects on the environment and human health:
•
•

•
•

•

CO2 is a greenhouse gas, which contributes to the greenhouse effect.
SO2 causes acid rain, which is harmful to plants and to animals that live in water. SO 2
also worsens respiratory illnesses and heart diseases, particularly in children and the
elderly.
NOx contribute to ground-level ozone, which irritates and damages the lungs.
PM results in hazy conditions in cites and scenic areas and coupled with ozone,
contributes to asthma and chronic bronchitis, especially in children and the elderly. Very
small, or fine PM, is also believed to cause emphysema and lung cancer.
Heavy metals such as mercury are hazardous to human and animal health.

Power plants reduce air pollution emissions in various ways
Air pollution emission standards limit the amounts of some of the substances that power plants
can release into the air. Some of the ways that power plants meet these standards include:
•

•

•

•

Burning low-sulfur-content coal to reduce SO2 emissions. Some coal-fired power plants
cofire wood chips with coal to reduce SO2 emissions. Pretreating and processing coal
can also reduce the level of undesirable compounds in combustion gases.
Different kinds of particulate emission control devices treat combustion gases before
they exit the power plant:
o Bag-houses are large filters that trap particulates.
o Electrostatic precipitators use electrically charged plates that attract and pull
particulates out of the combustion gas.
o Wet scrubbers use a liquid solution to remove PM from combustion gas.
Wet and dry scrubbers mix lime in the fuel (coal) or spray a lime solution into combustion
gases to reduce SO2 emissions. Fluidized bed combustion also results in lower SO2
emissions.
NOx emissions controls include low NOx burners during the combustion phase or
selective catalytic and non-catalytic converters during the post combustion phase.

Many U.S. power plants produce CO2 emissions
The electric power sector is a large source of U.S. CO2 emissions. Electric power sector power
plants that burned fossil fuels or materials made from fossil fuels, and some geothermal power
plants, were the source of about 28% of total U.S. energy-related CO2 emissions in 2020.
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Some power plants also produce liquid and solid wastes
Ash is the solid residue that results from burning solid fuels such as coal, biomass, and
municipal solid waste. Bottom ash includes the largest particles that collect at the bottom of the
combustion chamber of power plant boilers. Fly ash is the smaller and lighter particulates that
collect in air emission control devices. Fly ash is usually mixed with bottom ash. The ash
contains all the hazardous materials that pollution control devices capture. Many coal-fired
power plants store ash sludge (ash mixed with water) in retention ponds. Several of these
ponds have burst and caused extensive damage and pollution downstream. Some coal-fired
power plants send ash to landfills or sell ash for use in making concrete blocks or asphalt.

Nuclear power plants produce different kinds of waste
Nuclear power plants do not produce greenhouse gases or PM, SO2, or NOx, but they do
produce two general types of radioactive waste:
•

•

Low-level waste, such as contaminated protective shoe covers, clothing, wiping rags,
mops, filters, reactor water treatment residues, equipment, and tools, is stored at nuclear
power plants until the radioactivity in the waste decays to a level safe for disposal as
ordinary trash, or it is sent to a low-level radioactive waste disposal site.
High-level waste, which includes the highly radioactive spent (used) nuclear fuel
assemblies, must be stored in specially designed storage containers and facilities (see
Interim storage and final disposal in the United States).

BASICS
The environmental effects of geothermal energy depend on how geothermal energy is used or
how it is converted to useful energy. Direct use applications and geothermal heat pumps have
almost no negative effects on the environment. In fact, they can have a positive effect by
reducing the use of energy sources that may have negative effects on the environment.
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Geothermal power plants have low emission levels
Geothermal power plants do not burn fuel to generate electricity, but they may release small
amounts of sulfur dioxide and carbon dioxide. Geothermal power plants emit 97% less acid raincausing sulfur compounds and about 99% less carbon dioxide than fossil fuel power plants of
similar size. Geothermal power plants use scrubbers to remove the hydrogen sulfide naturally
found in geothermal reservoirs. Most geothermal power plants inject the geothermal steam and
water that they use back into the earth. This recycling helps to renew the geothermal resource
and to reduce emissions from the geothermal power plants.

BASICS

Hydropower generators produce clean electricity, but
hydropower does affect the environment
Most dams in the United States were built mainly for flood control, municipal water supply, and
irrigation water. Although many of these dams have hydroelectric generators, only a small
number of dams were built specifically for hydropower generation.
Hydropower generators do not directly emit air pollutants. However, dams, reservoirs, and the
operation of hydroelectric generators can affect the environment.
A dam that creates a reservoir (or a dam that diverts water to a run-of-river hydropower plant)
may obstruct fish migration. A dam and reservoir can also change natural water temperatures,
water chemistry, river flow characteristics, and silt loads. All of these changes can affect the
ecology and the physical characteristics of the river. These changes may have negative effects
on native plants and on animals in and around the river. Reservoirs may cover important natural
areas, agricultural land, or archeological sites. A reservoir and the operation of the dam may
also result in the relocation of people. The physical impacts of a dam and reservoir, the
operation of the dam, and the use of the water can change the environment over a much larger
area than the area a reservoir covers.
Manufacturing the concrete and steel in hydropower dams requires equipment that may
produce emissions. If fossil fuels are the energy sources for making these materials, then the
emissions from the equipment could be associated with the electricity that hydropower facilities
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generate. However, given the long operating lifetime of a hydropower plant (50 years to 100
years) these emissions are offset by the emissions-free hydroelectricity.
Greenhouse gases (GHG) such as carbon dioxide and methane form in natural aquatic systems
and in human-made water storage reservoirs as a result of the aerobic and anaerobic
decomposition of biomass in the water. The exact amounts of GHG that form in and are emitted
from hydropower reservoirs is uncertain and depend on many site specific and regional factors.

Solar energy technologies and power plants do not produce air pollution or greenhouse gases
when operating. Using solar energy can have a positive, indirect effect on the environment
when solar energy replaces or reduces the use of other energy sources that have larger effects
on the environment. However, there are environmental issues related to the production and use
of solar energy technologies.
Solar energy technologies require use of materials, such as metals and glass, that are energy
intensive to make. The environmental issues related to the production of these materials could
be associated with solar energy systems when conducting life-cycle or so called cradle-to-grave
environmental analysis. Studies conducted by a number of organizations and researchers have
concluded that PV systems can produce the equivalent amount of energy that was used to
manufacture the systems within 1 to 4 years. Most PV systems have operating lives of up to 30
years or more.
There are hazardous chemicals used to make photovoltaic (PV) cells and panels that must be
carefully handled to avoid release to the environment. Some types of PV cell technologies use
heavy metals, and these types of cells and PV panels may require special handling when they
reach the end of their useful life. Some solar thermal systems use potentially hazardous fluids to
transfer heat, and leaks of these materials could be harmful to the environment. U.S.
environmental laws regulate the use and disposal of hazardous materials. The U.S. Department
of Energy is supporting various efforts to address end-of-life issues related to solar energy
technologies, including the recovery and recycling of the materials used to manufacture PV cells
and panels. Several states have enacted laws that encourage recycling of PV panels.
As with any type of power plant, large solar power plants can affect the environment at or near
their locations. Clearing land for construction and the placement of the power plant may have
long-term effects on the habitats of native plants and animals. However, installing solar energy
46

systems on land with marginal agricultural value or integrating solar energy systems on farms
may provide a variety of economic and environmental benefits to farmers.
Some solar power plants may require water for cleaning solar collectors and concentrators or
for cooling turbine generators. Using large volumes of ground water or surface water for
cleaning collectors in some arid locations may affect the ecosystems that depend on these
water resources. In addition, the beam of concentrated sunlight a solar power tower creates can
kill birds and insects that fly into the beam.

BASICS

Wind is an emissions-free source of energy
Wind is a renewable energy source. Overall, using wind to produce energy has fewer effects on
the environment than many other energy sources. Wind turbines do not release emissions that
can pollute the air or water (with rare exceptions), and they do not require water for cooling.
Wind turbines may also reduce the amount of electricity generation from fossil fuels, which
results in lower total air pollution and carbon dioxide emissions.
An individual wind turbine has a relatively small physical footprint. Groups of wind turbines,
sometimes called wind farms, are located on open land, on mountain ridges, or offshore in lakes
or the ocean.

Wind turbines have some negative effects on the
environment
Modern wind turbines can be very large machines, and they may visually affect the landscape.
A small number of wind turbines have also caught fire, and some have leaked lubricating fluids,
but these occurrences are rare. Some people do not like the sound that wind turbine blades
make as they turn in the wind. Some types of wind turbines and wind projects cause bird and
bat deaths. These deaths may contribute to declines in the population of species also affected
by other human-related impacts. The wind energy industry and the U.S. government are
researching ways to reduce the effect of wind turbines on birds and bats.
Most wind power projects on land require service roads that add to the physical effects on the
environment. Producing the metals and other materials used to make wind turbine components
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has impacts on the environment, and fossil fuels may have been used to produce the materials.
Although most of the materials used to make wind turbines can be reused or recycled, turbine
blades, as most are currently constructed, cannot be recycled. Researchers at the National
Renewable Energy Laboratory (NREL) established an approach to manufacturing wind turbine
blades, employing a thermoplastic resin system. These thermoplastic resins enable a
manufacturing process that allows wind turbine blades to be recycled at their end of life and also
reduces the energy required to manufacture blades.
Last updated: December 17, 2021
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