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GREENHOUSE GASES, IMPACT & MITIGATION

2.1  Definitions

A Glossary of Terms related to global warming and carbon reduction is provided
as an appendix of this report.

2Carbon dioxide (CO ) emissions are stated in this report in metric tons, or tonne. 
The following conversions are applicable:

                          1 metric ton [metric units] = 1.1 short ton [avoirdupois units]
 1 million metric tons = 1 megaton

1 billion metric tons = 1 gigaton

Other conversions are also provided at the back of this report.

2.2  The Greenhouse Gas Effect

Greenhouse gases (GHGs) are gas phase components of the atmosphere that
contribute to the greenhouse gas effect: the trapping of radiant heat from the sun within
the Earth’s atmosphere by various GHGs.  This containment of radiant heat results in
global warming.

Carbon dioxide, the most abundant greenhouse gas, accounts for over 80% of

2total GHG emissions.  Atmospheric CO  comes from both natural and man-made
sources.  Natural sources are derived by volcanic out-gassing, the combustion of
organic matter, and the respiration processes of living aerobic organisms.  Man-made,

2or anthropogenic, sources of CO  occur primarily from the burning of various fossil
fuels and is most commonly used for power generation and transportation. 

Various gases contribute to global warming.  In assessing climate change, the
impact of GHGs are expressed in carbon dioxide equivalencies when measured over a

2specified timescale (generally 100 years), or CO -eq.  Carbon dioxide, by definition,
has a global warming potential (GWP) of 1.0.  The 100-year GWPs used in the Kyoto
Protocol for GHGs are as follows:

2• Carbon Dioxide (CO ):          1

4• Methane (CH ):        21

2• Nitrous oxide (N O):      310
• HFC-134a (hydroflourocarbon):   1,430
• HFC-23 (hydroflourocarbon): 14,800

6• Sulfur hexafluoride (SF ): 23,900
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From this data it is seen that methane, the second most abundant GHG, has 21
times the impact on global warming as carbon dioxide.

GHG levels in the atmosphere have significantly increased above pre-industrial

2levels.  Emissions of CO  from human activity have increased from an insignificant level
two centuries ago to over 30 billion metric tons (33 billion tons) worldwide today.  This
increase of GHGs is recognized by scientists as contributing to the phenomenon of
global warming. 

22.3  Global CO  Emissions

2Total annual GHG emissions are approximately 32 million metric tons CO -
equivalent globally.  

According to the World Resources Institute ( 2www.wri.org), global CO  emissions
are distributed as follows:
• United States: 22%
• China: 19%
• European Union:   7%
• Russian Federation:   6%
• Japan:   5%
• India:   4%
• Germany:   3%
• United Kingdom:   2%
• Canada:   2%
• South Korea:   2%
• Italy:   2%
• South Africa:   2%
• Mexico:   2%
• France:   1%
• Indonesia:   1%
• Australia:   1%
• Brazil:   1%
• Other countries: 18%

22.4  U.S. CO  Emissions

The U.S. Environmental Protection Agency (www.epa.gov) estimates total

2annual U.S. GHG emissions at 7.1 million metric tons CO -equivalent.  
Fossil fuel combustion (both transportation and stationary sources) accounts for

25.8 million metric tons CO -equivalent, or 82% of total emissions.  The transportation

2sector alone accounts for 1.9 million metric tons CO -equivalent, or 27% of total
emissions.  Distribution is as follows:

http://www.wri.org
http://www.epa.gov
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• Transportation: 33%
• Industrial: 28%
• Residential: 21%
• Commercial: 18% 

2Stationary sources account for 5.2 million metric tons CO -equivalent, or 73% of
total emissions.  Distribution is as follows:
• Electric power generation: 86.0%
• Industrial:   4.6%
• Refineries and chemical plants:   3.8%
• Cement production:   2.6%
• Petroleum and natural gas processing:   2.2%
• Ethanol production:   0.4%
• Agricultural processing:   0.2%
• Fertilizer production:   0.2%

The National Energy Technology Laboratory (www.netl.doe.gov) has identified

24,365 stationary sources with total emissions of 3.8 million metric tons of CO .  
According to the Annual Energy Outlook 2009, published by the Energy

Information Administration of the U.S. Department of Energy (EIA, www.eia.doe.gov), 

2energy-related CO  emissions increased 0.8% growth from 1980 to 2007.  Slower
emissions growth is expected due to tax policies enacted in 2007 and 2008, the
increased efficiency of appliances, CAFE (Corporate Average Fuel Economy)
standards, and the growing share of renewable energy.  EIA projects that in the
absence of explicit policies to reduce GHG emissions, will increase 0.3% per year

2through 2030.  An EIA assessment of CO  emissions by sector and fuel are presented
in Figure 2.1.

EIA projects renewable sources to be used for the generation of 14% of
electricity in the U.S. by 2030, an increase from 8% in 2007). 

2 2Average CO  emissions in the U.S. are approximately 20 metric tons of CO  per

2person.  There is a ten-fold variation among states in CO  emissions per capita, as 
shown in Figure 2.2.

2.5  Climate Change Impact

The Intergovernmental Panel on Climate Change (IPCC, www.ipcc.ch), a group
of 600 leading climate scientists from 40 nations, says it is “very likely” (more than a
90% chance) that humans are causing global temperatures to rise, the result of which
will be an increase of between 3.2EF and 7.2EF by the end of the 21  century. st

In June 2009, the Obama Administration released Global Climate Change
Impacts in the United States, which provides detailed information on current and
pending impacts of global climate change in the U.S.  The following is a summary of the
report:

http://www.netl.doe.gov
http://www.eia.doe.gov
http://www.ipcc.ch
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Figure 2.1. Carbon dioxide emissions by sector and fuel, 2007 and 2030, in million
metric tons.  (source: Annual Energy Outlook 2009, Energy Information
Administration)

Figure 2.2. Carbon dioxide emissions per capita.  (source: Eredux)
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Global w arming is  unequiv ocal  and primarily  human-induced.
• Global temperature has increased over the past 50 years.  This observed increase

is due primarily to human-induced emissions of heat-trapping gases.

Climate changes are underway in the United States and are projected to grow.
• Climate-related changes are already observed in the United States and its coastal

waters.  These include increases in heavy downpours, rising temperature and sea
level, rapidly retreating glaciers, thawing permafrost, lengthening growing seasons,
lengthening ice-free seasons in the ocean and on lakes and rivers, earlier
snowmelt, and alterations in river flows.  These changes are projected to grow.

Widesprea d clima te-rela ted impacts a re occ urring now  and are ex pected to
increase .
• Climate changes are already affecting water, energy, transportation, agriculture,

ecosystems, and health.  These impacts, different from region to region, will grow
under projected climate change.

Climat e change will  st ress water resou rces.
• Water is an issue in every region, but the nature of the potential impacts varies.

Drought, related to reduced precipitation, increased evaporation, and increased
water loss from plants, is an important issue in many regions, especially in the
West.  Floods and water quality problems are likely to be amplified by climate
change in most regions.  Declines in mountain snowpack are important in the West
and Alaska, where snowpack provides vital natural water storage. 

Crop and liv estock  production w ill be incr easingly  challe nged.
• Agriculture is considered one of the sectors most adaptable to changes in climate.

However, increased heat, pests, water stress, diseases, and weather extremes will
pose adaptation challenges for crop and livestock production.

Coastal areas are at increasi ng risk f rom sea-level r ise and storm su rge.
• Sea-level rise and storm surge place many U.S. coastal areas at increasing risk of

erosion and flooding, especially along the Atlantic and Gulf Coasts, Pacific Islands,
and parts of Alaska.  Energy and transportation infrastructure and other property in
coastal areas are very likely to be adversely affected.

Threats to human health will  increase .
• Health impacts of climate change are related to heat stress, waterborne diseases,

poor air quality, extreme weather events, and diseases transmitted by insects and
rodents.  Robust public health infrastructure can reduce the potential for negative
impacts.
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Climat e change will  in teract  with many social and enviro nmental st resses .
• Climate change will combine with pollution, population growth, overuse of

resources, urbanization, and other social, economic, and environmental stresses to
create larger impacts than from any of these factors alone.

Thresh olds will  be crosse d, leading to large chan ges in  cli mate and ecos ystems.
• There are a variety of thresholds in the climate system and ecosystems.  These

thresholds determine, for example, the presence of sea ice and permafrost, and the
survival of species, from fish to insects, with implications for society.  With further
climate change, the crossing of additional thresholds is expected. 

Future climate change and its impacts depend on choices made today.
• The amount and rate of future climate change depend primarily on current and

future human-caused emissions of heat-trapping gases and airborne particles. 
Responses involve reducing emissions to limit future warming and adaption to the
changes that are unavoidable.

Global Climate Change Impacts in the United States is available online at
www.globalchange.gov/usimpacts.

    _________________________________________________________________

“ Climate cha ng e is t he mos t co mplex of  all the
challenges facing th e w orld: it reaches into  th e core
of  the econom ic sy stem, raises f undam ental
qu estion s abo ut  techn olog y, po ses t remendo us
natural and social uncertainties, requires an outloo k
of decades, and engages every in terest group.”

Prof. Jeffrey D. Sachs, Ph.D., Director
Earth Institute at Columbia University
Scientific American, 7/09

    _________________________________________________________________

Researchers at the Center for Global Change Science at the Massachusetts
Institute of Technology (http://web.mit.edu/cgcs), who were previously predicting a
temperature rise of a little more than 4EF by the end of this century, are now predicting
a rise of more than 9EF based on growing evidence that climate change is self-

http://www.globalchange.gov/usimpacts
http://web.mit.edu/cgcs
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reinforcing – that, for example, rising temperatures will cause some arctic tundra to
defrost, releasing even more greenhouse gases into the atmosphere.  Temperature
increases on this scale would create huge disruptions, including flooding of some
coastal areas.  According to a recent government report, by the end of this century New
Hampshire may well have the climate of North Carolina, Illinois may have the climate of
East Texas, and across the country, extreme, deadly heat waves – the kind that
traditionally occur only once in a generation – may become annual or biannual events.

The difference in global average temperature between modern times and the
last ice age – when much of Canada and the northern U.S. was covered with a thick ice
sheet – was only about 9°F.  A future rise in temperature greater than 4°F could have
dangerous and irreversible effects, such as the disintegration of ice sheets on
Greenland and Antarctica and the resulting inundation of coastal cities.

2.6  Increasing Concerns

Recent scientific evidence suggests that the impact of global warming may be
even more severe than assessed by the Intergovernmental Panel on Climate Change. 
International Polar Year (IPY, www.ipy.org), a global consortium, reports that the loss of
Arctic sea ice is well ahead of what the Intergovernmental Panel on Climate Change
forecasts.  The IPCC projections related to Greenland surface ice are also under-
estimated.  While the IPCC assessment assumes that the melting of glaciers will
contribute little to sea-level rise, recent satellite measurements of Greenland’s mass
show that it is losing about 52 cubic miles per year and that the melting is accelerating. 
Thus, while the IPCC projected that sea level will rise 16" this century, IPY foresees a
more likely figure at 39" (one meter) at the least.

    _________________________________________________________________

“C hest h igh instead of k nee high, w ith  half t o tw o
thir ds of that due to Greenland.”

     David Carlson, Ph.D., Director
     International Polar Year
     Newsweek, 8/3/09

    _________________________________________________________________

The impact of melting permafrost is of increasing concern.  Scientists have long
known that if permafrost melted, it would release carbon, exacerbating global warming,
which would melt more permafrost, which would add more to global warming, on and on
in a feedback loop.  But estimates of how much carbon is locked into Arctic permafrost
have been, it turns out, woefully off.  In 2009, Prof. Edward Schuur, Ph.D., at the

http://www.ipy.org
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University of Florida, calculated carbon content about three times as much as was

2thought, about 1.6 trillion metric tons of CO , roughly twice the amount now in the
atmosphere.  Prof. Schuur’s measurements, published in the May 2009 issue of Nature,

2reported that CO  can come out of permafrost at a rate of 1 billion to 2 billion metric
tons per year.  Putting this into perspective, cars and light trucks in the U.S. emit about
300 million tons per year.

There is also increasing concern that the warming climate is speeding up the
release of carbon gases from peat bogs.  Peatlands tend to emit much of their carbon
in the form of methane.  Reporting in the November 2008 issue of Nature Geoscience,
researchers from Harvard University, Worcester State College, and the Japan Agency
for Marine-Earth Science and Technology estimate that peat bogs store from 200 billion
to 450 billion metric tons of carbon – roughly half of what the atmosphere contains and
about 65 years worth of the planet’s current carbon emissions.  Warming air
temperatures reverse the storage process: the peat dries and decays, is then unable to
hold as much water and dries and decays some more.  Atmospheric release of even a
small percentage of the carbon locked away in the world’s peat bogs would dwarf
emissions of manmade carbon.

    _________________________________________________________________

“ Our  model ing suggest s that  higher  temperatures
could cause w ater tables to drop substantially,
causi ng m ore peat  to dr y and de compose.   Over
several centur ies, so me 40% of  carbo n c ou ld b e
lo st from shallo w  peat bogs, w hile  the lo sses could
total as much as 86% in  deep bogs.”

      Prof. Paul R. Moorcroft, Ph.D.
      Harvard University, 11/6/08

    _________________________________________________________________

2.7  Carbon Mitigation

Energy conservation, renewable energy, and improvements in the efficiency of
power plants, automobiles, and other energy consumption devices are important first
steps in the GHG emissions mitigation effort.  

McKinsey & Company (www.mckinsey.com) has identified more than 250
technologies and strategies within the U.S. to cut emissions near-term without changing

2people’s lifestyles, and at costs less than $50 per metric ton of CO -equivalent.  These
opportunities and their costs are shown in Figure 2.3.  

http://www.mckinsey.com
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Figure 2.3. Technologies and strategies within the U.S. to cut emissions at costs less

2than $50 per metric ton of CO -equivalent.  (source: McKinsey &
Company)

Implementation of these measures could provide 3.0 billion (mid-range) to 4.5

2billion (high-range) metric tons of CO  abatement per year, reducing U.S. emissions
28% below 2005 levels by 2030.  The emission-reducing technologies fall into five
sectors, as follows:
Improving energy efficien cy in bui ld ings and appl iances
• Measures: lighting retrofits, improved HVAC (heating, ventilation, air conditioning)

systems, building envelopes and control systems, and higher performance
electronics and appliances, among other options

• Mitigation potential: 710 million (mid-range) to 870 million (high-range) metric tons
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Incre asing fu el effici ency  in v ehic les  and reducing car bon intensity  of
transp ortation fuels
• Measures: fuel economy packages (e.g., vehicle weight reduction, improved

aerodynamics, turbocharging, drive train efficiency, reduction in rolling resistance)
and increased use of diesel for light-duty vehicles

• Mitigation potential: 340 million (mid-range) to 660 million (high-range) metric tons

Pursui ng vario us options acr oss energy-intensi ve por tions of the industrial
sec tor
• Measures: A multitude of fragmented opportunities within specific industries (e.g.,

equipment upgrades and process changes) and across the sector (e.g., motor
efficiency, combined heat and power applications)

• Mitigation potential: 620 million (mid-range) to 770 million (high-range) metric tons

Expanding and enhancin g carb on sin ks
• Measures: Increasing forest stocks and improving soil management
• Mitigation potential: 440 million (mid-range) to 590 million (high-range) metric tons

Reducing ca rbon intensity  of electric pow er production
• Measures: A shift toward renewable energy sources (primarily wind and solar),

additional nuclear capacity, improved efficiency of power plants, and eventual use
of carbon sequestration

• Mitigation potential: 800 million (mid-range) to 1,570 million (high-range) metric tons

While significant, those approaches cannot deliver the level of emissions
reduction needed to stabilize the concentrations of GHGs in the atmosphere –
especially against a growing global demand for energy.  As such, they are considered
short-term measures.  Still needed are long-term technological approaches that are
effective in reducing atmospheric GHG concentrations yet, at the same time, with little
or no negative impacts on energy use and economic growth and prosperity.  While
concepts for long-term carbon mitigation exist, considerable research and development
is necessary before they become feasible.

2.8  Market Resources

EPA’s Climate Change site (www.epa.gov/climatechange/) offers comprehensive
information on the issue of climate change.

To track the national trend in GHG emissions and removals since 1990, EPA
develops the U.S. Greenhouse Gas Inventory.  Updated annually, the current inventory
is available online at www.epa.gov/climatechange/emissions/usinventoryreport.html. 

Official U.S. government data on energy-related greenhouse gas emissions is
available online at www.eia.doe.gov/environment.html. 

http://www.epa.gov/climatechange/
http://www.epa.gov/climatechange/emissions/usinventoryreport.html
http://www.eia.doe.gov/environment.html
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The Energy Information Administration (www.eia.doe.gov) publishes current and
projected energy supply and consumption data in its Annual Energy Outlook, available
online at www.eia.doe.gov/oiaf/aeo/.

http://www.eia.doe.gov
http://www.eia.doe.gov/oiaf/aeo/

