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C
limate change is the most important environmental issue facing the United States and the world. � e Inter-

governmental Panel on Climate Change has concluded that the “scientifi c evidence for warming of the climate 

system is unequivocal” (NASA Jet Propulsion Laboratory 2009).  Rising emissions of carbon dioxide and other 

greenhouse gases (GHGs) are responsible for rising global temperatures, shrinking global ice masses, rising sea levels, and 

increasing the intensity of tropical storms. Continued change, aside from the obvious cost in human lives, would also 

entail potentially enormous economic costs. It is essential for the United States to develop strong and eff ective GHG 

regulations and to negotiate an international treaty to bring about global reductions in GHG emissions.

 A well-designed climate policy can support the 

economic recovery, and green investments can support 

millions of new jobs, starting with the creation of over 

1 million new jobs in the next two years (Bivens, Irons, 

and Pollack 2009) and ensuring that U.S. manufacturing 

comes back stronger and cleaner than before.   

 Poorly designed climate change policies, however, 

could slow or halt the recovery of signifi cant segments 

of U.S. manufacturing—as identified in this report—

and could even lead to increased global production of 

GHGs. It is essential for the United States to enact 

climate change policies that ensure a strong, broad-

based recovery of the economy and encourage the 

growth of domestic manufacturing. One of the keys 

to achieving these goals is to include a border adjust-

ment mechanism—a fee on the carbon content of 
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goods imported from countries that do not restrict 

GHG emissions—in U.S. climate change policies.  

 Most policy proposals to redress climate change are 

based on the idea that assessing a cost on emissions will 

create incentives to produce goods more effi  ciently (with 

fewer GHG emissions) and switch consumption to other 

products that generate fewer GHGs in production or use. 

In June, the U.S. House of Representatives approved 

HR 2454, � e American Clean Energy and Security Act 

(ACES), a bill developed under the leadership of Henry 

Waxman, Chairman of the House Committee on Energy 

and Commerce, and Energy and Environment subcom-

mittee Chairman Edward Markey. � is bill includes a 

“cap and trade” measure to reduce GHG emissions in the 

United States and is based on similar plans fi rst imple-

mented in the EU in 2005 (since revised, German Mar-

shal Fund 2009).1 Under this system, GHG emissions 

would be capped beginning in 2012 and reduced by 

17% by 2020, relative to emissions in the base year of 

2005 (Rego 2009). � e EPA would distribute and/or sell 

emission allowances, which could be bought and sold in a 

commodities-like market. In theory, this system will mini-

mize compliance costs. � e bill sets aside a pool of allow-

ances for companies in energy-intensive, trade-exposed 

industries.2 Other policies, such as a carbon tax, have also 

been considered.

 If the United States develops climate change policies 

that only apply to domestic companies without regard 

for their eff ects on trade, two outcomes are likely. Pro-

duction of energy-intensive manufactured goods, espe-

cially price-sensitive manufactured products that already 

face high levels of import competition, could rapidly be 

outsourced to countries like China and India that do not 

restrict GHG emissions. � is could lead to loss of jobs in 

manufacturing and related industries, and to a growing 

trade defi cit. 

 Worse yet, increased production of energy-intensive 

goods such as iron and steel, pulp and paper, basic chemicals, 

and glass products in developing countries would  be 

likely to increase net global GHG emissions. American 

industries are already leaders in energy effi  ciency and use 

of pollution controls, but foreign producers in developing 

countries often lag far behind. For example, the U.S. steel 

industry has become 25% more energy effi  cient in the 

past 20 years. � e Chinese steel industry now generates 

50% of the carbon emitted by global steel production, 

but makes only 33% of the world’s steel, meaning that 

it generates much more carbon per ton than the global 

average. According to the International Iron and Steel 

Institute, Chinese steel production generates 2.5 tons of 

carbon per ton of steel, while U.S. steel production 

generates only 1.2 tons of carbon per ton of steel (Con-

way 2009; Bailey et al. 2009, 59). � us, if Chinese steel 

is substituted for U.S.-made steel on a ton-for-ton basis, 

global carbon emissions would rise if domestic produc-

tion were simply displaced by Chinese production. � is 

is known as the “carbon leakage problem”—the dispro-

portionate increase in carbon dioxide emissions in one 

country as a result of an emissions reduction by a another 

country with a strict climate policy—which could occur if 

the United States implements carbon limits that are stricter 

than those in other countries. Leakage problems could 

lead to signifi cant increases in global carbon emissions if 

border adjustment is not included in cap and trade 

policies. Fischer and Morgenstern (2009) recently found 

that “Over the long term, the leakage rate for the few most 

vulnerable industries can be as high as 40% in the case of 

a unilateral $10 per-ton carbon dioxide price.” 

 Chinese steel production more than quintupled be-

tween 1995 and 2008, as shown in Figure A, while U.S. 

steel production was essentially fl at. � e growth of steel 

production in China, rather than in the United States, 

has contributed measurably to the increase in global 

GHG production in this period. China’s share of U.S. 

steel imports more than doubled between January and 

October 2008, but this share fell off  in 2009 in the wake 

of successful anti-dumping and countervailing duty cases 

against imports of Chinese steel pipe and tubes.  

 Carbon pricing will have very uneven eff ects across 

industries, and manufacturing is particularly vulnerable 

to carbon leakage because it is energy intensive and most 

of its products are highly tradable. � is report identifi es 

the 10 most carbon-intensive U.S. manufacturing 

industries and examines the number and distribution of 

jobs in these industries. � is report also identifi es a number 

of energy-intensive, trade-sensitive, sub-industries at the 

North American Industrial Classifi cation System (NA-

ICS) six-digit level.3 Key fi ndings include:
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SOURCE: World Steel Association and Economic Policy Institute.

F I G U R E  A

Chinese steel production has increased more than 400% since 1995
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� e top 10 carbon-emitting manufacturing industries • 

including steel, pulp and paper, basic chemicals, non-

metallic mineral products, petroleum refi ning, glass, 

clay, textiles mills, cement, and aluminum production 

emitted 813 million tons of carbon in 2006, 13.8% 

of total U.S. carbon emissions. These industries 

directly employed 1.2 million workers, 0.9% of total 

U.S. employment. 

Overall, about 1.7 million manufacturing jobs are • 

supported by production in these 10 industries, 

(including indirect manufacturing employment sup-

ported by their output).  In addition, 400,000 jobs 

in commodity, utility, and construction industries 

are also supported by these sectors, along with 2.1 

million jobs in services industries.

� us, 4 four million total jobs are supported by these • 

10 carbon-intensive industries.

Most of these industries already face substantial import • 

competition, and imports exceeded 15% of domestic 

output in seven of the 10 sectors (Table 2), ranging as 

high as 42% in basic iron and steel and 57% in clay 

product and refractory manufacturing. 

Total employment supported by these 10 industries • 

is most concentrated in coal producing, petrochemical, 

and industrial states. Wyoming leads the list, with 

5.3% of state employment (14,700 jobs supported), 

followed by South Carolina (4.6%, 87,300 jobs), 

Louisiana (4.4%, 82,400 jobs), West Virginia (4.4%, 

33,300 jobs), Texas (4.2%, 425,000 jobs), Alabama 

(4.2%, 83,100 jobs), Oklahoma (4.1%, 63,200 

jobs), Tennessee (3.8%. 105,900 jobs), Ohio (3.6%, 

195,200 jobs), and Indiana (3.5%, 103,300 jobs).

� e states with the largest numbers of jobs supported • 

include Texas (424,900 jobs), California (404,800 
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jobs), Ohio (195,200 jobs), Florida (194,400 jobs), 

New York (185,000 jobs), Pennsylvania (181,800 

jobs), Illinois (177,200 jobs), Georgia (127,100 

jobs), North Carolina (122,300 jobs), and Michigan 

(119,600 jobs). 

� e study also examined six carbon-intensive sub-• 

industries that would be heavily impacted by climate 

change policies. Some were components of industries 

identifi ed above, and others were not. Each would 

be at least as hard hit as one or more of the top-10 

sectors identifi ed above. � ese industries include 

carbon black production, iron and steel mills, petro-

chemical manufacturing, steel products manufac-

tured from purchased steel, synthetic rubber manu-

facturing, and tire manufacturing. � ese industries 

emitted 238 million tons of carbon in 2002, 4.1% 

of total U.S. carbon emissions. � ese industries 

directly employed approximately 400,000 workers, 

0.3% of total U.S. employment. 

� is study was based on input-output models of the • 

U.S. economy and showed that for 2006 (the most 

recent year for which complete data are available), the 

manufacturing sector as a whole generated 20.2% of 

total U.S. carbon emissions. However, the sector was 

only responsible for 12.0% of output (value added) 

in 2006. Data used in the analysis of detailed sub-

industries were based on benchmark 2002 input-

output tables (BEA 2008). Indirect employment and 

state impacts for these detailed sectors could not be 

estimated with available data.  

If climate change policies are implemented without border 

adjustment, substantial carbon leakage-related job loss 

could result in these sectors. Fortunately, there are solu-

tions available to carbon leakage, and Congress is working 

on several key components of this plan. One solution is 

to implement a system of border adjustments that would 

impose a fee on the carbon content of goods imported 

from countries that do not restrict GHG emissions, thus 

leveling the domestic playing fi eld by pricing carbon emis-

sions for both domestic goods as well as imports. If, by 

2018, the president is unable to negotiate a comprehensive 

treaty limiting global GHG emissions, the ACES act sets 

aside a pool of emission allowance rebates for vulnerable, 

energy-intensive, trade-sensitive industries. � e bill also 

requires the president to implement border adjustment 

against products from countries that do not adopt strict 

GHG limits by 2018. � is provision could only be waived 

by a joint resolution on Congress (Rego 2009, HR 2454 

Secs. 765-768). A second element of border adjustment—

a rebate for exporters based on carbon intensity—would 

level the playing fi eld abroad. To prevent carbon leakage 

and manufacturing job loss in energy-intensive industries, 

border adjustment must be included in the fi nal design of 

any eff ective GHG policy based on raising carbon prices 

that does not include global, industry-specifi c restrictions 

on emissions.  

 � e EPA administrator will determine, in part, 

which individual, six-digit NAICS industries will be 

eligible for emission allowances under the ACES act 

(HR 2454). � is report identifi es the top 10 most vul-

nerable industries at the four-digit NAICS level (such 

sectors aggregate a number of six-digit industries). It also 

examines the vulnerability of a subset of six-digit NAICS 

industries. Some industries that are highly energy or 

carbon intensive, and have high levels of import pene-

tration are not particularly vulnerable to carbon leak-

age because of the economic structure of those sectors. 

For example, domestically produced crude oil provided 

only 34% of U.S. crude oil consumption in 2008. At the 

margin, imports have fi lled the gap between U.S. domestic 

supply and demand for decades, and were responsible 

for 66% of U.S. crude oil consumption in 2008 (Energy 

Information Administration 2009a). On balance, the 

United States refi nes all the fi nished products consumed 

in the domestic market, and the United States is a net 

exporter of refined products. Furthermore, petroleum 

demand is highly inelastic.4 For these reasons, a cap and 

trade system is likely to have little impact on demand for 

refi ned petroleum products and the output of this sector. 

� erefore, the ACES act specifi cally excluded petroleum 

refi ning from the list of industries eligible for emission 

allowance rebates (HR 2454 Sec. 763 (2)(c)).  
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T A B L E  1

Jobs supported by top 10 energy intensive industries

SOURCE: Economic Policy Institute analysis of data from the Bureau of Economic Analysis and Department of Energy. 

Direct  1,173,000 

Indirect  2,911,000 

Total  4,084,000 

Jobs supported by carbon-
intensive manufacturing 
industries in the United States
� e top 10 carbon emitting industries directly employed 

1.2 million workers in 2006, as shown in Table 1. � ese 

industries also supported 2.9 million additional jobs in 

upstream (e.g., mining and construction), other manu-

facturing, and downstream service (e.g., accounting and 

advertising) industries. � us, a total of 4.1 million jobs 

were supported in these carbon intensive, commodity-

based manufacturing industries.  

 The cost impacts of alternative climate change 

policies—assuming current production methods—on 

these industries are illustrated in Table 2, which lists and 

describes each of these industries. Carbon emissions by 

84 detailed manufacturing industries were estimated in 

this study using an input-output model (described in the 

Appendix). � ese industries were ranked on the basis of 

total carbon emissions per million dollars of output in 

2006 (column 2). � is ranking is identical to one based 

on the impact of an equivalent carbon fee (in dollars 

per ton of carbon emissions) as a share of total costs, as 

shown in Table 2 (columns 4 and 6). � e most carbon-

intensive sector was iron and steel mills, which generated 

2.3 tons of carbon per million dollars of output in 

2006. Other industries in the top 10 included pulp and 

paper, basic chemicals, non-metallic mineral products, 

petroleum refi ning, glass products, clay products, tex-

tile mills, cement, and aluminum production. Iron and 

steel production is particularly carbon intensive because 

it both requires abundant energy and, in the integrated 

steel subsector, directly consumes coking coal in the 

steelmaking process.  

 With current technologies, coal is the most carbon-

intensive form of energy.5 Under a new climate policy, 

however, we can expect industries to adapt to the new 

pricing regime by adopting diff erent forms of production. 

� e estimates here can be seen as providing an upper-

bound for the carbon-related cost increases by assuming 

no changes in production technology. 

 Table 2 also reports total carbon emissions for each of 

the top 10 industries, and analyzes the economic impacts 

of two alternative carbon fees (or their equivalents, in a 

cap and trade system), beginning with $15 per metric ton.  

� e cost of emission fees for each industry are shown in 

column 3, and these would total $12.2 billion for the top 

10 industries at 2006 output levels (assuming no change 

in production, technology, or emissions controls). As ex-

pected, these fees would be highest for iron and steel pro-

duction (3.5%). Fees for the other nine industries would 

range from 0.6% to 1.1% of total costs. At $25 per ton 

(columns 5 and 6), costs would rise proportionately to 

$20.3 billion for these 10 industries, overall.6   

 � e import share of domestic output is shown in the 

next-to-last column of Table 2. Most of these industries 

already face substantial import competition and imports 

exceeded 15% of domestic output in 7 of the 10 sectors, 

ranging as high as 42% in basic iron and steel and 57% in 

clay product and refractory manufacturing. 

 Total employment in each of the top 10 industries 

is shown in the last column of Table 2. � e cement and 

concrete products sector was the largest employer, with 

250,000 jobs, followed by basic chemicals (147,500), 

petroleum products (138,000), and pulp and paper mills 

(136,700). Total direct employment in these 10 industries 

was 1,173,000 in 2006, 0.9% of total U.S. employment 

in that year.  
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T A B L E  2

Impacts of climate change policies on the most energy intensive manufacturing industries

SOURCE: Economic Policy Institute analysis of data from the Bureau of Economic Analysis and Department of Energy. 

Total 

carbon 

emissions

(millions 

of tons)

Tons of 

carbon

per 

million

dollars of 

output

Impacts of carbon fee of: Import 

share

of 

domestic 

output 

(2006)

Total 

direct 

employ-

ment

(2006)

$15 per ton $25 per ton

Rank

$ 

millions

% cost 

increase

$ 

millions

% cost 

increase

1 Iron and steel mills and 

ferroalloy manufacturing     198.3  2.3  $2,975 3.5%  $4,958 5.8% 42%      96,100 

2 Pulp, paper, and paperboard mills    54.1  0.7     812 1.1  1,353 1.8 21   136,700 

3 Basic chemical manufacturing     108.5  0.7  1,627 1.0  2,712 1.7 25   147,500 

4 Lime, gypsum and other nonmetallic 

mineral product manufacturing   18.0  0.7     271 1.0     451 1.7 23      98,300 

5

Petroleum and coal 

products manufacturing     369.6  0.7  5,544 1.0  9,240 1.6 12   138,000 

6 Glass and glass product manufacturing   15.1  0.6     226 0.9     377 1.4 21   108,100 

7 Clay product and refractory manufacturing      5.8  0.6        87 0.9     145 1.4 57      66,000 

8 Textile and fabric � nishing and 

fabric coating mills      4.0  0.4        60 0.7     100 1.1 10      59,500 

9 Cement and concrete product manufacturing   24.0  0.4     360 0.6     600 1.1    5   250,100 

  10 Alumina and aluminum production 

and processing   15.7  0.4     236 0.6     393 0.9 36      72,700 

   

Subtotal     813.2  12,197  20,329 1,173,000

Addendum

Total U.S. carbon emmissions (Table A2)  5,906.7 Total U.S. employment:                  135,800,000 

Share of total       13.8%         0.9%

 � e analysis for this report was prepared using highly 

aggregated data for four-digit NAICS-codes to defi ne 

industries.7 Regulations for output-based permits were 

included in the Doyle-Inslee amendment to the ACES. 

� ese allocations are based on much more fi nely detailed 

six-digit NAICS industries. Some sectors (such as tires) 

that are energy and import sensitive (two factors considered 

in the determination of eligibility for rebates in the Doyle-

Inslee amendment) may be more heavily impacted at the 

six-digit level of analysis. Furthermore, the analysis in 

Tables 2-4 (which is based on four-digit industries) only 

considered direct energy use and excluded energy con-

sumed in the production of purchased intermediates.  

 Table 3 includes detailed breakdowns of direct, 

indirect, and total jobs supported by the 10 most carbon-

intensive manufacturing industries. In addition to the 1.2 

million direct jobs supported, these industries also 

support 225,000 jobs in mining industries and more 

than 100,000 in agriculture, utilities, and construction 

(column 2). � ey also supported an additional 500,000 

indirect jobs in other manufacturing industries. 

 By far the largest number of indirect jobs supported is 

in the services sector. Overall, the 10 manufacturing indus-

tries support 355,500 indirect jobs in agriculture, mining, 

utilities, and construction industries, 500,300 indirect jobs 

in manufacturing, and 2,055,300 jobs in service industries 

(these subtotals are not separately shown in Table 3). � e 

most heavily eff ected service industries include transporta-

tion (344,400 jobs), professional, scientifi c, and technical 

services (344,000 jobs), and wholesale trade (341,400 jobs).
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T A B L E  3

Jobs supported by the most energy intensive manufacturing industries, by sector 

Jobs

Industry name Direct Indirect Total 

Agriculture, forestry, � sheries    -    60,500  60,500 

Mining    -   224,700  224,700 

   Oil and gas    -    120,100  120,100 

   Minerals and ores    -    104,600  104,600 

Utilities    -    34,200  34,200 

Construction    -    36,100  36,100 

Manufacturing  1,173,000  500,300  1,673,300 

   Food and kindred products    -    7,200  7,200 

   Beverage and tobacco products    -    300  300 

   Textiles and fabrics  59,500  15,000  74,500 

   Textile mill products    -    2,100  2,100 

   Apparel and accessories    -    700  700 

   Leather and allied products    -    200  200 

   Wood products    -    24,400  24,400 

   Paper  136,700  31,500  168,200 

   Printed matter and related products    -    18,600  18,600 

   Petroleum and coal products  138,000  15,200  153,200 

   Chemicals  147,500  72,000  219,500 

   Plastics and rubber products    -    32,300  32,300 

   Nonmetallic mineral products  522,500  33,900  556,400 

   Primary metal  168,800  73,500  242,300 

      Iron and steel mills and ferroalloy manufacturing  96,100  5,600  101,700 

   Fabricated metal products    -    96,400  96,400 

   Machinery, except electrical    -    22,600  22,600 

   Computer and electronic parts    -    20,600  20,600 

      Computer and peripheral equipment    -    800  800 

      Communications equipment    -    700  700 

      Audio and video equipment    -    100  100 

      Semiconductor and other electronic components    -    15,300  15,300 

   Electrical equipment, appliances, and component    -    13,700  13,700 

   Tranportation equipment    -    9,800  9,800 

      Motor vehicles and parts    -    7,800  7,800 

      Aerospace product and parts    -    800  800 

   Furniture and � xtures    -    3,300  3,300 

   Miscellaneous manufactured commodities    -    6,900  6,900 

cont. on page 8
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T A B L E  3  ( C O N T . )

Jobs supported by the most energy intensive manufacturing industries, by sector 

SOURCE: Economic Policy Institute analysis of data from the Bureau of Economic Analysis and Department of Energy.

Jobs

Industry name Direct Indirect Total 

Wholesale trade    -    341,400  341,400 

Retail trade    -    102,100  102,100 

Transportation    -    334,400  334,400 

Information    -    58,900  58,900 

   Newspapers, books, and other published matter    -    14,000  14,000 

Finance and insurance    -    133,500  133,500 

Real estate and rental and leasing    -    53,500  53,500 

Professional, scienti� c, and technical services    -    334,000  334,000 

Management of companies and enterprises    -    150,300  150,300 

Administrative and support and waste mgmt. 

and remediation svs.    -    246,400  246,400 

Education services    -    9,600  9,600 

Health care and social assistance    -    1,800  1,800 

Arts, entertainment and recreation    -    24,900  24,900 

Accomodation and food services    -    82,000  82,000 

Other services    -    92,000  92,000 

Government    -    90,500  90,500 

U.S. TOTAL  1,173,000  2,911,000  4,084,000 

Jobs supported in the states
The 10 manufacturing sectors identified in Table 2 

support thousands of jobs in every state and the District 

of Columbia. Jobs supported in each of the states were 

estimated using data and models developed in Scott 

(2008). Table 4A shows total jobs supported in each 

state, and as a share of total state employment in 2006. 

� ese industries have their biggest employment impact, 

as a share of employment, on states that produce large 

amounts of coal, petrochemicals, and industrial com-

modities. Wyoming leads the list, with 5.3% of state 

employment (14,700 jobs supported), followed by 

South Carolina (4.6%, 87,300 jobs), Louisiana (4.4%, 

82,400 jobs), West Virginia (4.4%, 33,300 jobs), 

Texas (4.2%, 425,000 jobs), Alabama (4.2%, 83,100 

jobs), Oklahoma (4.1%, 63,200 jobs), Tennessee (3.8%. 

105,900 jobs), Ohio (3.6%, 195,200 jobs), and Indi-

ana (3.5%, 103,300 jobs).� e same factors (concentra-

tion in energy production or petrochemicals or other 

industrial commodities shown in Table 2) also contrib-

uted to the large numbers of overall jobs supported in 

each of the states, as shown in Table 4B. Size of the 

overall economy and employment base also contrib-

uted to these rankings—the most jobs were supported 

in Texas (424,900 jobs) and California (404,800 jobs), 

the largest states overall, in terms of population and 

employment. Other large states where larger numbers 

of job are supported by these industries included Ohio 

(195,200 jobs), Florida (194,400 jobs), New York 

(185,000 jobs), Pennsylvania (181,800 jobs), Illinois 

(177,200 jobs), Georgia (127,100 jobs), North Carolina 

(122,300 jobs), and Michigan (119,600 jobs). 
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T A B L E  4 A

Jobs supported by energy intensive manufacturing industries*

ranked by share of state employment, 2006**

Rank

  Total 

  jobs

Share of state 

employment

1 Wyoming  14,700      5.3 %

2 South Carolina  87,300 4.6 

3 Louisiana  82,400 4.4 

4 West Virginia  33,300 4.4 

5 Texas  425,900 4.2 

6 Alabama  83,100 4.2 

7 Oklahoma  63,200 4.1 

8 Tennessee  105,900 3.8 

9 Ohio  195,200 3.6 

10 Indiana  103,300 3.5 

11 Wisconsin  98,800 3.4 

12 Delaware  14,800 3.4 

13 Maine  20,400 3.3 

14 Missouri  89,400 3.2 

15 Kentucky  58,700 3.2 

16 Washington  90,400 3.2 

17 Pennsylvania  181,800 3.2 

18 Arkansas  37,700 3.1 

19 Georgia  127,100 3.1 

20 Kansas  41,600 3.1 

21 Alaska  9,600 3.0 

22 North Carolina  122,300 3.0 

23 Illinois 177,200 3.0 

24 Colorado  67,900 3.0 

25 Rhode Island  14,300 2.9 

26 Oregon  48,700 2.9 

Rank

  Total 

  jobs

Share of state 

employment

27 Montana  12,400     2.9%

28 Arizona  73,800 2.8 

29 Michigan  119,600 2.8 

30 Utah  33,200 2.8 

31 Virginia  100,300 2.7 

32 Mississippi  30,700 2.7 

33 California  404,800 2.7 

34 New Mexico  22,000 2.6 

35 Connecticut  44,300 2.6 

36 Idaho  16,500 2.6 

37 Nebraska  24,200 2.6 

38 South Dakota  10,200 2.6 

39 New Hampshire  16,300 2.5 

40 North Dakota  8,900 2.5 

41 New Jersey  102,800 2.5 

42 Vermont  7,700 2.5 

43 Minnesota  67,500 2.4 

44 Iowa  36,600 2.4 

45 Florida  194,400 2.4 

46 Maryland  60,400 2.3 

47 Nevada  29,600 2.3 

48 Massachusetts  72,800 2.2 

49 New York  185,000 2.1 

50 Hawaii  9,800 1.6 

51 District of Columbia  5,500 0.8 

 Total U.S.  4,084,300 3.0 

*   State totals vary slightly from national results due to rounding errors.   

** Annual average of monthly employment, by state. 

SOURCE: Economic Policy Institute analysis of data from the Bureau of Economic Analysis, Department of Energy Bureau of Labor Statistics. 

 Direct and indirect jobs supported in each state are 

reported in Table 4C, which ranks states alphabetically. � e 

top fi ve in terms of direct jobs were Texas (130,400), Cali-

fornia (90,500), Ohio (74,800), Pennsylvania (57,200), 

and Illinois (45,300). � e rankings were slightly diff erent 

for indirect jobs supported, where the top fi ve were Cali-

fornia (314,300), Texas (295,500), Florida (159,100), 

New York (148,100), and Illinois (131,900).  

Jobs supported in energy-intensive, 
trade-sensitive subindustries
� e ACES (HR 2454) allocates allowances to a number 

of energy-intensive industries, including both electric 

utilities and a number of trade-sensitive manufacturing 

sectors. � e legislation directs the administrator of the 

Environmental Protection Agency (EPA) to allocate 

emissions allowances to six-digit NAICS industries based 
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T A B L E  4 B

Jobs supported by energy intensive manufacturing industries,*

ranked by total number of jobs

*   State totals vary slightly from national results due to rounding errors. 

SOURCE: Economic Policy Institute analysis of data from the Bureau of Economic Analysis and Department of Energy.

Rank   

1 Texas  425,900 

2 California  404,800 

3 Ohio  195,200 

4 Florida  194,400 

5 New York  185,000 

6 Pennsylvania  181,800 

7 Illinois  177,200 

8 Georgia  127,100 

9 North Carolina  122,300 

10 Michigan  119,600 

11 Tennessee  105,900 

12 Indiana  103,300 

13 New Jersey  102,800 

14 Virginia  100,300 

15 Wisconsin  98,800 

16 Washington  90,400 

17 Missouri  89,400 

18 South Carolina  87,300 

19 Alabama  83,100 

20 Louisiana  82,400 

21 Arizona  73,800 

22 Massachusetts  72,800 

23 Colorado  67,900 

24 Minnesota  67,500 

25 Oklahoma  63,200 

26 Maryland  60,400 

Rank

27 Kentucky  58,700 

28 Oregon  48,700 

29 Connecticut  44,300 

30 Kansas  41,600 

31 Arkansas  37,700 

32 Iowa  36,600 

33 West Virginia  33,300 

34 Utah  33,200 

35 Mississippi  30,700 

36 Nevada  29,600 

37 Nebraska  24,200 

38 New Mexico  22,000 

39 Maine  20,400 

40 Idaho  16,500 

41 New Hampshire  16,300 

42 Delaware  14,800 

43 Wyoming  14,700 

44 Rhode Island  14,300 

45 Montana  12,400 

46 South Dakota  10,200 

47 Hawaii  9,800 

48 Alaska  9,600 

49 North Dakota  8,900 

50 Vermont  7,700 

51 District of Columbia  5,500 

TOTAL U.S.  4,084,300 

on both energy or carbon intensity and trade intensity.8  

� us, it is important to examine the impacts of carbon 

intensity for detailed, NAICS six-digit industries to gain 

a deeper understanding of the types of industries that are 

likely to be most impacted by climate change policies.

 A group of six, energy-intensive manufacturing 

industries was selected for further analysis. � ere are 277 

six-digit industries identifi ed in publicly available, 2002 

benchmark input-output tables. � e industries chosen 

were selected based, in part, on industry feedback, and 

the list is not comprehensive.  

 � e primary criterion for inclusion in the top-10 list 

shown in Table 2 above was estimated carbon intensity, 

(column 2, tons of carbon per million dollars of output). 

Table 5 contains similar data for each of the detailed six-

digit NAICS industries included in this study. Each of these 

sub-sectors was more carbon intensive than at least three 

of the top-10 industries shown in Table 2. � e minimum 
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T A B L E  4 C

Jobs supported by energy intensive manufacturing industries*

  Direct   Indirect Total

Alabama  40,100  43,000  83,100 

Alaska  1,100  8,500  9,600 

Arizona  16,100  57,700  73,800 

Arkansas  11,600  26,100  37,700 

California  90,500  314,300  404,800 

Colorado  18,900  49,000  67,900 

Connecticut  9,700  34,600  44,300 

Delaware  6,700  8,100  14,800 

District of Columbia  200  5,300  5,500 

Florida  35,300  159,100  194,400 

Georgia  31,600  95,500  127,100 

Hawaii  800  9,000  9,800 

Idaho  2,800  13,700  16,500 

Illinois  45,300  131,900  177,200 

Indiana  42,800  60,500  103,300 

Iowa  8,000  28,600  36,600 

Kansas  10,600  31,000  41,600 

Kentucky  14,700  44,000  58,700 

Louisiana  33,800  48,600  82,400 

Maine  9,300  11,100  20,400 

Maryland  14,700  45,700  60,400 

Massachusetts  17,700  55,100  72,800 

Michigan  34,700  84,900  119,600 

Minnesota  15,300  52,200  67,500 

Mississippi  6,400  24,300  30,700 

Missouri  28,400  61,000  89,400 

  Direct   Indirect Total

Montana  3,400  9,000  12,400 

Nebraska  5,800  18,400  24,200 

Nevada  3,300  26,300  29,600 

New Hampshire  3,400  12,900  16,300 

New Jersey  21,800  81,000  102,800 

New Mexico  4,500  17,500  22,000 

New York  36,900  148,100  185,000 

North Carolina  41,300  81,000  122,300 

North Dakota  1,700  7,200  8,900 

Ohio  74,800  120,400  195,200 

Oklahoma  16,100  47,100  63,200 

Oregon  12,700  36,000  48,700 

Pennsylvania  57,200  124,600  181,800 

Rhode Island  4,800  9,500  14,300 

South Carolina  40,900  46,400  87,300 

South Dakota  2,700  7,500  10,200 

Tennessee  45,000  60,900  105,900 

Texas  130,400  295,500  425,900 

Utah  6,900  26,300  33,200 

Vermont  2,500  5,200  7,700 

Virginia  29,500  70,800  100,300 

Washington  29,200  61,200  90,400 

West Virginia  10,200  23,100  33,300 

Wisconsin  39,100  59,700  98,800 

Wyoming  2,300  12,400  14,700 

TOTAL U.S. 1,173,500  2,910,800 4,084,300 

*   State totals vary slightly from national results due to rounding. 

SOURCE: Economic Policy Institute analysis of data from the Bureau of Economic Analysis and Department of Energy.

carbon intensity of the six industries shown in Table 5 was 

0.6 tons per million dollars of output (for the tire indus-

try), ranging up to a high of 5.3 million tons per million 

dollars (in carbon black manufacturing). � e other carbon-

intensive sub-industries in Table 5 are iron and steel mills 

and ferroalloy manufacturing, petrochemical manufactur-

ing, steel product manufacturing from purchased steel, and 

synthetic rubber manufacturing.  

 The analysis for this section included indirect 

carbon inputs for several sectors, as noted in Table 5. � is 

includes, for example, the carbon released in basic steel 

manufacturing, which is allocated to steel product manu-

facturing from purchased steel in proportion to that 

sector’s use of basic steel. � is analysis assumes that all 

inputs originate from domestic sources. To the extent 

that inputs are imported from countries that do not 

implement GHG cap and trade systems, this may over-

state the cost of indirect carbon consumption.9 Sourcing 

of indirect inputs is an issue that may require attention 

from the EPA administrator. 
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T A B L E  5

Impacts of climate change policies on selected 6-digit energy-intensive 

manufacturing industries, 2002* 

*       Based on data from Bureau of Economic Analysis Benchmark 2002 input output data.      

**     Based on best available BLS employment data--exact match not available for some sectors,  as indicated in the notes.    

***    Includes employment in petrochemicals, industrial gases, synthetic dyes, and pigments, NAICS sectors  32511, 2, and 3.  Six-digit NAICS 

         employment data were unavalable from the BLS.          

****  Includes 6.2 million tons of direct carbon emmissions and 15.2 million tons of carbon indirectly emmitted in the production of purchased 

         iron and steel (NAICS 331110).        

+      Includes 3.4 millions tons of direct carbon emmissions and 1.5 million tons of carbon indirectly emmitted in the production  of purchased 

         petrochemical inputs (NAICS 325110). Employment includes employment in Resin, rubber, and arti� cial � bers (NAICS 3252). Six-digit NAICS 

         employment data were unavalable from the BLS.    

++    Includes 3.9 million tons of direct carbon emmissions and 4.5 milllion tons of carbon indirectly emmitted in the production of carbon black 

         (NAICS 325182), synthetic rubber (NAICS 325212), and purchased iron and steel products (NAICS331200).
 

SOURCE: U.S. Department of Energy, Energy Information Administration. 

Total 

carbon 

emissions

(millions 

of tons)

Tons of 

carbon per 

million 

dollars 

of output

Impacts of carbon fee of: Import 

share of 

domestic 

output 

(2006)

Total 

direct 

employ-

ment

(2006)**

$15 per ton $25 per ton

Rank Industry (NAICS #)

$ 

millions

% cost 

increase

$ 

millions

% cost 

increase

1 Carbon black manufacturing (325182)          5.5 5.3    $82 8.0%  $137 13.3% 17%  42,000 

2

Iron and steel mills and 

ferroalloy manufacturing (331110)     168.7 3.6  2,530 5.4   4,216 9.1 30  96,600 

3 Petrochemical manufacturing (325110)***       28.7 1.5  431 2.3  718 3.8 10  64,000 

4

Steel product manufacturing from 

purchased steel (331200)****        21.4 1.4  321 2.2  535 3.6 14  60,500 

5 Synthetic rubber manufacturing (325212)+          4.9 0.9    73 1.4  122 2.3 20  104,900 

6 Tire manufacturing (326210)++          8.4 0.6  126 0.9   211 1.5 38  59,800 

  subtotal     237.6  3,563.8  5,939.7  427,800 

Addendum

Total U.S. carbon emmissions in 2002+++ 5,820.6 Total U.S. employment:               130,341,000 

Share of total 4.1%    0.3%

 If carbon emission allowances trade for $15/ton, the 

production costs of the six industries shown in Table 5 

would increase by 0.6% to 8.0%. It should be stressed 

that this analysis is based on 2002 data and an incomplete 

assessment of indirect carbon consumption. Actual energy 

use and GHG intensity will depend on more current data 

and comprehensive energy and GHG analysis.  

 Each of the six sub-industries is heavily trade-impacted, 

with 2006 import penetration ratios ranging from 10% 

in petrochemicals to 38% in tires. Detailed employ-

ment data were unavailable for petrochemicals and for 

synthetic rubber, so slightly more aggregated employment 

data are shown for these sectors. Overall, approximately 

400,000 workers were directly employed in these industries 

in 2006.  

Conclusion
Manufacturing industries are economically desirable for 

a number of reasons. First, they have historically been 

the primary source of middle-class jobs with good wages 

and benefi ts, especially for workers without a college 

degree, who still make up 69% of the U.S. labor force 

(Mishel et al. 2009, 168). Manufacturing industries also 

support large numbers of secondary jobs in industries that 

provide key upstream and downstream inputs into their 

production. Furthermore, more than half of all U.S re-
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search and development is performed by the manufac-

turing sector, despite the fact that it is responsible for 

only 20% of GDP. Rebuilding the U.S. manufacturing 

sector will be an essential element in rebuilding an in-

novative, diversifi ed, and sustainable economy.  

 Without complementary policies, carbon-intensive, 

import-sensitive industries could see increased competi-

tion from less-regulated counterparts abroad. � is could 

come at a cost to domestic competitiveness as well as higher 

global GHG emissions, as production is shifted from 

relatively effi  cient domestic producers to carbon-intensive 

foreign sources. In addition, if the U.S. manufacturing 

base is allowed to decline, it will reduce the ability of the 

United States to innovate new green technologies that 

will reduce our compliance costs over the long run. � us, 

a comprehensive climate change policy should include 

border adjustment provisions to ensure that global 

emission reduction goals are met.
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Appendix: Estimating the 
number of jobs supported by 
production in carbon-intensive 
manufacturing industries
� e estimates developed in this report are based on U.S. 

input-output data for 2006. The model has three com-

ponents. � e fi rst step involved analysis of a U.S. nominal 

input-output “use” table for 2006. “� e ‘USE’ matrix 

contains the sales of commodities sold to intermediate 

consumers and fi nal demand. In addition, it contains 

the intermediate inputs and value-added factors of pro-

duction to industries. Each column sums to its respective 

industry output. Each row sums to its respective commodity 

output” (Chentrens 2007, 2). � e use matrix is a 202 x 

202 sector model of the domestic economy.  

 “� is matrix contains intermediate inter-industry 

inputs plus value added (row 202) for the year specifi ed 

in the matrix name. � is matrix also contains intermediate 

inter-industry sales plus fi nal demand (column 202) for 

the year specifi ed in the matrix name. Each column sums 

to its respective industry output. Each row sums to its 

respective commodity output (Chentrens 2007, 3).” � e 

201 rows and columns in the model correspond to a com-

prehensive list of industries that make up the domestic 

economy. � e fi rst 201 columns of the matrix sum to total 

intermediate demand for each commodity.

 In this analysis, the fi nal “aggregate” demand for each 

sector’s output was replaced with apparent consumption 

(consumption plus investment plus government spending 

plus imports less exports), to more closely approximate 

total domestic consumption of energy and other products 

in the economy.  

 � e vast majority (over 99%) of carbon is emitted 

in the United States during the combustion of just three 

fuels: petroleum, coal, and natural gas, as shown in 

Table A1. Use of each of these fuels was allocated to their 

fi nal uses in the “Use” matrix:  coal (BLS industry 8) 

directly to fi nal users (primarily electricity generation 

and steelmaking); natural gas distribution (in part sold 

directly from crude petroleum and natural gas (industry 

7) to electric power generation and distribution (industry 

12) and most sold through wholesale and retail natural 

gas distribution systems (industry 13); refi ned petroleum 

products are distributed by the petroleum and coal 

products manufacturing industries (industry 43). In addi-

tion, approximately 40% of all carbon from coal, oil, and 

natural gas is consumed in the generation of electricity 

(Table A2).10   

 For each of these fi nal energy supply sectors, total 

carbon emissions were allocated to intermediate demand 

plus apparent consumption on a proportional basis. For 

example, total expenditures on coal were $26.9 billion in 

2006 (all data in nominal terms); 2,139.8 million tons 

T A B L E  A 1

U.S. carbon dioxide emissions from energy and industry, 2006
(Million metric tons carbon dioxide)

SOURCE: U.S. Department of Energy, Energy Information Administration. 

Energy consumption Millions of tons Shares

   Petroleum 2,596.2 44%

   Coal 2,139.8 36

   Natural gas 1,158.9 20

  Energy subtotal 5,894.9 

Renewables, non-fuel use, other

  sources and adjustments, net        50.9 

    Total 5,945.8 
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T A B L E  A 2

U.S. energy-related carbon dioxide emissions by end-use sector, 2006
(Million metric tons carbon dioxide)

SOURCE: U.S. Department of Energy, Energy Information Administration. 

Millions of tons Shares

 Residential 1,197.9 20%

 Commercial 1,043.0 18

 Industrial 1,652.4 28

 Transportation 2,013.4 34

Total                 5,906.7

  Electricity generation 2,364.1 40%

of carbon was emitted from coal consumption, or $13 

million per ton of carbon emitted. � us carbon was 

allocated to each of the 201 industries that used coal 

according to this average ratio. Similar procedures were 

followed with natural gas, petroleum, and electricity.  

 � is analysis generated estimates of carbon emissions 

by fuel type for each of the 201 industries in the model. 

� ese results were used to identify the top 10 most carbon 

intensive manufacturing industries in the United States, 

shown in Table 2, above.  

 In the second phase of the analysis, direct and indirect 

employment eff ects were estimated at the national level. 

Direct employment in each sector in 2006 was obtained 

from the BLS employment projections macroeconomic 

data set. � e employment requirements table was used to 

estimate direct employment in each to the top 10 hardest-

hit manufacturing industries.  

 � e employment requirement tables “are derived 

from input-output data, and show in each column the 

employment generated directly and indirectly across all 

industries by a million dollars production of a given 

industry’s primary product. � e data can give an indica-

tion of the relative impact of diff erent industries’ primary 

production” (Bureau of Labor Statistics 2007).

 � e nominal domestic employment requirements table 

for 2006 reports only the domestic employment supported 

by the production of a million dollars worth of output in 

each sector. � is table was used to estimate indirect em-

ployment multipliers for this report. � e column vector 

for each industry was divided by the direct labor coeffi  cient 

for that sector to estimate the number of indirect jobs sup-

ported by each direct job in that industry. � is procedure 

was followed for each of the top 10 most carbon-intensive 

manufacturing industries. � ese coeffi  cients were used to 

estimate the total number of jobs indirectly supported by 

employment in each of the 10 hardest hit industries.� ese 

results are summarized in Tables 1 and 3, above.  

 � e fi nal step in the analysis involved estimating the 

distribution of jobs supported identifi ed in Tables 2 and 

3 on a state-by-state basis. � is analysis was prepared 

using employment-by-state-by-industry coeffi  cients pre-

pared for Scott (2008). � ese data were collected from 

the Census current population survey. Procedures used in 

the state-by-state analysis are described there. 

—The author thanks Kathryn Edwards for research 

assistance and Josh Bivens, John Irons, and Ethan Pollack 

for comments.
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Endnotes
Cap and trade systems establish limits on carbon emissions by 1. 
country and industry and require fi rms to obtain permits to emit 
carbon and other GHGs either from the government (an allo-
cation) or in the market. � ere are policies that allow fi rms to 
obtain emission credits from investments in other countries that 
reduce global carbon emissions (or increase natural removal of 
carbon from the atmosphere. In general, the intent of these 
policies is to establish a price on carbon emissions, to create 
incentives to reduce national and global carbon emissions, and 
to increase carbon absorption through natural means (such as 
increased forestation). Measures such as emission banking have 
also been introduced in some countries to manage the supply of 
permits in order to avoid large variations in carbon prices.  

Rego (2009) summarizes the essential elements of this measure: 2. 

“� e ‘cap’ in ‘cap and trade’ consists of a series of annually decreasing 
limits on overall U.S. greenhouse gas emissions, beginning in 2012 
and reaching a 17% reduction (compared to 2005 levels) by 2020 
and an 83% reduction by 2050. � e bill would initially apply to 
electric utilities, fuel refi neries, and certain industries (representing 
66% of total U.S. emissions), with additional industrial sources 
covered in 2014 and natural gas distributors added in 2016, 
ultimately bringing about 85% of U.S. greenhouse gas emissions 
within the cap and trade system.

U.S. EPA would distribute emission allowances (collectively 
equal to the annual overall emissions cap) among aff ected 
emitters, who must annually collect enough allowances or off -
set credits (described below) to equal their actual emissions. 
Initially, about 70% of available allowances would be allocated 
among aff ected industries for free, reducing compliance costs 
that would otherwise be passed on to consumers, and about 
30% would be auctioned to raise funds for assistance to low-
income energy consumers. Over time, the percentage of allow-
ances being auctioned would increase until reaching about 
70% for 2031 and the years after. 

� e House bill includes guidelines for allocating free allowances 
among the aff ected industries, with the lion’s share (43.75%) 
going to electric utilities. Interestingly, although the transporta-
tion sector accounts for approximately 30% of U.S. greenhouse 
gas emissions, petroleum refi ners—who are responsible under 
cap and trade for all emissions attributable to their products—
would receive only 2.25% of available allowances for free.

� e ‘trade’ in ‘cap and trade’ occurs when those with extra 
emission allowances or off set credits sell them via commodity-like 
“carbon markets” to those who need more. In theory, the oppor-
tunity to buy and sell credits minimizes the overall cost of com-
pliance, as those emitters that can reduce emissions more cheaply 
than the market price do so and sell the credits at a profi t to those 
emitters who cannot.”

Under the terms of the House climate change bill a number of 3. 
industries, defi ned at the NAICS six-digit level, would receive 
relief from the cost of carbon emission credits in the form of 
production credits (see below).  

Between 2005 and 2008 the average spot price of Oklahoma 4. 
crude oil (a benchmark indicator) increased 76% (Energy Infor-
mation Administration 2009b) and total domestic consumption 
of crude oil decreased 3.5% (Energy Information Administra-
tion 2009a). � is implies an overall price elasticity of petroleum 
demand between 0 and -0.1, which is highly inelastic. Note that 

more than half of (2.1 percentage points) of the decline in crude 
oil consumption occurred in the recession year of 2008, when 
declining income contributed to the fall in consumption. 

See Offi  ce of Atmospheric Programs, EPA (2009). � is study 5. 
assumes allowance prices of $13 - $17 per metric ton of carbon 
dioxide equivalent in 2015 (executive summary p. 2).  

� e EPA  model assumes that carbon allowance prices would 6. 
rise to $17-$22 per ton in 2020. Other analysts assume allowance 
prices in the range of $25 per ton (personal communication, 
Pew Foundation).  

� e North American Industrial Classifi cation System (NAICS) was 7. 
developed by the U.S. Department of Commerce and its counter-
parts in Canada and Mexico to describe economic activities. 

HR 2454, sec. 763.  8. 

If border adjustment fees are implemented, as discussed above, 9. 
they could raise the cost of imported, GHG-intensive intermediate 
products.

No carbon was allocated to primary production of crude oil and 10. 
natural gas (industry 7, direct consumption). Only consumption 
of coal, distributed natural gas, electricity, and refi ned petroleum 
products were allocated to this industry. � is clearly results in 
under estimates of carbon emissions from this sector since direct 
consumption of gas (e.g., through fl aring) and other petroleum 
products clearly generated substantial carbon emissions. However, 
this problem was not relevant to the present analysis, which 
focused on carbon use in manufacturing industries. Double 
counting and accurate allocation of carbon between crude, 
refi ned, and distributed products is a key subject for future 
research. It is most relevant to estimates of carbon emissions in 
the petroleum refi ning sector (manufacturing industry 43), where 
burning of crude products no doubt accounts for a signifi cant 
volume of carbon emissions. Nonetheless, this sector did appear 
in the list of the top 10 energy using industries, based solely on its 
consumption of the delivered, fi nal products listed above.  
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