The U.S. Inventory of Greenhouse Gas Emissions and Sinks:
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[ . C0, Emissions .
' Global Warming Potentials ' from Fossil Fuel = Fugl Ct:gnbt:)stg(:l_ . dCarb:zl f;ntem Coefficient
(100 Year Time Horizon) Z Combustion x Fraction Oxidized x (44/12)
Gas GWP Global Warming Potential (GWP) is defined as . I‘w(';y‘/:m'/ude adustments for carbon stored in /0_53/{ fuel-based pfvurl‘uc"/s‘
. . ) . emissions from international bunker fuels, or emissions from territories,
SAR: TAR the cumulative radiative forcing effects of a gas
Carbon dioxide (CO,) f | over a specified time horizon resulting from the .
Methane (CH.)" 21 23 emission of a unit mass of gas relative to a ) Carbon Intensity of Different Fuel Types
r g mioe {740} A i SETIRRISE. HI SRR RSV The amount of carbon in fossil fuels per unit of energy content varies significantly by fuel
kb L s NG PRERIGIE-GRRS DILLE Indnty For example, coal contains the hi hepst amount of cgglbon er unit of en%r whi)IIe yeturgleﬁﬁ;e
HFC-125 2.800 3,400 are presented in terms of equivalent emissions s p25' ' g L g | L ay, P
HFC-134a 1300 1 300 of carbon dioxide (C0,), using units of teragrams as about 25 percent less carbon than coal, and natural gas about 45 percent less.
HFC-143a 3.800 4,300 of carbon dioxide equivalents (Tg CO, Eq.).
i HH_: P""‘Vl . 140 . 120 Conversion: S e R e . T R RN S &% WK S B
HFC-: 2.900 3.500 To = 109k = 30 it E
HFC-2361a 6300 9400 g g it
HFC-4310mee 1.300 1.500 e . Converting Various Physical Units to Energy Units
. . o Tk wtght ot vestian & 12..a0d ; The values in the following table provide conversion factors from physical units to ener
G o o It g g g g T (- equivalent units and fromgener Enits to carbon contents. These ?ac);ors can be used agy
L s i fars, the; moliculds waigi 91 TQ, 16 44 {12, dgfaun factors, if local data are %t available ‘
CeF s 7,400 9,000 12+[16x2]), as compared to 12 for carbon ' '
Sk, 23900 22200 alone. Thus, carbon comprises 12/44s of
* IPCC Second Assessment Report (1996) carbon dioxide by weight »
IPCC Third Assessment Report (2001) ) _ . Conversion Factors to Energy Units (Heat Equivalents)
* The methane GWP includes the diecteffects  CCVersion flom gigagrams of gas to teragrams . Heat Contents and Carbon Content Coefficients of Various Fuel Types
and those indirect effects due to the productionof  Of carbon dioxide equivalents: . e -
;roppspheric ozone and stratospneficlwaler vapor. _ Fuel Type TR ar D(?g g:ri?) = ggt ul)ccen S 0;2:; ;23
The indirect effect due to the production of CO; is Gg Tg ) ! \ /
not included Tg CO, Eq.=<m as>x (GWP) X <_> . Solid Fuels (Million Btu/Shor Ton)
Note: GWP values from the IPCC Second y 1,000 Gg Anthracite Coal 2.51 28.26 099
Assessment Report are used in accordance with . Bituminous Coal 23.89 2549 0.99
LINFCCC guidelines. ) Sub-bituminous Coal 17.14 26.48 099
L ‘ Lignite 12.87 26.30 0.99
Coke 24.80 31.00 0.99
o Unspecified 25.00 25.34 0.99
. : . - Gas Fuels (Btu/Cubic Foot)
Sheieha fiv ENeaie: SRt BvsCha Natural Gas 1,028 14.47 0.995
Liquid Fuels (Million Btu/Barrel)
Allo (a) 10" .000000000000000001 ) Crude Oil 580 20,23 0.99
Faimio (1) i AEXRDOSEANOR0] . Nal Gas Liquids and LRGS 374 16,99 0995
Figo {p) e DRODNTCH0 ) Motor Gasoline 5.21 19.34 099
RN 1 g Aviation Gasoline 505 18.87 099
Mlor i) i A Kerosene 5,67 19.72 099
Al pud - o . Jel Fuel 5,67 1933 0.99
Centi c) . o - Distille Fuel 583 19.95 099
Mgl e R , Residual Ol 6.29 21.49 099
Dega fday - 10 : Naptha for Petrofeed 5,25 18.14 099
et {h) 10 100 ? Petroleum Coke 6.02 27.85 0.99
ik 1 1,000 : Other il for Pelrofeed 5,89 19.95 0.9
Mega (M) - o Special Napthas 5.25 19.86 099
Giga.(C) W A O BORNG . Lubricants 6.07 2024 099
Tera (T) 10 1,000,000,000,000 ‘ WS 554 1981 0.99
Peta (P) 0 1,000,000,000,000,000 Asphall/Road Oil 6.64 2062 099
Exa (E) 10! . . 1,000,000,000,000,000,000 Siill Gas 6.00 1751 0.99
o Misc. Products 5.80 20.23 0.99
Unit Conversions f Note: For fuels with annually variable heat contents and carbon content cogfficients, 2003 U.5. average values
are presented in gross calorific values (GCV) (i.e., higher heating values)
Ty 1 pound 0454 kilograms 16 ounces
I Clogram 2.205 pounds 35.27 ounces
L I short tan 0.9072 melric tons 2.000 pounds T T T T LI I IS
I el lon 1.1023 short tons 1,000 kilograms . .
| I cubic foot 0.02832 cubic meters 28.3168 liters Dens“y Conversions
M cubic meter 35 315 cubic feet 1,000 Jiters ] Methane (Natural Gas) 1 cubic meter 35.32 cubic feel 0.676 kilograms
I 1US gallon 378541 liters 0.03175 barigls = 0.02381 harrels petroleum » Carbon dioxide 1 cubic meter 35.32 cubic feet 1,854 kilograms
[ 1 liter 0.2642 1).5 gallons 00084 barrels 00063 barrels petroleum Natural gas liquids 1 melric ton 11.60 barrels 1.844.20 liters
i 1 barrel 31505 gallons 119 liters 0.75 barrels petioleum ' Unfinished oils | metric ton 7.46 barrels 1.186.04 liters
W | el petoleu ¢ 159 liters ) Alcohol 1 metric ton 7.94 barrels 1,262.36 liters
L 1 foot 0.3048 meters 12 inches . Liquefied petroleum gas 1 metric ton 11.60 barrels 1,844.20 liters
e IR 3,28 feel 33 37 Inches Aviation gasoline 1 metric lon = 8.90 barrels 1.415.00 liters
e 11609 kilometers 5280 feet . Naphtha jet fuel 1 metric ton 8.27 barrels 1,314.82 liters
b I kilometer 0.6214 miles 3,260.84 fest ) Kerosene jet fuel 1 metric ton 7.93 barrels 1.260.72 liters
1 square mile 2.590 square kilometers — 640 acres ; Motor gasoline { melric ton 8.53 barrels = 1,356.16 liters
. B B S . Kerosene 1 melric ton 7.73 barrels 1,228.97 liters
W 1 ace 43,560 square eet 04047 hectares -~ 4,047 square melers . Naphtha 1 metric lon 8.22 barrels 1.306.87 liters
............................. . o o - Distillate 1 melric ton 7.46 barrels 1.186.04 liters
) Residual oil 1 metric ton 6.66 barrels 1,058.85 liters
5 Lubricants 1 melric ton 7.06 barrels 1.122.45 liters
Energy Conversions 2.388x10" calories . Bitumen 1 metric ton 6.06 barrels 963.46 liters
The common energy unit used in 23.88 metric tons of crude oil equivalent : Waxes 1 metric ton 7.87 barrels = 1.251.23 liters
intemation_al reports O_f greenhpuse 1T = 9.478x10¢ Btu . Petroleum coke 1 meric ton 5.51 barrels 876.02 liters
gas emissions s the joule. A joule 277800 kilowatt-hours Petrochemical feedstocks 1 melric ton 7.46 barrels 1.186.04 liters

is the energy required to move an

b ter with the f f : Special naphtha 1 metric ton = 8.53 barrels _ 1.356.16 liters
object one meter wl ’ or;e | Energy Units Miscellaneous products 1 metric ton 8.00 barrels = 1.271.90 liters
one Newton. A terajoule (TJ) is one gy British thermal unit 1By ) - o
trillion (10%) joules. A British thermal gy Thousand Btu 1x10¢ Bl ) Note: Gas densities are at room temperature and pressure
unit (Btu, the customary U.S. energy  mmipty Million Btu 1510° Btu
unit)A is the quantity of heat required gy Billion Btu 1x10° Bu . For more information on calculating CO, http:// % T IR ——
to raise the temperature of one pOUnd TBtu Trillion Btu 1x10'2 Bty % emissions per kWh. download eGRID at: p' ww w'ep 'gov Clea gy/egr
of water one degree Fahrenheitator — ggy Quadrillion Btu 110" Blu . ; )
near 39.2 Fahrenheit. i For other related information. see: :gg:zm;pi:.tgov/gIobalwarmlng

Source for all data: U.S. Inventory of Greenhouse Gas Emissions and Sinks 1990-2003 (EPA 2005)

Download the Inventory at: hitp://www.epa.gov/globalwarming/publications/emissions



The U.S. Inventory of Greenhouse

Gas Emissions and Sinks:

Gas/Source

o,

Fossil Fuel Combustion
Non-Energy Use of Fuels

Iron and Steel Production
Cement Manufacture

Waste Combustion

Ammonia Production & Urea Application
Lime Manufacture

Natural Gas Flaring
Limestone & Dolomite Use
Aluminum Production

Soda Ash Manufacture & Consumption
Petrochemical Production
Titanium Dioxide Production
Phosphoric Acid Production
Ferroalloys

Carbon Dioxide Consurmption
Land-Use Change & Forestry (Sink)*
International Bunker Fuels'
Biomass Combustion*

CH,

Landfills

Natural Gas Systems

Enteric Fermentation

Coal Mining

Manure Management
Waslewater Trealment
Petroleum Systems

Rice Cultivation

Stationary Sources
Abandoned Coal Mines
Mobile Sources
Petrochemical Production
[ron and Steel Production
Agricultural Residue Buming
Silicon Carbide Production
International Bunker Fuels'
N,0

Agricultural Soil Management
Mobile Sources

Manure Management

Human Sewage

Nitric Acid

Stationary Sources
Settlements Remaining Seftlements
Adipic Acid

N,0 Product Usage

Waste Combustion
Agricultural Residue Burning
Forest Land Remaining Forest Land
International Bunker Fuels
HFCs, PFCs, and SF;

Substitution of Ozone Depleting Substances

Electrical Transmission & Distribution
HCFC-22 Production

Semiconductor Manufacture
Aluminum Produclion

Magnesium Production & Processing
Total

Net Emission (Sources & Sinks)

+ Does not exceed 005 Tg CO; Eq

* Sinks are only incluc t
" These emissions are not included in tofals

emissions total

U.S. Greenhouse Gas Emissions and Sinks (Tg CO, Equivalents)

1990 1991 1992 1993 1994 1995
50096 49693 50620 51774 5268.0 53194
47117 46811 47766 48920 49631 50092

108.0 108.3 104.9 106.8 117.8 ]

85.4 76.2 750 69.9 73.6 744
333 32.5 328 346 36.1 36.8
10.9 120 12.7 13.5 142 157
193 19.2 20.0 20.4 | 20.5
12 11.0 114 1.6 121 128
58 a8 53 6.8 6.9 9.0
45 50 49 49 5.5 74
6.3 6.4 6.3 58 5.1 53
4.1 4.0 4.1 4.0 40 43
22 23 2.4 2.6 2 2.8
18 1.3 15 1.6 1 1.7
13 1.4 165 I3 1.5 15
2.0 1.8 1.8 1% 1.8 19
0.9 09 0.8 0.8 0.8 0.8
(1,0420) (1.051.3)  (973.6) (1.035.7)  (940.2)  (905.0)
1135 H99 109.7 99.8 gtr 100.7
216.7 2116 2281 22.3 231.3 241.9
605.3 607.0 608.1 598.7 604.1 601.3
1722 1728 172.6 172.1 1691 162.4
1283 130.0 1297 1832 1339 1333
117.9 171 1194 118.8 1204 123.0
81.9 79.0 771 5.2 65.1 65.8
ar2 33.1 320 32.8 35.3 36.1
24.8 25.8 269 207 28.9 289
20.0 20.2 19.6 19.1 189 188
7.1 7.0 79 70 8.2 7.6
7.8 8.0 8.3 78 7.8 8.2
6.1 6.2 6.6 70 8.3 8.4
4.8 4.7 4.7 4.6 45 4.4
1.2 122 13 14 1.5 1.5
18 1.2 12 1.3 1.3 1.3
0.7 0.6 0.8 0.6 0.8 0.7
02 02 0.2 0.1 0.1 0.1
382.0 379.2 366.6 385.8 381.2 391.2
2530 2476 2332 247.6 238.3 244.7
437 46.0 489 811 52.6 83.7
16.3 16.8 16.5 17.0 17.0 17.1
13.0 134 13.6 13.8 143 142
17.8 178 18.3 18.6 19.6 199
123 122 12.4 12.6 128 28
5.5 5.6 57 a8 6.1 59
15.2 14.8 131 14.0 15.0 17.2
43 4.2 o 4.5 4.5 45
0.4 0.3 0.4 0.4 04 0.4
04 0.4 0.4 0.3 05 0.4
0.1 0.1 0.1 0.1 0.1 0.2
1.0 1.0 0.9 09 0.9 0.9
91.2 82.9 84.8 88.9 89.6 95.5
0.4 0.8 &1 48 9.8 244
29.2 278 252 28.5 26.8 21.7
35.0 30.8 349 31.8 31.6 21.0
29 29 29 3.6 4.0 5.0
18.3 16:5 14.3 18.7 12.1 1.8
5.4 5.1 54 9.0 54 5.6
6,088.1 60384 61215 62508 6,3431 6,407.4
50461 49871 51479 52151 54028 55023

1996
5,500.2
51949
114.0
68.3
371
17.2
20.3
138
8.5
78
5.6
4.2
2.8
1.7
1.6
2.0
0.8
(912.7)
102.3
244.3
589.8
155.6
134.5
120.5
63.2
34.7
30.7
18.7
7.0
8.4
8.6
42
1.6

1.3

0.8

0.1
416.2
267.3

54.6
17.0
14.4
20.7
135

6.1
17.0

4.5

0.4

0.4

0.2

0.9
115.0

351
24.3
3
35

128
6.5
6,621.2
5,708.5

1997
5,580.0
5.263.2
120.3
71.9
38.3
178
20.7
13.7
78
7.2
5.6
4.4
2.9
1.8
1.5
2.0
0.8
(930.0)
109.9
2332
579.5
147.4
133.6
118.3
62.6
36.4
317
18.8
1.5
74
8.1
4.0
16
158
0.8
0.1
396.3
252.0
852
17.3
14.7
21.2
135
6.1
10.3
4.8
0.4
0.4
03
1.0
121.7
46.5
Rale
30.0
6.3
1.0
6.3
6,677.5
5,747.5

1998
5,607.2
5.278.7
1354
67.4
39.2
174
219
13.9
6.6
74
58
43
3.0
1.8
1.6
2.0
09
(881.0)
114.6
2172
569.1
138.5
131.8
116.7
62.8
38.8
32.6
18.5
79
6.9
1.2
3.8
1.7
1.2
08

02
407.8
267.7

55.3
17.4
15.0
209
134

6.1

6.0

48

0.3

5

0.4

1.0
136.7

56.6
17
40.1

{i

g1

58

6,719.7
5,838.8

Notes Totals may not sum due to independent rounding Emissions weighted

with UNFCCC reporting guidelines

using GWP values from IPCC Second Assessment Report (1996) in keeping

Change from

1990 to 2003

1999 2000 2001 2002 2003
5678.0 58582 57448 57968 58415 832.0
53459 55451 54480 55014 55516 839.8
141.6 1247 120.1 118.8 118.0 10.0
64.4 6.7 58.9 55.1 53.8 (31.7)
400 412 4.4 429 430 98
176 18.0 18.8 18.8 18.8 79
206 19.6 16.7 186 156 3.7
135 13.3 12.8 123 13.0 1.7
6.9 58 6.1 6.2 6.0 0.2
81 6.0 5.7 59 47 (0.8)
59 5.7 41 42 42 2.1)
42 42 41 41 4.1 (0.1)
31 3.0 28 29 28 0.6
19 1.9 1.9 20 20 0.7
15 1.4 1.3 13 14 (0.1)
2.0 17 13 i) 1.4 (0.6)
08 10 0.8 10 13 0.4
826.1)  (8224) (8269  (8265)  (828.0) 214.0
105.3 101.4 97.9 89.5 842 (29.3)
2023 2268 2005 2072 2168 0.1
5573 5542 5468 5425 5450 (60.4)
134.0 130.7 126.2 126.8 131.2 (41.1)
127.4 132.1 131.8 130.6 125.9 (2.4)
16,8 1156 1145 1146 1150 (2.9)
56.9 56.2 55.6 524 538 (28.1)
388 38.1 389 393 39.1 8.0
336 343 347 358 36.8 119
178 176 17.4 17.1 17.1 (2.9)
83 75 76 6.8 69 (0.2)
7.1 3 6.7 6.4 6.7 (1.1)
73 77 6.9 6.4 6.4 0.4
36 34 3.1 29 27 @.1)
1.7 57 14 15 15 03
12 12 1.1 10 1.0 (0.3)
08 08 08 0.7 08 0.1
; . » B 4 0.0
0.1 0.1 0.1 0.1 0.1 (0.1)
382.1 401.9 385.8 380.5 376.7 (5.2)
2434 2639 2571 2526 2535 0.5
54.6 532 490 456 421 (1.7
17.4 178 18.0 179 175 13
15.4 156 15.6 15.7 15.9 29
20.1 19.6 15.9 17.2 158 (2.0)
135 14,0 135 135 138 16
6.2 6.0 58 6.0 6.0 0.5
5.5 6.0 49 59 6.0 (9.2)
48 48 48 48 48 05
03 0.4 04 05 05 00
04 05 05 04 04 0.1
05 0.4 0.4 04 0.4 03
0.9 09 09 0.8 08 0.2)
134.8 138.9 129.5 138.3 137.0 45.8
65.8 75.0 833 915 99.5 9.1
16.4 156 154 147 4.1 (15.1)
30.4 298 19.8 19.8 123 (22.6)
78 6.3 45 44 43 14
9.0 9.0 40 52 38 (14.5)
6.0 32 26 26 30 (2.4)
6,752.2 69532 6,8069 6,858.1 6,900.2 8121
5926.1 6,130.8 59801 6,031.6 60722 1026.1

Absolute Percent

16.6%
17.8%
9.3%

(37.1)%
29.3%
72.000

(19.4)%
15.5%
2.8%

(9.6)%
(30.6)%
47.3%
(20.5)%
(25.8)%
0.1%
(10.0)%
(23.8)%
11.9)%
(2.4)%
(34.3)%
25.5%
48.0%
(14.3)%
(3.2)%
(14.6)%
6.1%
(43.8)%
30.0%
(22.4)%
15.2%
(66.7)%
(48.1)%
(1.4)%
0.2%
(3.8)%
7.8%
21.9%
(11.2)%
12.9%
8.7%
(60.5)%
10.8%
9.8%
18.4%
556.3%
(19.9)%
50.2%
24,888.8%
(51.7)%
(64.7)%
49.3%
(79.3)%
(44.8)%
13.3%
20.3%

1990-2003 Trends
» Total GHG emissions rose 13 percent since 1990
(decreasing 0.8 percent since 2000)
» Dominant gas emitted was CO,, mostly from fossil fuel combustion
» Methane emissions decreased by 10 percent
« Nitrous oxide emissions decreased by 1 percent
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HFC, PFC, and SF; emissions have grown by 50 percent

U.S. GHG Emissions by Gas

mHFCs, PFCs, & SF,
Nitrous Oxide

® Methane
® Carbon Dioxide

6343 6407 6621 6678 6720 6752 5953 6807 6858 6900
6251

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Annual Percent Change in U.S. GHG Emissions

4.4%
5 < 3.1%

27%

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
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