Inventory of U.S. Greenhouse Gas Emissions and Sinks

Gas/Source
CO;
Fossil Fuel Combustion

Non-Energy Use of Fuels

Iron and Steel & Metallurgical Coke Production
Cement Production

Natural Gas Systems

Waste Incineration

Lime Production

Ammonia Production and Urea Consumption
Cropland Remaining Cropland

Limestone and Dolomite Use

Aluminum Production

Soda Ash Production and Consumption
Petrochemical Production

Titanium Dioxide Production

Carbon Dioxide Consumption

Ferroalloy Production

Phosphoric Acid Production

Wetlands Remaining Wetlands

Zinc Production

Petroleum Systems

Lead Production

Silicon Carbide Production and Consumption
Land Use, Land-Use Change, and Forestry (Sink)?
Wood Biomass and Ethanol Consumption®
International Bunker Fuels®

CH,

Enteric Fermentation

Landfills

Natural Gas Systems

Coal Mining

Manure Management

Forest Land Remaining Forest Land
Petroleum Systems

Wastewater Treatment

Stationary Combustion

Rice Cultivation

Abandoned Underground Coal Mines
Mobile Combustion

Composting

Petrochemical Production

Field Burning of Agricultural Residues

Iron and Steel & Metallurgical Coke Production
Ferroalloy Production

Silicon Carbide Production and Consumption
International Bunker Fuels®

N,0

Agricultural Soil Management

Mobile Combustion

Nitric Acid Production

Manure Management

Stationary Combustion

Adipic Acid Production

Wastewater Treatment

N,0 from Product Uses

Forest Land Remaining Forest Land
Composting

Settlements Remaining Settlements

Field Burning of Agricultural Residues
Waste Incineration

Wetlands Remaining Wetlands

International Bunker Fuels®

HFCs, PFCs, and SF;

Substitution of Ozone Depleting Substances
HCFC-22 Production

Electrical Transmission and Distribution
Semiconductor Manufacture

Aluminum Production

Magnesium Production and Processing
Total

1990
5,076.7
4,708.9
117.0
109.8
333
337
109
15
16.8
74
5.4
6.8
44
2.2
12
14
2.2
15
1.0
0.9
0.4
0.3
0.4
(841.4)
219.3
114.3
616.6
133.2
149.2
129.6
84.1
304
46
33.9
235
74
74
6.0
47
0.3
0.9
0.7
1.0
+

+
0.2

315.0:

200.3
43.7
20.0
121
12.8
15.3

3.7
4.4
0.5
0.4
1.0
0.4
0.5

1.1
90.5

36.4
26.8
2.9

18.5
5.4
6,098.7

1991

5,030.9
4,667.3

124.0
99.7
325
32.8
12.5
114
16.8

7.3
4.5
6.9
4.0
2.3
1.2
1.4
1.9
1.4
1.0
1.0
0.4
0.3
0.3
(859.4)

220.1

123.6

617.8

133.5

150.6

130.7
81.1
31.7

4.0
34.1
239

7.5

7.0

6.2

4.6

0.4

0.9

0.6

0.8

+
+

0.2

322.2

205.5
45.8
20.0
12.6
12.7
15.0

3.8
4.3
0.5
0.4

1.0

0.4

0.4

1.1
82.7

32.7
25.7

2.9

15.6
5.2
6,053.5

1992

5,132.0
4767.4.

1237
100.3
32.8
32.2
12.6
118
17.5
6.9
4.5
6.8
41
2.4
1.4
1.4
2.0
1.5
0.9
1.0
0.4
0.3
0.3
(845.6)
230.5
115.6
623.5
137.7
151.8
131.0
79.0
30.5
6.0
33.2
24.3
7.8
79
6.7
4.6
0.4
0.9
0.8
0.9

+

+

0.2
314.1
195.4
48.7
20.5
12.3
12.9
13.2
3.9
4.0
0.7
0.5
1.1
0.4
0.5

1.1
86.4
1.7
36.4
25.6
2.9
14.3
5.5

6,156.0.

1993
5,256.5
4,893.0
123.7
9.3
346
33.4
13.4
12.1
17.8
6.4
42
6.2
40
26
14
1.4
1.9
13
1.0
1.0
0.4
0.3
0.3
(787.4)
205.7
104.0
610.3
1379
151.7
1323
67.7
31.3
3.7
325
24.4
73
7.0
6.9
45
0.5
1.0
0.6
0.9

1994
5,348.9
4,964.0
137.9
99.3
36.1
335
14.0
126
18.4
6.8
47
55
40
2.7
15
14
2.0
15
0.9
10
0.3
0.3
0.3
(912.6)
232.2
106.5
625.6
140.4
150.6
133.4
68.1
335
1.0
323
247
7.2
8.2
8.1
45
0.6
11
0.8
1.0
+
+
0.1
331.8
203.2
525
219
128
133
15.2
40
46
1.2
0.7
14
0.5
0.5

1.0
88.8
12.3
31.5
234

4.0
12.1

5.4

6,395.1

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

1995

1996

1997

5,407.9: 5,582.0: 5,673.5

50139

137.5
103.1
36.8
33.8
15.7
13.3
17.8
7.0
6.7
5.7
4.3
2.8
1.5
1.4
2.0
1.5
1.0
1.0
0.3
0.3
0.3
(851.0)
236.8
101.6
615.8
143.6
1443
132.6
67.1
34.5
6.1
32.0
24.8
7.1
7.6
8.2
43
0.7
1.1
0.7
1.0
+

+

0.1
334.1
202.3
53.7
22.3
12.9
13.3
17.3
4.0
4.6
0.8
0.8
1.2
0.4
0.5

0.9
105.5
28.5
33.0
216
4.9

1.8
5.6
6,463.3

51933

1339
100.8
371
315
17.0
141
17.7
7.0
7.2
6.0
4.2
2.8
1.5
1.4
2.1
1.6
0.9
1.0
0.3
0.3
0.3
(768.9)
241.2
108.3
621.7
141.2
140.9
134.6
66.8
331
17.5
32.0
24.9
7.4
7.0
8.5
4.2
0.8
1.1
0.8
1.0
+

+

0.1
354.5
219.5
54.4
23.2
12.7
13.9
17.2
41
4.6
2.0
0.9
1.2
0.4
0.5

1.0
115.1
39.7
31.2
19.7
5.5
12.4
6.6

6,673.3.

5,268.2
146.9
102.0

38.3
313
176
143
180
7.0
6.7
6.0
44
2.9
1.7
14
2.2
15
1.0
14
0.3
0.3
0.3

(844.1)
2355
111.1
596.4
138.5
133.9
132.8

66.4
34.8
34
31.8
252
6.7
75
76
40
0.9
1.2
0.8
1.0
+
+
0.1
335.4
206.3
55.1
238
131
14.1
10.4
4.1
49
0.6
1.0
14
0.4
0.4

10
121.8!

50.6
30.1
18.1
5.8

10.8
6.4
6,727.2

1998
5,703.4
5,286.6
163.8
957
39.2
293
17.0
146
19.0
77
6.9
6.2
43
3.0
1.7
1.4
2.2
16
14
1.2
0.3
0.3
0.4
(741.1)
218.1
120.3
589.2
137.1
127.2
130.0
66.8
38.0
46
315
252
6.2
7.9
6.9
38
10
1.2
0.8
0.9
+
+
0.2
3431
218.5
55.0
234
13.4
139
6.1
42
49
0.8
14
0.9
0.5
0.4

1.1
133.4
57.0
39.5
15.4

7.1

8.6

5.9
6,769.2

1999
5,780.9
5,361.5
168.0
93.1
40.0
30.3
17.5
14.3
17.6
7.5
7.6
6.3
4.2
3.1
1.7
1.4
2.2
1.5
1.2
1.1
0.3
0.3
0.3
(695.5)
221.4
102.5
589.9
136.5
1257
126.0
62.9
37.5
16.2
30.6
253
6.3
8.3
7.0
3.6
1.1
1.3
0.8
0.9
+
+
0.1
319.6
195.9
53.9
22.5
13.5
14.0
5.6
4.4
4.9
2.0
1.2
0.9
0.4
0.4

1.0
131.7
64.0
30.4
15.7
7.2

8.5

5.9
6,822.2

2000
5,955.2
5,561.5
1445
95.1
42
29.4
175
14.1
16.4
75
5.4
6.1
42
3.0
18
14
19
14
1.2
11
0.3
0.3
0.2
(717.5)
207.3
99.0
591.1
134.4
122.3
130.8
60.5
379
20.6
303
252
6.6
75
74
34
13
1.2
0.8
0.9
+
+
0.1
320.2
204.5
52.8
219
14.0
145
6.2
45
49
2.4
14
12
0.5
0.4

0.9
132.8
71.2
28.6
15.1
6.2

8.6

3.0
7,008.2

2001

1356
83.6
4.4
28.8
17.9
13.6
13.3

78
48
44
41
28
17
0.8
15
13
11
1.0
03
0.3
02
(745.9)
203.2
97.0
577.1
1336
1195
1295
60.4
39.3
120
30.2
24.7
6.2
76
6.7
33
13
11
08
08
+
+
0.1
336.5
2204
50.1
178
14.3
14.4
5.1
46
49
16
14
14
05
0.4

0.9
122.6
77.0
19.7
151
4.4
3.5
2.9

6,896.3.

5,860.0
5493.7

2002
5,908.2
5,535.8
1414
796
429
296
185
13.1
142
8.5

5.2

45

44

2.9

18

1.0

13

13

1.0

0.9

0.3

0.3

0.2
(1,028.7)
204.4
104.6

580.9;

134.0
121.9
129.0
56.8
40.4
18.1
29.9
24.7
6.2
6.8
6.2
3.0
1.3
1.2
0.7
0.8

+

+

0.1

322.0:

207.6
46.1
19.3
14.2
14.0

6.1
4.5
4.4
2.2
1.4
1.4
0.4
0.4

1.0
131.1
83.0
211
14.5
4.3
5.2
2.9

6,942.3.

2003
5,963.2
5,604.9
132.5
774
431
28.4
189
138
12.4
8.3
44
45
44
28
1.8
13
13
14
1.0
0.5
0.3
0.3
0.2
(1,265.4)
209.5
100.4
578.7
1346
128.3
127.2
56.8
402
116
292
25
6.4
6.9
6.0
2.8
15
14
0.8
0.8

2004
6,048.1
5,669.3
149.3
76.0
4556
28.1
18.6
145
132
76
5.9
42
42
2.9
2.4
12
14
14
12
0.5
0.3
0.3
0.2
(1,294.6)
204.8
114.9
562.7
133.7
126.2
118.0
58.2
39.7
6.6
287
25
6.5
76
5.8
27
16
12
0.9
0.8
+

+
0.1
317.8
211.2
400
18.0
14.1
145
5.9
46
44
1.0
17
16
0.5
0.4

1.1
136.3
95.0
17.2
14.0
4.3

2.8

2.9
7,064.9

2005

6,090.8: 6,014.9:
57235 5,635.4;
138.1 1451
73.2 76.1
459 46.6
29.5 29.5
19.5 19.8
14.4 151
12.8 12.3
7.9 7.9
6.8 8.0
4.1 3.8
4.2 4.2
2.8 2.6
1.8 1.9
1.3 1.7
1.4 1.5
1.4 1.2
1.1 0.9
0.5 0.5
0.3 0.3
0.3 0.3
0.2 0.2
(1,122.7); (1,050.5)
231.5 2404
111.5 110.5
561.7;  582.0;
136.0 138.2
127.8 130.4
106.3 104.8
57.1 58.4
41.8 41.9
142 31.3
28.3 28.3
24.3 24.5
6.7 6.3
6.8 5.9
5.6 5.5
2.5 2.4
1.6 1.6
1.1 1.0
0.9 0.8
0.7 0.7
+ +

+ +

0.1 0.1
315.9. 3121
210.6 208.4
36.7 33.5
18.6 18.2
14.2 14.6
14.8 14.5
59 5.9
4.8 4.8
4.4 4.4
1.8 3.5
1.7 1.8
1.5 1.5
0.5 0.5
0.4 0.4
+ +

1.0 1.0
140.2. 1421
100.0 105.0
15.8 13.8
14.0 13.2
4.4 47
3.0 2.5
2.9 2.9
7,108.6: 7,051.1

2006

2007
6,103.4
57358
1339
774
445
28.7
20.8
14.6
13.8
8.0
6.2
4.3
41
2.6
1.9
19
1.6
1.2
1.0
0.5
0.3
0.3
0.2
(1,062.6)
247.8
108.8
585.3
139.0
132.9
104.7
57.6
44.0
29.0
28.8
24.4
6.6
6.2
5.7
2.3
1.7
1.0
0.9
0.7
+
+
0.1
311.9
207.9
30.1
21.7
14.7
14.7
5.9
49
4.4
3.3
1.8
1.6
0.5
0.4
+
1.0
149.5
108.3
17.0
12.7
4.7
3.8
3.0
7,150.1

Change

from

1990 to 2007

Absolute : Percent

1,026.7
1,026.9
16.9
(32.4)
1.2
(6.1)
9.8

34
(3.0)
0.9

14

(0.1)
(0.0)
0.1):
59.0
108.0
(19.4)
(14.1)
18
(14.7)
(2.5)
1,051.3

20 %
22 %
14%
(30)%
34%
(15)%
90 %
27 %
(18)%
13%
21 %
(38)%
(+) %
19.%
57 %
32 %

1990-2007 Trends

Total GHG emissions rose 17.2 percent since 1990

Dominant gas emitted was CO,, mostly from fossil fuel combustion
Methane emissions decreased by 5.1 percent

Nitrous oxide emissions decreased by 1.0 percent

HFC, PFC, and SF emissions have grown by 65.2 percent
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+ Does not exceed 0.05 Tg CO; Eq.

a Sinks are only included in net emissions totals.

b Emissions from International Bunker Fuels and Wood Biomass and Ethanol Consumption are not included in totals.
Note: Totals may not sum due to independent rounding. Emissions weighted using GWP values from IPCC Second
Assessment Report (1996) in keeping with UNFCCC reporting guidelines.
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Conversions, .

Energy Conversions

Unit Conversions

Download the Inventory at: http://www.epa.gov/climatechange/emissions/usinventoryreport.html

* The common energy unit used in interna- : ] E_T””d - gggg knogrdams - ;2 ;;"Ces
H H . . 1logram = ounas = .Z( ounces
Global Warming Potentials . tional reports of greenhouse gas emissions  © g PORRE
: : 1 short ton = 0.9072 metric tons = 2,000 pounds
(LA L o i) : : . . isthe joule. A joule is the energy required to - : :
Gas GWP Global Warming Potential (GWP) is defined as - , ey G 1 metric on = 11023 short tons = 1,000 kilograms
SAR® T the cumulative radiative forcing effects of agas ;. Move an object O meter Wlt. the 03 @ * 1 cubic foot = 0.02832 cubic meters = 28.3168 liters
Carbon dioxide (CO,) 1 1 over a specified time horizon resulting from the : one Newton. A terajoule (TJ) is one trillion : 1 cubic meter = 35.315 cubic feet = 1,000 liters
Methane (CH,)* 21 o5 emission of a unit mass of gas relative to a : (10") joules. A British thermal unit (Btu, the = 1U.S. gallon = 3.78541 liters = 0.03175 barrels - = 0.02381 barrels petroleum
Nitrous oxide (N,0) 310 o9g  reference gas. The GWP-weighted emissions of +  customary U.S. energy unit) is the quantity of ~+ 1 iter = 0.2642US. gallons = 0.0084 barrels = 0.0063 barrels petroleum
HFC-23 11,700 14.800 direct greetnzquste gases; in the IUSt |n\{en.10ry : heat required to raise the temperature of one : 1 barrel = 31.5U.S. gallons = 119 I?ters = 0.75 barrels petroleum
HFC-125 2,800 3,500 are presented In terms of equivalent emissions o ’ . 1 barrel petroleum = 42 U.S. gallons = 159 liters
HFC-134a 1300 1430  Of carbon dioxide (CO,), using units of teragrams pound ofzm;at;zr OEe.degree UL o 1 foot = 0.3048 meters = 12 inches
HFC-1433 3800 4470 Of carbon dioxide equivalents (Tg CO,Eq). ; near 392 Fanrenheit D1 meer — 328 feet — 3937 inches
HFC-152a 140 124 Conversion: : i . Tmile = 1.609 kilometers = 5,280 feet
. 2.388x10" calories . i _ i _
HFC-227ea 2900 3:220 Tg = 10° kg = 10° metric tons : 23.88 metric tons of crude oil equivalent | omett Somme. e
HFC-236fa 6.300 9810 = 1 million metric tons 1T = 9 478x103 Bl ¢ 1square mile = 2.590 square kilometers = 640 acres
- © : . e 1 square kilometer = 0.386 square miles = 100 hectares
HFC-4310mee 1,300 1,640 : : . 277,800 kilowatt-hours .
CF, 6,500 7.390 The molecular We'thIOf carbon is 12, . : .« tace = 43,560 square feet = 0.4047 hectares = 4,047 square meters
OF, 9,200 10000  andthe molecular weight of oxygen is 16; . e eeeteeeiieieiteieiteteieiteneiteneitenenns
CFa 7,000 B0 oo MoCAAr eI Oibh 8 : Prefix/Symbol Factor
CeF 7,400 9300 r("fb’ o [n Th])' e o o . Energy Units © @ Tea() 107 1,000,000,000,000
SF, 23,900 22800 Lo CArDON A10NE. TS, TG WEIGH Falio 0 D Bu  Briish thermal unit 1 Bl D& Gin©) 0 1,000,000,000
: : carbon to carbon dioxide is 12/44. © VB Thousand Bt 1x10° Bt ¢ @ Mega(M) 106 1,000,000
@ IPCC Second Assessment Report (1996) . Vbl ousand el u * & KoK 10 1000
b IPPC Fourth Assessment Report (2007) Conversion from gigagrams of gas to teragrams . MMBtu  Million Btu 1x10° Btu © = Hech M) 102 100
* The methane GWP includes the direct effects of carbon dioxide equivalents: ¢ BBl Billion Btu 1x10° Bt : S Dea (da) 10’ 10
and those indirect effects due to the production of o TBtu Trillion Btu 1x10" Btu . O 10° 1
tropospheric 0zone and stratospheric water vapor. . QB drillion Bt 1%x10' Bt .+ Deci(d 10" 1
The indirect effect due to the production of CO, is Tg CO, Eq.= Gg \x (GWP) x Tg . ae Quadiilon Bt b ! . g Cgﬁ{i((c)) 10?2 01
not included. of gas 1,000Gg) D2 Milim) 109 001
Note: GWP values from the IPCC Second Assessment . . @ Micro (u) 10°¢ .000001
Report are used in accordance with UNFCCC . « 2 Nano(n) 10 .000000001
quidelines. . & Pico(p) 107 1000000000001
w§ U.S. Greenhouse Gas Emissions Allocated to Economic Sectors (Tg CO, Eq.)
S:
@:  Implied Sectors 1990 1995 2000 2005 2006 2007 I Etectric Power Industry [l Industry
<" Electric Power Industry 1,859.1 1,989.0  2,329.3 2,429.4 2,375.5 2,445.1 o 8000- Transportation I Agrcutture
& | Transportation 15436 16852 19197 1,998.9 19944 1,995.2 ES  m Commereia Residentia
© :  Industry 1,496.0 1,524.5 1,467.5 1,364.9 1,388.4 1,386.3 £3: 6,000 —1T el L L1 0 0.0
— i S soo0) W RS
© : Agriculture 428.5 453.7 470.2 4826 5029 5028 = g 4'000
€ :  Commercial 392.9 401.0 388.2 401.8 3926  407.6 = g 20001
BA S Residential 344.5 368.8 386.0 3705 3349 3553 " 2000
U.S. Territories 34.1 411 47.3 60.5 62.3 57.7 1,000
Total Emissions 6,098.7 6,463.3 7,008.2 7,108.6 7,051.1 7,150.1 Ve o o g 5 2 @8 5 8 2 8 5 N 8 3 8 8 5
U.S. Greenhouse Gas Emissions Allocated to Economic Sectors with
Electricity Distributed (Tg CO, Eq.) _
g8 2500 =r
= 22 rocess
Implied Sectors 1990 1995 2000 2005 2006 2007 Bz 2000 M Electricity
Industry 2,166.5 2,219.8 2,235.5 2,081.2 2,082.3 2,081.2 g ' Fuel Combustion
Transportation 1,546.7 1,688.3 1,923.2 2,003.6 1,999.0 2,000.1 £ g %007
Commercial 942.2 1,000.2 1,140.0 1,2146 1,201.5 1,251.2 % S 10004
(X =
Residential 950.0 1,024.2 1,159.2 1,237.0 1,176.1 1,229.8 = 00
=) - I
Agriculture 459.2 489.7 503.2 511.7  530.0  530.1 §
U.S. Territories 34.1 411 47.3 60.5 62.3 57.7 - 0 : : — :
Total Emissions 6.098.7 6.463.3 7.008.2 71086 7.0511 7.1504 Industry Transportation Commercial Residential Agriculture

Information

Conversion Factors to Energy Units (Heat Equivalents)
Heat Contents and Carbon Content Coefficients of Various Fuel Types

Converting Various Physical Units to Energy Units—The values in the following table provide conversion
factors from physical units to energy equivalent units and from energy units to carbon contents. These factors
can be used as default factors, if local data are not available.

oconen G )t Gt o0
Solid Fuels Million Btu/Metric Ton kg C/Million Btu kg CO-/Metric Ton
Anthracite Coal 20.48 28.26 2,122.0
Bituminous Coal 21.67 25.49 2,025.6
Sub-bituminous Coal 15.55 26.48 1,509.7
Lignite 11.67 26.30 1,125.6

Coke 22.68 31.00 2,577.6
Unspecified Coal 22.68 25.34 2,106.9

Gas Fuels Btu/Cubic Foot kg C/Million Btu kg CO/Cubic Foot
Natural Gas 1,028 14.47 0.0545
Liquid Fuels il %‘;‘r/rpe‘i'm'e“'“ kg C/Million By 9 GOE/:::;)Ieum
Motor Gasoline 5.22 19.33 369.9
Distillate Fuel Oil 5.83 19.95 426.1
Residual Fuel Ol 6.29 21.49 4954

Jet Fuel 5.67 19.33 4019
Aviation Gasoline 5.05 18.87 349.3

LPG 3.59 1718 226.3
Kerosene 5.67 19.72 410.0

Still Gas 6.00 17.51 385.2
Petroleum Coke 6.02 27.85 615.2
Pentanes Plus 462 18.24 309.0
Unfinished Qils 5.83 20.33 434.2

Note: For fuels with variable heat contents and carbon content coefficients, 2007 U.S. average values are
presented. All factors are presented in gross calorific values (GCV) (i.e., higher heating values). LRG =
Liquid Refinery Gas. Miscellaneous products includes all finished products not otherwise classified,
(e.g., aromatic extracts and tars, absorption oils, ram-jet fuel, synthetic natural gas, naptha-type jet fuel,
and specialty oils).

€O, Emissions
from Fossil Fuel =
Combustion

Fuel Combusted x Carbon Content Coefficient
X Fraction Oxidized x (44/12)
May include adjustments for carbon stored in fossil fuel-based

products, emissions from international bunker fuels, or
emissions from territories.

Carhon Intensity of Different Fuel Types

The amount of carbon in fossil fuels per unit of energy content varies signifi-
cantly by fuel type. For example, coal contains the highest amount of carbon
per unit of energy, while petroleum has about 25 percent less carbon than
coal, and natural gas about 45 percent less.

For more information on calculating CO, emissions per kWh,
download eGRID at:
http://www.epa.gov/cleanenergy/egrid

For other related information, see:
http://www.epa.gov/climatechange and
http://unfccc.int

- Source for all data: Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2007 (EPA 2009)



