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Date: July 3, 1997 

To: Judi Greenwald
White House Climate Change Task Force

From: Jeffrey Frankel, CEA 
Tom Rhoads, CEA

RE: CEA Comments on Climate Change Sectors Summary Paper

CEA has the following concerns and editorial comments for Jeffrey Hunker’s paper on the 
sectoral implications of climate change policy prepared for the Assistant Secretaries 
Group.

• Generally: Tables 1-6.
AE097 does not provide actual data for emissions and energy consumption for 1997. The 
figures reported in the current document as 1997 data are merely estimates based on 
projections in AE097 for emissions and energy consumption growth and should be 
reported as such.

• Page 1: Paragraph beginning “Total U.S. greenhouse gas emissions...”
The draft U.S. Climate Action Report (U.S. CAR) indicates that U.S. GHG emissions in 
1995 were 1,559 MMTCe with gross emissions of 1,676 MMTCe. The current document 
reports figures inconsistent with those from U.S. CAR (1,557 MMTCe and 1,674 
MMTCe, respectively). Consistent reporting of data across documents is required.

• Page2: Tablet.
The heading of the third column should read:
“Percentage of Total 4995 1997 Emissions”

• Page 4: Table 4.
The title of Table 4 should read as follows:
“Total 1997 and 2945 2010 Building Energy Consumption By End-Use (in Quads)”

• Page 4: Paragraph beginning “Currently, numerous opportunities exist...”
“By tightening the building shell...consumers can experience substantial monetary gains 
through greater savings as a result of lower in their monthly utility bills.”

• Page 5: Barriers to Adoption section
“Despite the proven cost effectiveness of these and other energy efficiency technologies, it 
is clear that they these technologies are not widely always adopted by consumers. This is 
perhaps due to a number of institutional, organizational, and other barriers. The existence 
or availability of a financially attractive technology sometimes does not by itself...”

• Page 7: Economic Modeling Results for the Industrial Sector section



The IPCC Working Group HI report details many mitigation cost studies that estimate 
economic losses due to reducing CO2 emissions. Admittedly, there is no consensus in the 
economic literature regarding the effects of reducing CO2 emissions. However, the real 
possibility that a mitigation strategy will cause economic losses is an issue that must be 
stressed in the current document. As it stands, the current document provides a 
significantly one-sided description of the possible positive effects of r^ucing CO2 

emissions. Including greater detail on the available literature that estimates economic 
losses fi-om reducing CO2 emissions will provide a more accurate picture of the current 
state of economic research.

• Page 8: Paragraph beginning “A second and central concern...”
“...producers might lose market share to competitors from non-Annex I countries (those 
countries not characterized bv industrialized economies') under a climate treaty that affects 
Annex I but not AnnexTI non-Annex I countries.”

• Page 19: Paragraph beginning “As state-by-state restructuring takes place...”
“Cost reduction will is expected to continue te-eccuf through R&D advances....”

• Page 20: Table 6.
The heading of the third column should read: 
“Percentage of Total 1995 1997 Emissions”



Date: July 3,1997

To; Alicia Munnell 
Jeff Frankel

From: Tom Rhoads

RE: CEA Comments on Climate Change Sectors Summary Paper

Jeffrey Hunker wrote a paper on the sectoral implications of climate change policy for the 
Assistant Secretaries Group. I have noted some concerns and various editorial comments.

I can write a memo in your names to the White House Climate Change Task Force that 
provides these comments and any others that you may have. Dirk Forrister has indicated 
that the deadline for comments is today.

• Generally: Tables 1-6.
AE097 does not provide actual data for emissions and energy consumption for 1997.
The figures reported in the current document as 1997 data are merely estimates based on 
projections in AE097 for emissions and energy consumption growth and should be 
reported as such.

• Page 1: Paragraph beginning “Total U.S. greenhouse gas emissions...”
The draft U.S. Climate Action Report (U.S. CAR) indicates that U.S. GHG emissions in 
1995 were 1,559 MMTCe with gross emissions of 1,676 MMTCe. The current document 
reports figures inconsistent with those from U.S. CAR (1,557 MMTCe and 1,674 
MMTCe, respectively). Consistent reporting of data across documents is required.

• Page 2: Table 1.
The heading of the third column should read:
“Percentage of Total 1997 Emissions”

• Page 4: Table 4.
The title of Table 4 should read as follows:
“Total 1997 and 20-15 2010 Building Energy Consumption By End-Use (in Quads)”

• Page 4: Paragraph beginning “Currently, numerous opportunities exist...”
“By tightening the building shell...consumers can experience substantial-monetaiy' gains 
through greater savings as-a result of lower in their monthly utility bills.”

• Page 5: Barriers to Adoption section
“Despite the proven cost effectiveness of these and other energy efficiency technologies, 
it is clear that they these technologies are not widely always adopted by consumers. This 
is perhaps due to a number of institutional, organizational, and other barriers. The



existence or availability of a financially attractive technology sometimes does not by 
itself...

• Page 7: Economic Modeling Results for the Industrial Sector section
The IPCC Working Group III report details many mitigation cost studies that estimate 
economic losses due to reducing CO2 emissions. Admittedly, there is no consensus in the 
economic literature regarding the effects of reducing CO2 emissions. However, the real 
possibility that a mitigation strategy will cause economic losses is an issue that must be 
stressed in the current document. As it stands, the current document provides a one-sided 
description of the possible positive effects of reducing CO2 emissions. Including greater 
detail on the available literature that estimates economic losses from reducing CO2 
emissions will provide a more accurate picture of the current state of economic research.

• Page 8: Paragraph begiiming “A second and central concern...”
“...producers might lose market share to competitors from non-Aimex I countries (those 
countries not characterized by industrialized economies) under a climate treaty that 
affects Annex I but not Annex II non-Annex I countries.”

• Page 19: Paragraph beginning “As state-by-state restructuring takes place...”
“Cost reduction will is expected to continue to occur through R&D advances....”

• Page 20: Table 6.
The heading of the third column should read: 
“Percentage of Total 1995 1997 Emissions”
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MEMORANDUM TO: ASSISTANT SECRETARIES GROUP

FROM:

SUBJECT;

Dirk Forrlsier, Chair
White House Climate Change Ta<Jc Force 

ATTACHED SECTORS SUMMARY PAPER

As you may recall, the Assistant Secretaries Group charged Jeffrey Hunker to write a paper on 
the sectoral implications of climate change policy. The attached paper is a much shorter version 
of the Sectors paper we received a month ago. My thanks to Jeff Hunker, Skip Laitner, and the 
many staff from all of the agencies who have worked on this paper over the past six weeks.

We would appreciate your review of the new draft. Please provide comments to Judi Greenwald 
of our Task Force by Thursday. July 3. Our fax number is 343-1163. Judi’s new e-mail addre.s.<;
Ls greenwaldj@bigcinema.com. My plan is to incorporate your comment and forward the paper 
to Katie McGinty and Dan TaruUo for their consideration the following week. This paper will be 
used as part of the discussions with individual industry and labor representatives on how we 
minimize the impacts and maximize the opportunities of climate change mitigation policies. Thus 
your immediate attention would be much appreciated.
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A Pre-Decisional Draft
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June 30, 1997
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Introduction

In a June 27, 1997 speech to a United Nations environmental conference, President Clinton 
acknowledged that concentrations of greenhouse gases in the atmosphere are at their highest levels in 
more than 200,000 years and climbing sharply.” If that trend docs not change, the President noted 
that the resulting climate changes would “disrupt agriculture, cause severe droughts and floods and 
the spread of infectious diseases.” In underscoring the fact that no nation can escape the danger of 
climate change, the President stated that: “We must create new technologies and develop new 
strategies like emissions trading that will both curtail pollution and support continued economic 
growth. We owe that in the developed world to ourselves, and equally to those in the developing 
nations. Many of the technologies that will help us to meet the new air quality standards in ArnertCii 
can also help address climate change. This is a challenge we must undertake Immediately."

Drawing on the guidance of the President’s statement to the United Nations, it is dear that any future 
climate change policies adopted by the United States should be anchored by a technology-ba.sed 
investment strategy. Such a strategy will focus on the diffusion of cost-cffcctive technologies that art: 
now available but underutilized, even as we continue efforts to develop jiew technologies. Yet, rhe 
sectors of the economy vary widely in how they produce goods and services. For that reason, the 
impact of future climate policies — as well as the technologies available to respond those policies — 
will also vary widely. This is true for both the sectors as a whole and for the individual firms within 
those sectors. For policy milkers and for business and labor leaders, it is important to understand 
these different impacts and opportunities.

Sources of U.S. Greenliouse Gas Emissions

Greenhouse gases include carbon dioxide (COj), methane (CH^), nitrous oxide (1^0), and ozone (Q). 
Chloiofluorocarbons (CFCs) and partially halogcnatcd fluorocarbons (HCFCs), a family of human- 
made compounds, their substitutes hydrofluorocarboas (HFCs), and other compounds such as 
perfluorinated carbons (PFCs), are also greenhouse gases. Of these gases, COj accounts for the 
largest share by far of all anthropogenic emissions and is primarily the result of fo.ssU fuel combustion 
for energy use. The greenhouse gas emissions are typically measured in “carbon equivalents,” 
according to their respective “global warming potential.”

Total U.S. greenhouse gas emissions in 1995 were 1,557 MMTCe (million metric tons of carbon 
equivalent), with gross emissions of 1,674 MMTCc offset by 117 MMTCe of carbon sequestered by 
the nation’s forests. Since 1990 energy-related carbon emissioas liave increased by about 10 percent 
to 1,467 MMT in 1997, They are expected to grow 1.2 percent annually, reaching 1,722 MMT by 
2010.

U.S. Carbon Emissions by Fuel

Petroleum products are the leading source of carbon emissions from energy use and nearly 80 percein 
of the petroleum emissions result from transportation. Coal is the second leading source of carbon 
emissions, with most of the projected future increa.se.s in emi.ssions from coal result from electricity 
generation.



JUN-30-97 MON 04:51 PM FAX NO. P. 06/20

Table 1. U.S. Carbon Emissions by Fuel Type

Petroleum

1997

613

Percentage of 
Total 1995 
Emissions

42%

2010

730

Percentage ol 
Total 2010 
Emissions

42%
Natural Gas 23% 24%
Coal

Other (includes 
metlianol and liquid 
hydrogen)

319 35%

0%

379

1

34%

0%

TOTAL 1467
iiource: tlA Annual Energy Ouilook 1997

100% 1722 100%

U.S. Carbon Emissions by End-Use Sector

End-use sectors include the following; residential and commercial (collectively called “buildings”), 
Industrial, and transportation. Emissions from each of these sectors are roughly equally distributed 
among the three; buildings (35%), industry (33%), and transportation (32%). Tliese shares are 
projected to remain fairly constant through the year 2010 and beyond. The most diverse of the end- 
use sectors is that of industry, which consists of farming, agricultural services, fisheries, forestry, 
mining, construction, and manufacturing.

Table 2. U.S. Energy-Related Carbon Emission.s by Msyor End-Use Sector

1997
Percentage of 

Total 1997 
Emissions

2010
Percentage of 

Total 2010 
Emissions

Buildings 512 35% 576 33%
Industry 471 33% 548 32%
Transportadon 485 32% 598 33%
TOTAL 1467 100% 1722 100%

Energy End-Use Sectors

The Buildings Sector

Residential and commercial end uses combined to consume 35 percent of the nation's total energy 
requirements In 1997. The major components of energy ase within the buildings sector are 
summarized in Table 3 on the following page.
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Table 3, 1997 Building Energy Consumption by Eud-Usc

End Use Percentage of Total

Space Heating 26%

Space Cooling 9.4%

Water Heating 10.8%

Refrigeration 4.9%

Lighting 14,9%

Cooking 2.6%

Other Appliances 31.5%

Total 100%
Source: EM Annual Energy Outlook 1997

Residential primary energy use per household has declined only two percent in the period 1979 to 
1995. According to the Energy Information Administration’s Annual Energy Outlook 1997 
(AE097), total energy consumption in the residential sector is projected to increa.se by 9 percent 
between 1997 and 2010. Most of the growth in this sector is expected occur in the “other uses” 
category, which Includes items such as electronic equipment and small appliances. Not surprisingly, 
therefore, most of the increase in energy demand during this period is attributed to greater use of 
electricity.

Measured in terms of energy use per square foot of building space, the commercial sector has 
witnessed improvements in energy efficiency on the order of 30 percent between 1979 and 1992. 
However, total energy consumption has been rising over the past two decades as a result of overall 
growth of the commercial sector. Future energy demand is also predicted to increase by 9 percent iti 
the period 1997-2010. As is the case with the residential sector, end-u.se products such as office 
equipment and consumer electronics account for the majority of net growth in energy demand through 
2010.

Table 4 summarizes the category of end-use energy in the combined buildings sector for the year.s 
1997 and 2015.
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Table 4. Total 1997 and 2015 Building Energy Consiimptioa By End-Use (in Quads)

Space Heating

19W

8.77

2010

8.85

Percent Change

0.9%
Space Cooling 3.17 3.09 -2.3%

Water Heating 3.63 3.69 1.5%

Refrigeration 1.67 1.42 -14.6%

Lighting 5.04 5.04 -0.2%

Cooking 0.87 0.89 2.3%

Other Uses/Appliances 10.62 13.84 30.3%

Total 33.77 36.81 9.0%
Source: El A Annual Energy Outlook 1997

Table 4 shows that most of the growth in building energy demand will occur in the “other uses” 
category, growing by 30 percent in the period 1997 through 2010. This category currently accounts 
for nearly 32 percent of total building energy use and is expected to increase to 38 percent in 2010 a;; 
small appliances and office equipment continue to penetrate the market. In the residential sector, ihu- 
category of end-uses includes personal computers, dishwashers, clothes washers, and dryers. For the 
conunercial sector this includes office equipment such as personal computers, monitors, fax madiine.>;, 
copiers, printers, scanners and multifunction devices. Additional products included in the “other” 
category include new telecommunications technologies, medical imaging equipment and vending 
machines.

Factors Shaping Industry Response

Currently, numerous opportunities exist to improve the level of energy efficiency within the buildings 
sector. By tightening the building shell and installing properly sized, energy efficient heating and 
cooling equipment, consumers can experience substantial monetary gains iJuough greater savings as .i 
result of lower monthly utility bills, In addition to saving money, consumers can benefit from 
improved overall comfort resulting from better indoor air quality, superior lighting, and reduced noise 
levels. However, the savings are often hard to verify, sometimes varying from building to building. 
Although consumers have clearly accepted improved insulation levels and some other energy savings 
features, it Is not clear whether br when the more complicated or advanced savings opportunities will 
acJiieve significant market penetration.

Technology Options

Cost effective technologies which are currently available m the buildings sectors include, but are not 
limited to, tlie following;

• Better insulation of building shells
• Better control systems for regulating the use of energy consuming equipment (time and 

temperature controls by zone, energy-use optimizers, energy management systems)
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• Hi|jh efficiency heat pumps
• Heat pump water heaters
• Decreased hot water requirements through better designed clothes washers and dishwashers
• Increased motor/compressor efficiencies for refrigerators
• High efficiency lighting - fluorescent fixtures, electronic ballasts, control systems
• Substitution of lower-carbon fuels (on a full fuel-cycle basis)
• Reduced air infiltration practices, including improved duct work
• Energy efficient windows
• Whole house design that allows for substantial equipment downsizing

Barriers to Adoption

Despite the proven cost effectiveness of these and other energy efficiency technologies, it is cleai that 
they are not widely adopted by consumers. This is due to a number of institutional, organizational, 
and other barriers. The existence or availability of a financially attractive technology does not by 
itself mean the technology will be purchased and used in sizable quantities. For high rates of inaikei 
penetration, a number of other key factors must be in place:

• Potential buyers of products need to know about tlic technology
• Potential buyers need clear, reliable infonnation on the performance and economic benefits of the 

technology
■ Potential buyers must be the ones to see the benefits of lower energy bills
• Service providers and users of the technologies must have experlise to appropriately design fui, 

install, and operate the technology
• Sources of capital must understand the low-risk nature of these investments

The Department of Energy (DOE), the Environmental Protection Agency (EPA), and members of tlic 
financial community are developing innovative financing methods for energy efficiency investments.
In addition, DOE operates a program of test procedures, energy conservation standards, and labeling 
for certain major energy using equipment In the residential and commercial sectors. Tliese include 
refrigerators, freezers, air conditioners, water heaters, furnaces, dishwashers, clothes washers, cloilu s 
dryers and kitchen ranges, ovens, commercial heating and air-amditioning equipment, certain 
incandescent and fluorescent lamps, distribution transformers, and electric motors. The Energy 
Policy Act of 1992 (EPACT) also established maximum water flow-rate requirements for certain 
plumbing products and provided for voluntary testing and consumer information programs for office 
equipment, luminaires, and windows. Our nation has made significant progress in overcoming these 
barriers, but more needs to be done to meet the challenge of climate change.

The Industrial Sector

The industrial sector consists of an extremely diverse set of business enterprises — both in terms of 
products and processes. It includes agriculture, mining, construction and manufacturing. Even 
within individual subsectors, a range of activities exist that have vastly different energy use patterns 
and carbon emission profiles. Agriculture includes, for e-xamplc, both ranching and farming. Mining 
includes the extraction of both energy and non-energy mineral resources. Construction ranges from 
the building of new homes, offices, Wghways, and power plants to the maintenance and repair of 
those same facilities. Finally, the manufacturing subsector incorporates a range of industries that 
produce beer, paper, and clothing on the one hand, and aluminum ingots, plastic re.sins, cars, and
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computers on the other. Energy requirements for each of these industries are as different as the 
products they produce.

Trends in the Industrial Sector

Broadly speaking, industrial activity will grow by about 2.35 percent annually in the period 1997 
through 2010. Yet, from the perspective of energy use and overall carbon emissions, there are 
significant differences within the many subsectors. For convenience, such activity can be categorized 
into those subsectors which arc energy-intensive and those which are not. Output in the energy- 
intensive industrie.s — including chemicals, petroleum refining, pulp and paper, glass, cement, iron 
and steel, and aluminum — will grow by 1.34 percent annually through 2010. The energy intensity 
of those subsectors will decline by only 0.53 percent. In contrast, output in the non-energy-intensivt' 
industries will increase by 2.65 percent annually while their energy intensity will decline 1.23 percent 
per year. Despite the more rapid decline in energy intensity, the more rapid growth in economic 
activity means that overall energy use ( and, hence, increases in carbon emissions) will increase more 
quickly in the non-energy-intensive industrial subsectors.

Table 5. 1997 Comparison of Energy Intensive and Noii-Iiitcnsive Industrial Subsectors

Output 
(Billions of 

1987 Dollars)
Annual Growth 

Rate

Energy Use 
(Trillion 

Btus)

Energy Intensity 
(1000 Btus per 

Dollar of 
Output)

Annual Change 
in Energy 
Intensity

Energy-
Intensive

920 1.34% 17,197 18.7 -0.53%

Other 2,847 2.65% 17,224 6.1 -1.23%
1 Total 3,767 2.35% 34.421 9.1 -1.22%
Source: ElA Annual Energy Outlook 997

Carbon emissions in the industrial sector are the result of two different types of processes. The fu st 
is the combustion of fossil-fuel resources while the second involves non-energy related production 
processes. The energy-related emissions, estimated to be about 471 MMT In 1997, account for about 
96 percent of total carbon emissions. This includes emissions from electricity generation which arc 
distributed across all the Industrial sectors. According to the AB097 forecast, this is expected to 
grow to 548 MMT by 2010, and 16 percent Increase over 1997 levels. Unfortunately, emissions data 
for individual industrial sectors are not currently reported in any published sources.

In addition to emissions resulting from the combustion of fos.siI fuels, the primary industrial process^: 
that generate carbon emissions include:

• the manufacture and consumption of limestone (e.g., in iron smelting, stcclmaking, glass 
manufacture, flue gas desulfurization)

• dolomite consumption
• soda ash manufacture and con,sumption (e.g., in glass manufacture, flue gas desulfurization, and 

chemicals production)
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• carbon dioxide manufacture
• aluminum production

One example of non-energy related process emission occurs in the production of cement. The 
calcination reaction which converts the limestone raw material into clinker generates direct emissions 
of approximately 11 MMT. This is based upon 1995 data, the latest available at this lime. Total 
non-energy related processes contributed a total of perhaps 21 million MMT of carbon emission.*; in 
1995.

Economic Modeling Results for the Industrial Sector

There are a variety of models and analyses which have been used to characterize the impacts of 
climate policies on the industrial sectors. A June 1997 study by a consortium of non-profit groups, 
for example, estimated that carbon emissions could be stabilized below 1990 levels with an overall nci 
benefit to the economy. The reason is that cost-effective energy efficiency improvements and 
productivity gains were shown to offset the increased energy prices stimulated by proposed climate 
policies (Energy Innovations, 1997). The Interagency Analytical Team (lAT) also used aggressive 
technology investment assumptions in an analysis with the Markal-Macro model to show that the cost 
of energy services could actually be about 3.0 percent lower for all sectors in the year 2010 and 
beyond — despite the higlier energy prices resulting from a cap in carbon emissions. This result 
contributed to a net positive (albeit small) GDP benefit showing up as early as the year 2000.

To analyze the impacts of climate policies on specific industries, however, the lAT employed the 
DRI/McGraw-HlIl Inter-Industry Model. The model calculates production, detailed inter-industrj' 
transactions and trade for 246 industries, using production and trade data from the DRl 
Macroeconomic Model and detailed projections of changes in efficiency and productivity over time.

Under the “central stabilization case,” which estimates the effects of stabilizing carbon emissions at 
1990 levels from the year 2010 tlirough 2020, direct emissions reductions in the industrial sector 
account for about 19 percent of total emission reductions (48 MMT) in 2010 and 21 percent (70 
MMT) in 2020. Reductions in overall energy demand as well as improvements in industrial energy 
efficiency account for tliese reductions. Also under the central stabilization case, energy intensity 
across all industries initially declines at a rate of 2.6 percent per year vs. 1.5 percent in the base case 
and later slows to about 1.5 percent per year versus 0,9 percent in the base case.

One major area of concern is the effect of carbon constraints on the energy-intensive industries whicli 
account for only one-fourth of total industrial output but one-half of total industrial energy use. These 
concerns reflect both domestic demand, and international competitiveness.

The impact of climate stabilization policies on the demand for energy-intensive industrial products 
may be very sensitive to how the policy is implemented.

• If emission permits are auctioned off and the revenues are used to reduce the budget deficit, the 
reduction in government borrowing will reduce real interest rates and, in turn, stimulate demand 
for consumer durables, new construction and business Investment. Higher construction, 
investment, and durables demand raises the demand for such energy-intensive goods as cement, 
aluminum, and steel. Pulp and paper products, energy-intensive chemicals and other energy 
intensive products more closely tied to non-durablc consumer good consumption - pulp and papei 
products, and some chemicals -- fair less well under tliis scenario.
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• In contmt, if mission permits are given to households (or the revenues from auctioned pemiirs 
are returned to them through income tax reductions), the main ^ect is to stimulate household 
consumption expenditures rather than business investment. In this case, higher non-durables 
consumption stimulates the demand for paper and paperboard from the pulp and paper industry.

A second and central concern is the following: as higher energy prices raise production costs, U.S. 
energy-intensive producers might lose market share to competitors from non-Annex I countries undcf 
a climate treaty tliat affects Annex I but not Annex II countries.

The results of the DRl model provides a midpoint in the ranges of other studies, which cither tend t(> 
predict that carbon stabilization policies would have only minimal impacts initially, and even a small 
positive in later years as energy-intensive industries begin to implement offsetting productivity 
investments, or which predict severe impacts that could perhaps drive large portions of these 
industries overseas, with little net effect on global emissions. The results from DRI analysis show 
that while a carbon stabilization policy would affect energy-intensive industries, the most dire 
predictions overstate the impacts of climate policies. For the policy cases, other than for oil and cos I, 
the impacts on output for energy intensive industries relative to the base case are less than 1.9 percent 
assuming no international emissions trading, and less than 1.2 percent witli international trading.

Geographic and regional shifts in global energy-intensive production are inevitable even without a 
climate policy. For instance, according to the DRI Baseline Forecast, the carbon and energy 
inteasive industries in the U.S. will experience declines in their share of both U.S. employment .'ind 
output. These industries are projected to employ only 2.9 percent of the U.S. workforce by 2010.
This figure decreases to 2.3 percent by 2020. Similarly, the energy intensive industries share of 
output drops from 9.1 percent of GDP or 27.9 percent manufacturing output in 2010 to 7.2 percent o) 
GDP or 23.3 percent of manufacturing output in 2020. Even in the baseline, emerging Aslan 
countries share of basic metals exports is expected to increase from 11 percent to 17 percent by tiie 
year 2010, and chemicals and plastics exports are forecast to increase from 13 percent to 19 percent.

The lAT's DRI analysis did account for changes in terms of trade for U.S. industries. Under tliis 
analy.sis, non-Aimex I producers (including China Mexico, Korea and Brazil), which currently 
account for about 40 percent of U.S. imports, would not be faced with energy price increases from a 
stabilization. If that were to occur, there would be an Increase In Imports from non-Annex-I couiurie; 
and decreases of U.S. exports to the world market. Yet, the relatively rigid representation of 
substitution possibilities in production that characterizes the DRI model may overstate the effect of 
energy price increases on production costs. In contrast to the DRI model, models that have a more 
detailed and flexible representation of production technologies (such as general equilibrium models) i» 
that represent technological shifts (i.e. from integrated steel mills to electrometallurgical mlnl-mills or 
from primary aluminum to secondary aluminum) would yield lower estimates of production cost 
increases. As the Markal-Macro results have shown, depending on the depth of technological 
substitution that is available to industries, the overall result may even .show a slightly positive GDP 
benefit over time.

Factors Shaping Industry Response

Within the manufacturing subsector, several industries are substantially more energy intensive than 
others. And among these energy-intensive industries, numerous differences exist in terms of the 
products each industry produces and the processes they employ.
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Aluminum

The aluinmum industry has three major segments - primary materials, semifabricatcd materials, and 
finished products. The U.S. aluminum industry is globally competitive in all parts of the industry aiul 
is a net exporter of semifabricatcd aluminum products. The last greenfield smelter in the U.S. was 
built in 1980 and there are currently no phms to build any new facilities.

Unlike other basic industries, the U.S. aluminum industry is highly dependent upon the cost of 
electricity, such that any future changes due to restructuring would have major impacts on the 
competitiveness of this industry. The primary aluminum industry in the U.S. purchases electricity at 
approximately half the price of ocher industries, in part because of hydropower (Pacific Northwest) 
and in part because of long-term negotiated rates. The future of U.S. primary aluminum will depend 
on differences (if any) in the price and availability of hydro- and coal-generated electricity. These 
differences will have substantial regional impacts. Almost all tlie smelters in the eastern part of the 
United States rely upon coal- based electricity, whcrca.s tlie smelters in the Northwest use hydro-based 
electricity. Should a policy be implemented based on carbon emissions, the eastern smelters in the 
United States would be impacted more than western smelters.

Technological change in the aluminum industry has been Incremental. Continuous process 
improvements have reduced energy consumption per ton by approximately 25 percenc between 1960 
and 1994 and retrofit technologies with significant improvemcnls in existing energy efficiency levels 
are expected to be in place by 2010. Increased use of recycled metal could also yield substantial 
energy savings. This depends on developing advanced scrap separation and smelting processes .'uid on 
overall advances in process design.

Petroleum Refining

Petroleum refineries distill crude oil, crack the resultant intermediate products into smaller molecules, 
and then purify and blend the various fuels to produce a number of useful products. Gasoline is the 
principle refinery product, accounting for over half of Industry sales. U.S. refining Industry is the 
largest in the world with capacity at about 15 million barrels per day (bpd). However, no new 
refineries have been built hi the U.S. for more than a decade and the number of refineries has 
decreased from about 285 in the late 1960s to about 175 currently.

In the petroleum refining sector, industry impacts will depend on sensitivities such as the extent to 
which prices of fuel used as an input are increased as opposed to policies that affect tlie overall 
demand for tlie refinery products produced. Other factors that will affect the petroleum refining 
iiKlustry include the price of marine bunker fuel which can account for 25 to 55 percent of 
transportation costs. The characteristics of individual refineries will also affect the response of the 
industry. The refineries most vulnerable are located in highly competitive regions, they are typically 
old, and they produce a standardized product subject to a high degree of competition. Many of the 
old refineries arc only marginally profitable under existing conditions. Less affected refineries will be 
those that have been renovated and modernized in tlie last five years, or produce specialized product;.

In the near to mid-term, process energy utilization can be reduced by 5-10 percent through utility 
system modifications, monitoring and maintaining cquipment/process energy efficiency through 
development and adoption of advanced scnsor/control technologies, and by minimizing and controllin;; 
heat exchanger fouling. In the mid to long-term, opportunities to Improve energy efficiency include 
areas such as fired heaters, distillation catalytic hydrocracking, refomiing and hydrotreating,



JUN-30-97 MON 04:54 PM FAX NO. F, 14/20

alkylation, and hydrogen production.

GIas.s

The manufacture of glass and glass products in the U.S. is a large, widely diversified, energy- 
intensive industry. The glass industry includes the following four segments: glass packaging, 
fiberglass, flat glass, and specialty glass. The diversified nature of the glass industry highlights the 
fact tliat competitive challenges faced by one sector will not always be applicable to the other sectors, 
and solutions must be tailor-made as well.

'rhe two most pressing challenges for the glass industry are competition from other materials such as 
plastic and aluminum, and competition from foreign glass manufacturers with lower labor and 
environmental compliance costs. To meet these challenges the industry will need to improve 
manufacturing processes, create additional markets and uses for glass products, and reduce energy 
and waste disposal costs. Reduction in energy consumption, as well as the increased use of recycled 
glass, both support reduction in greenhouse gases through reductions in fuel combustion.

Options to improve energy efficiency In the glass industry include technological advances that 
accomplish the following:

• enable the use of oxygen rather than air to fire glass furnaces,
■ Increase the use of waste gla.ss, or cullet, in glass manufacturing,
• lead to the new coatings and new structural components needed to enliance the peifonnance nf 

manufacturing equipment, and
• create new temperature sensors for furnaces to increase energy efficiency.

Steel

The U.S. steel industry is comprised of integrated producers, electric arc lUrnace (EAF) based mills, 
and specialty steel producers. Manufacturing processes for iron and steel production have changed 
considerably since the 1980s. The open hearth furnace, which was the workhorse of integrated mill; 
in the 1950s, is now obsolete. The basic oxygen furnace (EOF), however, held on to a relatively 
constant share of total production during the same period, although this share has begun to fall 
gradually since 1992 with the rise of steel mini-mills. These mlnl-mllls use electric arc furnaces 
which use 100 percent scrap metal and therefore require less energy per ton of steel produced. Mini- 
mills are highly dependent on tlie price and availability of electricity and scrap.

Over the next five years, stecliiiaking capacity in the U.S. is expected to increase significantly as 
many new EAF-based mills are scheduled to come on line. As the percentage of EAF-ba.sed steel 
production increases, the average energy intensity of steclmaking will decrease, with associated 
decreases In coal use and increases in electricity use (and corresponding changes in the amount and 
type of emissions). In addition, this increase in EAF capacity will likely affect steel imports and 
domestic scrap prices. Measures that increase coal prices would have a far more dramatic impact on 
integrated mills than on EAF facilities, while all of the Industry will be affected by increase.s or 
decreases in electricity price. Deregulation of the electric utility industry is expected to benefit ihc 
industry by lowering electricity prices.

After a historical record of lagging technologically, the U.S. steel industry has begun to exhibit hiLiU
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rate of technological change, including direct smelting processes tlmt replace the blast furnace and 
coke oven, and direct strip casting processes that replace the continuous caster and hot strip mill.

Chemicals

The chemical industry is more diverse than virtually any other U.S. industry. Chemicals are the 
keystone of U.S. manufacturing, essential to a wide range of industries, such as pharmaceuticals, 
automobiles, textiles, paper, electronics, agriculture, construction, furniture, paint, and appliances. 
The U.S. is the world’s largest producer of chemicals. More than 9000 corporations develop, 
manufacture, and market over 70,000 chemical products. Investments in plant and equipment have 
tripled since 1985 and R&D spending has more than doubled from $8.3 to S17.7 billion.

The chemical industry has reduced energy intensity over the last decade and has made strides in 
reducing the environmental impacts of chemicals production. However, to remain at the forefront of 
the global market and to maintain its competitive position, the industry will need to continue to take 
steps to strengthen market share, such as increased development of markets where the U.S. has a 
technological advantage. Improvements to energy, resource and process efficiency will also plaj' an 
important role in the future competitiveness of the industry. The U. S, chemical industry has an 
excellent opportunity to greatly reduce U.S. industrial greenhouse gas emissions tlirough advances in 
current and emerging separation technologies. Advances in separations technology and chemical 
processes are anticipated to strengthen tire U.S. chemical industry and ensure its competitive edge in 
the increasing globalization of markets. Tliey will allow the chemicals industry to balance and sustain 
society’s demands for higher environmental performance with hidustry’s demands for increased 
profitability and capital productivity.

Pulp and Paper

The U.S. has the world’s largest installed pulp, paper, and paperboard production capacity, some H6 
million air-dry metric tons (ADMT) per year in 1993, or about 30 percent of global capacity. 
Manufactured products from the paper and allied products industiy include newsprint, printing and 
writing paper, tissue, paper plates, card stock, corrugated cardboard, cartons, and construction-grade 
paperboard. The U.S. Is home to close to 550 pulp and paper mills louted in 42 states. Over tlie 
last twenty years or so, many of the.smaller, older mills have been closed down and replaced with 
larger integrated mills. The integrated mills produce both pulp and paper and/or paperboard, Tlie 
trend i.s toward larger size (over 2000 tons/day) plants witli tlie capability to consistently process high- 
quality products at higher speeds.

The U.S. pulp and paper is both capital and energy intensive. New capital expenditures in the last 
decade have averaged 10.4 percent of revenues, makhig paper and allied products the most capital 
intensive of the manufacturing industries. This factor could conceivably restrain the ability of tlie 
industry to install new technologies ~ especially technologies that will not significantly contribute to 
lowering production costs. However, because of the energy-intensive nature of the industry, rising 
fossil fuel costs would create additional incentives to increase reliance on self-generated energy and 
further increase the energy efficiency of pulp and paper production processes.

There are major opportunities for improving the efficiency of process energy use in the pulp and 
paper industry. An number of new energy-saving process technologies such as dige.sters and paper oi 
pulp dryers, are under development or recently commercialized and process heat integration analysis
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has been applied in several mills. Most process specific changes that bring energy efficiency 
improvements also bring productivity and other improvements, Advanced biomass-based 
cogeneration systems, which would provide major improvements in efficiency over existing systems, 
are currently undergoing rapid development.

Cement

The U.S. hydraulic cement industry consists of firms producing portland, masonry, prepared 
hydraulic, natural, lime, and oil well cements. Portland cement represents more than 95 percent of 
total hydraulic cement production; the remainder is mostly masonry cement. There are currently 47 
cement companies operating close to 118 plants and 207 kilns in the U.S, Total industry shipments in 
1995 were 75 million metric tons with total U.S. consumption of 86 million metric tons. There were 
approximately 11 million metric tons of finished cement Imports and half a million metric tons of 
exports the same year.

Compared to world standards, the U.S. cement industry is characterized as aging and relatively 
inefficient. Plants continue to be shut down and others may be slaied for closure due to technological 
or competitive obsolescence. Currently, there remains a need to replace and upgrade plants in order 
to Increase productivity in domestic plants. Most major producers, however, are not in a good 
financial position to invest in extensive and expensive additional capacity. No new greenfield plant.s 
have been built in the U.S. in ten years.

Currently, 65-70 percent of U.S. cement capacity is foreign-owned — including three of the top five 
firms. Approximately 90 percent of cement Imports are handled by domestic producers, who use 
imports to supplement domestic capacity, such that corporate profitability is not necessarily linked to 
tlie health of the domestic industry.

A number of opportunities exist to reduce emissions such as increasing tlie share of production u.sing 
dry process technology, increasing the use of efficiency enhancing machineiy such as particle 
cla.ssifiers which reduce grinding loads, increasing the use of mix-ins when making concrete, and fue l 
switching.

High-Growth Industries

Industries other than the energy-intensive subsectors discussed above also depend on energy and will 
likely be affected by climate change mitigation policy. Among the reasons for focusing attention on 
these sectors arc that;

• Some of these industries arc growing more rapidly than the energy-intensive industries. Most of 
the growth (64 percent) in industrial energy use from 1997-2010 will be by non-energy-intensi\ e 
industry subsectors (3.4 of 5.3 quads);

• Service Industries employ 77% of the U.S. workforce and account for 74% of GDP. The 
distinction between service and manufacturing industries is becoming increasingly blurred.

• Opportunities exist for new technologies in bigh-growtli sectors that have capital turnover rates 
that are higher than those of energy-intensive lndustrie.s. With high rates of capital turnover, tht' 
opportunities to accelerate the diffusion and acceptance of energy efficient tcclinologies are
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substantial, and can collectively lead to significant reductions in carbon emissions.

♦ Under a climate change mitigation policy, Industries involved in prodxicing energy-saving product' 
and providing energy services will benefit as demand increases for their products and services.

Non-Energy Minerals Industry

Tlie non-energy mining includes the extraction of industrial minerals such as crushed stone, sand and 
gravel as well as metallic ores including iron, and copper. In 1992 tlie non-energy minerals industr> 
had a production of $32 billion dollars. As in coal mining (discussed more ftilly below), employment 
has been steadily declining since the early 1980s. Projections indicate that by the year 2000 this 
sector will employ 25 percent fewer people than in 1980, dropping from 236,000 to 176,000 jobs.
As with other sectors, the minerals industry will be affected by rising prices resulting from efforts to 
stabilize carbon emissions. However, there are indications tliat the industry will be able to reduce 
overall energy consumption to at least partially offset increased energy prices. Among others, using 
high efficiency electric motors, mcorporating new process improvements, increasing maintenance of 
motor vehicles, system conveyor belts, drives, and compressed air systems can each provide savings 
of 10 to 15 percent, conservatively.

Construction

The construction industry is as varied as it is large. It includes firms with thousands of employees 
and firms with just one. In 1992 there were just under 2 million construction establishments 
employing over 4.6 million persons. Combined, the construction industry performed business totaling 
almost $582 billion in 1992. Although much of the construction industry rises and falls with 
fluctuations in the economy, the industry as a whole is likely to remain stable through the next 10 
years, both in terms of employment and value of business.

Much of the construction industry is labor intensive. Most construction work involves using small 
trucks to transport workers and materials, and hand and power tools, and physical labor to complete 
work. It is one of the least energy intensive Industries In the nation, Energy costs (including 
selected power, fuels, and lubricants) account for approximately 1.6 percent of each dollar of busine,';.'- 
done in the construction industry as a whole. Nevertheless, there are important opportunities to 
reduce energy costs within the industry. These opportunities range from using more efficient motor 
vehicles to incorporating the use new building materials (c.g., laminated beams, recycled products, 
engineered lumber products such as roof and floor trusses. Insulated wall panels, and modular 
components) that reduce both construction waste and costs.

Motor Vehicle and Related Industries

T])c motor vehicle industry is much more diverse than the mere manufacture of new cars and trucks. 
It also includes road construction and mamtenance, freight and passenger services, petroleum rcOning 
and wholesale distribution, and automotive sales and services. Total employment in these related 
industries approaches 7 million persons, providing about 7 percent of the nation’s jobs.

Focusing only on the automobiles industry, most analysts see little or no change in the sales of cars 
and trucks over the next few years. This means that competition will be fierce among the 26 firms
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that serve the mtyor developed markets worldwide, including the so-called Big Three automakers — 
Ford, Clirysler, and General Motors. Within a decade sonic analysts project that, either as a result or 
sharing manufacturing resources, or as a result of mergers and acquisitions, as few as 10 “mega- 
inanufacturing alliances” may serve all of the developed countries.

Continuing productivity gains among the U.S, automakers has strengliicned its overall economic 
position. The number of employees per hundred vehicles sold, for example, has fallen 2.9 percent 
per year in the decade ending 1994. At the same time, the industry should be fairly unaffected by 
greenhouse gas emissions policies. This is due to the fact that tlic assembly of motor vehicles 
requires only about 15 million Btu of energy per car. If carbon prices rose as high a.s $100 per ton, 
for example, this would add between 0.1 and 0.2 percent to the cost of manufacturing a new car. On 
the other hand, new car and truck sales might slip as the cost of driving increases as a result of 
climate policies. But new technologies cim be incorporated into the design and construction of both 
light and heavy duty vehicles to reduce the overall cost of driving despite the prospect of initially 
higher gasoline prices. Technology improvements include engine designs that reduce friction and 
increase combustion efficiency and body designs that decrease the aerodynamic drag on the vehicle. 
Meeting the PNGV goals of an 80 MPG car that costs no more than today’s vehicles (see the 
discussion on transportation below) will go a long way to minimize tlie impacts on both the auto 
industry and the many related industries.

Barriers to Adoption

From the above discussion, it is clear that numerous energy-saving technologies are available in tlie 
industrial sector — many of which offer additional benefits such as improved product quality.
Despite this, however, many of these industries have historically avoided investing in energy 
efficiency technologies. Several factors help to explain why this may be the case.

For most industries, energy expenditures represent a minor portion of their operating costs, avei agin.^ 
less than two percent of value of shipments for the manufacturing sector. Industries such as primary 
aluminum, hydraulic cement and industrial gases are notable exceptions, with energy accounting for 
more than 20 percent of value of shipments. However, for some of the fastest growing industries, 
such as electronics and computers, energy expenditures represent only 1.2 and 0.6 percent of 
shipments respectively. In most industries, larger costs, such as labor and raw materials, receive 
attention before energy. For example, employee compensation averaged 24 percent of shipments in 
1994.'

Opportunities for energy efficiency improvements must compete with other issues for finite resources 
within a company. While capital is the most often cited resource, suff time may be of equal or 
greater importance. Downsizing is common when industrial companies undergo restructuring, 
resulting In fewer total personnel available to address all issues. When a choice must be made 
between addressing a potential emissions-compliance, production-reliability or product-quality 
problem, and identifying and implementing energy efficiency projects, the former receives the 
attention since failure to do so may result in the plant being shut down. One manifestation of this 
staffing constraint is the reduction in the number of corporate energy managers^

1, "Coiwideraiions in the Eslimatien of Co.<its and Benefits of Industrial linergy Efficiency ProjecLs,” ACEEE/EPA

2. Ibid.

14
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Many businesses operate with a tight constraint on their capiiai budgeting. Hence, the allocation of 
capital remains a significant barrier to achieving greater levels of energy efficiency. Given a choice 
between expanding existing production capability and introducing new products, and reducing energ>- 
bills, the production-related projects will invariably win out. Hence, presenting projects based on lotnl 
benefits will likely be more effective than building a case on the energy savings alone.

ITie Transportation Sector 

Trends in the Transportation Sector

Over the last decade, new light vehicle fuel economy has remained relatively flat in the U.S. This is 
due to both an absence of increased fuel-efficiency standards and a lack of consumer demand for 
greater fuel efficiency. As fuel prices declined following the oil shocks on the 1970s, consumers 
began turning away from fuel economy and looked more toward amenities such as speed, 
acceleration, size, and greater utility when making their purchasing decisions. Corporate average fuel 
economy of the new light vehicle fleets (i.e., cars and li^t trucks such as minivans, sport utility 

vehicles, and pickup trucks) grew along with increasing CAFE standards throughout the late 1970s 
until the mid 1980s. Since 1982, however, the average horsepower rating of the combined new light 
vehicle fleet (cars plus light trucks) has increased by 60 percent while die average fuel economy of 
the same fleet has remained unchanged. Had new cars sold in 1996 retained the same average 
acceleration performance and weight as new cars sold in 1984, the technologies actually incorporated 
into the fleet during this period could have increased new car fuel economy by about five miles per 
gallon, or close to 20 percent.

In addition, the share of light trucks is increasing, having gone from under 25 percent of the market 
in 1982 to almost 45 percent today. Light trucks face lower CAFE standards than cars (almost 7 mpg 
lower). Moreover, since light trucks tend to last longer than cars, they are likely to be driven more 
miles over their lifetime tlian cars.

Contribution to Greenhouse Gas Emissions

Passenger cars and light-duty trucks contribute the majority of transportation emissions. Emissions 
from light-duty vehicles alone accounted for 20 percent of total U.S. greenhouse gas emissions in 
1990, and In the absence of new policy measures are expected to rise from about 250 MMTC in 1990 
to 350-400 MMTC in 2010. Energy use in trucks used for commercial transport is only about 40 
percent of energy used in passenger vehicles, but is growing significantly faster.

The major factors underlying the rapid increase in emissions from light-duty vehicles arc growth in 
VMT, stagnant new fleet fuel economy levels (miles per gallon, or mpg), and growth in the relative 
proportion of light trucks sold, which have lower (I.e., less stringent) CAFE standards than cars.

Actual growth in VMT since 1990 has averaged 2.4 percent per year. Growth in VMT is a function 
of a number of factors, including demographic cltanges (e.g., more women in the workforce; 
immigration), land use patterns, the cost of driving each mile (now at an all-time low on an inflation- 
adju-sted ha.sLs), among others.

Factors Shaping Industry Response
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With consumers continuing to exhibit preferences for performance, size, and utility rather than fuel 
economy, no significant increase in new fleet fuel economy is expected to occur absent a driving 
force such as policy changes or fuel price increases.

Technology Trends and Options

Three principal ways exist to reduce carbon emissions from light vehicles: (1) reduce vehicle miles 
traveled (VMT); (2) improve fuel economy; and (3) use fuels with lower life-cycle carbon emissions. 
Work developed for the "Car Talk" committee’ suggested estimiated reductions of 445 to 585 MMT 
would be possible in the period 2005 to 2025 from a combined package of land-use and transit 
policies as well as efforts to improve overall fuel economy and reduce the carbon content of 
transportation fuels.

Reducing VMT would involve a wide mix of policies. The goals would be to encourage land use 
away from auto dependency, and shift the relative (full) cost of driving versus odier transportation,^ 
coinmujilcation alternatives such as workplace parking subsidy reform, and shifting of state and local 
subsidies to cost-of-driving fees.

Improving fuel economy represents an important opportunity to reduce GHG emissions since only 
about 15 percent of the energy in gasoline is actually used to propel a typical vehicle. The 
Partnership for a New Generation of Vehicles (PNGV) builds on the prospect for an improved fuel 
economy. PNGV is a Federal-industry research partnership created in 1993 to encourage innovation 
in the US auto industry. The PNGV focuses on a research goal of tripling fuel economy of a typical 
1994 family sedan by 2003-2004, while meeting or exceeding federal safety and emissions 
requirements, and without sacrificing performance, size, utility, or affordability. Most current PNG\' 
work on this goal is focused on improving drive train efficiency, developing practical on-board 
energy storage systems, and reducing vehicle mass through the use of light weight materials. A pre- 
production prototype vehicle with a lOO percent improved fuel efficiency is expected in 2001; 
vehicles with 150-200 percent improved efficiency will be available in the 2005-2010 period.

Future technological Innovations would come from technologies such as multi-valve engines, liglUcr 
materials, and next-generation tires, which liave already been partially but not completely integrated 
into the new vehicle fleet. An additional component of the overall fuel economy improvement would 
be technologies such as direct injection engines and fully variable valve timing, still in the 
development stage.

Alternative fuels — such as biofuels ~ are another large opportunity for reducing transportation 
carbon emissions. Federal R(5:D has brought down the cost of biomass ethanol (from $3.60 per 
gallon In 1980 to $1.20 per gallon today). Further research has the goal further cost reductions to 
under $0.70 per gallon by 2005, competitive with oil at its current price. Estimated carbon savings 
from use of ethanol largely as a gasoline blend is 20 MMTC in 2010.

3. The "C.ir-Talk” committee is the Policy Dialogue Advisory Committee to Assist the President in the 
Development of Measures to Significantly Reduce Greenhouse Cas Emissions from Personal Motor Vehicles 
formed hi 1993 to see whether a consensus set of policies could be developed to return personal transport GlUi 
cmi3.stons to 1990 levels by 2003, 2015 and 2025. The committee failed to agree on such policies, but 
substantial aitalytic results were developed by a team of government analysts working witlr several expen 
committee members.
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Table 6. Carbon Emissions from Electridhr Generation
(MMi:)

source: EIA Annual Energy Outlook 19^7 “
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Natural Gas

Contribution to Greenhouse Gas Emissions
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Introduction

In a June 27, 1997 speech to a United Nations environmental conference, President Clinton 
acknowledged that “concentrations of greenhouse gases in the atmosphere are at their highest levels in 
more than 200,000 years and elimbing sharply." If that trend docs not change, the President noted 
that the resulting climate changes would “disrupt agriculture, cause severe droughts and floods and 
the spread of infectious diseases." In underscoring the fact that no nation can escape the danger of 
climate change, the President stated that: “We must create new technologies and develop new 
strategies like emissions trading that will both curtail pollution and support continued economic 
growth. We owe that in the developed world to ourselves, and equally to those in the developing 
nations. Many of the teclinologies that will help us to meet tlie new air quality standards in America 
can also help address climate change. This is a challenge we must undertake immediately."

Drawing on the guidance of the President’s sutement to the United Nations, it is clear that any future 
climate change policies adopted by the United States should be anchored by a technology-based 
investment strategy. Such a strategy will focus on the diffusion of cost-cffcctive technologies that arc 
now available but underutilized, even as we conthme efforts to develop new technologies. Yet, the 
sectors of the economy vary widely in how they produce goods and services. For that reason, the 
impact of future climate policies — as well as the technologies available to respond those policies — 
will also vary widely. This is true for both the sectors as a whole and for the individual firms within 
those sectors. For policy milkers and for business and labor leaders, it is important to understand 
these different impacts and opportunities.

Sources of U.S. Greenliouse Gas Emissions

Greenhouse gases include carbon dioxide (COj), methane (CH^), nitrous oxide (htO), and ozone (Q). 
Chlorofluorocarbons (CFCs) and partially halogenated fluorocarbons (HCFCs), a family of hunwu- 
made compounds, their substitute.s hydrofluorocarbons (HFCs), and other compounds such a.s 
pei-fluorinated carbons (PFCs), are also greenhouse gases. Of these gases, CO2 accounts for the 
largest share by far of all anthropogenic emissions and Is primarily the result of fossil fuel combu.stion 
for energy use. The greenhouse gas emissions are typically measured in “carbon equivalenLs,” 
according to their respective “global warming potential.”

Total U.S. greenhouse gas emissions in 1995 were 1,557 MMTCe (million metric tons of carbon 
equivalent), with gross emissions of 1,674 MMTCe offset by 117 MMTCe of carbon sequestered by 
the nation’s forests. Since 1990 energy-related carbon emissions luve increased by about 10 percent 
to 1,467 MMT in 1997, They are expected to grow 1.2 percent annually, reaching 1,722 MMT by 
2010.

U.S. Carbon Emissions by Fuel

Petroleum products are the leading source of carbon emissions from energy use and nearly 80 percent 
of the petroleum emissions result from transportation. Coal is the second leading source of carbon 
emissions, with most of the projected future increases in emissions from coal result from electricity 
generation.
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Table 1. U.S. Carbon Emissions by Fuel Type

Petroleum

Natural Gas

1997

613

Percentage of 
Total 1995 
Emissions

42%

23%

2010

730

412

Percentage of 
Total 2010 
Eiiiissioiis

42%

24%

Coal

Other (includes 
metlranoi and liquid 
hydrogen)

519 35%

0%

579 34%

0%

TOTAL 1467
ource: ElA Annual Energy Outlook 1997

100% 1722 100%

U.S. Carbon Emissions by End-Use Sector

End-use sectors include the following; residential and commercial (collectively called “buildings”), 
Industrial, and transportation. Emissions frojn each of these sectors are roughly equally distributed 
among the three: buildings (35%). industry (33%), and transportation (32%). These shares are 
projected to remain fairly constant through the year 2010 and beyond. The most diverse of the end- 
use sectors is that of industry, which consists of farming, agricultural services, fisheries, forestry, 
mining, construction, and manufacturing.

Table 2. U.S. Energy-Related Carbon Emissions by Major End-Use Sector

1997
Percentage of 

Total 1997 
Emissions

2010
Percentage of 

Total 2010 
Emissions

Buildings 512 35% 576 33%

Industry 471 33% 548 32%

Transportadon 485 32% 598 35%
1 TOTAL 1467 100% 1722 100%

Energy End-Use Sectors

The Buildings Sector

Residential and commercial end uses combined to consume 35 percent of the nation’s total energy 
requirements In 1997, The major components of energy ase within the buildings sector are 
summarized in Table 3 on the following page.
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Table 3. 1997 Building Energy Consumption by End-Use

End Use

Space Heating

Percentage of Total

26%
Space Cooling

Water Heating

9.4%

10.8%

Refrigeration

Lighting

Cooking

Other Appliances

4.9%

14,9%

2.6%

31.5%

Total
Source: ElA Annual Energy Outlook 1997

100%

Residential primary energy use per household has declined only two percent in the period 1979 t<3 
1995. According to the Energy Information Administration’s Annual Energy Outlook 1997 
(AE097), total energy consumption in the residential sector is projected to increa.se by 9 percent 
between 1997 and 2010. Most of the growth in tliis sector is expected occur in the “other uses” 
category, which includes items such as electronic equipment and small appliances. Not surprisingly, 
therefore, most of the increase in energy demand during this period is attributed to greater use of 
electricity.

Measured in terms of energy use per square foot of building space, the commercial sector has 
witnessed improvements in energy efficiency on the order of 30 percent between 1979 and 1992. 
However, total energy consumption has been rising over the past two decades as a result of overall 
growth of the commercial sector. Future energy demand is also predicted to increase by 9 percent in 
the period 1997-2010. As is the case with the residential sector, end-u.se products sucli as office 
equipment and consumer electronics account for the majority of net growth in energy demand throiigli 
2010.

Table 4 summarizes the category of end-use energy in the combined buildings sector for the years 
1997 and 2015.
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Table 4. Total 1997 and 2015 Building E^gy Consumption By End-Use (in Quads)

Space Heating

Space Cooling

1997

8.77

3.17

2010

8.85

3.09

Percent Change

0.9%

-2.3%

Water Heating

Refrigeration

Lighting

Cooking

3.63 3.69 1.5%
1.67 1.42 -14.6%
3.04 5.04 -0.2%

0.87 0.89 2.3%

Other Uses/Appliances

Total

10.62 13.84 30.3%

33.77 36.81 9.0%
Source: ElA Annual Energy Outlook 1997

Tabic 4 shows tliat most of the growth in building energy demand will occur in the “other uses" 
category, growing by 30 percent in the period 1997 through 2010. This category currently accounts 
for nearly 32 percent of total building energy use and is expected to increase to 38 percent in 2010 a;; 
small appliances and office equipment continue to penetrate the market. In the residential sector, ihh; 
category of end-uses includes personal computers, dishwashers, clothes washers, and dryers. For the. 
conunerclal sector this Includes office equipment such as personal computers, monitors, fax machine.';, 
copiers, printers, scanners and multifunction devices. Additional products included in the “other" 
category include new telecommunications technologies, medical imaging equipment and vending 
machines.

Factors Shaping Industry Response

Currently, numerous opportunities exist to improve the level of energy efficiency within the buildings 
sector. By tightening the building shell and installing properly sized, energy efficient heating atid 
cooling equipment, consumers can experience substantial monetary gains iluough greater saving.-; .-is a 
result of lower monthly utility bills. In addition to saving money, consumers can benefit from 
Improved overall comfort resulting from better indoor air quality, superior lighting, and reduced noise 
levels. However, the savings arc often hard to verify, sometimes varying from building to building. 
Although consumers have clearly accepted improved insulation levels and some other energy savings 
features, it Is not clear whether,or when the more complicated or advanced savings opportunities will 
achieve significant market penetration.

Technology Options

Cost effective technologies which are currently available in the buildings sectors include, but are not 
limited to, the following;

• Better insulation of building shells
• Better control systems for regulating the use of energy consuming equipment (time and 

temperature controls by zone, energy-use optimizers, energy management systems)
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• High efficiency heat pumps
• Heat pump water heaters
• Decreased hot water requirements through better designed clothes washers and dishwashers
• Increased motor/compressor efficiencies for refrigerators
• High efficiency lighting - fluorescent fixtures, electronic ballasts, control systems
• Substitution of lower-carbon fuels (on a full fuel-cycle basis)
• Reduced air infiltration practices, including improved duct work
• Energy efficient windows
• Whole house design that allows for substantial equipment downsizing

Barriers to Adoption

Despite the proven cost effectiveness of these and other energy efficiency technologies, it is clear that 
they are not widely adopted by consumers. This is due to a number of Institutional, organizational, 
and other barriers. The existence or availability of a financially attractive technology does not by 
itself mean the technology will be purchased and used in sizable quantities. For high rates of market 
penetration, a number of other key factors must be in place:

• Potential buyers of products need to know about the technology
• Potential buyers need clear, reliable information on the performance and economic benefits of the 

technology
■ Potential buyers must be the ones to see the benefits of lower energy bills
• Service providers and users of the technologies must have expertise to appropriately design for, 

install, and operate the technology
• Sources of capital must understand the low-risk nature of these investments

The Department of Energy (DOE), the Environmental Protection Agency (EPA), and members of tlio 
financial community are developing innovative financing methods for energy efficiency investments.
In addition, DOE operates a program of test procedures, energy conservation standards, and labeling 
for certain major energy using equipment in the residential and commercial sectors. Tliese include 
refrigerators, freezers, air conditioners, water heaters, furnaces, dishwashers, clothes washers, clothi'S 
dryers and kitchen ranges, ovens, commercial heating and air-conditioning equipment, certain 
incandescent and fluorescent lamps, distribution transformers, and electric motors. The Energy 
Policy Act of 1992 (EPACT) also established maximum water flow-rate requirements for certain 
plumbing products and provided for voluntary testing and consumer information programs for office 
equipment, luminaires, and windows. Our nation has made significant progress in overcoming these 
barriers, but more needs to be done to meet the challenge of climate change.

The Industrial Sector

The industrial sector consists of an extremely diverse set of business enterprises — both in terms of 
products and processes. It includes agriculture, mining, coastruction and manufacturing. Even 
within individual subsectors, a range of activities exist that have vastly different energy use patterns 
and carbon emission profiles. Agriculuirc includes, for e-^amplc, both ranching and farming. Miniiif 
includes the extraction of both energy and non-energy mineral resources. Construction ranges from 
the building of new homes, offices, highways, and power plants to the maintenance and repair of 
those same facilities. Finally, the manufacturing subsector incorporates a range of industries that 
produce beer, paper, and clothing on the one hand, and aluminum ingots, plastic re.sins, cars, and
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computers on the other. Energy requirements for each of these industries are as different as the 
products they produce,

Trends in the Industrial Sector

Broadly speaking, industrial activity will grow by about 2.35 percent annually in the period 1997 
through 2010. Yet, from che perspective of energy use and overall carbon emissions, there are 
significant differences within the many subsectors. For convenience, sucli activity can be categorized 
into those subsectors which arc energy-intensive and tliose which are not. Output in the energy- 
intensive industries — including chemicals, petroleum refining, pulp and paper, glass, cement, iron 
and steel, and aluminum — will grow by 1.34 percent annually through 2010. The energy intensity 
of those subsectors will decline by only 0.53 percent. In contrast, output in the non-energy-intensivf 
industries will increase by 2.65 percent annually while their energy intensity will decline 1.23 percent 
per year. Despite the more rapid decline in energy intensity, the more rapid growth in economic 
activity means that overall energy use ( and, hence, increases in carbon emissions) will increa.se mon' 
quickly in the non-energy-intensive industrial subsectors.

Table 5. 1997 Comparison of Energy Intensive and Non-Intensive Industrial Subsectors

Output 
(Billions of 

1987 Dollars)
Annual Growth 

Rate

Energy Use 
(Trillion 

Btus)

Energy Intensity 
(1000 Btus per 

Dollar of 
Output)

Annual Change 
in Energy 
Inlensit}-

Energy-
Intensive

920 1.34% 17,197 18.7 -0.53%

Oihcr 2,847 2.65% 17,224 6.1 -1.23%

Total 3,767 2.35% 34.421 9.1 -1.22%
Smtree; EIA Amuat Energy Outlook rppT—----------------------------------- -----

Carbon emissions in the industrial sector are the result of two different types of processes. The Hist 
is the combustion of fossil-fuel resources while the second involves non-energy related production 
processes. The energy-related emi.ssions, estimated to be about 471 MMT in 1997, account for about 
96 percent of total carbon emissions. This includes emissions from electricity generation which arc 
distributed across all the Industrial sectors. According to the AE097 forecast, this is expected to 
grow to 548 MMT by 2010, and 16 percent increase over 1997 levels. Unfortunately, emissions data 
for individual industrial sectors are not currently reported in any published sources.

In addition to emissions resulting from the combustion of fos.sil fuels, the primary industrial processc: 
that generate carbon emissions include;

• the manufacture and consumption of limestone (e.g., in iron smelting, stcclmaking, glass 
manufacture, flue gas desulftirization)

• dolomite consumption
• soda ash manufacture and consumption (e.g., in glass manufacture, flue gas desulfurization, and 

chemicals production)
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• carbon dioxide manufacture
• aluminum production

One example of non-energy related process emission occurs in the production of cement. The 
calcmation reaction which converts the limestone raw material into clinker generates direct emissions 
of approximately 11 MMT. This is based upon 1995 data, the latest available at this time. Total 
non-energy related processes contributed a toUl of perhaps 21 million MMT of carbon emissioas in 
1995.

Economic Modeling Results for the Industrial Sector

There are a variety of models and analyses which have been used to characterize the impacts of 
climate policies on the industrial sectors. A June 1997 study by a consortium of non-profit groups, 
for example, estimated that carbon emissions could be stabilized below 1990 levels with an overall nci 
benefit to the economy. The reason is that cost-effective energy efficiency Improvements and 
productivity gains were shown to offset the increased energy prices stimulated by proposed climate 
policies (Energy Innovations, 1997). The Interagency Analytical Team (lAT) also used aggressive 
technology investment assumptions in an analysis with the Markal-Macro model to show that the cost 
of energy services could actually be about 3.0 percent lower for all sectors in the year 2010 and 
beyond — despite the higlier energy prices resulting from a cap in carbon emissions. This result 
contributed to a net positive (albeit small) GDP benefit showing up as early as the year 2000.

To analyze the impacts of climate policies on specific industries, however, the lAT employed the 
DRI/McGraw-HUl Intcr-Industiy Model. The model calculates production, detailed inter-industry 
transactions and trade for 246 industries, using production and trade data from the DRl 
Macroeconomic Model and detailed projections of changes in efficiency and productiviiy over time.

Under the “central stabilization case,” which estimates the effects of stabilizing carbon emissions at 
1990 levels from the year 2010 through 2020, direct emissions reductions in the industrial sector 
account for about 19 percent of total emission reductions (48 MMT) in 2010 and 21 percent (70 
MMT) in 2020. Reductions in overall energy demand as well as improvements in industrial energy 
efficiency account for tliese reductions. Also under the central stabilization case, energy Intensity 
aerpss all industries initially declines at a rate of 2.6 percent per year vs. 1.5 percent in the base case 
and later slows to about 1.5 percent per year versus 0.9 percent in the base case.

One major area of concern is the effect of carbon constraints on the energy-intensive industries which 
account for only one-fourth of total industrial output but one-half of total industrial energy use. The.se 
concerns reflect both domestic demand, and international competitiveness.

The impact of climate stabilization policies on the demand for energy-intensive industrial products 
may be very sensitive to how the policy is implemented.

• If emission permits are auctioned off and the revenues are used to reduce the budget deficit, the 
reduaion in government borrowing will reduce real interest rates and, in turn, stimulate demand 
for consumer durables, new construction and business Invesment. Higher construction, 
investment, and durables demand raises the demand for such energy-intensive goods as cement, 
aluminum, and steel. Pulp and paper products, energy-intensive chemicals and other energy 
intensive products more closely tied to non-durablc consumer good consumption ~ pulp and paper 
products, and some chemicals -- fair less well under tliis scenario.
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• In contrast, if emission permits are given to households (or the revenues from auctioned pemuts 
are returned to them through income tax reductions), the main effect is to stimulate household 
consumption expenditures rather than business investment. In this case, higher non-durables 
consumption stimulates the demand for paper and paperboard from the pulp and paper industry.

A second and central concern is the following: as higher energy prices raise production costs, U.S. 
energy-intensive producers might lose market share to competitors from non-Aniiex I countries under 
a climate treaty tliat affects Annex I but not Annex II countries.

The results of the DRl model provides a midpoint in the ranges of other studies, which cither tend to 
predict that carbon stabilization policies would have only minimal impacts initially, and even a small 
positive in later years as energy-intensive industries begin to miplement offsetting productivity 
investments, or which predict severe impacts that could perhaps drive large portions of these 
industries overseas, with little net effect on global emissions. The results from DRI analysis show 
that while a carbon stabilization policy would affect energy-intensive industries, the most dire 
predictions overstate the unpacts of climate policies. For the policy cases, other than for oil and cojl, 
the impacts on output for energy intensive industries relative to the base case are less than 1.9 perccni 
assuming no international emissions trading, and less than 1.2 percent witli international trading.

Geographic and regional shifts in global energy-intensive production are inevitable even without a 
climate policy. For instance, according to the DRI Baseline Forecast, the carbon and energy 
intensive industries in the U.S. will experience declines in thcir share of both U.S. employment .and 
output. These industries are projected to employ only 2.9 percent of the U.S. workforce by 2010.
This figure decreases to 2.3 percent by 2020. Similarly, the energy intensive industries share of 
output drops from 9.1 percent of GDP or 27.9 percent manufacturing output in 2010 to 7.2 percent <-l 
GDP or 23.3 percent of manufacturing output in 2020. Even in the baseline, emerging Asian 
countries share of basic metals exports is expected to increase from 11 percent to 17 percent by the 
year 2010, and chemicals and plastics exports are forecast to increase from 13 percent to 19 percent.

The lAT’s DRI analysis did account for changes in terms of trade for U.S. industries. Under this 
analysis, non-Annex I producers (including China Mexico, Korea and Brazil), which currently 
account for about 40 percent of U.S. imports, would not be faced with energy price increases from a 
stabilization. If that were to occur, there would be an increase In Imports from non-Annex-I countrio,'; 
and decreases of U.S. exports to the world market. Yet, the relatively rigid representation of 
substitution possibilities in production that characterizes the DRI model may overstate the effect of 
energy price increases on production costs. In contrast to the DRI model, models that have a more 
detailed and flexible representation of production technologies (such as general equilibrium models) oi 
that represent technological shifts (i.e. from integrated steel mills to electrometallurgical mlnl-mills oi 
from primary aluminum to secondary aluminum) would yield lower estimates of production cost 
increases. As the Markal-Macrb results have shown, depending on the depth of technological 
substitution that is available to industries, the overall result may even show a slightly positive GDP 
benefit over time.

Factors Shaping'Industry Response

Within the manufacturing subsector, several industries arc substantially more energy intensive than 
others. And among these energy-intensive industries, numerous differences exist in terms of the 
products each industry produces and the processes they employ.
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Aluminum

The aluminum industry has three major segments - primary materials, semifabricated materials, and 
finished products. The U.S. aluminum industry is globally competitive in all parts of the industry and 
is a net exporter of semifabricated aluminum products. The last greenfield smelter in the U.S. was 
built in 1980 and there are currently no plans to build any new facilities.

Unlike other basic industries, the U.S. aluminum industry is highly dependent upon the cost of 
electricity, such that any future changes due to restructuring would have major impacts on the 
competitiveness of this industry. The primary aluminum industry in the U.S. purchases electricity at 
approximately half the price of other industries, in part because of hydropower (Pacific Northwest) 
and in part because of long-term negotiated rates. The future of U.S. primary aluminum will depend 
on differences (if any) in the price and availability of hydro- and coal-gcnerated electricity. These 
differences will have substantial regional Impacts. Almost all tite smelters in the eastern part of the 
United States rely upon coal- based electricity, whereas tlie smelters in the Northwest use hydro-based 
electricity. Should a policy be implemented based on carbon emissions, the eastern smelters in tlie 
United States would be impacted more than western smelters.

Technological change in the aluminum industry has been incremental. Continuous proce.ss 
improvements have reduced energy consumption per ton by approximately 25 percent between 1960 
and 1994 and retrofit technologies with significant improvcmcnis in existing energy efficiency levels 
are expected to be in place by 2010. Increased use of recycled metal could also yield substantial 
energy savings. This depends on developing advanced scrap separation and smelting processes .-md on 
overall advances in process design.

Petroleum Refining

Petroleum refineries distill crude oil, crack the resultant intermediate products into smaller molecules, 
and then purify and blend the various fuels to produce a number of useful products. Gasoline is the 
principle refinery product, accounting for over half of industry sales. U.S. refining industry is the 
largest in the world with capacity at about 15 million barrels per day (bpd). However, no new 
refineries have been built hi the U.S. for more than a decade and the number of refineries has 
decreased from about 285 in the late 1960s to about 175 currently.

In the petroleum refining sector, industry Impacts will depend on sensitivities such as the extent to 
which prices of fuel used as an input are increased as opposed to policies that affect tlic overall 
demand for the refinery products produced. Other factors that will affect the petroleum refining 
industry include the price of marine bunker fuel which can account for 25 to 55 percent of 
transportation costs. The charircteristics of individual refineries will also affect the response of the 
industry. The refineries most vulnerable are located in highly competitive regions, they are typically 
old, and they produce a standardized product subject to a high degree of competition. Many of the 
old refineries are only marginally profitable under existing conditions. Less affected refineries will be 
those that have been renovated and modernized m the last five years, or produce specialized product;.

In the near to mid-term, process energy utilization can be reduced by 5-10 percent through utility 
system modifications, monitoring and maintaining equipment/process energy efficiency through 
development and adoption of advanced scnsor/control technologies, and by minimizing and conlrollini: 
heat exchanger fouling. In the raid to long-term, opportunities to improve energy efficiency include 
areas such as fired heaters, distillation catalytic hydrocracking, reforming and hydrotreating,
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alkylation, and hydrogen production.

Glas.s

The manufacture of glass and glass products in the U.S. is a large, widely diversified, energy- 
intensive industry. The glass industry includes the following four segments: glass packaging, 
fiberglass, flat glass, and specialty glass. The diversified nature of the glass industry highlights the 
fact tliat competitive challenges faced by one sector will not always be applicable to the other sectors, 
and solutions must be tailor-made as well.

'The two most pressing challenges for the glass industry are competition from other materials such as 
plastic and aluminum, and competition from foreign glass manufacturers with lower labor and 
environmental compliance costs. To meet these challenges the industry will need to improve 
manufacturing processes, create additional markets and uses for glass products, and reduce energy 
and waste disposal costs. Reduction In energy consumption, as well as the increased use of recycled 
glass, both support reduction in greenhouse gases through reductions in fuel combustion.

Options to improve energy efficiency in the glass industry include technological advances that 
accomplish the following:

• enable the use of oxygen rather than air to fire glass furnaces,
■ increase the use of waste glass, or cullet, in glas.s manufacturing,
• lead to the new coatings and new structural components needed to enliance the peifonnance nf 

manufacturing equipment, and
• create new temperature sensors for ftimaces to increase energy efficiency.

Ste^

The U.S. steel industry is comprised of integrated producers, electric arc ftirnace (EAF) based mills, 
and specialty steel producers. Manufacturing processes for iron and steel production have changed 
considerably since the 1980s. The open hearth furnace, which was the workhorse of mtegrated milh. 
in the 1950s, is now obsolete. The basic oxygen furnace (EOF), however, held on to a relatively 
constant share of total production during the same period, although this share has begun to fall 
gradually since 1992 with the rise of steel mini-mills. These mlnl-mllls use electric arc furnaces 
which use 100 percent scrap metal and therefore require less energy per ton of steel produced. Mini- 
mills are highly dependent on the price and availability of electricity and scrap.

Over the next five years, stcelniaklng capacity in the U.S. is expected to increase significantly as 
many new EAF-based mills are scheduled to come on line. As the percentage of EAF-ba.sed steel 
production increases, the average energy intensity of steelmaking will decrease, with associated 
decreases In coal use and increases in electricity use (and corresponding changes in the amount and 
type of emissions). In addition, this increase in EAF capacity will likely affect steel imports and 
domestic scrap prices. Measures that increase coal prices would have a far more dramatic impact on 
integrated mills than on EAF facilities, while all of the industry will he affected by increase.s or 
decreases in electricity price. Deregulation of the electric utility industry is expected to benefit ihe 
industry by lowering electricity prices.

After a historical record of lagging technologically, the U.S. steel industry has begun to exhibit a hiirh
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rate of technological change, including direct smelting processes that replace the blast fiimace and 
coke oven, and direct strip casting processes that replace the continuous caster and hot strip mill.

Chemicals

The chemical industry is more diverse than virtually any other U.S. industry. Chemicals are the 
keystone of U.S. manufacturing, essential to a wide range of industries, such as pharmaceuticals, 
automobiles, textiles, paper, electronics, agriculture, construction, furniture, paint, and appliances. 
The U.S. is the world’s largest producer of chemicals. More than 9000 corporations develop, 
manufacture, and market over 70,000 chemical products. Investments in plant and equipment have 
tripled since 1985 and R&D spending has more than doubled from $8.3 to $17.7 billion.

The chemical industry has reduced energy intensity over the last decade and has made strides in 
reducing the environmental impacts of chemicals production. However, to remain at the forefront of 
the global market and to maintain its competitive position, the industry will need to continue to take 
steps to strengthen market share, such as increased development of markets where the U.S. has a 
technological advantage. Improvements to energy, resource and process efficiency will also play an 
important role in the future competitiveness of the industry. The U. S, chemical industry has an 
excellent opportunity to greatly reduce U.S. industrial greenhouse gas emissions tluough advances in 
current and emerging separation technologies. Advances in separations technology and chemical 
processes are anticipated to strengthen the U.S. chemical industry and ensure its competitive edge in 
the increasing globalization of markets. Tliey will allow the chemicals industry to balance and sustain 
society’s demands for higher environmental performance with industry’s demands for increased 
profitability and capital productivity.

Pulp and Paper

The U.S. has the world’s largest installed pulp, paper, and paperboard production capacity, some 86 
million air-dry metric tons (ADMT) per year in 1993, or about 30 percent of global capacity. 
Manufactured products from the paper and allied products industiy include newsprint, printing and 
writing paper, tissue, paper plates, card stock, corrugated cardboard, cartons, and construction-grade 
paperboard. The U.S. is home to close to 550 pulp and paper mills located in 42 states. Over the 
last twenty years or so, many of the smaller, older mills have been closed down and replaced with 
larger integrated mills. The integrated mills produce both pulp and paper and/or paperboard. Tlie 
trend is toward larger size (over 2000 tons/day) plants witJi tlic capability to consistently process high- 
quality products at higher speeds.

The U.S. pulp and paper is both capital and energy intensive. New capital e.xpenditures in the last 
decade have averaged 10.4 percent of revenues, making paper and allied products the most capital 
intensive of the manufacniring industries. This factor could conceivably restrain the ability of the 
industry to Install new technologies - especially technologies that will not significantly contribute to 
lowering production costs. However, because of the energy-intensive nature of the industry, rising 
fossil fuel costs would create additional incentives to increase reliance on self-generated energy and 
further increase the energy efficiency of pulp and paper production processes.

There are major opportunities for improving the efficiency of process energy use in the pulp and 
paper industry. An number of new energy-saving process technologies such as digesters and paper oi 
pulp dryers, are under development or recently commercialized and process heat integration analysis
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has been applied in several mills. Most process specific changes that bring energy efficiency 
improvements also bring productivity and other improvements, Advanced biomass-based 
cogeneration systems, which would provide major improvements in efficiency over existing systems, 
are currently undergoing rapid development.

Cement

The U.S. hydraulic cement industry consists of firms producing portland, masonry, prepared 
hydraulic, natural, lime, and oil well cements. Portland cement represents more than 95 percent of 
total hydraulic cement production; the remainder is mostly masonry cement. There are currently 47 
cement companies operating close to 118 plants and 207 kilns in tlie U.S. Total industry shipments in 
1995 were 75 million metric tons with total U.S. consumption of 86 million metric tons. There were 
approximately 11 million metric tons of finished cement Imports and half a million metric tons of 
exports the same year.

Compared to world standards, the U.S. cement industry is characterized as aging and relatively 
inefficient. Plants continue to be shut down and others may be slated for closure due to teclmological 
or competitive obsolescence. Currently, there remains a need to replace and upgrade plants in order 
to increase productivity in domestic plants. Most major producers, however, are not in a good 
financial position to invest in extensive and expensive additional capacity. No new greenfield plants 
have been built in the U.S. in ten years.

Currently, 65-70 percent of U.S. cement capacity is foreign-owned — including three of the top five 
firms. Approximately 90 percent of cement imports are handled by domestic producers, who use 
imports to supplement domestic capacity, such that corporate profitability is not necessarily linked to 
tlic health of the domestic industry.

A number of opportunities exist to reduce emissions such as increasing the share of production u.sing 
dry process technology, increasing the use of efficiency enhancing machinery such as particle 
classifiers which reduce grinding loads, increasing the use of mix-ins when making concrete, and fuel 
switching.

High-Growth Tndmtrles

Industries other than the energy-intensive subsectors discussed above also depend on energy and will 
likely be affected by climate change mitigation policy. Among the reasons for focusing attention on 
these sectors are that:

• Some of these industries arc growing more rapidly than the energy-intensive industries. Most of 
the growth (64 percent) in industrial energy use from 1997-2010 will be by non-energy-intensive 
industry subsectors (3.4 of 5.3 quads).

• Service Industries employ 11% of the U.S. workforce and account for 74% of GDP. The 
distinction between service and manufacturing industries is becoming increasingly blurred.

• Opportunities exist for new technologies in bigh-growtli sectors that have capital turnover rates 
that are higher than those of energy-intensive Industries. With high rates of capital turnover, the 
opportunities to accelerate the diffiiision and acceptance of energy efficient technologies are
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substantia!, and can collectively lead to significant reductions in carbon emissions.

• Under a climate change mitigation policy, industries involved in producing energy-saving protiucf 
and providing energy services will benefit as demand increases for their products and services.

Non-Energy Minerals Industry

Tlie non-energy mining includes the extraction of industrial minerals such as crushed stone, sand and 
gravel as well as metallic ores including iron, and copper. In 1992 tlie non-energy minerals industr> 
had a production of $32 billion dollars. As in coal mining (discussed more fiilly below), employment 
has been steadily declining since the early 1980s. Projections indicate that by the year 2000 this 
sector will employ 25 percent fewer people than in 1980, dropping from 236,000 lo 176,000 jobs.
As with other sectors, the minerals industry will be affected by rising prices resulting from efforts tc 
stabilize carbon emissions. However, there are indications tliat the industry will be able to reduce 
overall energy consumption to at least partially offset increased energy prices. Among others, using 
high efficiency electric motors, incorporating new process improvements, increasing maintenance of 
motor vehicles, system conveyor belts, drives, and compressed air systems can each provide savings 
of 10 to 15 percent, conservatively.

The construction industry is as varied as it is large. It includes firms with tliousands of employees 
and firms with just one. In 1992 there were just under 2 million construction establishments 
employing over 4.6 million persons. Combined, the construction industry performed business totaling 
almost $582 billion in 1992. Although much of the construction indu.stry rises and falls with 
fluctuations in the economy, the industry as a whole is likely to remain stable through the next 10 
years, both in terms of employment and value of business.

Much of the construction industry is labor intensive. Most construction work involves using small 
trucks to transport workers and materials, and hand and power tools, and physical labor to complete 
work. It is one of the least energy intensive industries in the nation. Energy costs (including 
selected power, fuels, and lubricants) account for approximately 1.6 percent of each dollar of business 
done in the construction Industry as a whole. Nevertheless, there are important opportunities to 
reduce energy costs within the industry. These opportunities range from using more efficient motor 
vehicles to incorporating the use new building materials (c.g., laminated beams, recycled products, 
engineered lumber products such as roof and floor trusses, insulated wall panels, and modular 
components) that reduce both constniction waste and costs.

Mptor Vehicle and Related Industries

Tlie motor vehicle industry is much more diverse than the mere manufacliire of new cars and trucks. 
It also includes road construction and maintenance, freight and passenger services, petroleum rcfiniiig 
and wholesale distribution, and automotive sales and services. Total employment in these related 
industries approaches 7 million persons, providing about 7 percent of the nation’s jobs.

Focusing only on the automobiles industry, most analysts see little or no change in the sales of cars 
and truclts over the next few years. This means tliat competition will be fierce among the 26 firms
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that serve the m^of developed markets worldwide, Including the so-called Big Three automakers — 
Ford, Clirysler, and General Motors. Within a decade some analysts project that, either as a result of 
sharing manufacturing resources, or as a result of mergers and acquisitions, as few as 10 "mega- 
manufacturing alliances” may serve all of the developed countries.

Continuing productivity gains among the U.S. automakers lias strengliicncd its overall economic 
position. The number of employees per hundred vehicles sold, for example, has fallen 2.9 percent 
per year in the decade ending 1994. At the same time, the industry should be fairly unaffected by 
greenhouse gas emissions policies. This is due to the fact that tlic assembly of motor vehicles 
requires only about 15 million Btu of energy per car. If carbon prices rose as high as $100 per ton, 
for example, this would add between 0.1 and 0.2 percent to the cost of manufacturing a new car. On 
the other hand, new car and truck sales might slip as the cost of driving increases as a result of 
climate policies. But new technologies c«m be incorporated into the design and construction of both 
light and heavy duty vehicles to reduce the overall cost of driving despite the prospect of initially 
higher gasoline prices. Technology improvements include engine designs that reduce friction and 
increase combustion efficiency and body designs that decrease the aerodynamic drag on the vehicle. 
Meeting the PNGV goals of an 80 MPG car that costs no more than today’s vehicles (see the 
discussion on transportation below) will go a long way to minimize the impacts on both the auto 
industry and the many related industries.

Barriers to Adoption

From the above discussion, it is clear that numerous energy-saving technologies are available in the 
industrial sector — many of which offer additional benefits sucli as improved product quality.
Despite this, however, many of these industries have historically avoided investing in energy 
efficiency technologies. Several factors help to explain why this may be die case.

For most industries, energy expenditures represent a minor portion of their operating costs, avei agin^: 
less than two percent of value of shipments for the manufacturing sector. Industries such as primary 
aluminum, hydraulic cement and industrial gases are notable exceptions, with energy accounting for 
more than 20 percent of value of shipments. However, for some of the fastest growing industries, 
such as electronics and computers, energy expenditures represent only 1.2 and 0.6 percent of 
shipments respectively. In most industries, larger costs, such as labor and raw materials, receive 
attention before energy. For example, employee compensation averaged 24 percent of shipments in 
1994.'

Opportunities for energy efficiency improvements must compete with other issues for finite resource;; 
within a company. While capital Is the most often cited resource, staff time may be of equal or 
greater importance. Downsizing is common when industrial companies undergo restructuring, 
resulting in fewer total personnel available to address all issues. When a choice must be made 
between addressing a potential emissions-compliance, production-reliability or product-quality 
problem, and identifying and implementing energy efficiency projects, tlie former receives the 
attention since failure to do so may result in the plant being shut down. One manifestation of this 
staffing constraint is the reduction in the number of corporate energy managers^

1. "CoiMideraiions in the Estimalien of Co.its and Benefits of Industrial Unergy Effieiency Projecu," ACEEE/EPA

2. Ibid.

14
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Many businesses operate with a tight constraint on their capital budgeting. Hence, the allocation of 
capital remains a significant barrier to achieving greater levels of energy efficiency. Given a choice 
between expanding existing production capability and introducing new products, and reducing energy 
bills, the production-related projects will invariably win out. Hence, presenting projects based on iot:il 
benefits will likely be more effective than building a case on the energy savings alone.

The Transportation Sector 

Trends in the Transportation Sector

Over the last decade, new light vehicle fuel economy has remained relatively flat in the U.S. This is 
due to both an absence of increased fuel-efficiency standards and a lack of consumer demand for 
greater fuel efficiency. As fuel prices declined following the oil shocks on the 1970s, consumers 
began turning away from fuel economy and looked more toward amenities such as speed, 
acceleration, size, and greater utility when making their purchasing decisions. Corporate average fud 
economy of the new light vehicle fleets (i.e., cars and li^t trucks such as minivans, sport utility 
vehicles, and pickup trucks) grew along with increasing CAFE standards throughout the late 1970s 
until the mid 1980s. Since 1982, however, the average horsepower rating of the combined new ligln 
vehicle fleet (cars plus light trucks) has increased by 60 percent while the average fuel economy of 
the same fleet has remained unchanged. Had new cars sold in 1996 retained the same average 
acceleration performance and weight as new cars sold in 1984, the technologies actually incorporated 
into the fleet during this period could have increased new car fuel economy by about five miles per 
gallon, or close to 20 percent.

In addition, the share of light trucks is Increasing, having gone from under 25 percent of the market 
in 1982 to almost 45 percent today. Light trucks face lower CAFE standards than cars (almost 7 mpg 
lower), Moreover, since light trucks tend to last longer than cars, they arc likely to be driven more 
miles over their lifetime than cars.

Contribution to Greenhouse Gas Emissions

Passenger cars and light-duty trucks contribute the majority of transportation emissions. Emissions 
from light-duty vehicles alone accounted for 20 percent of total U.S. greenhouse gas emissions in 
1990, and In the absence of new policy measures are expected to rise from about 250 MMTC in 1990 
to 350-400 MMTC in 2010. Energy use in trucks used for commercial transport is only about 40 
percent of energy used in passenger vehicle.'!, but is growing significantly faster.

The major factors underlying the rapid increase in emissions from light-duty vehicles arc growth in 
VMT, stagnant new fleet fuel economy levels (miles per gallon, or mpg), and growth in the relative 
proportion of light trucks sold, which have lower (i.e., less stringent) CAFE standards than cars.

Actual growth in VMT since 1990 has averaged 2.4 percent per year. Growth in VMT is a function 
of a number of factors, including demographic clianges (e.g., more women in the workforce; 
immigration), land use patterns, the cost of driving each inile (now at an all-time low on an inflation- 
adju-sted ha.sis), among others.

Factors Shaping Industry Response
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With consumers continuing to exhibit preferences for performance, size, and utility rather than fuel 
economy, no significant increase in new fleet fuel economy is expected to occur absent a driving 
force such as policy changes or fuel price increases.

Technology Trends and Options

Three principal ways exist to reduce carbon emissions from light vehicles: (1) reduce vehicle miles 
traveled (VMT); (2) improve fuel economy; and (3) use fuels with lower life-cycle carbon emissions. 
Work developed for the "Car Talk" committee^ suggested estim.'Ued reductions of 445 to 585 MMT 
would be possible in the period 2005 to 2025 from a combined package of land-use and transit 
policies as well as efforts to improve overall fuel economy and reduce the carbon content of 
transportation fuels.

Reducing VMT would involve a wide mix of policies. The goals would be to encourage land use 
away from auto dependency, and shift the relative (full) cost of driving versus otlier transportation,^ 
communication alterniitives such as workplace parking subsidy reform, and shifting of state and local 
subsidies to cost-of-driving fees.

Improving fuel economy represents an important opportunity to reduce GHG emissions since only 
about 15 percent of the energy in gasoline is actually used to propel a typical vehicle. The 
Partnership for a New Generation of Vehicles (PNGV) builds on the prospect for an improved fuel 
economy. PNGV is a Federal-industry research partnership created in 1993 to encourage innovation 
in the US auto industry. The PNGV focuses on a research goal of tripling fuel economy of a typical 
1994 family sedan by 2003-2004, while meeting or exceeding federal safety and emissions 
requirements, and without sacrificing performance, size, utility, or affordability. Mo.st current PNG\' 
work on this goal is focused on improving drive train efficiency, developing practical on-board 
energy storage systems, and reducing vehicle mass through the use of light weight materials. A pre- 
production prototype vehicle with a 100 percent unproved fuel efficiency is expected in 2001; 
vehicles with 150-200 percent improved efficiency will be available in the 2005-2010 period.

Future technological innovations would come from technologies such as multi-valve engines, lighter 
materials, and next-generation tires, which have already been partially but not completely integrated 
into the new vehicle fleet. An additional component of the overall fuel economy improvement would 
be technologies such as direct injection engines and fully variable valve liming, still in the 
development stage.

Alternative fuels — such as biofuels — are another large opporcunity for reducing transportation 
carbon emissions. Federal R&D has brought down the cost of biomass ethanol (from $3.60 per 
gallon In 1980 to $1.20 per gallon today). Further research has the goal further cost reductions to 
under $0,70 per gallon by 2005, competitive with oil at its current price. Estimated carbon savings 
from use of ethanol largely as a gasoline blend is 20 MMTC in 2010.

3. The "Car-Talk" commitiee is the Policy Dialogue Advisory Committee to Assist the President in the 
Development of Measures to Significantly Reduce Greenhouse Cas Emissions from Personal Motor Vehicles 
formed hi 1993 lo see whether a con.scnsus sci of policies could be developed to return personal transport GIIC 
cmis-sions to 1990 levels by 2005, 2015 and 2025. The committee faded lo agree on such policies, but 
substantial analytic results were developed by a team of government analysts working witli several expen 
committee members.



JUN-30-97 MON 04:59 PH FAX NO. P. 02

Agriculture

Basic farm

Processing and distribution is the largest component and is relativdy
more labor intensive.

Contribution to Greenhouse Gas Emissions

« Of .o.a, „a.lo™l grco^ooac gas coiaa.oi,

E=SH5~~“--s==
“rton ia a poteMially Iraponao. aouace of

=;sr.ssr.ri~r«f;E£SS^
ssfrsri-s."irss:'sr.:5s^£i-“
Factors Shaping Industry Response 

IS less energy intensive than overall manufacturing®

SisTeflLfs°lhe bfcrw9ing“!?han!e oITc^ectriS^or o3 accounting for 6 cents,

cooflocd „v=a« prodacioo. Agr,cul,„al chleala '^nboT^

17



JUN-30-97 MON 04:59 PH FAX NO. F. 03

irnenslve'chemicals^and i”favaiMfbility1s^key energy
Increase, would directly Increase boto agricultural nfnd.w Productivity. Energy cost
manufacturing costs. «igr,cultural production costs and agricultural chemical

Technology Trends and Options

elp
farmers betler^mmg^Srogen usf °“‘reach to hel

ruminant feed efficiency as opportunities mseouester carho '^^creased
greenhouse gases. reduce emissions of agricultural

OppommH« for forttar soqoosrtring carbon In agricullure would Include rhe foUuwIne:

* ~'^^^rsion of marginal cmnland and paefnrA tea forest- Fnrfcr
^rcent of total annual U.S. greenhouse gas emis-sionTnn offsets about S
studies have outlined the costs and economic benefits to IJ A number oi
to mitigate U.S. greenhouse gas emissions by paving resulting from strategiesforest. Pulling the necessary quantities of iSd^ow f/oroduct ^ 
prices and would Increase the cos. of biddiJig land oul of^So^T”'''"’

■ SS£S=SsSS£Es?„
increasing the amount of carbon tliat is recycled in ih,. ouers a means ot(1996) has estimated that for the world’s the production and use of energy. The IPCC

btrcjjpf
bus. n.l,lpa.ion oppneniUcs are In ar J^b Sn'^^

^anasen^n. pracdccs for dro teedin. of livestock a«l d„ i,andl,„g‘of llvSw^asrftiariicularly

Energy Supply Sectors
Electric Power Generation

"““'y Ov=' <he las.

WiU. several hundred billion dollars worth of cochins, capital Invos^ren.., electric power penera.ion



JUN-30-97 MON 04:59 PM FAX NO. P. 04

w “Stto fteTds. oTZht «f'

required t.pu„ access to iransraission for the mwoK rcslruclurmg. In 1995, PERC
f ™-ing reward e.ec,Lr”^S7rZ3'^^^^^^^

'rhe character of (his

energy is a 'Mbon-ftM™urM or^rtcii^SStV^^^
nucVea;powrr7tamsta!?to7^er“h“1'SS^^^

begin retiring in 2010 with most capacity retired bv 2030 ^FnJn fl.!?
percent of U.S. electricity in 1970, but that share has falLm a^ r generated over .so
share has risen from virtually nil t; abou^ 22% f P'^wer’.
percent over the negt twent/years as rhe'Sg^tX'Srl,,”^^^^^

S - r^a"e!y"^^ed1„X^3?t^^rd”^ — -
next twenty years as natural |as-fired ge" eraL """
percent today to over 30 percent New natural aac firpri « * ?i ? ^ generation from about 15 
high conversion efficiencies > 50 oerceTbv very
co^uustion turbines rS4"^i??oStl'S^ "■' »'

SLSS3™™=ir:--iHStr-bbghgk. advr bSsr
Contribution to Greenhouse Gas Emissions



JUN-30-97 MON 05:00 PM FAX NO. P. 05
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genemta or cogcBoralion by
Cost competitive technoiogies, such as smalier saie advanced gas mrbinera'''^
compete economically with central station generation when fulI^coQK emerging which c.'in
transmission and distribution expenditures ^are considered A of
choice aspect of deregulation and lead to a reductlonin cost of e?ec 1 ^“s^o^er
power producers will move from the concept of centndizj^noxvcr/n^ customers. The electric 
energy services for customers. Tins will provide: ^ ^ ^ economies of scale to providim;

• economies of mass production of units
• smaller, cleaner generation
• fuel security through diversity of generation portfolio 

more options for customers to be green

Technology Trends and Options

imemive (c.g„

n“7dlfe •« "hbatamially Incrcaac iheir market share in the

■ 3I=£SsCiS;Kr.%*-~r;i

• x“‘^-““S,r4;sr«:ssr"wer
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Petroleum

Contribution to Greenhouse Gases

n.c n.ajorlc (-80 p„c«.., o/pe.,„,e„™
tu traasportation use.

Factors Shaping Industry Response

PcMcun. prod.,

Coal

m 17
Electric utilities are the dominant consumers of coal Overall con^umnHnn u *•«■ • 
percent (84 million short tons) In 1949 an consumption by utilities grew fror

expraed ,o incre^e to futord y»«-s along wiU> ,hd demand for' elS^. ““““P'®" « 

Contribution to Greenhouse Gas Emissions

:r ridfif.TM't'toc j t- “ -coal-fired plants currently account for approximately 56 p^em Tf SLf n
Coal IS the second leading source of carbon emissions sSh k electricity production.
2010, compared to 507 MMTC in 1995 LTn J is proj^ted to produce 579 MMTC in
emissions, most analysts project that the great bulk of can^nl greenhouse ga.s
now until at least 2010 will be fueled with natural gas raLr
coal-fired plants are highly competitivp rather than coal. Thus, while most existing
plants on the basi7of lowL ‘^‘«P^‘^hed ahead of gas-fired
capital costs of a coal pZTwScap1c“

Factors Shaping Industry Response
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uMvallable in the NEMS slabiliation seen Jo h SdWonT npmo ”"f ““
reach stabiliration, putting additional pressure on coal, the most carbomiuSve fo!SffaeT'‘'““”

that m projected in the absrare”Jf Mydimt'St’lSoS^'d™'-!”

in coal mining in 1995 is already less than half of 1980 levels
consumption in the baseline case national coal emnlovnv>?- notwithstanding rising cn,.l
reflecting the fact that coal pr«n substantially _

regions where productivity is highest. ontinulng sinfi towards increased supply from

SS3“SsSSS;“~“'
Nuclear Energy

SSSSSSSS^r—'.--
Factors Shaping Industry Response

S|5gSiS.S£SS3S?
I given
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Natural Gas

Coniribution to Greenhouse Gas Emissions 

through
«od dhr figure is projected to iocressc to 3W 

Factors Shaping Industry Response

between tlie^three availablegas industry depend on the balance 
tools illustrate different possible litures: goal. Different modeling

‘ "Cre^K™'aotl ““ on d.o order of.

S?a-'=r£“E;™ar-':.TS."-

sS’.Et’x"ES» ,;sjc= rc i.r=*rorchitecnrral field c»„ b=„em ro™Sdi„g”S^;3d m”"
residential and commercial sectors. In additfon ^prove efficieticy in both the
air conditioning equipment, office equipment automobile as heating and

toohnoiogios Will .iso.. ::r r
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Conclusion

mMgalion stta«sy be «8nod a^taZeraSZ ^ '
appreciation of the differing circumstances faced bv U S inH ^ understanding and
ability to re.spond to individual policies in a way that both milv industry thepossible opportunities. In order to ac^hTcie hHoal 
.be co„«„„ea de.,op™„


