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Chapter 5

THE INDUSTRIAL SECTOR1

5.1  INTRODUCTION

In this chapter we present scenarios for future industrial energy use, based on different assumptions for
U.S. energy policies. We start with a reference scenario which is derived from the AEO99 (U.S. DOE,
EIA, 1998a) and assumes no policy changes. We then analyze two policy-driven scenarios using the CEF-
NEMS model. The CEF-NEMS model does not allow direct modeling of demand side policies in the
industrial sector. Hence, extensive changes are made to the model inputs to reflect the actions due to new
policies in the policy scenarios, as outlined below and in Appendices A-2 and B-2. The projected changes
in inputs are based on analyses by industry, government and academic sources.

A scenario is a way to understand the implications of a possible future through modeling assumptions that
reflect this future. By definition, considerable uncertainties exist in all scenario analyses and this is also
true for the industrial sector where ever-changing dynamics drive decision-making.

The scenarios presented here reflect our own judgment, based on extensive studies and the input by
external reviewers. They do not necessarily reflect the views of the industries that are discussed. The
assumptions with respect to technologies and policy results are explicitly described in detail in this
chapter and related appendices. We acknowledge that we are not able to analyze all issues that may affect
the results. Although we present point estimates, the reader should bear in mind that uncertainties in the
assumptions affect the results of the scenarios and that the results are not equally applicable to all
companies in an industry.  The analytical database for the industrial sector is limited and constrains the
ability of modelers to do in-depth analysis in this sector.  At the end of this chapter, we explicitly discuss
uncertainties and further research required to assess the uncertainties.

5.1.1 Overview of Sector

The industrial sector is extremely diverse and includes agriculture, mining, construction, energy-intensive
industries, and non-energy-intensive manufacturing. In 1997, the industrial sector consumed 35 quads of
primary energy, accounting for 37% of the primary energy consumed in the U.S. that year. The industrial
sector is comprised of 13 key subsectors: agriculture, mining, construction, food, paper, chemicals, glass,
cement, steel, primary aluminum, petroleum refining, metals-based durables, and other manufacturing2.
Fig. 5.1 shows the contribution of each industrial subsector to total industrial primary energy use in 1997.
Carbon dioxide emissions from industrial energy use as well as process emissions from cement
manufacture were 494 MtC, accounting for 33% of total U.S. CO2 emissions (U.S. DOE, EIA, 1998a).

                                                     
1 Authors: Ernst Worrell and Lynn Pric, Lawrence Berkeley National Laboratory (LBNL). The authors wish to acknowledge the
help of Paul Lemar, Resource Dynamics and Marilyn Brown, Oak Ridge National Laboratory (ORNL) for the analysis of
cogeneration and Philip Jallouk, ORNL for help with the assessment of motor efficiency programs. Furthermore, Norma Anglani,
Dan Einstein, Marta Khrushch, Bryan Lehman, Nathan Martin, Laura Van Wie McGrory LBNL, Dian Phylipsen, Utrecht
University, in alphabetical order, have helped with the technical analysis in this chapter. We thank Ken Friedman Department of
Eenrgy (DOE), Skip Laitner Environmental Protection Agency (EPA), and Neal Elliott, American Council for an Energy-
Efficient Economy (ACEEE) for the discussions on equipment lifetimes. We thank all reviewers of this chapter and members of
the review committee for their help, as well as many others, for sharing their insights in the preparation of this study.
2 The definitions of the subsectors and an explanation of how they relate to the U.S. Department of Energy’s Office of Industrial
Technology’s Industries of the Future is provided in Appendix A.2. Energy intensive industries include pulp and paper, bulk
chemicals, glass, cement, iron and steel, petroleum refining, as well as primary aluminum. Non-energy intensive industries
include agriculture, mining, construction, food, metals-based durables, and other manufacturing.
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Fig. 5.2 provides a breakdown of the share of CO2 emissions by industrial subsector. The largest CO2-
producing subsector was also bulk chemicals (energy), followed by other manufacturing, petroleum
refining, metals-based durables, mining, steel, construction, food, cement, paper, agriculture, aluminum,
and glass, respectively.

The cement subsector is responsible for a higher share of CO2 emissions than primary energy use due to
the process emissions produced during calcination of limestone3 while producing clinker. Process CO2

emissions from calcination are added to the cement sub-sector energy-related CO2 emissions. Other
sectors also emit process emissions, which have been partially been accounted for (e.g. chemical industry)
or excluded (e.g. limestone use in the steel industry) due to lack of reliable data. The share of CO2

emissions from the paper sector is lower than the share of energy use, due to the significant consumption
of biomass in this sub-sector. We assign zero emissions to the combustion of biomass due to assimilation
if biomass is grown in a sustainable way. The share of CO2 emissions from chemical feedstocks are also
lower because a large part of the feedstocks are embodied in the chemical products produced and not
directly released to the atmosphere.

Fig. 5.1 Primary Energy Use by Industrial Subsectors, 1997

                                                     
3 The process emission from clinker production depends on the share of limestone in the raw materials used. The lime-content
may vary, and hence the CO2 emission-factor. In this study we follow the IPCC-methodology which estimates the CO2 emission
at 138.3 kgC/tonne clinker (IPCC, 1996), which is equivalent to 125.4 kgC/ton clinker.
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Fig. 5.2 Carbon Dioxide Emissions by Industrial Subsectors, 1997

5.1.2 Technology Opportunities Examples

Various bottom-up studies found cost-effective potentials for energy efficiency improvement varying
from 5 to 12% by 2010 (Interlaboratory Working Group, 1997; Energy Innovations, 1997), and up to 20%
by 2020 (Energy Innovations, 1997) compared to business as usual, while other studies assumed less
potential (U.S.DOE, EIA, 1998b). Many studies identified a wide variety of sector-specific and cross-
cutting energy efficiency improvement opportunities (Interlaboratory Working Group, 1997; Aluminum
Association, 1997; American Chemical Society, 1996; American Forest and Paper Association, 1994;
American Iron and Steel Institute, 1998; Cast Metal Coalition, 1998; Donnelly et al., 1997; National
Mining Association 1998a; National Mining Association 1998b). Sector-specific measures include
technologies and practices that are unique for a specific process or industrial sector. Cross-cutting
measures include technologies that are used more generally (although some applications may be sector-
specific) throughout industry, e.g. motors or cogeneration. In this section we describe specific examples
of practices and technologies that can be implemented in industry. We focus on measures for three
industrial sectors that we have studied in detail (steel, paper, and cement)4, and one cross-cutting measure
(CHP). Barriers may limit the speed of adoption of these technologies (see section 5.3.2).

Innovations in industrial technology aim not only to reduce energy use, but also to improve productivity,
reduce capital costs, reduce operation costs, improve reliability as well as reduce emissions and improve
working conditions. Hence, many of the technologies discussed below will reduce the production cost-
basis of industries, and hence increase competitiveness in a globalizing economy.

                                                     
4 The three sectors were selected on the basis of the modeling characteristics in NEMS, i.e. inclusion of technologies and unit-
operations, as well as the availability of data on energy efficiency improvement potentials in these sectors. For the analysis of the
three selected sectors we have used 1994 as the base year for the analysis of the baseline, as this was the last year for which the
EIA has published the Manufacturing Energy Consumption Survey (MECS) at the time of the study.
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Steel Industry. I n 1994, stee l mills in the U.S. pr oduce d 100.5 million tons of  stee l. Primary energy use for
integrated steelmaking was more than three times greater than energy use in secondary (electric arc
furnace, EAF) steelmaking, consuming 1364 TBtu compared to 403 TBtu. The primary energy intensity
of integrated and secondary steel production in 1994 was 22.3 MBtu/ton and 10.1 MBtu/ton, respectively,
for a total sector primary energy intensity of 17.5 MBtu/ton5. Total CO2 emissions from steelmaking in
1994 were 34.4 million metric tonnes C (MtC), with 80% of these emissions from integrated steelmaking.
The CO2 intensity of integrated steelmaking was 0.5 tC/ton of crude steel while the CO2 intensity for
secondary steelmaking was 0.2 tC/ton crude steel, resulting in a total sector CO2 intensity of 0.4 tC/ton
crude steel.

To more carefully analyze the potential for reducing energy use and carbon dioxide emissions from
steelmaking in the U.S., we compiled information on the costs, energy savings, and carbon dioxide
emissions reductions of a number of technologies and measures. These technologies and measures fall
into two categories: state-of-the-art measures that are currently in use in steel mills worldwide and
advanced measures that are either only in limited use or are near commercialization (e.g. smelt reduction).
We identified nearly 50 energy efficiency measures in the iron and steel industry, including process
management systems and gas recovery systems (Worrell et al., 1999). We describe two of the options
below: scrap preheating in the electric arc furnace and thin slab casting. Both technologies are used by
various steelmakers in the U.S., but still show considerable potential for further adoption leading to
increased energy savings in the U.S.

Scrap Preheating.  Electricity consumption in EAFs is estimated at an average of 436 kWh/ton, and fuel
consumption at 0.14 MBtu/ton of steel (Worrell et al., 1999). Scrap preheating is a technology that can
reduce the power consumption of EAFs through using the waste heat of the furnace to preheat the scrap
charge. Old bucket preheating systems had various problems, such as emissions, high handling costs, and
a relatively low heat recovery rate. Modern systems have reduced these problems and are highly efficient.
The energy savings depend on the preheat temperature of the scrap. Various systems have been developed
and are in use at sites in the U.S. and Europe, i.e. Consteel tunnel-type preheater, Fuchs Finger Shaft, and
Fuchs Twin Shaft. Twin shell furnaces can also be used as scrap preheating systems. All systems can be
applied to new construction and to retrofit existing plants. The Consteel process consists of a conveyor
belt with the scrap going through a tunnel, down to the EAF through a “hot heel”. Besides energy savings,
the Consteel process results in an productivity increase of 33%, reduced electrode consumption of 40%
and reduced dust emissions (Jones, 1997a). The FUCHS shaft furnace consists of a vertical shaft that
channels the offgases to preheat the scrap. The scrap can be fed continuously (4 plants installed
worldwide) or through a so-called system of “fingers” (15 plants installed worldwide). The Fuchs systems
make almost 100% scrap preheating possible, leading to potential energy savings of 90-110 kWh/ton
(Hofer, 1997)6. The energy savings depend on the scrap used and the degree of post-combustion (oxygen
levels). The scrap preheating systems lead to reduced electrode consumption, yield improvement of 0.25-
2%, up to 20% productivity increase and 25% reduced flue gas dust emissions (reducing hazardous waste
handling costs) (CMP, 1997). Electricity use can be decreased to approximately 335-355 kWh/ton using
the Consteel process (Herin and Busbee, 1996), without supplementary fuel injection in retrofit situation,
while consumption as low as 310-330 kWh/ton has been achieved in new plants (Jones, 1997b). Using
post-combustion the energy consumption is estimated to be 310 to 320 kWh/ton and 0.6 MBtu fuel
injection (Hofer, 1996). The extra investments are estimated to be $2M (1989) for a capacity of 400,000
to 500,000 ton per year, resulting in specific investments of approximately $4.0 to $5.4/ton for the
Consteel process. The annual costs savings are estimated to vary between $1.7/ton and $4.1/ton (Bosley
and Klesser, 1991; Hofer, 1997). The simple payback period of installing a scrap preheater is estimated at

                                                     
5 Primary energy is calculated using a conversion rate from final to primary electricity of 3.08, reflecting the difference between
an average plant heat rate of 10,500 Btu/kWh and a site rate of 3412 Btu/kWh, including transmission & distribution losses.
6 This compares to an average electricity consumption of EAFs of 436 kWh/ton steel in 1994 (Worrell et al.,1999).
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1 – 2 years for large furnaces. Various U.S. plants have installed a Consteel process, i.e. AmeriSteel
(Charlotte, NC), New Jersey Steel (Sayreville, NJ) and Nucor (Darlington, SC), and one plant in Japan.
The installation at New Jersey Steel is a retrofit of an existing furnace. Fuchs systems have been installed
at North Star (Kingman, AZ), North Star-BHP (Delta, OH), Birmingham Steel (Memphis, TN) and Texas
Industries (Richmond, VA). In addition, North Star has ordered another preheater for their Youngstown
(OH) plant.

Near Net Shape Casting/Thin Slab Casting. Near net shape casting implies the direct casting of the
metal into (or near to) the final desired shape, e.g. strips or sections, and replaces hot rolling. In
conventional steelmaking, steel is first cast and stored. The cast steel is reheated and treated in the rolling
mills to be reshaped. Near net shape casting integrates casting and the first rolling steps. The current
status of this technology is so-called thin slab casting. Instead of slabs of 120-300 mm thickness produced
in a continuous casting machine, slabs of 30-60 mm thickness are cast.  The cast thin slabs are reheated in
a coupled furnace, and directly rolled in a simplified hot strip mill. Pione e re d in the  U .S. by N uc or  at the
Cra wf ordsville a nd H ickma nn pla nts, va rious plants ar e ope ra ting, unde r  c onstr uc tion, or  or de re d
w or ldw ide. Or igina lly designed for sma ll sc ale  proc ess lines, the  first inte gr ate d pla nts c onstr uc te d ( U.S.,
K or ea )  or a nnounce d the  c onstr uction of thin sla b c aste r s (G e rmany, Ne the rla nds, Spain) with ca pac ities up
to 1.5 Mt/yea r. We  ba se  our ca lcula tion of costs a nd sa vings assoc ia te d w ith this tec hnology on the CSP-
proce ss de velope d by SMS ( Ge rma ny) a s it re pr e se nts most of the  c a pa city insta lle d wor ldwide. E ner gy
savings ar e  e stima te d to be up to 4 MBtu/ton c rude  stee l ( pr ima ry ener gy) . T he  e ner gy consumption of  a
CSP-plant is 85 kBtu fuel pe r ton f or the  r ehe ating f ur nac e a nd e lec tr icity use of 39 kW h/ton ( Fle mming,
1995) . T he  inve stments for  a  lar ge  sc ale  pla nt ar e  e stima te d to var y betwe e n $100/ton a nd $160/ton produc t
( Anon, 1997a; A non., 1997b; Sc hor sc h, 1996) . Cost savings ma y var y betw ee n $22/ton and $42/ton produc t
( Ritt, 1997; Hogan, 1992; Sc hor sc h, 1996) , re sulting in a simple payba c k pe r iod of approximately of 3
yea rs. T he  pote ntial additiona l c apa city of  thin slab c a sting in 1994 w as e stima ted to be 20%  of  U .S.
integr ated pr oduction a nd 64% of se c onda r y ste el ( W or re ll et al., 1999) .

Pulp and Paper Industry. The manufacture of paper and paperboard is an important element of a
modern economy, and is also a highly capital and energy-intensive process. The pulp and paper industry
converts fibrous raw materials into pulp, paper, and paperboard. The processes involved in papermaking
include raw materials preparation, pulping (chemical, mechanical, or semi-chemical), bleaching, chemical
recovery, pulp drying, and papermaking. In 1994, the U.S. pulp and paper industry consumed 2650 TBtu
of primary energy (about 16% of total U.S. manufacturing energy use) to produce 91 million tons of
paper (Anglani et al., 1999). The pulp and paper industry’s 1994 CO2 emission is estimated at 30.6 MtC,
despite the extensive use of biomass (as a by-product of chemical pulping and wood waste use) which
reduces the net CO2 emissions (Anglani et al., 1999). W e ide ntif ied over  50 tec hnologie s a nd me asur e s tha t
c an r e duce  the e ne rgy inte nsity ( i.e . the  e le c tr ic ity or  f ue l c onsumption pe r unit of  output)  of  the  va rious
proce ss sta ge s of pulp and pape r pr oduction, var ying fr om improve d mainte na nce  to new  pa pe r  mac hines
( A ngla ni et al., 1999) . We  disc uss tw o of  these  options below : e xte nded nip pre ss and bla ck liquor
gasif ica tion.

Extended Nip Press. After paper is formed, it is pressed to remove as much water as possible. Normally,
pressing occurs between two felt liners. In an extended nip press (developed and marketed by Beloit
Industries, WI), the lower roll is replaced with a device that presses the paper against the roll for about 10
inches (compared to 2 inches in a conventional roll press), allowing for higher pressure loads on the paper
without damaging the paper (Lange and Radtke, 1996). This additional pressing allows for greater water
extraction (about 5-7% more water removal), resulting in a level of 35% to 50% dryness (Elahi and
Lowitt, 1988; Lange and Radtke, 1996). An additional advantage is that on a dryer limited machine, a
press can increase yield by up to 25% as well as increase wet tensile strength (Lange and Radtke, 1996).
Steam savings estimates range from 15% to 35%, or a reduction in steam demand of 4% for every 1%
moisture savings in the press (Elahi and Lowitt, 1998; Lange and Radtke, 1996; Jaccard and Willis, 1996;
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de Beer et al., 1994). Extended nip press producers include Beloit’s ENP-C and Valmet, and Voith Sulzer
Papertechnology (Kincaid et al., 1998). The distribution of the ENP technology has been limited by the
presence of a large number of granite rolls in the pressing machines in the industry that can not tolerate
high nip loadings (Lange and Radtke, 1996). The press is well suited to newsprint and light weight coated
pressing, but less suited to bleached Kraft products due to high densification.

Black Liquor Gasification. Black liquor gasification is used to produce a useable gas from spent pulping
solvent. This gas can be used in a traditional boiler, or may in the future be used in conjunction with gas
turbines, increasing electricity production dramatically. Black liquor gasification is seen as an important
technology area for the pulping industries (AFPA, 1994). There are two major types of black liquor
gasification: low temperature/solid phase and high temperature/smelt phase. High temperature
gasification takes place above 900°C while low temperature gasification takes place under 750°C. Today,
black liquor gasifiers are used as an incremental addition in chemical recovery capacity in situations
where the recovery boiler is a process bottleneck. In the future, gasifiers may be able to provide fuel for
gas turbines and lime kilns (Nilsson et al., 1995; Lienhard and Bierbach, 1991). Energy savings are the
result of producing a higher quality fuel and thereby improving the plant’s steam production efficiency.
We assume fuel savings of 5.0 MBtu/ton air-dried pulp (Elahi and Lowitt, 1988) while electricity use
increases (Nilsson, et al., 1995). A 130 ton per day pulp capacity gasifier costs about $20 million
(McCubbin, 1996). This technology is new; there is one commercially operating mill in Sweden and
various pilot projects in the U.S. (Georgia-Pacific, Weyerhauser, and Champion) (McCubbin, 1996;
Finchem, 1997).

Cement Industry. Annual cement production in U.S averages about 80 Million tons, fluctuating with
developments in the construction markets. In 1994, 310 TBtu of fuels were used in the clinker kilns and
36 TWh of electricity were used for cement grinding and other production steps, resulting in total primary
energy use of 420 TBtu. In 1994, the U.S. cement industry emitted 19 MtC as carbon dioxide (about 4%
of total U.S. manufacturing carbon emissions). Half of the emissions are due to fuel combustion (mainly
coal), and half are due to the calcination of limestone. In the cement industry, opportunities exist to
substantially reduce the energy intensity and carbon dioxide emissions, both from energy use as well as
from limestone calcination in the clinker making process. We have identified about 35 technologies and
measures to reduce energy use in cement manufacturing (Martin et al., 1999). Because the cement
industry is capital intensive, some opportunities can only be economically implemented when retiring old
plants (e.g. new pre-calciner kilns to replace wet or long dry kilns). Other measures can be implemented
as retrofits or be used to increase production capacity (e.g. production of blended cements).

Multi-stage Preheater Pre-Calciner Kilns. Older dry kilns may not have multi-stage preheating, leading
to higher heat losses. Modern kilns generally have four to six stage preheating and pre-calciners, reducing
fuel use to 2.5 MBtu/ton clinker (Cembureau, 1997a; Conroy, 1997; Klotz, 1997; Somani and Kothari,
1997). Installing multi-stage suspension preheaters (i.e. four- or five-stage) may reduce heat losses and
thus increase efficiency. The addition of increased pre-heating and a precalciner will generally increase
the capacity of the plant, while lowering the specific fuel consumption. Using as many features of the
existing plant and infrastructure as possible, special precalciners have been developed by various
manufacturers to convert existing plants, e.g. Pyroclon®-RP by KHD in Germany. Generally, the kiln,
foundation and towers are used in the new plant, while cooler and preheaters may be replaced. Also, the
kiln length may be shortened by 20% to 30% thereby reducing radiation losses (van Oss, 1999). As the
capacity increases, the clinker cooler may also have to be adapted in order to be able to cool the large
amounts of clinker. The conversion of older kilns is financially attractive when the old kiln needs
replacement and a new kiln would be too expensive. Examples of kiln conversions can be found in
Germany (Duplouy and Trautwein, 1997) and Italy (Sauli, 1993), and in Eastern Europe. In the U.S.
modern clinker kilns incorporate multi-stage preheating and pre-calcining, as found in the Ash Grove
plant in Seattle (WA) (Steuch and Riley, 1993) and Holnam’s plant at Devils Slide (UT) (Conroy, 1997).
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Fuel savings will depend strongly on the efficiency of the existing kiln and on the new process parameters
(e.g. degree of precalcination, cooler efficiency), and may vary between 0.4 and 1.2 MBtu/ton clinker
(Martin et al., 1999).

Blended Cement. Cement is an inorganic, non-metallic substance with hydraulic binding properties, and
is used as a bonding agent in building materials. In the United States, portland cement accounts for about
95% of total production. T he  pr oduc tion of ble nded ce me nts involve s the  inte rgrinding of  c linke r  w ith one 
or mor e additive s (f ly ash, poz zola ns, blast f ur na c e sla g, volca nic  a sh)  in var ious propor tions. The  use  of 
ble nde d ce ments is a  pa rticula r ly a ttr ac tive option sinc e the  inte rgrinding of  c linke r  w ith othe r additive s
( supplementar y c ementitious ma ter ia ls)  not only allow s f or  a  re duc tion in the ene rgy use d ( and a ssoc iated
c ar bon e missions) in clinker  pr oduc tion, but a lso r educ e s ca r bon dioxide emissions fr om ca lcina tion.
Ble nde d ce ments ar e ver y c ommon in E ur ope , with bla st f urnac e  a nd pozz ola nic  c eme nts a cc ounting for
a bout 12% of total c e me nt pr oduction, por tland c omposite  c eme nt7 ac counting f or  an a dditona l 44% 
( Cembur ea u, 1997b). I n the  U.S., some  of the  most pr evale nt blending ma ter ia ls ar e  f ly ash a nd blast
f ur na c e sla g. A  re ce nt ana lysis of the  U .S. situation c ite d a n existing pote ntia l of produc ing 34 million tons
of ble nded ce me nt in 2000 using both f ly ash a nd blast f ur na c e sla g, or  36%  of  U .S. c a pa city (PCA, 1997).
T his a na lysis is base d on estimates of  the ava ilability of  inte rgr inding ma ter ia ls and a  survey of  r e ady- mix
c ompa nie s to estimate  f ea sible  ma rke t pe netra tion. We  a ssume  that the ble nde d ce ment produc ed w ould
have, on a ver age , a c linke r/ce ment r atio of  65%. T his c ould r esult in a  r eduction in c linke r pr oduction of 
11.9 million tons, w hen pr oduc ing 34 million tons of ble nded ce me nt by 2020. T he  re duc tion in c linke r 
produc tion corr e sponds to spec ific f ue l savings of  0.66 MBtu/ton. The e xtra  ener gy ne e de d f or  the dr ying of
the  blast f ur na c e sla gs is off set by r educing the nee d to bypass kiln e xit gases to r e move  alka li- ric h dust
(Alsop and Post, 1995). Blended cements lower alkali-silica reactivity thereby allowing a reduction in
energy consumption needed due to removal of the alkali dusts. A lthough e lec tr icity consumption is
e xpec ted to inc r ea se  a little due  to the  adde d e le c tr ic ity c onsumption to gr ind the  blending ma ter ia ls, this
measure results in total fuel savings of 0.76 MBtu/ton cement (Martin et al., 1999).

Cross Cutting: Combined Heat and Power. Electricity and steam are used throughout the industrial
sector. Relatively large steam users can be found in the food and chemical industries, as well as in
petroleum refining. Steam is often generated in a boiler, while electricity is purchased from a utility. CHP
(or cogeneration) has been used in industry to generate the two simultaneously. Modern technologies (e.g.
aero-derivative gas turbines) have made CHP more efficient and more economically attractive, especially
at smaller scales, than conventional steam turbine systems used in industries with a large steam use, e.g.
paper, chemicals. Recent studies (DOE, 1997; Onsite, 1998; Kaarsberg and Elliott, 1998) identified CHP
as one of the most important technologies to improve energy efficiency and reduce GHG emissions in the
U.S.  The primary energy savings from small scale CHP gas turbine units can be about 30% when
replacing a conventional coal-fired power plant and about 15% when replacing combined cycles. The
savings obtained by condensing and back-pressure steam turbines are considerably smaller. The potentials
for CHP vary by sector, and even site, as they depend on site specific technical characteristics (e.g. steam
load, demand pattern, heat to power ratio) and on non-technical issues (e.g. regulation, buy back tariffs,
standby contracting). Most of the potential sites for new CHP units can be found in the 30 to 75 MW
range (Khrushch et al., 1999). The CHP Challenge program of DOE and EPA aims to double the existent
CHP capacity by adding over 40 GW of electric CHP capacity, of which most in industry8.

                                                     
7 Portland composite cement consists of 65% clinker, 30% additives, and 5% filler, as defined by the European cement standard
ENV197-2.
8 Although we assess the potential for cogeneration in this study, we have not yet been able to integrate the cogeneration results
into the scenarios. Hence, we report separately on the cogeneration results in section 5.5.4.
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5.2 BUSINESS-AS-USUAL SCENARIO

In the CEF-study we have adopted the economic scenarios as used by the EIA for the AEO99. We adopt
the energy consumption data of the AEO99 reference case for the business-as-usual scenario for all
industrial sub-sectors except for paper, cement, steel, and aluminum, the first three of which we analyzed
in detail. For the paper, cement, and steel sectors, our estimates of physical energy intensities by process
differed from those in the NEMS model; thus for these three sectors, we modified the NEMS baseline
energy intensities (referred to as Unit Energy Consumption, UEC) and the annual rate of improvement in
the UECs over time (referred to as Technology Possibility Curves, TPCs).

For the business-as-usual scenario for the paper, cement and steel sub-sectors, we modified the UECs and
TPCs for both existing and new equipment based on a number of recent analyses (Worrell et al., 1999;
Anglani et al., 1999; Martin et al., 1999). A detailed description of these modifications is provided in
Appendix A.2. In addition, we revised the 1994 new plant UECs for the aluminum sector, based on
current energy use in Hall-Heroult cells of 13.2 MWh (Ravier, 1986). We also changed the retirement
rates for all sub-sectors, to reflect actual lifetimes of installed equipment. Although NEMS does not treat
equipment lifetime endogenously, it is possible to define the retirement rate for process equipment. Table
5.1 provides retirement rates and associated plant lifetimes for the AEO99, and the CEF-scenarios for
each industrial subsector. Retirement rates for industrial technologies in the AEO99 scenario seem to be
low, when compared to other sources (BEA, 1993; Jaccard and Willis, 1996), or assessments of technical
and economic lifetimes of technologies. Retirement rates for paper, cement, and steel are based on
detailed assessments of equipment ages and future developments in these sectors. For example, the
retirement rates in the steel industry were assessed on the basis of the age of current U.S. plants. The
oldest working blast furnace in the U.S. in 1997 was 67 years old, followed by two other blast furnaces
that were 50 years old, while the average age is estimated at 29 years (Worrell et al., 1999) (see Table 5.1,
Basic Oxygen Furnaces)9.

Table 5.1 Retirement Rates and Plant Lifetimes for Industrial Subsectors
for AEO99 Reference Case, and CEF Scenarios

Retirement (%/yr) Lifetime (year)
Sector AEO99 CEF AEO99 CEF
Agriculture 2.0 2.5 50 40
Mining 2.0 2.5 50 40
Construction 2.0 2.5 50 40
Food 1.7 2.1 59 47
Paper 2.3 2.3 43 43
Bulk Chemicals 2.3 2.5 43 40
Glass 1.3 1.4 77 70
Cement 1.2 2.0 50 50
Steel
  Basic Oxygen Furnaces 1.0 1.5 100 67
  Electric Arc Furnaces 1.5 1.8 67 56
  Coke Ovens 1.5 1.8 67 56
  Other Steel 2.9 2.9 34 34
Primary Aluminum 2.1 2.3 48 43
Metals-Based Durables 1.5 1.9 67 53
Other Manufacturing 2.3 2.5 43 40

                                                     
9 Plants are often re-built during the lifetime, so it is difficult to determine the actual age of equipment. Generally, it reflects the
age of the major construction. A blast furnace shell may have been built 50 years ago, it is re-lined every 7 to 8 years, and
equipment may be replaced or added, increasing capacity and improving energy efficiency.
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Fig. 5.3 shows the difference between the AEO99 reference case and our business-as-usual scenario that
not only incorporates our adjustments in the paper, cement, steel, and aluminum sub-sectors, but also
includes model feedback effects in other sectors. In 2020, our business-as-usual scenario projects primary
energy use of 41.0 Quads, slightly lower than the 42.2 Quads projected by the AEO99 reference case.

Fig. 5.3 Comparison of AEO99 Reference Case and Business-As-Usual Scenario

5.3 POLICY IMPLEMENTATION PATHWAYS

5.3.1 Definition of Pathways

We analyze two policy implementation scenarios – a moderate scenario based on establishment of
voluntary agreements with industry that set moderate annual energy efficiency improvement
commitments and an advanced scenario setting higher voluntary energy efficiency improvement
commitments. Voluntary sector agreements between government and industry are used as the key policy
mechanism to attain energy efficiency improvements and to reduce greenhouse gas emissions because an
integrated policy accounting for the characteristics of technologies, plant-specific conditions, and
industrial sector business practices is needed. Policies and measures supporting these voluntary sector
agreements should account for the diversity of the industrial sector while at the same time being flexible
and comprehensive, offering a mix of policy instruments, giving the right incentives to the decision maker
at the firm level, and providing the flexibility needed to implement industrial energy efficiency measures.
Industry is extremely diverse, and even within one sub-sector large variations in the characteristics may
be found. Non-energy intensive industries and agriculture consist of thousands of stakeholders10. While,
voluntary sector agreements are used as the structure of energy efficiency policy throughout industry,
such a policy instrument may be less effective in these sectors. Various instruments which support the

                                                     
10 Voluntary agreements are typically used with limited sets of companies. In The Netherlands there is a voluntary agreement
with a large number of stakeholders, i.e. agriculture in The Netherlands with 8000 companies. In this case the association has
signed on behalf of all its members.
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voluntary sector agreements, both at the federal level and state level, are put in place in the policy
scenarios to reach the very diverse stakeholders.

Evaluation of voluntary industrial sector agreements in The Netherlands showed that the agreements
helped industries to focus attention on energy efficiency and find low-cost options within commonly used
investment criteria (Korevaar et al., 1997; Rietbergen et al., 1998). Although the agreements themselves
proved to be successful and cost-effective (Rietbergen et al., 1998), various support measures were
implemented within the system of voluntary agreements. It is difficult to attribute the energy savings to a
specific policy instrument; rather, it is the result of a comprehensive effort to increase implementation and
development of energy-efficient practices and technologies in industry by removing or reducing barriers.
This emphasizes the importance of offering a package instead of a set of individual measures, which may
give the idea of competing measures or instruments rather than a concerted action.

Table 5.2 outlines the various policies and programs that fall under the umbrella of voluntary industrial
sector agreements in this analysis and describes how they are expanded under the moderate and advanced
scenarios. These include expansion of a number of existing programs, such as the Industrial Assessment
Centers and the Climate Wise Program, as well as establishment of new programs such as labeling for
chlorine-free paper. For all programs, we increased funding by roughly 50% in the moderate scenario and
roughly 100% in the advanced scenario. Table 5.3 identifies which programs influence each of the
industrial sub-sectors that we focus on in this assessment. A brief description of the policies and programs
used in this analysis is provided below. Appendix B.2 describes the goals of the individual programs, and
what contribution they are assumed to have on reducing energy use or greenhouse gas emissions, and how
they are linked to the CEF-NEMS modeling. The goals are estimated using different methodologies,
which makes it difficult to compare or to evaluate.

The effects of increased program efforts are difficult to assess. Cost-effectiveness may improve due the
increased volume, but may also be less effective as programs reach smaller energy users or lead to
implementation of less-effective measures. The interaction of various measures deployed simultaneously
is difficult to estimate ex-ante, or even ex-poste (Blok, 1993; Stein and Strobel, 1997). It is often more
difficult to assess the impacts of individual programs than the estimated impact of a set of policies. For
this study, we group individual programs into four categories: information dissemination, investment
enabling, regulations, and research, development and demonstration.
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Table 5.2 Policies and Programs for Reducing Energy Use and Greenhouse Gas Emissions from the
Industrial Sector Under the Moderate and Advanced Scenarios

Policy/Program Moderate Scenario Advanced Scenario

Voluntary Industrial Sector Agreements

Voluntary Industrial Sector
Agreements

Voluntary programs to reduce GHG
emissions (CO2 and non-CO2) in energy-
intensive and GHG-intensive industries,
for specific industrial process or buildings.

Voluntary programs to reduce GHG
emissions (CO2 and non-CO2) in all
industries, including benchmarking.

Voluntary Programs

Expanded Challenge programs

Motor and Compressed Air
Challenge

Increased effort to assist in overall motor
system optimization through increased
education, technical assistance, training,
and tools. Increased promotion of use of
adjustable-speed drives.

Increased promotion of overall motor
system efficiency and use of adjustable-
speed drives by offering greater financial
incentives.

Steam Challenge Outreach, training, and development of
assessment tools is increased.

Expanded to include outreach to smaller
boiler users and to develop automated
monitoring and controls.

CHP Challenge Financial incentives, utility programs
promoting CHP, and expanded removal of
barriers (e.g. permitting) are added.

Program expands to include increased
outreach, dissemination, and clearing-
house activities

Expanded ENERGY STAR Buildings
and Green Lights

Development of best practices
management tools and benchmarking
information. Floorspace covered by
program increases by 50%.

Best practices management tools and
benchmarking information expanded and
more extensively marketed. Floorspace
covered by program increases by 100%.

Expanded ENERGY STAR and
Climate Wise program

Increased efforts in the currently
addressed sectors and program expansion
to include glass, steel, and aluminum, as
well as selected light industries.

Program expanded to include light
industries, agriculture, construction, and
mining.

Expanded Pollution Prevention
Programs

Expanded effort leads to increased
recycling in the steel, aluminum, paper,
and glass industries.

Number of partners grows to 1600 by
2020 (from 700 in 1997).

Information Programs

Expanded Assessment Programs Number of industrial assessment centers
increases from 30 to 35 and number of
assessments per center increases from 30
to 36 per year. Expanded to include
business schools and community colleges.
Added emphasis on increased follow-up.

Number of industrial assessment centers
increases to 50 and number of assessments
per center increases to 40 per year.
Comprehensive energy plans for each
audited facility added.

Product Labeling and Procurement

Development of labels for two products.

Labeling expanded to other products (e.g.
glass bottles). Marketing of labels is
increased and government procurement
policies are revised to include labeled
products.
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Investment Enabling Programs

Expanded State Programs

State Industrial Energy
Efficiency Programs

Current state level programs are expanded
to include information dissemination,
audits, demonstration programs, and
R&D. Participation grows from less than
half of the states to 30 states.

Programs expanded to include all 50
states.

Clean Air Partnership Fund Expanded use of integrated approaches for
complying with CAA. Expanded
demonstration of new technologies.

GHG emissions reduction projects given
higher priority.

Expanded ESCO/utility programs

Standard performance
contracting (line charge)

Expansion of line charges to 30 states and
increased efforts to target small industrial
customers.

Expansion of line charges to 50 states and
further increased efforts to target small
industrial customers.

Financial incentives

Tax incentives for energy
managers

Provides tax rebates of 50% of the salary
of an energy manager to 5000 medium and
large energy-using industries by 2020.

Tax rebates provided to 10,000 medium
and large energy using-industries by 2020.

Tax rebates for specific industrial
technologies Increased rebates focus on implementation

of advanced technologies.

Increased rebates focus on implementation
of advanced technologies. Increased
funding leads to accelerated adoption of
these technologies.

Investment tax credit for CHP
systems

Tax credit extended from 2003 to 2020,
leading to expansion of CHP as well as
third party producers at industrial sites.

Tax credit extended from 2003 to 2020,
leading to expansion of CHP as well as
third party producers at industrial sites.

Regulations

Motors Standards and Certification Mandates upgrade of all motors to EPACT
standards by 2020. Extends standards to
all motor systems and enforces 100%
compliance. Promote national motor repair
standard.

Extends standards to all motor systems
and enforces 100% compliance. Mandates
national motor repair standard.

State Implementation Plans/Clean Air
Partnership Fund

Identifies control measures and
regulations to adopt and enforce the
control strategies.

Identifies control measures and
regulations to adopt and enforce the
control strategies.

Research & Development Programs

Expanded Demonstration Programs Demonstration programs expanded in
currently addressed sectors and extended
to mining and construction sectors.
Number of demonstration programs
increased from 10 to 15 per year.

Extent of demonstration programs further
expanded in all sectors and incorporated
into state demonstration programs.
Number of demonstration programs
increases to 18 per year.

Expanded R&D programs

Industries of the Future
Increased R&D efforts in all industries
currently in program.

Increased R&D efforts in all industries
currently in program and expansion to a
number of smaller “other manufacturing”
industries.

Other OIT R&D programs Program R&D efforts increased in all
areas related to improving industrial sector
energy efficiency.

Industrial sector energy efficiency R&D
efforts further increased.

Domestic Carbon Dioxide Emissions
Trading System N/A
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Table 5.3 Policies to Reduce Greenhouse Gas Emissions in the Industrial Sector

POLICIES

Voluntary
Agreements

Expanded
Assessment
Programs

Expanded
Challenge
Programs

Expanded
Labeling
Programs

Expanded
Climate Wise

Program

Expanded
Pollution

Prevention

SCENARIO Both Both Both Both Both Both

END USE SECTORS

Agriculture X X X X

Mining X X X X

Construction X X X X

Food X X X X X

Paper X X X X X X

Chemicals X X X X

Glass X X X X X X

Cement X X X X X

Iron and Steel X X X X X X

Aluminum X X X X X X

Metals-Based Durables X X X X

Other Non-Intensive X X X X

POLICIES
Expanded

State
Programs

Expanded
ESCO/Utility

Programs
Financial
Incentives

Expanded
R&D

Programs

Expanded
Demonstration

Programs

Carbon
Trading
System

SCENARIO Both Both Both Both Both Advanced

END USE SECTORS

Agriculture X X X X X

Mining X X X X X

Construction X X X X

Food X X X X X

Paper X X X X X X

Chemicals X X X X X X

Glass X X X X X X

Cement X X X X X X

Iron and Steel X X X X X X

Aluminum X X X X X

Metals-Based Durables X X X X X X

Other Non-Intensive X X X X X X

Voluntary Industrial Sector Agreements. Voluntary agreements are “agreements between government
and industry to facilitate voluntary actions with desirable social outcomes, which are encouraged by the
government, to be undertaken by the participants, based on the participants’ self-interest” (Story, 1996). A
voluntary agreement can be formulated in various ways; two common methods are those based on
specified energy efficiency improvement targets and those based on specific energy use or carbon
emissions reduction commitments. Either an individual company or an industrial subsector, as represented
by a party such as an industry association, can enter into such voluntary industrial agreements.

In this study, the voluntary industrial sector agreements are defined as a commitment for an industrial
partner or association to achieve a specified energy efficiency improvement potential over a defined
period. The level of commitment, and hence specified goal, varies with the moderate and advanced
scenario. The number and degree of supporting measures also varies with the two scenarios, where we
expect the increased industrial commitment to be met with a similar increased support effort by the
federal and state government. The effectiveness of voluntary agreements is still difficult to assess, due to
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the wide variety and as many are still underway. Ex-poste evaluations are therefore not yet available. We
estimate the effect on the basis of various efforts undertaken. Voluntary industrial agreements in Japan
and Germany are examples of self-commitments, without specific support measures provided by the
government. Industries promised to improve energy efficiency by 0.6% to 1.5% per year in those
countries (IEA, 1997a; Stein and Strobel, 1997). As the targets are set by sub-sector, only intra-sector
structural changes are included in the targets, while inter-sector structure changes are excluded. The
voluntary industrial agreements in The Netherlands have set an efficiency improvement goal of 2% per
year (Nuijen, 1998; IEA, 1997b), excluding intra- and inter-sector structural change. Industries
participating in the voluntary agreements in The Netherlands receive support by the government, in the
form of subsidies for demonstration projects and other programs (Rietbergen et al., 1998). The voluntary
agreements in The Netherlands were strongly encouraged by the government. They were also attractive to
industry, as they allowed the development of a comprehensive approach, provided stability to the policy
field, and were an alternative to future energy taxation (Van Ginkel and De Jong, 1995), or regulation
through environmental permitting. For more details on voluntary industrial agreements, see Newman
(1998); Rietbergen et al., (1998); Nuijen (1998); Mazurek and Lehman (1999). Voluntary industrial
agreements may be less effective in light industries, which typically have a large number of different
companies. However, voluntary agreements may work well with some of the large companies that
dominate production and energy use in this sector. In The Netherlands Philips Electronics participates in
an individual voluntary industrial agreement, as it solely dominates the metals durables industry.

Experience with industrial sector voluntary agreements exists in the U.S. for the abatement of CFC and
non-CO2 GHG emissions. For example, eleven of twelve primary aluminum smelting industries in the
U.S. have signed the Voluntary Aluminum Industrial Partnership (VAIP) with EPA to reduce
perfluorocarbon (PFC) emissions from the electrolysis process by almost 40% by the year 2000 (U.S.
EPA, 1999b). Similar programs exist with the chemical, magnesium and semi-conductor industries, as
well as voluntary methane emission abatement programs with the coal, oil and natural gas industry. New
voluntary efforts include landfill operators and agriculture.

Voluntary Programs. The policy scenarios include expanded programs modeled after current policy
programs, i.e. Challenge technology delivery programs, Energy Star Buildings and Green Lights, Climate
Wise and specific pollution prevention programs.

Ø Expanded Challenge Programs
• Motor Challenge and Compressed Air Challenge. The U.S. Department of Energy’s Motor

Challenge program was created in 1993 to promote voluntary industry/government partnerships to
improve energy efficiency, economic competitiveness, and the environment.  The main goal of the
program is to work in partnership with industry to increase the market penetration of energy-
efficient industrial electric motor-driven systems. A key element in the Motor Challenge strategy
is to encourage a "systems approach" to industry’s selection, engineering, and maintenance of
motors, drives, pumps, fans, and other motor-driven equipment (Scheihing et al., 1998). The
program focuses its resources on the key industrial sectors that are participating in DOE’s
Industries of the Future (IOF) strategy, as well as the water supply and wastewater sectors. The
current Motor Challenge program focuses on eight energy- and waste-intensive sectors: forest
products, steel, aluminum, metal casting, chemicals, glass, mining, and agriculture, and is targeting
large plants in these industries (Scheihing et al., 1998). Starting in 1999, the Motor Challenge
program has been expanded to include provision of enhanced technical assistance on steam and
compressed air systems (U.S. DOE, 1999). The moderate and advanced scenarios call for
increased funding for increased educational efforts and technical assistance. The program will
increase its efforts to promote adoption of adjustable speed drives. Financial incentives will be
added in the advanced scenario.
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• Steam Challenge. The Steam Challenge program, a public-private initiative launched in April of
1998, was developed by DOE-OIT in partnership with the Alliance to Save Energy (ASE) and
leading providers of energy-efficient steam technologies. The goal of Steam Challenge is to
provide targeted information and technical assistance to help industrial customers retrofit,
maintain, and operate their steam systems more efficiently and more profitably. Participation in
Steam Challenge is open to steam system operators and managers, developers and distributors of
steam systems equipment, and steam trade and membership organizations (U.S. DOE, OIT,
1999c). Increased funding in the moderate and advanced scenarios provides for expanded
outreach, training, development of assessment tools, and development of automated monitoring
and controls.

• CHP Challeng.11. DOE and EPA recently announced a target of doubling combined heat and
power (CHP) capacity (including industrial, commercial, and federal facilities) in the United States
by 2010. It seeks to open a national dialogue on CHP technologies to raise awareness of the
energy, environmental, and economic benefits of CHP, and to promote innovative thinking about
ways to accelerate the use of CHP (Laitner et al., 1999). State and regional officials will be key
participants in this CHP Challenge.  Future plans include a series of seminars with state officials,
regional workshops, and a national CHP conference for policymakers and CHP practitioners to
promote collaborative solutions (U.S. DOE, OIT, 1999d). Educational materials also are being
prepared for state legislators and environmental groups. The CHP Challenge will coordinate with
other government and industry programs to leverage ongoing activities relevant to CHP—for
example, by working with the Federal Energy Management Program (FEMP) and facilities
management agencies to expand the use of CHP technologies in government facilities. The
Challenge also will assess related DOE technology demonstrations in advanced turbines, fuel cells,
and combustion and heat recovery equipment (U.S. DOE, OIT, 1999d).  Increased funding in the
moderate and advanced scenarios allows for increased barrier removal, outreach, dissemination,
evaluation assistance, and clearinghouse activities.

Ø ENERGY STAR Buildings and Green Lights
The U.S. Environmental Protection Agency’s ENERGY STAR programs help to eliminate
information barriers and improve efficiency in investments in the buildings component of industrial
energy use, which is especially important in light industries. ENERGY STAR programs are voluntary
partnerships between EPA, the U.S. Department of Energy, product manufacturers, local utilities, and
retailers to develop and market energy-efficient products (see also above). Partners help promote
energy-efficient products by labeling them with the “ENERGY STAR” logo, which may be used as a
marketing tool, and educating consumers about the benefits of energy efficiency. Participating
companies are provided with access to information on products and practices to improve their
efficiency. EPA will continue to add products to the list of those that qualify for the ENERGY STAR
label (U.S. EPA, 1999b). The Green Lights program, a voluntary pollution prevention program
sponsored by EPA and part of the ENERGY STAR program, aims at improving the efficiency of
lighting systems. Green Lights partners agree to install energy efficient lighting where profitable as
long as lighting quality is maintained or improved. Future expansion of ENERGY STAR will focus
on initiatives that are more valuable to the industrial sector—for example, providing best practices
management tools to industrial facilities and, if possible, developing and providing benchmarking
information to help industries assess and compare their energy usage, and ultimately save energy
(Lupinacci-Rausch, 1999). We assume that industrial building floorspace included in the ENERGY
STAR Buildings and Green Lights programs increases by 50% under the moderate scenario and
doubles under the advanced scenario.

                                                     
11 We have assessed the potential for industrial cogeneration for the different policy scenarios (see section 5.5.4 for results).
However, the cogeneration results have not yet been integrated in the overall results, reported in section 5.5.
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Ø Expanded ENERGY STAR and Climate Wise Program
U.S. Environmental Protection Agency sponsors various government-industry partnership initiatives,
e.g. ENERGY STAR and Climate Wise, designed to stimulate the voluntary reduction of greenhouse
gas emissions among participating manufacturing companies by providing technical assistance and
helping organizations identify the most cost-effective ways to reduce greenhouse gas emissions. In
the Climate Wise program companies submit an Action Plan that identifies specific cost-effective
energy efficiency and pollution prevention measures. Companies then quantify and report their
energy savings and emission reduction numbers annually. In return, participants in the Climate Wise
program receive assistance in identifying actions that both save energy and reduce costs, have access
to technical assistance, and receive public recognition for their efforts (e.g., through signing
ceremonies, media briefings, articles in business journals) (U.S. EPA, 1999a, U.S. EPA, 1999b).
Program expansions and funding are increased by 50% in the moderate scenario and doubled in the
advanced scenario. The moderate scenario incorporates additional partners while the advanced
scenario incorporates new manufacturing sectors, both scenarios contributing to the savings in
existing and new plant equipment.

Ø Expanded Pollution Prevention Programs
Although not directly aimed at energy use or GHG emissions, the WasteWise program may reduce
energy use and GHG emissions through pollution prevention and increased recycling of energy
intensive materials. The WasteWise program targets the reduction of municipal solid waste, such as
corrugated containers, office paper, yard trimmings, packaging, and wood pallets. Participants, which
range in size from small local entities to large corporations, sign on to the program for a 3-year period
and commit to reduce waste, establish reduction goals, and monitor progress of waste reduction
projects and activities. The U.S. EPA has also created the Design for the Environment (DfE) Program
to build on the "design for the environment" concept pioneered by industry. Under this program, EPA
encourages businesses to incorporate environmental considerations into the design and redesign of
products, processes, and technical and management systems, as well as environmentally procurement
programs (U.S. EPA, CPD, 1999; U.S. EPA, OCFO, 1999). Increased funding in the moderate and
advanced scenarios is expected to lead to reductions in material demand, increased diversion of
wastes to recycling instead of landfilling, and overall changing consumption and production patterns
in the primary materials industries.

Information Dissemination Programs. Information dissemination programs include assessment
programs and labeling programs, as well as elements of the “Challenge” programs, the Climate Wise
program, and pollution prevention programs (see above).

Ø Expanded Assessment Programs
The U.S. Department of Energy Office of Industrial Technology’s Industrial Assessment Center
(IAC) program is an energy efficiency improvement initiative that also supports waste reduction and
improvements in productivity for small and medium sized manufacturing firms12. There are now 30
universities operating IACs across the country. Since its inception in 1976, these centers have
performed more than 8,000 assessments and provided 53,000 recommendations since 1976; about
42% of the suggested investments have been implemented (STAPPA/ALAPCO, forthcoming). The
energy audits and assessments are performed by teams from engineering schools at Universities
across the country, who help manufacturers identify opportunities to improve productivity, reduce
waste, and save energy. Most clients of the IAC centers are currently in food processing and metals

                                                     
12 The IAC Program defines small and medium sized enterprises as having gross annual sales of $75 million or less, consume
energy at a cost of $1.75 million per year or less, or employ no more than 500 people.
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manufacturing, due to the higher presence of small and medium sized enterprises in these sectors.
Historically, IAC assessments have identified the most retrofit opportunities in lighting, HVAC and
building envelopes, heat recovery and containment, compressors, and motors in small and medium
sized enterprises (U.S. DOE, OIT, 1999b). Under the moderate and advanced scenarios, funding is
increased so that additional IACs are established. Due to integration with both business schools and
local community colleges, the number of assessments also increases and the work of the centers is
expanded to include development of comprehensive energy plans for the audited industries.
Developing such corporate energy plans to implement and maintain energy-efficient practices will
focus industries on sustained efforts, modeled after programs run at various companies.

Ø Product Labeling and Procurement
Consumer information to encourage demand for environmentally benign products, e.g. eco-labeling,
is a step towards more sustainable production that is taken in many countries. For example, the “Blue
Angel” program has been in existence since 1977 in Germany, and is used for a wide array of
products. The “Blue Angel” program labels products like unbleached, recycled paper, as well as many
other common products (e.g. computers, paint). The “Green Seal” in the U.S. is a similar, but
independent non-governmental, effort. The labeled products generally have a lower environmental
impact than competing products, and often result in energy savings due to the use of less energy-
intensive materials or recycled materials. To maintain objectivity standardized and independent
procedures are needed. The design of the testing procedures may take a few years. Corporate and
governmental procurement programs of labeled products are also established as 'market-pull'
instruments. The federal government has established procurement programs for energy consuming
equipment (FEMP). The described effort would expand the program to other products, e.g. cement for
public construction projects. Under the moderate scenario, we assume the development of a federal
eco-labeling program for development of a label for unbleached, recycled paper and for performance-
based cement standards. Under the advanced scenario, the program will be expanded to various
products.

Investment Enabling Programs. Investment enabling programs include state programs, ESCO/utility
programs, and financial incentives.

Ø Expanded State Programs
• State Industrial Energy Efficiency Programs. Currently many states and regional bodies have local

industrial innovation and competitiveness programs (NIMAP, 1999), of which a number
specifically aim at industrial energy efficiency improvement. In this description we excluded
utility or ESCO programs (see description under ESCO programs, below). Approximately 300
regional or state programs exist. Successful examples of energy programs can be found in e.g.
Iowa, New York, Texas, and Wisconsin. The Energy Center of Wisconsin focuses on
demonstration projects. The NYSERDA (New York State Energy Research and Development
Authority) program in New York focuses more on industrial R&D, while the LoanSTAR program
in Texas focuses on demonstrating energy retrofit technologies. The Iowa Energy Center focuses
on agriculture and audits. The programs are active in information dissemination, auditing,
demonstration, and R&D of industrial technologies. Recently, OIT has also started an effort to
expand the IOF program to the state level. States Industries of the Future (SIOF) has activities in
50 states in various stages of development, and focus points (depending on the interests of local
industries). Increased funding in the moderate and advanced scenarios will accommodate
expansion of technology demonstration and practices across sub-sectors, auditing, active
dissemination, and integration with other industrial innovation and environmental policies.

• Clear Air Partnership Funds. There are various ways to comply with the provisions of the Clean
Air Act. Harmonized strategies to reduce air pollutant emissions that also reduce GHG emissions
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can be developed in all sectors, including the industrial sector (STAPPA/ALAPCO, 1999). Air
pollution control measures are developed by state and local regulators and are described in a State
Implementation Plan (SIP). A SIP contains plans for inventories of emissions, modeling of efforts
needed to attain or maintain a specified emission level, a list of control measures, and regulations
to adopt and enforce the control strategies (see Regulations, below). The Clean Air Partnership
Fund will provide financial incentives to reduce air pollution and GHG emissions simultaneously.
The GHG emission reduction will depend strongly on the measures that are implemented to reduce
pollutant emissions, and are likely to vary by region (STAPPA/ALAPCO, 1999). While the
moderate and advanced scenarios follow the same timeline as the baseline scenario, start of
implementation of measures by the year 2000, increased funding makes integrated approaches
more attractive for industries and allows new technology demonstrations without the current risk
of non-compliance.

Ø Expanded ESCO/Utility Programs
Following deregulation, 19 states have introduced public benefit charges. The revenue from the
public benefit charges will be used to fund projects in energy efficiency, R&D, renewable energy
sources, as well as to subsidize low-income households. The charge and the spending pattern will
vary by state (Kushler, 1998; Kushler, 1999). We assume that the revenues will mainly be used to
expand the work of Energy Service Companies (ESCOs) through standard performance contracting
(Eto et al., 1998). Historically, utility demand-side management program performance has varied
widely, and depends on factors like marketing, targeting of approaches, program procedures, level of
financial incentives, and availability of technical assistance (Nadel, 1990). Utility programs seem to
have mainly been targeted to larger customers. A recent analysis of bidding programs for
commercial/industrial energy savings showed typical costs from $0.054 to $0.08 per kWh-saved
(Goldman and Kito, 1994). For the business-as-usual scenario, we use a typical cost of $0.06/kWh-
saved. Under the moderate scenario, we assume public benefit charges are used in 20 states by the
year 2000 and expanded to 30 states by 2005. We assume that the typical costs in the moderate
scenario will be $0.065 per kWh-saved, due to increased efforts targeting small industrial consumers.
For the advanced scenario, the programs will have slightly higher typical costs of $0.07/kWh-saved,
as it is more difficult to reach a larger group of customers.

Ø Financial Incentives
• Tax Rebates for Specific Industrial Technologies. As part of the U.S. climate change proposal,

President Clinton announced support for $6.3 billion in funding over 5 years for additional R&D
efforts and tax cuts to stimulate energy efficiency and other technologies that reduce greenhouse
gas emissions. The financial incentives and R&D expenditures would spur development and
commercialization of advanced technologies and leverage larger private sector investments.
Specific technologies that have been discussed for the tax rebate program include black liquor
gasification, direct steelmaking technologies, and advanced aluminum cells. Other potential tax
incentive initiatives in the industrial sector could include improved aluminum smelting
technologies and major chemical production processes.  These incentives could be made available
for up to ten years, assuming that they are initiated in 1999 or 2000 (Elliott, 1999). Under the
moderate and advanced scenarios, the expanded program will be aimed at the implementation of
advanced technologies. In the early years this will include industrial cogeneration, roller kilns,
autothermal reforming, black liquor gasification, near net shape casting. After 2005 it could also
include advanced technologies, now under demonstration or development, e.g. smelt reduction,
advanced (catalytic) membrane applications, and impulse drying. The higher funding level in the
advanced scenario is expected to accelerate uptake of these technologies within the analysis period
of the study.
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• Investment Tax Credit for CHP Systems. This policy would establish an 8% investment credit for
qualified CHP systems with an electrical capacity in excess of 50 kilowatts or with a capacity to
produce mechanical power in excess of 67 horsepower (or equivalent combination of electrical and
mechanical energy capacities). A qualified CHP system would be required to produce at least 20
percent of its total useful energy in the form of thermal energy and at least 20 percent of its total
useful energy in the form of electrical or mechanical power (or a combination thereof). In the
moderate scenario it is expected that the tax credit scheme is maintained at the 2000-2002 level
throughout the scenario period (2020). In the advanced scenario it is expected that the tax credit
scheme is started at a level of $100 Million for the period 2000-2005, and maintained at a higher
level of $200 Million from 2005 till 2020. The investment credit remains at 8% for qualifying
CHP units. After 2005, higher credit levels are available for advanced cogeneration systems,
including advanced turbines, gas turbines for industrial furnaces, high efficiency systems using
waste gases, and for industrial applications of fuel cells. The program is maintained throughout the
modeled period, and is expected to contribute to the expansion of CHP in industry, as well as third
party (merchant) producers at industrial sites.

Regulations
Ø Motors Standards and Certification.

The moderate scenario mandates upgrade of all motor systems to EPACT standards by 2020,and
extends standards to all motors not currently governed by EPACT, although the effect of the latter
may be limited (Xenergy, 1998). It also includes improved rewind practices by promoting a national
repair standard  (EASA-Q) and the institution of certification and licensing of rewind shops by 2004.
Specifications for motor purchases are supplied and energy-efficiency requirements are increased to
EPACT standards (by extending standards to all motors not currently governed by EPACT). The
advanced scenario extends standards to all motor systems and enforces 100% compliance by 2020,
improves rewind practices and mandates national repair standard (EASA-Q) into law by 2004, and
mandates certification and licensing of rewind shops by 2004.

Ø State Implementation Plans/ Clear Air Partnership Fund
State Implementation Plans outline air pollution control measures to comply with the provisions of
the Clean Air Act. These SIPs include a list of control measures and regulations to adopt and enforce
the control strategies (STAPPA/ALAPCO, 1999). This regulatory element of the Clean Air Act SIPs
augments the harmonized strategies to reduce air pollutant emissions and GHG emissions that are
described above under Investment Enabling Programs.

Research, Development, and Demonstration Programs. New technologies that could have the largest
impact in the period after 2010 include black liquor gasification (paper), impulse drying (paper), smelt
reduction (steel), membranes (chemicals, food), heat pumps (chemicals, food), inert anodes (aluminum),
new grinding technologies (non-metallic minerals, mining), process control and equipment (all sectors)
high efficiency and high temperature CHP including gas turbines and fuel cells (DOE National
Laboratory Directors, 1998; Interlaboratory Working Group, 1997; Blok et al.,1995). Expanded R&D
efforts are likely to generate future energy savings over the modeled timeframe depending on the timing
and scheduling of the R&D (Breger, 1997).

Ø Expanded Demonstration Programs
Demonstration programs, such as the U.S. Department of Energy’s National Industrial
Competitiveness through Energy, Environment, and Economics (NICE3), improve industry energy
efficiency, reduce industry's costs, and promote clean production. Grants support innovative
technology deployment that can significantly conserve energy and energy-intensive feedstocks,
reduce industrial wastes, prevent pollution, and improve cost competitiveness. The NICE3 program
currently focuses on the following industries (# of projects): agriculture (1), aluminum (6), chemicals
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(13), forest products (10), glass (2), metal casting (4), petroleum (3), steel (8), other industries:
electroplating/galvanizing (4), electronics (2), food (4), general manufacturing (10), printing (1),
textiles (3) (U.S. DOE, OIT, 1999a). These programs are expanded under the moderate and advanced
scenarios, with the increased funding leading to demonstration programs in additional industrial sub-
sectors, incorporated into state programs, and providing more information dissemination services.

Ø Expanded R&D Programs
In this study we model the impact of R&D policies by assuming increasing availability of new
technologies in the moderate and especially in the advanced scenario. In the advanced scenario the
policies to increase energy efficiency will provide incentives to direct R&D efforts increasingly to
energy and resource efficiency. The technologies mentioned above will affect the trends in efficiency
of new technologies in all industrial sectors gradually (reflecting the trends in S-curves for technology
development and penetration). R&D developments may also affect the costs and potential energy
savings from retrofit of existing technologies, but less pronounced than for new technologies.

• Industries of the Future. The U.S. Department of Energy, Office of Industrial Technologies,
Industries of the Future (IOF) strategy—creating partnerships among industry, government, and
supporting laboratories and institutions to stimulate technology research, development, and
deployment—is being implemented in nine energy- and waste-intensive industries: agriculture,
aluminum, chemicals, forest products, glass, metal casting, mining, petroleum, and steel.  The IOF
strategy is based on the preparation of documents outlining each industry's vision for the future,
along with technology “roadmaps” identifying the technologies that will be needed to reach that
industry's goals. Potential technologies are assessed and selected for funding by DOE and the
industries (U.S. DOE, OIT, 1999e). Industries of the Future programs are expanded in the
moderate and advanced scenarios, leading to increased research and development of future
technologies and savings in new plant equipment.

• Other OIT R&D Programs. The Office of Industrial Technologies currently funds basic research
in the areas of Enabling Technologies and Distributed Generation. The Enabling Technologies
include engineered ceramics/continuous fiber ceramic composites, advanced industrial materials,
combustion systems, and sensors and control technologies. The Distributed Generation programs
focus on industrial power generation and industrial distributed generation (U.S. DOE, 1999). In
cooperation with the DOE Office of Fossil Energy, OIT supports the development and
demonstration of high-efficiency gas turbines primarily designed for industry. Funding increases
under the moderate and advanced scenarios lead to expanded program R&D efforts in all areas
related to improving industrial sector energy efficiency.

Accelerated R&D in 2010-2010 Period
The policies and programs discussed above were originally designed for the period 2000-2010. It is
assumed that similar policies will be maintained throughout the period 2010-2020. In addition, the results
of accelerated R&D policies will impact energy efficiency improvement potentials after 2010. R&D will
likely increase the potential for energy efficiency improvement, while reducing the costs for new
technology. R&D is not expected to have profound effects in the analysis period up to 2010. However,
R&D can substantially contribute to decreasing the costs of new technologies as well as promoting the
development of new technologies designed to reduce energy use and carbon emissions between 2010 and
2020. It is difficult to model technologies under development in the same detail as commercially available
technology.

Domestic Carbon Dioxide Emissions Trading System
In the advanced scenario a carbon trading system is assumed to be implemented, which would lead to a
estimated value of carbon permits of 50$/ton C (see section 3.2.1.3).
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5.3.2 Barriers Addressed

Voluntary industrial agreements, along with the associated package of industrial sector policies and
programs outlined above, are designed to address a number of barriers to investment in energy efficiency
and greenhouse gas emissions reduction options including willingness to invest, information and
transaction costs, profitability barriers, lack of skilled personnel, and other market barriers. Table 5.4
outlines the programs and policies we use to support voluntary industrial agreements in this analysis and
the barriers they address.

Willingness to Invest. T he  de cision- ma king
proce ss to inve st in ener gy ef f ic ie ncy impr ove me nt,
like a ny inve stments, is sha pe d by the  be ha vior of 
individuals or of va r ious ac tor s within a  f ir m.
D ec ision-ma king pr oc e sses in f irms a re  a  func tion
of its r ule s of  pr oc e dure  (D eCa nio, 1993) , business
c lima te, c orpor a te  c ultur e , ma nager s' pe r sona litie s
( OT A, 1993)  a nd pe rc e ption of the  f irm's ener gy
e ff ic iency (V elthuijsen, 1995) . T he  lite r atur e 
sugge sts that the fe w est bar rie rs to e ne r gy
e ff ic iency inve stment e xist in the industrial se ctor,
w he re  ma na ger s a re  thought to be motivate d by
c ost minimiza tion (G olove , 1994). T he be havior 
has be en c a te gor iz ed in a  study by E PRI in the 
U .S., whic h dete rmine d nine "type s"  of  ma na ge r s
( EPRI , 1990), de pe nding on industria l de velopment
type a nd ma na ge ment c ha ra c te ristics. I n mar ke ts
w ith str ong grow th a nd compe tition, ef fic ie nc y
w ith r espe c t to ener gy and othe r inputs is ne c essa r y
to sur vive . I n c ontr a st, sta gna ting ma rke ts a r e poor
the atr es f or innovation a nd investme nt, a nd instea d
r ely on alr ea dy de pr e ciate d equipme nt to ma intain
low  pr oduc tion c osts. A  survey of  300 fir ms in T he 
N ethe r la nds show ed that a  fa vor able  ma rke t expec ta tion w as pe rc eived a s a n impor tant c ondition f or 
investing in ene rgy e ff ic iency impr ove me nt. I n mar kets w he re  incr e ased ener gy costs c a n still be  r ec ove re d
in the  produc t price , f ir ms do not have the  ince ntive  to inve st in e ne r gy e f ficie nc y improvements. I n the 
same sur ve y it a lso a ppea r ed that f irms often pe rc e ived themselve s a s e ne rgy e ff icient, eve n though
profitable  pote ntials f or  ener gy ef f ic ie ncy impr ove me nts w er e  still found ( V elthuijse n, 1995) . E ne rgy
a wa re ness a s a mea ns to r e duce  pr oduction c osts doe s not see m to be a high prior ity in many f ir ms, de spite  a 
numbe r  of e xc ellent e xa mples in industry worldwide . By inc luding e ne rgy e ff icienc y as a compone nt of 
w aste  minimiz ation, f ir ms ha ve  identif ie d mor e  opportunities for savings (se e box) (N e lson, 1994).

Inf or m at ion &  Tr ansac tion Cost s. Cost-e ff ec tive e ne rgy e ff icienc y me a sure s a re  of te n not unde r ta ke n a s a 
r esult of lac k of inf or ma tion or knowledge on the par t of the  c onsumer , lac k of c onfidence  in the
inf or mation, or  high tr ansac tion costs f or obtaining re lia ble  inf ormation ( Reddy, 1991; OT A , 1993;
V elthuijse n, 1995; Siosha nsi,1991; L evine  e t a l.,1995; O ste rtag, 1999). I nforma tion colle ction a nd
proce ssing consume s time a nd r e sour c es, w hich is e spe cia lly dif fic ult f or  small f ir ms. Many f ir ms and
individuals a re  uninf or me d r ega rding the  possibilitie s f or  buying ef fic ie nt equipme nt (Reddy, 1991),
bec ause ene rgy is just one  of many c rite r ia  in a cquir ing e quipment. The  inf ormation ne eds of the  var ious
a ctor s a re  de fined by the  char a cter istic s of the  inve stors le ading to a  nee d f or  a diver sif ie d set of  inf ormation
sourc e s. Public  agenc ie s a nd utilities play a n important r ole  in providing this inf or mation.

Company Programs

Dow Chemical in Louisiana introduced
an annual waste reduction contest in
1981 among employees at the
Plaquemine-site (LA). This contest has
continued to find significant, highly cost-
effective energy and materials savings
projects each year, implying that even
well managed firms do not automatically
optimize their use of resources. Each
year more profitable energy conservation
and waste reduction projects are
identified in an annual contest with rate
of returns far over 100%. The additional
efficiencies found at Dow Chemical
suggest that great potential exists to
improve the efficiency and reduce the
emissions of the industrial sector, if
organizational and other internal barriers
can be overcome (Nelson, 1994).
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F inanc ial Bar rie rs. A  lar ge numbe r of sta ndar d a cc ounting pr oce dur es a r e ava ilable for  f ir ms to de te r mine 
the  e c onomic fe a sibility a nd pr of ita bility of  an inve stment. Surve ys show ed that ma ny inve stors use
instr ume nts suc h a s simple  paybac k per iod, ra te of  re tur n or  ne t pre se nt va lue  to e va lua te  ener gy ef f ic ie ncy
proje c ts. W he n e ne rgy pric es do not re fle ct the re a l costs of  e ne r gy, the n c onsumer s w ill nec essar ily inve st
less in ene rgy e ff ic iency unle ss suc h investme nts have a dditional be ne f its. Ener gy pr ice s, as a  compone nt of 
the  pr of ita bility of  an inve stment, ar e a lso subje c t to la rge  f luc tuations. The unc er tainty a bout futur e e ne rgy
price s, espec ia lly in the  shor t ter m, se e ms to be a n impor ta nt ba r rier  (V elthuijsen, 1995) . T he  unce r ta intie s
often le ad to higher  pe rc e ived risks, and the r ef or e  to mor e str inge nt investme nt c r iter ia and a  higher  hurdle
r ate ( Ha sse tt a nd Me tca lf , 1993; Sa nstad et a l., 1995). An importa nt r e ason for high hur dle  r ate s is ca pital
a va ila bility. Ca pita l r ationing is often used within fir ms a s a n a lloc a tion me ans f or  inve stments, le ading to
e ve n highe r  hur dle  r a te s, espe c ia lly f or  small projec ts with ra te s of r etur n f rom 35 to 60% , muc h highe r tha n
the  c ost of  c apita l ( ~15% )  ( Ross, 1986). De Ca nio ( 1993)  ha s shown that firms typica lly e sta blish inte rnal
hur dle  r ate s for  e ne r gy e f ficie nc y investme nts tha t a re  highe r tha n the  c ost of c apita l to the f ir m. On the
e ne rgy supply side  the costs of  c apita l a re  much lowe r, le ading to impe rf ec tions of  the ca pital ma rke t.
U tilitie s a nd inve stors in pow e r supply typic a lly ope ra te with longe r payba c k pe r iods (L evine  e t al., 1994) .
T he se  ca pital ma rket impe r fe ctions lea d to bia s aga inst end-use  inve stments vis- a -vis ener gy supply.

Lac k of Skilled Pe rsonnel. Espe c ia lly f or  small a nd me dium siz ed e nte rpr ises (SME )  the  diff iculties of 
selec ting a nd installing new  e ner gy- ef fic ie nt equipme nt compa re d to the  simplicity of  buying ene rgy may be 
prohibitive  ( Re ddy, 1991) . I n many f ir ms (e spe cially with the  c ur r ent tre nd towa r ds lean firms) the re  is
often a shortage  of tra ine d te c hnic a l pe r sonne l (O T A, 1993), be ca use  most pe rsonnel a r e busy ma intaining
produc tion. A  survey in T he Ne the rla nds sugge ste d tha t the  a vaila bility of per sonne l is se e n as a ba r rier  to
invest in e ne rgy-e ff icient e quipment by a bout one third of  the sur ve ye d f ir ms (V e lthuijsen, 1995). I n
a ddition, the  possible disruption of  the  pr oduction proc ess is pe r ce ive d as a ba r rier , lea ding to high
transition or opportunity  costs. T ra nsition costs ma y inc lude  the c osts of  not fully de pr ec iated pr oduction
e quipment, although the  c a pita l c osts of  the new  te chnology in itself  may be  e c onomica lly a ttr ac tive.

Other Market Barriers. In addition to the problems identified above, other important barriers include (1)
the "invisibility" of energy efficiency measures and the difficulty of demonstrating and quantifying their
impacts; (2) lack of inclusion of external costs of energy production and use in the price of energy, and
(3) slow diffusion of innovative technology into markets. A full discussion of these topics is beyond our
scope, see (Levine et al., 1994; Fisher and Rothkopf, 1989; Hirst and Brown, 1990; Sanstad and Howarth,
1994). Many companies are risk averse with regard to a possible effect on product quality, process
reliability, maintenance needs or uncertainty about the performance of a new technology (OTA, 1993).
Firms are therefore less likely to invest in new not yet commercially proven technology. Aversion of
perceived risks seems to be a barrier especially in SMEs (Yakowitz and Hanmer, 1993). For commercial
and industrial buildings that are rented, there are few incentives for the renter to improve the property that
he/she does not own; similarly, the landlord is uncertain of recovering his/her investment, either in higher
rents (as it is difficult to prove that improved thermal integrity will save the renter money in utility bills)
or in the utility bills, as the bills depend on the behavior of the renter. Builders are often required to
minimize first costs in order to win bids, and many building owners do not have sufficient expertise to
recognize the benefit of higher first costs to reduce building operating costs (Golove, 1994). ESCOs are
able to capture part of this efficiency gap.
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Table 5.4 Policies to Address Barriers to Efficiency Improvement in the Industrial Sector

POLICIES

Voluntary
Agreements

Expanded
Demonstration

Programs

Expanded
Assessment
Programs

Expanded
Challenge
Programs

Expanded
Labeling
Programs

Expanded
State

Programs

SCENARIO Both Both Both Both Both Both

BARRIERS

Willingness to Invest X X X X

Information /
Transaction Costs X X X X

X X

Profitability X X

Lack of Skilled
Personnel X X X

Pricing X

Innovation X X X

Renter/Landlord

POLICIES
Expanded

R&D Programs
Expanded

ESCO/utility
Programs

Expanded
Climate Wise

Program

Expanded
Pollution

Prevention
Financial
Incentives

Carbon
Trading
System

SCENARIO Both Both Both Both Both Advanced

BARRIERS

Willingness to Invest X X X

Information /
Transaction Costs X X X

Profitability X X X X

Lack of Skilled
Personnel X

Pricing X X

Innovation X X

Renter/Landlord X

5.4 METHODOLOGY FOR ANALYZING POLICY IMPACTS

Our analysis begins with an assessment of policies and programs applicable to the industrial sector. We
use voluntary industrial sector agreements between industry and government as the key policy mechanism
to attain energy efficiency improvements and to reduce greenhouse gas emissions. As discussed above,
these voluntary industrial sector agreements are supported by a comprehensive package of policies and
programs designed to encourage implementation of energy-efficient technologies and practices.

Each industrial sub-sector is evaluated to determine the potential energy savings and GHG emissions
reductions. Since voluntary industrial sector agreements are the umbrella under which a number of
policies and programs contribute to decisions to implement energy-efficient technologies and measures, it
is often difficult to allocate specific actions to specific policies or programs. Estimates are made to
allocate the overall synergetic effects of actions taken due the supporting policies and measures. Table 5.5
outlines how the effects of the different policies and programs are reflected in the CEF-NEMS modeling
and model inputs. Appendix A.2 and B.2 provide detailed information on the alterations made to the
NEMS-model and on the industrial sector policies and programs. Uncertainties in the assumptions affect
the final results of the scenarios. However, as it is not always possible to quantitatively estimate the
uncertainties (see sections 5.6 and 5.7) and for reasons of presentation we only present point estimates.

AEO 99 projects energy intensity reductions of 1.0% per year in the baseline scenario, of which 80%, or
0.8% per year, are due to inter-sector structural change and the remaining 0.2% per year is due to
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efficiency improvements (U.S. DOE, EIA, 1998a). We have retained the AEO99 assumption of a 0.8%
contribution inter-sectoral structural change in all CEF, and in the moderate and advanced scenarios
modified the change due to efficiency improvements as discussed below.

Five industrial sub-sectors (paper, glass, cement, steel, and aluminum) are modeled in NEMS using
physical production values to determine energy intensities. We evaluate three of these subsectors (paper,
cement, and steel) in detail, relying on recent process-level assessments of energy use, carbon dioxide
emissions, and efficiency potentials (Worrell et al., 1999; Martin et al., 1999; Anglani et al., 1999). We
assess the other two sectors based on historic trends and efficiency potentials identified in recent U.S. and
international literature. The remaining industrial sub-sectors (agriculture, mining, construction, food,
chemicals, metals-based durables, and other manufacturing)13 are modeled in NEMS using economic
production values (value of output) to determine energy intensities. We evaluate these sub-sectors based
on historic trends and efficiency potentials identified in recent U.S. and international literature.

5.4.1 Actions Addressed Within CEF-NEMS

All actions due to industrial sector policies were addressed to some degree within CEF-NEMS, including
a carbon dioxide emissions trading system with an assumed carbon price of $50/ton in the advanced
scenario. We first assessed the level of future energy savings under many policies (see Appendix B.2).
Next we determined where and how these energy savings might be achieved in terms of modeling
parameters and modeled these changes in CEF-NEMS, on an aggregation level appropriate for the CEF-
NEMS model. We adjusted the following parameters of the CEF-NEMS model to reflect the likely impact
of the policies on the implementation rate and decision-making process: energy efficiency improvements
in existing equipment, energy efficiency improvements in new equipment, material inputs, boiler
efficiency, use of CHP, and building efficiency. Some policies may affect one parameter, e.g. research
and development is most likely to affect the energy efficiency improvement and availability of new
equipment. On the other hand, a carbon trading system will affect the price of energy and will likely
influence all parameters of the CEF-NEMS model.

Energy Efficiency Improvements in Existing Equipment. In addition to the over-arching voluntary
industrial sector agreements, specific policies that result in more rapid adoption of energy-efficient
technologies and measures for existing equipment are expanded assessment programs, expanded Motor
and Compressed Air Challenge program, expanded state programs, expanded SIP and Clean Air
programs, expanded ESCO/utility programs, expanded ENERGY STAR and Climate Wise programs, tax
incentives for energy managers, and expanded demonstration programs.

The rate of adoption of energy-efficient technologies and measures for existing equipment is
characterized in NEMS using technology possibility curves (TPCs)14. TPC values for existing equipment
were modified in the moderate and advanced scenarios in all sectors (see Appendix A-2). For the paper,
cement, and steel sectors, the modifications were made based on calculations made outside of CEF-
NEMS (see below). For the agriculture, mining, chemicals, glass, and aluminum sectors, we relied on
recent analyses (see Appendix A-2) of the energy efficiency improvement potentials in these sectors to
determine TPCs for the moderate and advanced scenarios. For the remaining sectors (food, metals-based
durables, and other manufacturing), we used the AEO99 HiTech Case TPC values for the advanced
scenario and used values between the Base Case and the HiTech Case for the moderate scenario.

                                                     
13 Because petroleum refining is not included in the NEMS industrial model (but rather in the transformation sector) it has been
excluded in the analysis of the industrial sector.
14 TPCs represent average annual rates of change (usually reduction) in the Unit Energy Consumption (UEC) values. TPCs and
UECs are provided by process by fuel for each industrial subsector.
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Table 5.5 Qualitative Representation of Policy and Program Impacts on CEF-NEMS
 Inputs by Industrial Subsector

POLICIES

Demon-
stration

Programs

Assess-
ment

Programs

Challenge
Programs -
Motors and

Air

Challenge
Programs -

Steam

Challenge
Programs -

CHP

Energy Star
Buildings
and Green

Lights
Product
Labels

State
Programs

Clean Air
Act SIPs

Agriculture 1,2,8 1 1,2,8 3,6,9 6,9 1,2,3
Mining 1,2,8 1 1,2,8 3,6,9 6,9 1,2,3
Construction 1,2,8 1 1,2,8 3,6,9 6,9 1,2,3
Food 1,2,8 1 1,2,8 3,6,9 6,9 5 1,2,3,5 1,2,3,6,9
Paper 1,2,7,8 1,7 1,2,7,8 3,6,9 6,9 5 4 1,2,3,5 1,2,3,6,7,9
Chemicals 1,2,8 1 1,2,8 3,6,9 6,9 5 1,2,3,5 1,2,3,6,7,9
Glass 1,2,8 1 1,2,8 3,6,9 6,9 5 1,2,3,5 1,2,3,6,9
Cement 1,2,7,8 1,7 1,2,7,8 3,6,9 6,9 5 4 1,2,3,5 1,2,3,6,9
Steel 1,2,7,8 1,7 1,2,7,8 3,6,9 6,9 5 1,2,3,5 1,2,3,6,7,9
Aluminum 1,2,8 1 1,2,8 3,6,9 6,9 5 1,2,3,5 1,2,3,6,9
Metals-Based Durables 1,2,8 1 1,2,8 3,6,9 6,9 5 1,2,3,5 1,2,3,6,9
Other Manufacturing 1,2,8 1 1,2,8 3,6,9 6,9 5 1,2,3,5 1,2,3,6,9
Petroleum Refining n/a n/a n/a n/a n/a n/a n/a n/a n/a

POLICIES

R&D - IOF Other OIT
R&D

ESCO/
Utility

program

Climate
Wise

Program

Pollution
Prevention

Tax
Incentives
for Energy
Managers

Tax Rebates
for Specific
Industrial

Techs

Investment
Tax Credit
for CHP
Systems

Carbon
Trading
System

Agriculture 2 2,6 1,6,9 1,2,8 1 6,9 1-6,8,9
Mining 2 2,6 1,6,9 1,2,8 1 6,9 1-6,8,9
Construction 1,2,8 6,9 1-6,8,9
Food 2,3,6 1,5,6,9 1,2,8 1,5 2 6,9 1-6,8,9
Paper 2 2,3,6 1,5,6,7,9 1,2,7,8 4 1,5,7 2 6,9 1--9
Chemicals 2 2,3,6 1,5,6,9 1,2,8 1,5 2 6,9 1-6,8,9
Glass 2 2,3,6 1,5,6,9 1,2,8 4 1,5 2 6,9 1-6,8,9
Cement 2 2,3,6 1,5,6,7,9 1,2,7,8 1,5,7 2 6,9 1--9
Steel 2 2,3,6 1,5,6,7,9 1,2,7,8 4 1,5,7 2 6,9 1--9
Aluminum 2 2,3,6 1,2,8 4 1,5 2 6,9 1-6,8,9
Metals-Based Durables 2 2,3,6 1,5,6,9 1,2,8 1,5 2 6,9 1-6,8,9
Other Manufacturing 1,5,6,9 1,2,8 1,5 6,9 1-6,8,9
Petroleum Refining n/a n/a n/a n/a n/a n/a n/a 9 1-6,8,9

Notes
Modeled within NEMS:
1: increased TPCs in existing equipment
2: increased TPCs in new equipment
3: increased boiler efficiency
4: increased use of recycled materials (throughput changes)
5: improved building energy efficiency
6: increased use of cogeneration (within NEMS)

Modeled outside NEMS:
7: improved TPCs in existing equipment (LBNL-detailed analysis in steel, cement and pulp and paper industries)
8: improved TPCs in existing equipment (ORNL motor system assessment for motors electricity use)
9: increased use of cogeneration (DISPERSE modeling of CHP-policies)
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Energy Efficiency Improvements in New Equipment. Voluntary industrial sector agreements provide
the overall impetus for making energy efficiency improvements in new equipment. Other programs (such
as expanded demonstration programs, Motor and Compressed Air Challenge, expanded state programs,
expanded SIP and Clean Air programs, expanded Industries of the Future Programs, expanded other OIT
R&D programs, expanded ENERGY STAR and Climate Wise Programs, and tax incentives for specific
industrial technologies) provide information and incentives for more rapid adoption of new, energy-
efficient technologies and measures.

The rate of adoption of energy-efficient technologies and measures for new equipment is characterized in
NEMS using TPCs. The TPCs were modified in the moderate and advanced scenarios in all sectors (see
Appendix A.2). For the paper (Anglani et al., 1999), cement (Martin et al., 1999), steel (Worrell et al.,
1999), agriculture, mining, chemicals, glass, and aluminum sectors, these modifications were based on
recent analyses (see Appendix A.2) of the energy efficiency improvement potential in these sectors to
determine TPCs for the moderate and advanced scenarios. For the remaining sectors (food, metals-based
durables, and other manufacturing), we used the AEO99 HiTech Case TPC values (US DOE, EIA, 1998a)
for the advanced scenario and used values between the Base Case and the HiTech Case for the moderate
scenario.

Material inputs. Product labeling programs and pollution prevention programs will reduce primary
resources inputs in the paper, glass, cement, steel, and aluminum subsectors as these industries move
toward increased use of recycled materials. Material inputs in CEF-NEMS have been adjusted in the
moderate and advanced scenarios to reflect such a shift. The AEO99 reference scenario shows only minor
increases in recycled material inputs. For paper, the share of waste paper is increased over the 0.3%/year
assumed in the AEO99 reference case, by 0.2% per year and 0.4% per year in the moderate and advanced
scenarios, respectively. Historically, the share of recycled fiber has increased from 21.5% in 1970 to
33.2% in 1995, equivalent to an average increase of 1.7%/year (McLaren, 1997). As a result the amount
of pulping and wood is reduced. Bleaching throughput is reduced by 0.1% per year in the moderate
scenario and 0.2% per year in the advanced scenario. For steel, the share of electric arc furnace
production is increased to 55% by 2020 in the advanced scenario versus 46% in the AEO99 reference
case, in line with expectations of the industry (Barnett, 1998). For cement, we assume that 30.7 million
tons of blended cement will be produced by 2010 (PCA, 1997), resulting in reduced clinker production
throughout the analysis period. By 2020, clinker production is reduced by 6.9 million tons in the moderate
scenario and by 16.4 million tons in the advanced scenario relative to the AEO99 reference case. For
aluminum, increased recycling (Plunkert, 1997) is simulated by reducing production growth of primary
aluminum production by 0.05% per year in the advanced scenario and by correcting energy use for the
aluminum recycled.

Boiler efficiency. Expanded Steam Challenge, expanded state programs, expanded Clean Air programs
and SIPs, and expanded OIT R&D programs will all contribute to improved boiler efficiency. Boilers in
AEO99 are modeled with a set or fixed efficiency of around 80% for boilers using fossil fuels and 74%
for by-product boilers. In reality boiler efficiency can vary widely, e.g. between 65% and 85% for coal
boilers (CIBO, 1997). Also, in NEMS boilers are not retired, so the efficiency gains from new boilers are
not captured in the model. Boiler efficiency can be improved by reducing excess air, installing
combustion controls, or by improved boiler insulation. The CEF-NEMS model also does not retire old
boilers, allowing implementation of new efficient boilers. Based on the assumptions in the BAU-scenario,
and assessments of boiler efficiency improvements (CIBO, 1997; Einstein et al., 1999) we have
determined improvement rates for the policy scenarios, reflecting the retirement of older boilers as well as
the potential impact of the policy measures. In the moderate scenario boiler efficiency improvement
increases 0.2% per year for fossil fuels, and by 0.1%/year for biomass and waste. In the advanced
scenario the improvement rate is determined at 0.2%/year (oil), 0.3%/year (gas and coal) and 0.2%/year
for waste and renewable fuels, respectively.
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Building efficiency. ENERGY STAR Buildings and Green Lights, expanded state programs, expanded
ESCO/utility programs, and tax incentives for energy managers will all lead to improvements in building
energy efficiency. The NEMS model does not account for energy use in buildings in the agriculture,
mining, or construction industries, but does include building energy use in all of the remaining industries.
For these industries, we adopt the energy savings potential for the moderate and advanced scenarios
identified in this study for commercial buildings.

5.4.2 Actions Addressed Outside of CEF-NEMS

Various actions due to policies were modeled outside of CEF-NEMS, although some results were fed into
the CEF-NEMS model. We assessed the potential impacts of policies on retrofitting existing technologies
in the paper, cement, and steel industry, and two related cross-cutting opportunities, i.e. cogeneration
(CHP) and motor systems.

In the paper, cement, and steel industrial sub-sectors  we assessed the technologies available to retrofit
existing plants. In total, over one hundred technologies were characterized with respect to potential
energy savings, costs, and potential degree of implementation. The analyses focus on commercial
technologies that have been implemented by plants in the U.S. or other industrialized countries. The
technologies have been ranked by cost-effectiveness in energy conservation supply curves. The curves
have been used to assess the effect of the policies by adjusting the hurdle rate and energy prices. In the
moderate scenario, it was assumed that all measures with zero or net-negative annual costs are
implemented using a hurdle rate of 30%. In the advanced scenario, a hurdle rate of 15% was used to
reflect the impact of the policy instruments that reduce transaction costs and reduce the financial risks of
investments. It is assumed that the measures are fully implemented by the year 2020, allowing a flexible
response strategy. This would allow the implementation of technologies to fit scheduled maintenance
practices, reducing opportunity and transaction costs. The changes in energy intensity due to the
implementation of the retrofit measures were implemented in the CEF-NEMS model as an annualized
change relative to the reference year 1994. This allows credit for energy efficiency improvement achieved
until today. The detailed assessments and supply curves are reported in separate reports for the cement
(Martin et al., 1999), paper (Anglani et al., 1999) and steel industries (Worrell et al., 1999).

Combined Heat and Power Production (CHP)15 is modeled separately to model the interaction with the
power sector, effects of policy initiatives, and the replacement of retired industrial boilers. Expanded
Steam Challenge, expanded CHP Challenge, expanded Clean Air programs and SIPs, expanded
ESCO/utility programs, investment tax credits for CHP systems, and expanded OIT R&D programs will
all contribute to increased use of cogeneration. The model allows the use of CHP for new steam
generation capacity, due to growth of steam demand in the sectors. The CEF-NEMS model does not retire
old boilers. Hence, brownfield applications of CHP can not be modeled inside the model, but are modeled
outside the model (see below). As growth in steam demand in most sectors is slow in the policy scenarios,
implementation of CHP in the model itself is very limited. Hence, for CHP we relied on the modeling
outside the CEF-NEMS framework, to model the impact of CHP policies.

The CHP analysis was performed using Resource Dynamics Corporation’s DISPERSE model16 (see
Appendix A-2). The results were compared with results of studies using other utility models, i.e. the IPM
model run for US EPA. DISPERSE is a model that compares on-site power generation with the grid on
the basis of costs. DISPERSE estimates the achievable economic potential for CHP applications by
                                                     
15  Note that the definition of CHP may vary, e.g. PURPA used a different definition than CCTI. We use varying heat to power
ratios for the different sectors, dependent on the characteristics of that sector, and the CHP units implemented, but would fall
within the definitions commonly used.
16 Distributed Power Economic Rationale Selection (DISPERSE) model.
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comparing on-site generation economics with competing grid prices. The model not only determines
whether on-site generation is more cost effective, but also which technology and size appears to be the
most economic.  As a result, double counting of market potential for a variety of competing technologies
is avoided.  This model has been developed over the past five years, and has been applied on a variety of
projects for utilities, equipment manufacturers, and research organizations. Fuel and electricity prices are
based on those of the CEF scenarios. The overall steam demand for the industrial sub-sectors is taken
from the results of the baseline and policy scenarios. For modeling purposes it is assumed that steam use
in each site follows the national developments. Various financial parameter assumptions are taken into
account, including depreciation periods, tax rates, and insurance.

By permitting retirement of existing boilers where economically feasible, the model estimates
cogeneration potential for the year 2020 ranging from 46 to 107 GW, permitting retirement of existing
boilers where economically feasible. These estimates include both traditional (where all unit output is
used on-site) and non-traditional (where sales of electricity to the grid is permitted) applications of CHP,
and is limited to industrial sector applications. District energy applications of CHP are not included in this
sector, and are considered in the buildings sector analysis. For each scenario, the DISPERSE model
provides results for industrial production of electricity and steam, as well as the fuel consumption
associated with the production. These are reported in section 5.5.4.

At this time it was not yet possible to fully integrate the DISPERSE results into CEF-NEMS17. Hence we
were unable to assess the integrated impact on electricity generation and fuel mix. Section 5.5 reports on
the overall results without the contribution of CHP, which is discussed separately in section 5.5.4.

5.5 SCENARIO RESULTS

5.5.1 Overview

In the reference scenario industrial energy use grows from 34.8 Quads in 1997 to 41.0 Quads in 2020,
which is almost equal to that of the AEO99 (42.1 Quads), see Table 5.6. The difference between AEO99
and the CEF-reference scenario is due to changes in retirement rates, and changes in the energy
consumption of the three sectors modeled in detail, i.e. cement, iron and steel, and pulp and paper. Energy
use in the reference scenario shows a slight growth of 0.7%/year, while industrial output grows by almost
1.9%/year. Hence, the aggregate industrial energy intensity decreases by about 1.1%/year, or 23% over
the scenario period. The intensity change in the AEO99 scenario is due to inter-sector structural change
(almost three-fourths of the change), i.e. a shift to less energy intensive industries, and energy efficiency
improvement (about one fourth). Carbon dioxide emissions from the industrial sector in the reference
scenario increase by nearly 0.7%/year to 578 MtC (see Table 5.7).

The growth in the reference scenario can be found in other manufacturing industries (e.g. metals based
durables, other manufacturing) and the non-manufacturing industries. Growth in energy use is due to the
high economic growth of these sectors, and the slow improvement of energy efficiency (see also section
5.7). Food and bulk chemical industries also contribute to the growth. Energy use in the energy intensive
industries grows slightly, or is even reduced, due to slower economic growth in these sectors, resulting in
the inter-sector structural change of the economy. By 2020, energy intensive industries still consume 51%
of total industrial energy use, down from 55% in 1997 (primary energy, including feedstocks).

                                                     
17 Within the timeframe of this study it proved to be impossible to model the cogeneration results into CEF-NEMS model at the
industrial sub-sector level. Future work is needed to balance the boiler representation used in DISPERSE-model with steam
demand in CEF-NEMS and to integrate the DISPERSE-results in the integrated CEF-NEMS scenarios to estimate impact on
power sector energy demand and fuel-mix, as well as second order effects, due to changes in fuel mix and energy demand.
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The industrial fuel-mix changes slightly towards less carbon-intensive fuels (more natural gas, less coal).
The iron and steel industry is the largest coal consumer. Relative low production growth, associated with
reductions in coke use result in a downward trend of coal use, and a reduction in the imports of coke. The
importance of biomass in the industrial fuel-mix increases from 5% to 6%, mainly due to improved
utilization in the pulp and paper industry. Purchased electricity increases its share of the site fuel-mix,
from 13% in 1997 to 14% in 2020.

The policy scenarios show a considerable decrease in energy use and carbon emissions. The policy
scenarios assume similar economic growth patterns as in the reference scenarios. Increased energy
savings are due to increased energy efficiency efforts and inter-sector structure changes, e.g. a switch to
the less energy consuming electric steelmaking process in the steel industry. The advanced scenario
results in a doubling of the energy intensity reduction found in the reference scenario, while the moderate
scenario, leads to a 50% increase in the intensity improvement rates. In the sections below we will discuss
the main features of the results of the policy scenarios. Uncertainties in the inputs influence the results.
However, limited resources limited us to assess the uncertainties (see section 5.7).

5.5.2 Moderate Scenario

In the moderate scenario industrial energy use grows from 34.8 Quads in 1997 to 37.9 Quads in 2020,
equivalent to a growth of 0.4%/year (excluding CHP). Total industrial energy use in 2020 under the
moderate scenario is about 8% lower than the reference scenario. Under the conditions in the moderate
scenario overall industry energy intensity falls by 1.5%/year. Intra-sector, inter-sector and energy
efficiency improvement, contribute to the observed changes. The policies in the moderate scenario are
assumed to be effective by the year 2000, and are increased in the period after the year 2000. This reflects
in a relative strong growth in industrial energy use in the first years of the scenario period, followed by a
reduction later in the scenario period. Annual carbon emissions are increasing to approximately 521 MtC,
or a reduction of 10% relative to the reference scenario. The changes in carbon intensity are a bit larger
due to the shift towards lower carbon fuels, as well as intra-sectoral structure changes in the cement,
paper and steel industries.

Under the policies in the moderate scenario the light non-energy intensive industries will remain the
largest contributors to future growth in energy demand, and carbon dioxide emissions. The high growth in
the reference scenario is offset by considerable efficiency improvements (approximately 0.4%/year) in
those industries under the moderate scenario (see also section 5.7). A small change in the fuel-mix will
result in a larger reduction in carbon dioxide emissions in the light industries. While cement and the steel
industries actually show a reduction in overall energy demand, the paper and other energy intensive
industries are still slightly growing. Changes to less energy intensive processes and products in the
cement and steel industry, combined with the relatively low growth, contribute to the decrease in total
energy use and carbon dioxide emissions. The production of blended cements will reduce the carbon
emissions in the cement industry at a higher rate than the reduction of energy use. The overall
acceleration of energy efficiency improvement rates in these two sectors in the moderate scenario is
relatively modest at 0.3%/year (see Fig. 5.4). The other energy intensive industries show a relatively
strong improvement rate over the reference scenario, mostly due to increased energy efficiency
improvement. This results in a 6% reduction in total energy use by the year 2020. Compared to the
reference scenario, increased policy efforts in the pulp and paper industry result in a reduction by 3% and
6% of total energy use and carbon dioxide emissions, respectively. The larger decrease in emissions is
due to switch to biomass as the prime energy source in this industry.

The overall fuel-mix in industry is changing more rapidly to low carbon fuels, when compared to the
reference scenario. Coal and petroleum products show the strongest decrease, at a rate double of that of
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natural gas. While coal use stabilizes in the steel industry, reductions in coal use are mostly found in the
non-energy intensive industries. By 2020 natural gas will provide almost a third of the primary energy
needs of the total industry. The slight change in fuel-mix will result in lower carbon dioxide emissions.

Energy service costs, which include annual fuel costs, annualized incremental technology cost of energy
efficiency improvement, and annual program costs to promote energy efficiency, decrease by
approximately 9% by 2010 and 10% by 2020, relative to the reference scenario (see Table 5.9).

5.5.3 Advanced Scenario

In the advanced scenario a stronger push to reduce GHG emissions will result in an active policy for
energy efficiency improvement and GHG emission reduction. This is expected to result in considerable
energy savings and carbon dioxide emissions. In the advanced scenario industrial energy use remains
stable, decreasing from 34.8 Quads in 1997 to approximately 34.2 Quads in 2020 (excluding CHP). Total
industrial energy use in 2020 under the advanced scenario is 16.5% lower than the reference scenario.
Under the conditions in the advanced scenario overall industry energy intensity falls by 1.8% per year
(see Fig. 5.4), of which 1.0% per year due to energy efficiency improvement. This compares well to the
experiences in Germany, Japan and The Netherlands (see page 5.13), that voluntary industrial agreements
can potentially contribute an efficiency improvement of 0.4% to 1.3% per year. Intra-sector, inter-sector
and energy efficiency improvement, contribute to the total observed changes. Carbon emissions are
actually decreasing to approximately 409 MtC, or a reduction of 29% relative to the reference scenario,
especially due to de-carbonization in the power sector.

Compared to the reference scenario the largest reduction in energy use can be found in the cement, steel,
non-energy intensive and other energy intensive industries. Energy efficiency improvement rate in the
non-energy-intensive industries is about 0.9% per year, which reflects the total efficiency improvement
(see also section 5.7). This is due to changes in process efficiency, as well as in energy use in industrial
buildings. The change in the cement industry is mainly due to the more aggressive introduction of
blended cements in the U.S. market, resulting in energy savings, as well as process CO2 emission
reduction in the clinker-making. Similarly, increased use of electric steelmaking will result in energy
savings in the steel industry. Gradual introduction of new plants contributes a large part of the total
energy savings in other industries.

In the advanced scenario the fuel-mix is expected to favor low carbon fuels, due to the emission trading
system. This will lead to a 30% reduction in the share of coal, and 19% reduction in the share of oil,
relative to the reference scenario. Large reductions in the carbon dioxide emissions are due to the lower
carbon emissions in the power sector, especially in the electricity intensive sectors, e.g. aluminum and the
non-energy intensive industries. This leads to a strong reduction in total carbon dioxide emissions. While
increased CHP in industry is expected to impact the observed shift to natural gas, the CHP results have
not yet been integrated in the current fuel-mix shift.

Annual energy service costs in the advanced scenario are reduced by 8% in 2010 and by 12% by 2020,
translating to cost savings of approximately $8 Billion and $14 Billion respectively (see Table 5.9). The
savings are significantly higher in 2020 than in 2010, due to the larger investments in energy R&D in the
advanced scenario, which results in greater energy savings on the long term.
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Fig. 5.4 Energy Intensity Changes in the Three Scenarios for Total Industry
and for Cement, Steel and Pulp and Paper Industries for 2020*

*1997 Energy intensities are given for comparison.
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Table 5.6 Primary Energy Use by Scenario, Sub-Sector, and Fuel in the Industrial Sector
(in quadrillion Btus), Excluding the Effects of Increased CHP (see section 5.5.4)

2010 2020

1990 1997 BAU Moderate Advanced BAU Moderate AdvancedSector & fuel

Q Q Q Q % Q % Q % Q %

Iron and Steel
petroleum 0.12 0.11 0.12 2.3% 0.04 -68.6% 0.10 0.10 -0.7% 0.02 -80.3%

natural gas 0.54 0.45 0.40 -9.8% 0.38 -15.6% 0.39 0.34 -14.1% 0.34 -14.2%
coal 0.87 0.80 0.81 1.1% 0.76 -4.4% 0.78 0.79 0.6% 0.76 -3.1%

primary electricity 0.56 0.53 0.50 -5.0% 0.44 -16.8% 0.50 0.45 -10.2% 0.40 -21.4%
Total primary 2.09 1.88 1.83 -3.1% 1.61 -14.4% 1.78 1.68 -5.8% 1.51 -15.1%

Paper
petroleum 0.12 0.11 0.10 -7.7% 0.08 -31.4% 0.10 0.08 -13.2% 0.07 -29.1%

natural gas 0.67 0.50 0.52 3.8% 0.36 -27.4% 0.43 0.51 18.8% 0.43 0.3%
coal 0.39 0.31 0.28 -10.0% 0.12 -60.8% 0.27 0.23 -14.9% 0.11 -60.3%

renewables 1.48 1.81 1.78 -1.5% 1.94 7.1% 2.00 1.92 -3.7% 2.19 9.5%
primary electricity 0.83 0.80 0.78 -3.5% 0.66 -17.6% 0.79 0.73 -6.9% 0.57 -27.8%

Total primary 3.50 3.54 3.46 -2.2% 3.16 -10.6% 3.58 3.48 -2.8% 3.36 -6.1%

Cement
petroleum 0.04 0.04 0.03 -3.9% 0.04 7.8% 0.03 0.03 -7.2% 0.03 3.0%

natural gas 0.02 0.02 0.02 16.3% 0.03 105.9% 0.01 0.02 24.3% 0.03 119.1%
coal 0.32 0.32 0.30 -3.9% 0.24 -22.9% 0.31 0.29 -8.0% 0.22 -30.9%

renewables 0.00 0.00 0.00 N/A 0.00 N/A 0.00 0.00 N/A 0.00 N/A
primary electricity 0.10 0.09 0.09 -1.0% 0.09 -2.5% 0.09 0.09 -2.9% 0.08 -11.6%

Total primary 0.47 0.46 0.45 -2.7% 0.40 -12.1% 0.45 0.42 -5.9% 0.36 -20.0%

Other Energy-Intensive
Petroleum 5.1 5.8 5.5 -5.1% 5.2 -9.9% 5.9 5.3 -11.3% 4.7 -20.5%

Natural gas 4.7 5.1 5.1 0.0% 4.9 -4.8% 5.6 5.6 0.6% 5.3 -5.2%
coal 0.2 0.2 0.2 -19.1% 0.1 -49.5% 0.2 0.1 -36.1% 0.1 -64.7%

Renewables 0.0 0.0 0.0 N/A 0.0 N/A 0.0 0.0 N/A 0.0 N/A
primary electricity 3.1 3.2 3.0 -5.7% 2.6 -19.4% 3.2 2.8 -12.9% 2.2 -33.2%

Total primary 13.1 14.3 13.8 -3.6% 12.8 -10.7% 15.0 13.8 -7.6% 12.2 -18.2%

Non-Energy-Intensive
Petroleum 3.0 3.8 3.6 -5.8% 3.5 -7.9% 4.2 3.8 -10.3% 3.6 -14.8%

Natural gas 4.8 5.8 5.4 -6.3% 5.2 -9.6% 6.4 5.7 -11.7% 5.3 -17.3%
coal 0.6 0.7 0.7 -6.8% 0.5 -26.7% 0.8 0.7 -11.5% 0.5 -35.9%

Renewables 0.4 0.5 0.5 0.6% 0.5 0.4% 0.6 0.6 1.3% 0.6 0.5%
primary electricity 6.7 7.6 7.4 -3.1% 6.9 -9.8% 8.2 7.8 -5.1% 6.8 -17.4%

Total primary 15.6 18.4 17.6 -4.7% 16.6 -9.8% 20.2 18.5 -8.4% 16.7 -17.1%

Total Industrial
Petroleum 8.4 9.8 9.3 -5.3% 8.9 -10.0% 10.4 9.2 -10.8% 8.4 -18.8%

Natural gas 10.7 11.9 11.5 -3.3% 10.9 -8.4% 12.8 12.1 -5.4% 11.4 -11.2%
coal 2.4 2.4 2.2 -5.2% 1.8 -25.1% 2.4 2.1 -9.8% 1.7 -30.0%

renewables 1.9 2.3 2.3 -1.1% 2.4 5.6% 2.6 2.5 -2.6% 2.8 7.5%
primary electricity 11.3 12.2 11.8 -3.8% 10.6 -13.1% 12.9 11.9 -7.4% 10.0 -22.1%

Total primary 32.1 34.7 38.6 37.1 -4.0% 34.5 -10.5% 41.0 37.9 -7.4% 34.2 -16.5%

(1) BAU = Business-As-Usual scenario: Q = quadrillion Btus of primary energy
(2) % (change) is relative to the BAU scenario in that year.
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Table 5.7 Carbon Emissions by Scenario, Sub-Sector, and Fuel in the Industrial Sector (MtC),
Excluding the Effects of Increased CHP (see section 5.5.4)

2010 2020

Sector & fuel 1990 1997 BAU Moderate Advanced BAU Moderate Advanced

MtC MtC MtC MtC % MtC % MtC % MtC %

Iron and Steel
Petroleum 1.93 1.72 1.76 2.2% 0.53 -69.3% 1.52 1.49 -1.8% 0.29 -81.1%
natural gas 7.40 6.08 5.48 -9.8% 5.12 -15.8% 5.33 4.58 -14.0% 4.57 -14.1%

Coal 21.61 20.25 20.46 1.1% 19.37 -4.4% 19.83 19.95 0.6% 19.24 -3.0%
Electricity 8.63 8.72 7.94 -8.9% 5.78 -33.7% 8.53 7.31 -14.3% 4.62 -45.8%

Total 39.56 36.76 35.64 -3.0% 30.79 -16.2% 35.21 33.33 -5.3% 28.72 -18.4%

Paper
Petroleum 1.99 1.65 1.52 -7.8% 1.11 -32.9% 1.43 1.22 -14.2% 0.97 -32.1%
natural gas 9.19 6.84 7.09 3.7% 4.95 -27.6% 5.83 6.93 18.9% 5.84 0.3%

Coal 9.75 7.95 7.16 -10.0% 3.12 -60.8% 6.82 5.80 -14.9% 2.71 -60.3%
Renewables 0.00 0.00 0.00 N/A 0.00 N/A 0.00 0.00 N/A 0.00 N/A

Electricity 12.87 13.35 12.35 -7.5% 8.76 -34.4% 13.34 11.86 -11.1% 6.63 -50.3%
Total 33.80 29.79 28.12 -5.6% 17.93 -39.8% 27.41 25.81 -5.8% 16.15 -41.1%

Cement
petroleum 0.59 0.54 0.52 -4.0% 0.57 5.3% 0.49 0.45 -8.3% 0.49 -1.3%

natural gas 0.25 0.21 0.24 16.3% 0.43 105.5% 0.19 0.23 24.4% 0.41 119.1%
coal 7.80 8.02 7.70 -4.0% 6.19 -22.7% 7.92 7.29 -8.0% 5.49 -30.8%

renewables 0.00 0.00 0.00 N/A 0.00 N/A 0.00 0.00 N/A 0.00 N/A
electricity 1.49 1.52 1.44 -5.1% 1.18 -22.7% 1.49 1.38 -7.3% 0.91 -39.1%

total energy emissions 10.13 10.28 9.90 -3.7% 8.37 -18.7% 10.10 9.36 -7.3% 7.29 -27.8%
process emissions 10.98 11.83 11.32 -4.3% 11.32 -4.3% 12.20 11.60 -4.9% 10.56 -13.4%

Total 21.11 22.11 21.22 -4.0% 19.69 -11.0% 22.30 20.96 -6.0% 17.85 -20.0%

Other Energy-Intensive
petroleum 50.8 53.7 50.7 -5.7% 45.9 -14.6% 51.5 44.2 -14.3% 36.2 -29.8%

natural gas 59.6 65.2 65.3 0.2% 61.9 -5.0% 70.8 71.7 1.3% 67.4 -4.7%
coal 4.4 5.0 4.0 -19.1% 2.5 -49.4% 5.7 3.7 -36.1% 2.0 -64.7%

renewables 0.0 0.0 0.0 N/A 0.0 N/A 0.0 0.0 N/A 0.0 N/A
electricity 47.9 52.7 47.7 -9.5% 33.8 -35.8% 54.5 45.4 -16.8% 25.1 -54.0%

Total 162.6 176.6 167.7 -5.0% 144.2 -18.4% 182.6 164.9 -9.7% 130.7 -28.4%

Non-Energy-Intensive
petroleum 50.5 58.2 54.7 -5.9% 52.3 -10.1% 63.1 55.9 -11.5% 51.4 -18.6%

natural gas 65.8 79.0 74.0 -6.4% 71.2 -9.9% 87.4 77.2 -11.6% 72.2 -17.3%
coal 14.9 18.4 17.1 -6.8% 13.5 -26.6% 20.0 17.7 -11.5% 12.8 -35.8%

renewables 0.0 0.0 0.0 N/A 0.0 N/A 0.0 0.0 N/A 0.0 N/A
electricity 104.7 126.7 117.8 -7.0% 90.9 -28.2% 139.5 126.4 -9.4% 79.4 -43.1%

Total 236.0 282.3 263.6 -6.6% 228.0 -19.2% 310.0 277.2 -10.6% 215.8 -30.4%

Total Industrial
petroleum 105.8 115.8 109.2 -5.7% 100.4 -13.3% 118.1 103.2 -12.6% 89.3 -24.4%

natural gas 142.2 157.3 152.1 -3.3% 143.6 -8.7% 169.5 160.7 -5.2% 150.5 -11.2%
coal 58.5 59.6 56.5 -5.2% 44.7 -25.0% 60.3 54.4 -9.8% 42.3 -29.9%

Renewables 0.0 0.0 0.0 N/A 0.0 N/A 0.0 0.0 N/A 0.0 N/A
Electricity 175.6 203.0 187.2 -7.8% 140.5 -30.8% 217.4 192.3 -11.5% 116.6 -46.4%

total energy emissions 482.1 535.7 505.0 -5.7% 429.2 -19.9% 565.3 510.6 -9.7% 398.7 -29.5%
total process emissions 11.0 11.8 11.3 -4.3% 11.3 -4.3% 12.2 11.6 -4.9% 10.6 -13.4%

Total 452 493.1 547.5 516.3 -5.7% 440.5 -19.5% 577.5 522.2 -9.8% 409.3 -29.1%

(1)  BAU = Business-As-Usual scenario; MtC = Million metric tons of carbon
(2)  % (change) is relative to the BAU scenario in that year.
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Table 5.8 Energy Intensity Development in CEF-NEMS Scenarios,
Expressed as Primary Energy Use per Unit of Output*

Economic Intensities (MBtu/$-output (1987-$) on a primary energy basis

Business-as-Usual Moderate AdvancedScenario
Sector 1997 2010 2020 2010 2020 2010 2020
Refining 23.6 26.7 25.3 26.2 23.7 24.1 19.3
Food 4.3 3.9 3.7 3.8 3.6 3.5 3.3
Pulp & Paper 28.0 23.7 22.1 23.1 21.4 21.1 20.7
Bulk Chemicals 32.2 28.9 27.6 27.5 25.3 24.5 22.1
Glass 13.1 11.5 10.6 11.5 10.5 9.9 9.0
Cement 97.7 89.4 84.5 87.1 79.5 78.6 67.6
Iron & Steel 30.1 24.0 21.9 23.3 20.6 20.6 18.6
Aluminum 23.3 19.2 17.3 18.5 16.6 16.2 14.7
Agriculture 5.2 5.0 4.9 4.8 4.5 4.6 4.0
Construction 5.1 4.9 4.7 4.6 4.3 4.5 4.1
Mining 21.4 22.1 22.4 20.8 20.2 20.3 19.2
Metal Durables 2.0 1.8 1.6 1.7 1.5 1.5 1.3
Other Manufacturing 5.5 5.1 4.8 4.9 4.4 4.6 3.9
Total 8.7 7.4 6.7 7.1 6.2 6.6 5.6

Physical Intensities (MBtu/ton) on a primary energy basis
Pulp & paper 33.9 28.4 26.4 27.8 25.6 25.4 24.7
Glass 17.2 15.2 14.1 15.2 14.0 13.1 12.1
Cement 4.7 4.6 4.0 4.1 3.8 3.7 3.2
Iron & Steel 20.2 18.2 14.5 15.5 14.3 13.7 12.3
Aluminum 125.3 105.7 93.1 99.1 87.4 86.9 79.0

* Bulk chemicals excludes feedstocks. The increased contribution of CHP is excluded in this analysis (see section
5.5.4).

Table 5.9 Annual Total Costs of Energy Services by Scenario
in the Industrial Sector (B1997$/year)

2010 2020

1997 BAU Moderate Advanced BAU Moderate Advanced
B$/y B$/y B$/yr % B$/yr % B$/yr B$/yr % B$/yr %

Total - Industry
Annual fuel cost 105 109 96 -12% 93 -15% 115 95 -17% 87 -24%
Annualized incremental
technology cost of energy
efficiency

0 0 2.7 N/A 5.8 N/A 0 6.0 N/A 10.4 N/A

Annual program costs to
promote energy efficiency

0 0 1.0 N/A 2.2 N/A 0 2.1 N/A 3.9 N/A

Annual total cost of energy
services

105 109 100 -9% 101 -8% 115 104 -10% 101 -12%

Notes:
(1) BAU = Business-As-Usual scenario
(2) Buildings in the industrial sector are not included in these results.
(3) % (change) is relative to the BAU scenario in that year.
(4) Energy service costs include cost of purchased fuels and electricity (minus any carbon permit trading fee Transfer

payments), and the annualized costs of incremental efficiency improvements.
(5) The results exclude the increased role of industrial CHP (see section 5.5.4).
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5.5.4  Cogeneration

The results of the cogeneration (or CHP) calculations could not yet be integrated in the CEF-NEMS
framework. In this section we report on the results, and estimate the potential impact. By permitting
retirement of existing boilers where economically feasible, DISPERSE estimates the CHP potentials by
sub-sector. These estimates include both traditional, non-traditional applications of CHP, and is limited to
industrial sector applications (hence, it excludes distributed CHP or district heating). As shown in Table
5.10, the market penetration of industrial CHP in the two CEF policy scenarios is estimated to be between
40 and 76 GW by 2020, and depends on the timing and impact of CHP policies (see Appendix B.2)
designed to remove technical and market barriers.

Table 5.10 Estimated Market Penetration and Impacts of Industrial Cogeneration
for the Years 2010 and 2020 for the Moderate and Advanced Scenarios

Year 2010 Impacts Year 2020 ImpactsMarket Impact

BAU Moderate Advanced BAU Moderate Advanced

New Installed Capacity (GW)
4.4 14.1 28.9 8.8 40.1 76.2

  Of which: natural gas
4.4 12.3 24.5 8.8 34.9 63.6

  Of which: black liquor gasifier
combined cycle 0 1.1 2.6 0 3.1 7.5

  Of which: biomass gasifier
combined cycle 0 0.7 1.8 0 2.1 5.1

Generated Electricity (TWh)
31 98 201 62 278 539

Fuel Consumed by CHP
Systems (TBtu) 274 901 1,853 551 2,542 4,985

  Of which: natural gas
274 793 1,595 540 2,232 4,237

  Of which: biomass
0 108 258 11 310 747

Fuel Consumed by CHP
Systems, above BAU Forecast
(TBtu)

NA 627 1,579 NA 1,991 4,434

Fuel Displaced at the Utility by
CHP Systems, above BAU
Forecast (TBtu)

NA 648 1,909 NA 1,568 4,704

Boiler Fuel Displaced by CHP
Systems, above BAU Forecast
(TBtu)

NA 277 743 NA 873 2,097

Net Energy Reduction, above
BAU Forecast (TBtu) NA 298 1,073 NA 450 2,367

Net Carbon Reductions, above
BAU Forecast (MtC) NA 4.9 26.1 NA 9.7 39.7
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In the BAU scenario, 8.8 GW of new CHP is projected, based on a continuation of current market
penetration trends. Several technical and market barriers stand in the way of further use of CHP, as
evidenced by the fact that over 80 percent of the potential capacity is projected as untapped. Most
potential for CHP can be found in the paper, chemical, food and the non-energy-intensive manufacturing
sub-sectors.

In the moderate scenario, the projected additional CHP-capacity grows to approximately 14 GW by 2010
and 40 GW by 2020. This includes 3 GW of integrated black liquor gasification cogeneration by 2020. It
is expected that expanded research and development will result in black liquor gasifier combined cycle
technology, which will result in several demonstration projects by 2010 and an installed base of 3.1 GW
by 2020. In addition, this expanded R&D will result in the emergence of high efficiency gas turbines
(resulting from the ATS program and efforts targeting the under 1 MW unit size) which is expected to
increase CHP capacity in under 5 MW unit size ranges. Furthermore, policies designed to remove
financial barriers, expedite siting and permitting, improve grid sell back price, and reduce interconnection
costs are expected to contribute significantly to the expanded market potential and penetration.

In the Moderate scenario, newly installed CHP consumes almost 2 quads of energy (principally natural
gas) more than in the BAU forecast, by 2020. This is offset by 0.9 quads of boiler fuel that is displaced by
the CHP systems and 1.6 quads of energy that is displaced in the power sector. The net impact in 2020 is
an energy savings of 0.5 quads and a reduction in carbon dioxide emissions of 9.7 MtC. (In 2010, the net
reductions are 0.3 quads of energy and 4.9 MtC of carbon.)

In the Advanced scenario, the projected level of new CHP reaches approximately 29 GW by 2010 and 76
GW by 2020.  Accelerated development of black liquor gasifier combined cycle units as well as cost and
efficiency improvements in 5 MW and under gas turbines contribute significantly to the 107 GW of
market potential. This includes 64 GW of natural gas based cogeneration, 7.5 GW of black liquor gasifier
combined cycle capacity, and 5.1 GW of biomass gasifier combined cycle capacity. More aggressive
policies designed to remove financial barriers, expedite siting and permitting, improve grid sell back
pricing, and reduce interconnection and backup power costs all contribute to improved market penetration
levels, as well as reduce the costs of the ATS. This leads to accelerated implementation of CHP, despite
the lower steam demand due to energy efficiency improvement.

In the Advanced scenario, newly installed CHP consumes 4.4 quads of energy (3.7 quads of natural gas
and 0.7 quads of biomass) more than in the BAU forecast. This is offset by 2.1 quads of boiler fuel that is
displaced by the CHP systems and 4.7 quads of energy that is displaced in the power sector. The net
impact in 2020 is an energy savings of 2.4 quads and a reduction in carbon dioxide emissions of 39.7
MtC. (In 2010, the net reductions are 1.1 quads of energy and 26.1 MtC of carbon.)

5.6 DISCUSSION OF RESULTS

5.6.1 Key Technologies

This study identified policies to improve industrial energy efficiency. The policies will help to implement
efficient practices and technologies. Three sectors were modeled in detail, allowing an assessment of key
technologies for these industries. Generally, a number of cross-cutting technologies can achieve large
improvements, e.g. preventative maintenance, pollution prevention and waste recycling (e.g. steel,
aluminum, cement, paper), process control and management, steam distribution system upgrades,
improved energy recovery, cogeneration (CHP), and drive system improvements. However, a large part
of the efficiency improvements are achieved by retiring old process equipment, and replacing it with
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state-of-the-art equipment. This is especially true for many capital-intensive industries (Steinmeyer,
1997). This emphasizes the need for flexibility in achieving energy efficiency improvement targets, as
provided by the voluntary industrial agreements.

In the three sectors studied in detail, we can draw more specific conclusions on technologies. The detailed
assessments showed that technologies exist to both improve existing as well as new plants (when retiring
old capacity). In the steel industry, new electric arc furnaces are far more efficient than existing plants due
to various technologies, while new casting technologies reduce material and energy losses further. New
advanced smelt reduction technologies (assumed to be become available after 2010 in the advanced
scenario) can lead to large energy savings (Worrell et al., 1999). In the pulp and paper industries,
improved paper machines as well as reduced bleaching and increased recycling impact energy use, while
black liquor gasification substantially changes the energy profile of pulping in the long term (Anglani et
al.1999). In cement making, the key technologies and measures are the introduction of blended cements
and the gradual retirement of old wet process clinker plants which are replaced by modern pre-heater pre-
calciner kilns. New grinding technologies will reduce electricity demand for cement making (Martin et
al., 1999).

5.6.2 Key End-Use Sectors

Energy savings are found in all industrial sub-sectors. Production growth is lower in most energy-
intensive industries than the less energy-intensive manufacturing industries. This leads to a reduction in
energy use and CO2 emissions by the energy intensive industries. Hence, most of the growth in energy use
and emissions can be found in the light industries, growing to approximately 49% of primary energy
consumption in the reference scenario by 2020. Energy efficiency improvements in the policy scenarios
appear high, as the improvements in the baseline scenario are almost zero in the light industries (see
section 5.7). While light industries would consume almost half of the energy by 2020 in the reference
scenario, almost 50% of the total energy savings in the advanced scenario are also found in these
industries. Energy saving potentials in the steel, cement and aluminum industry are also relatively large,
due to the increased use of energy-efficient recycling technologies (or the production of blended cement
using wastes in the chemical industry) and the introduction of efficient technology as old plants are
retired. The potential savings in the food, paper, and chemical industries are mainly influenced by the
savings achieved in the large generation, distribution and use of steam in those sectors. Cogeneration (see
section 5.6.1) is expected to play an important role in these sectors. Energy efficiency improvement in
petroleum refining is small, as this sector has not been investigated in this study (see section 5.7).

5.6.3 Key Policies

The characteristics of decision makers vary widely, as is evidenced by the literature on policies. Hence,
there is no “deus ex machina” or “silver bullet” policy; instead, an integrated policy accounting for the
characteristics of technologies and target groups addressed is needed. Acknowledging the differences
between individual industries (even within one economic sector) is essential to develop an integrated
policy accounting for the characteristics of technologies, conditions and target groups addressed. Policies
and measures supporting these voluntary industrial agreements should account for the diversity of the
industrial sector while at the same time being comprehensive and flexible, offering a mix of policy
instruments, giving the right incentives to the decision maker at the firm level, and providing the
flexibility needed to implement industrial energy efficiency measures.

In this study we have evaluated a large number of policy measures, based on current and potential future
initiatives. The voluntary industrial agreements are assumed to integrate the various individual policy
measures and provide access to the resources and policies. The framework will strengthen the effects and
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effectiveness of the individual policy instruments. Hence, it is difficult to highlight individual key
policies.

Costs and cost-effectiveness of individual policies vary between the type of instrument applied, as well as
the way in which it is implemented, as evidenced by the variety of industrial and commercial DSM
programs (Nadel, 1990; Goldman and Kito, 1994). However, recognizing the different roles the policies
play, and different barriers and stakeholders addressed by the policies, there is a need for the variety in
programs. Key is a good and efficient organization of the policies, flexibility of the policies, as well as
easy access to the provided resources. “One stop shops” as provided for some programs by DOE-OIT is a
step in this direction, as is the collaboration of DOE and EPA in the development of various policy
initiatives and technology development support measures.

5.7 REMAINING ANALYSIS NEEDS

The study highlighted various issues for future research related to modeling and policies based on the
results of the study. The available resources limited a quantitative analysis of the uncertainties in
scenarios. Hence, future analysis aims not only at areas that need further analysis, but also at assessing the
uncertainties in the scenarios.

Currently most available energy models are not capable of explicitly modeling policies. Generally,
models represent the actions following policy implementation. However, the link between policies and
actions is not straightforward. Decisionmakers react differently to the implemented policies and measures,
depending on their (perceived) situation. This will affect the effects and effectiveness of policies.
Research in many countries (e.g. U.S., Canada, Germany, The Netherlands) is ongoing to assess and
‘model’ decisionmaking behavior. This has not yet resulted in commonly acceptable methodologies. To
model the relationship between actions and policies requires substantial multi-disciplinary research.

Modeling.  Modeling within the industrial sector was done primarily in the CEF-NEMS model, based on
the EIA-NEMS model. The CEF-NEMS model allows technology modeling at a relatively disaggregated
level in a number of the sectors, e.g. steel, cement, paper industries, while in other sectors, e.g. chemical,
food, other manufacturing industries, the level of detail is limited to technology categories. In the latter
industries energy intensities are often modeled on a monetary basis (energy use/$ value of output),
limiting the opportunity to model technologies or policies. In modeling the scenarios we found various
issues that warrant further research and adaptation of the model, which we discuss below.

Like most energy models, the NEMS-framework distinguishes industrial sub-sectors (typically a number
of energy-intensive sectors and a few non-energy intensive sectors) to model technical changes in energy
efficiency. However, the different sub-sectors may not accurately reflect the characteristics for
decisionmaking processes in different companies. This limits the modeling within NEMS to modeling the
expected actions (in the form of technical changes) that follow implementation of policies. Development
of models able to assess the impact of policies is strongly encouraged to fill in this gap (see above),
acknowledging the difficulty, and the lack of knowledge of the effectiveness of industrial energy policies
(see below).

The integration of CHP-policies could not yet be fully integrated with the CEF-NEMS model. Hence, the
feedback of increased industrial cogeneration (and district heating) on the power sector electricity
production and fuel use could not be assessed in an integrated way. Preliminary CEF-NEMS assessments
show a decrease in new central natural gas capacity, while coal use is only reduced slightly and
renewables seem to remain stable. Based on these preliminary assessments, cogeneration could likely
reduce total U.S. primary energy consumption by 2.4 Quads in 2020, and reduce GHG emissions by 40
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MtC. However, an integrated CEF-NEMS model is needed to quantify the potential impact completely
and correctly. The potential large contribution of cogeneration to energy efficiency improvement would
warrant the need for further research to integrate the cogeneration in CEF-NEMS.

Industrial processes generate outputs that are used by other processes in the same industry, e.g. coke used
in the blast furnace in the steel industry. However, the CEF-NEMS model does not correct endogenously
for changes in resource productivity (e.g. decreased coke use in the blast furnace through increased direct
fuel injection). We have modeled the impact of reduced resource needs manually in the model, but future
research would need to investigate the option to model process connections.

Due to the lack of feedback between processes, it was difficult to model innovative technologies in the
NEMS framework. Black liquor gasification in the pulping industry and smelt reduction in the steel
industry are examples of technologies integrating various processes, while changing the inputs and
outputs. Smelt reduction would even affect energy use in other sectors, e.g. pelletizing at the ore mining.
We modeled the penetration of these innovative technologies and interactive effects within the sector by
adjusting the UECs in the CEF-NEMS model. The role and modeling of innovative technologies in
energy modeling is an important topic that needs more attention in general and in the NEMS-model.

Retirement rates for industrial technologies in the NEMS model seem to be low, when compared to other
sources (BEA, 1993), or assessments of technical and economic lifetimes of technologies. Retirement
rates are important in assessing future industrial energy use because new technologies often have
significantly different energy use characteristics. The importance would warrant future analysis of actual
age distribution of the main energy consuming processes in the sub-sectors.

Both retirement of old plants and retrofit of existing plants contribute to the energy savings and CO2

emission reduction. However, we have not yet assessed the contribution of each of these elements to the
total achieved energy savings in the different scenarios. This may generate valuable insights into the
contribution of different policies and strategies in the industrial sector.

Carbon dioxide emissions are due to the combustion of fossil fuels. Fossil fuels are also used as
feedstock, e.g. for plastics. The carbon from these feedstocks will not be released in the industrial process,
but later when the product containing the feedstock is combusted (e.g. waste incineration). However, in
some production processes the carbon in the feedstock is partially emitted, e.g. in ammonia and methanol
manufacturing. The EIA-NEMS model correctly assumes partial emission factors for the feedstocks. Only
detailed assessments of material flows can improve the assessment of how feedstock use in NEMS is
accounted in the emissions calculations.

Energy use in industries is broken down (where appropriate) into process, buildings and boilers and
power generation. In the current NEMS model boiler efficiency has been set at a standard efficiency rate,
and hence does not improve over time, nor are boilers retired. We have simulated retirement of boilers by
a slow improvement rate of the boiler efficiency.

Cogeneration is part of the boiler module of the NEMS model. The current NEMS model does not allow
retirement of boilers, nor replacement by cogeneration units. It only allows cogeneration for new
(increased) boiler capacity, and hence underestimates the role of cogeneration. We have modeled the
potential role of the cogeneration in each of the industries based on the DISPERSE model, but have not
yet integrated the results into CEF-NEMS.

Steam, fuels and electricity are used in the buildings. While building energy use is comparatively small in
energy-intensive industries, it is large part of energy use in the light manufacturing industries. In NEMS,
energy use in buildings is a set as energy use per employee, and only reacts to changes in number of
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employees in an industry, ignoring changes in building energy use, retirement of buildings, and also the
potential impact of programs like EnergySTAR Buildings and Green Lights. We have modeled energy
use in buildings in the moderate and advanced scenarios based on the saving potentials identified for
commercial buildings. This may need more attention in future work.

Energy intensity declines over time in most industries, due to autonomous trends as well as policy effects.
For some industrial sub-sectors (i.e. agriculture, mining, construction, metal based durables and non-
intensive manufacturing) NEMS assumes no autonomous improvement trend in the baseline scenario.
Only when energy prices increase over a specified threshold, would energy intensity decline. This is
contrary to long term trends observed in most industries (see Appendix A.2).

Historical energy intensity trends observed in various sub-sectors do not reflect the trends found in the
AEO 99 baseline (see Appendix A.2). Historical energy use in the construction industry (and hence
cement industry) follows cycles in the industry and economy. However, in NEMS a continuous growth is
assumed over the next decades. Improved calibration of NEMS scenarios with historical trends in
production, energy intensity and energy use is needed to improve modeling results.

Policies. Detailed evaluations of industrial energy efficiency policies are rare (Convery, 1998; Martin et
al., 1998; US DOE, 1996). Estimating the effects of energy efficiency policies on energy use and
economic performance is a difficult task. The figures in this report are based on assessments, using
different methodologies and assumptions, and evaluations by program managers. The results should be
seen as a first estimate. Future analysis of the effects and effectiveness of industrial energy policies (ex-
ante, and ex-post) is needed to improve the current results.

Literature on industrial energy efficiency improvement has focused on energy policies. As shown by the
variety of policies evaluated in this study, a large number of other policies will affect industrial energy
use. Study of the effects of other industrial or environmental policies on industrial energy use is needed to
better quantify the effects of these policies.

Policies are never implemented in isolation. Individual policies may have feedback effects, which could
either improve or reduce the effectiveness of other policies. A comprehensive set of well-designed
policies is needed to address the wide variety of stakeholders in the industrial sector. Little is known
regarding these effects. Case studies may be needed to assess the feedback effects.

Energy efficiency improvement may entail investment costs or other costs. Supply curves are often used
to estimate the potential energy savings and associated costs, replacing linear cost functions used in
earlier modeling. The previous Interlaboratory study used the LIEF model to estimate the investment
costs for the industry as a whole (Interlaboratory Working Group, 1997). The LIEF model uses historical
data to generate a cost function. Historical data may not reflect the future correctly. Detailed supply
curves using costs and savings for technologies and practices would be better suited to achieve this.
However, supply curves are not available for all sub-sectors. LBNL has developed supply curves for three
sub-sectors that are studied in detail in this study; steel (Worrell et al, 1999), cement (Martin et al., 1999)
and paper (Anglani et al., 1999). For the other sub-sectors we have used the results of the previous
Interlaboratory study. Future research is needed to assess the potentials and associated investments of
energy efficiency improvement in these sectors.

Industrial technology development is often aimed at improving productivity rather than improving energy
efficiency. New technologies often improve energy and resource efficiency while reducing manufacturing
costs considerably (Pye, 1998). Thin slab casting is an excellent example of a technology reducing
production costs of steel products, as well as reducing energy use considerably (Worrell et al., 1999). The
productivity gains are often difficult to quantify. In our detailed technology analysis of the three sub-
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sectors, we incorporated these costs in the assessments of the energy efficiency improvement potentials.
However, future research is needed to better quantify the other benefits of energy efficiency measures.

Economic development follows cycles. However, most energy modeling tools (including NEMS) use
continuous growth trends. The effects and effectiveness of policies will depend on the phase of the
business cycle, especially when modeling short-term effects. The twenty-year time period in this analysis
may be less sensitive to these effects, but the sensitivity can not be assessed. This would need additional
analysis of business cycles, retirement rates, and investment policies.

The results of the scenario analysis have shown that strong economic growth in the light manufacturing
industries may considerably affect future emissions in the industrial sectors. However, knowledge on
energy efficiency and GHG emission reduction options in these sectors is very scattered. Assessment of
energy efficiency opportunities in these sectors is needed. The large variety in processes used and the
large number of industries involved also emphasizes the important role of states in designing energy
efficiency policies capable of meeting the demands set by this variety. Future analysis may also need to
focus on strengthening the role of states in designing and implementing energy efficiency policies.

The scenario results show also the important role of replacing retired capital and energy intensive
equipment (typically with long lifetimes) in achieving large improvements in energy efficiency. Although
policies may affect retirement rates, detailed evaluations are needed to assess the extent and impact of
such policies on competitiveness and energy use. This underlines the need to assess the models and rates
of diffusion of innovative technologies in different (energy) markets, and the impact that innovative
industrial technology may have on retirement (and hence diffusion) rates and energy use.

Climate change abatement policies will not only be limited to policies and measures with respect to CO2

emissions. Industry also emits varying quantities of the five other GHGs, distinguished in the Kyoto
Protocol. An industrial GHG abatement strategy and policy will also include the other five GHGs. It is
argued that this may lead to a more cost-effective strategy (Reilly et al.,1999). This study has only
addressed the CO2 emissions related to energy use and process emissions from clinker manufacture in the
cement industry. Future work should address the contribution of abatement of other gases and the cost-
effectiveness of such actions and policies.

5.8 SUMMARY

Industrial primary energy consumption is estimated at 34.85 Quads, or 37% of total primary energy use in
the U.S. in 1997. Associated carbon dioxide emissions are estimated 494 MtC (including process
emissions from the cement industry), or 33% of total U.S. carbon dioxide emissions. The industrial sector
is extremely diverse, and includes energy-intensive manufacturing, non-energy-intensive manufacturing,
and non-manufacturing (e.g. agriculture).

We have investigated three policy scenarios, entailing different degrees of commitment to environmental
issues in the definition of U.S. energy policy. Under the business-as-usual scenario industrial energy
consumption would grow to approximately 41 Quads in 2020. Under the moderate scenario, total energy
use would be approximately 38 Quads in 2020 (-7%), while in the advanced scenario total energy use
would be approximately 34 Quads (-17%).  Carbon dioxide emissions would grow to 578 MtC by 2020
under the BAU-scenario, approximately 521 MtC (-10%) under the moderate, and 409 MtC (-29%) under
the advanced scenario. This compares to estimated 1990 emissions of 452 MtC in the industrial sector.
These figures exclude the contribution of CHP. CHP may lead to a net increase in industrial fuel use, but
a net decrease in primary energy demand due to fuel use offsets for (onsite) steam and (grid) power
generation. Energy efficiency opportunities are found throughout the industry.
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The characteristics of decision makers vary widely. Therefore, an integrated policy framework accounting
for the different characteristics of decision makers, technologies and sectors is necessary. The framework
may consist of a variety of programs.

Future research needs are highlighted, both with respect to modeling as policy analysis and evaluation.
The main issues are technology representation and efficiency trends in the model, and the need for
detailed evaluation of the effects and (cost-) effectiveness of industrial energy efficiency policies.

5.9 REFERENCES

Aluminum Association, Inc., 1997. Aluminum Industry Technology Roadmap, Washington, D.C.: The
Aluminum Association and U.S. D.O.E., http://www.oit.doe.gov/aluminum/aluminum_roadmap.shtml

Alsop, P.A. and J.W. Post, 1995. The Cement Plant Operations Handbook (first edition), Tradeship
Publications Ltd., Dorking, UK

American Chemical Society, 1996. Technology Vision 2020, Washington, D.C.: American Chemical
Society, http://membership.acs.org/i/iec/docs/chemvision2020.pdf

American Forest and Paper Association, 1994. Agenda 2020: A Technology Visions and Research Agenda
for America’s Forest, Wood and Paper Industry, Washington, D.C.: AF & PA.
American Iron and Steel Institute, 1998. Steel Industry Technology Roadmap, Washington, D.C.: AISI,
http://www.steel.org/mt/roadmap/roadmap.htm

Anglani, N., M. Khrushch, E. Worrell, N. Martin, D. Einstein, B. Lehman and L.K. Price, 1999.
“Opportunities to Improve Energy Efficiency and Reduce Greenhouse Gas Emissions in the U.S. Pulp
and Paper Industry,” Lawrence Berkeley National Laboratory: Berkeley, CA (forthcoming).

A nonymous, 1997a . “$137 Million E xpa nsion Projec t to Inc re ase  Capa city to 1.5 Mt,” I ron & Ste e l Mak er
24( 2) .

A nonymous, 1997b. “H oogove ns e nvisa ge l’ insta lla tion d’ une  c oulee  continue des br ames minc e s,” La
R ev ue  de  M e tallurgie - CI T 94( 3) : 583

Bar ne tt, D .F., 1998. “I s the  Blast Fur na c e D ea d ? ” P roce e dings Ste e l Survival Strate gie s XI I I, N ew  York
City, NY , June 23- 24, 1998.

Blok, K., 1993. “The Development of Industrial CHP in The Netherlands” Energy Policy 21: 158-175.

Blok, K., W .C. T ur ke nburg, W . E ic hha mmer , U . Far ine lli a nd T . B. Johansson ( eds.) , 1995. “ O ve rview  of 
E ne rgy RD&D  O ptions f or  a  Susta inable Futur e,”  D ir e ctor a te  G e ne ra l X II  for Scienc e, Re se ar c h and
D evelopment, Of f ic e f or  O f ficia l Publica tions of  the Eur opea n Communities, E ur ope an Commission,
Brusse ls, Belgium.

Bosle y, J. and D . Kle sser ,1991. The  Conste e l Sc rap P reheating P roce ss, CMP Re por t 91- 9, Ce nter  for
Mater ials Produc tion, Pittsbur gh, PA .

Bre ge r , D.S., 1997. “ Ener gy R&D  a nd Ener gy Sa vings: A  Re view  of  the Liter ature  a nd Da ta and the 
D evelopment of a  Rile -of- T humb,” Ma nuscr ipt, D ept. of  Civil a nd E nvironme nta l Enginee r ing. L af aye tte
Colle ge, L a fa ye tte , PA.



Scenarios for a Clean Energy Future

Industry 5.43

Bureau of Economic Analysis, 1993. “Fixed Reproducible Tangible Wealth in the United States, 1925-
89,” U.S. Department of Commerce, Economics and Statistics Administration, Bureau of Economic
Analysis: Washington, DC.

Cast Metal Coalition, 1998. Metalcasting Industry Technology Roadmap, Washington, D.C.: Cast Metal
Coalition and U.S. D.O.E., http://www.oit.doe.gov/metalcast/roadmap.shtml

Cembur ea u, 1997a . B est A vailable Tec hniques for the  Ce me nt Industry. Brusse ls: Cembur ea u.

Cembur ea u, 1997b. E urope an A nnual Re vie w Ce m ent I ndustry  & Mark e t Data, N o. 18, Brusse ls:
Cembur ea u.

Center for Materials Production. 1997. Electric Arc Furnace Scrap Preheating. Tech Commentary,
Pittsburgh, PA: Carnegie Mellon Research Institute.

CIBO, 1997. “CIBO Energy Efficiency Handbook”, Council of Industrial Boiler Owners, Burke, VA,
November 1997

Conroy, G.H., 1997. “Industrial Application and Results of Low NOx Precalciner Systems” World
Cement 7 28 pp.6369 (July 1997).

Convery, F. (ed.), 1998. A Guide to Policies for Energy Conservation, The European Experience , Edward
Elgar Publishing, Cheltenham, United Kingdom.

De Beer, J.G.; van Wees, M.T.; Worrell, E.; Blok, K., 1994. “Icarus-3: The Potential of Energy Efficiency
Improvement in the Netherlands up to 2000 and 2015”. Utrecht University, Dept. of Science, Technology
and Society: Utrecht, the Netherlands.

D eCanio, S.J., 1993. “Bar r ie rs within Fir ms to E ne r gy-E f ficie nt I nve stments,” E ne rgy  P olicy  21 pp.906- 
914.

Donnelly, P., Eisenhauer, J., Julien, J., McQueen, S, Monis, A., and Pellegrino, J., eds., Energetics,
Incorporated, 1997. Glass Technology Roadmap Workshop, Washington, D.C.:U.S. Department of
Energy, http://www.oit.doe.gov/glass/pdfs/glassroadmap.pdf

D uplouy, A . a nd J. T r autw e in, 1997. "U mba u und O ptimier ung de r Dr e hofe nanla gen im W er k K ar sdorf  de r
L af ar ge Ze ment G mbh."  ZKG  I nte rnational 4 50 pp.190- 197 ( 1997) .

Einstein, D., E. Worrell and M. Khrushch, 1999. “Industrial Sector Steam Systems – Energy Use Baseline
and Energy Efficiency Measures Potential Savings in the Chemical Sector,” Lawrence Berkeley National
Laboratory, Berkeley, CA. (draft report).

Elahi, A. and H.E. Lowitt. 1988.  “The US Pulp and Paper Industry: An Energy Perspective”.
Washington, D.C.: U.S. Department of Energy.

E le ctr ic  Powe r Resea r ch I nstitute , 1990. A n Ov e rv ie w of E PR I's Com m ercial Ne e ds-B ase d M arke t
Segme ntation Frame work, Palo A lto, CA : E PRI .

Elliott, N., 1999. Personal communication with Neal Elliott, American Council for an Energy-Efficient
Economy, 11 March, 1999.



Scenarios for a Clean Energy Future

Industry5.44

Energy Innovations, 1997. “Energy Innovations: A Prosperous Path to a Clean Environment,”
Washington, DC: Alliance to save Energy, American Council for an Energy Efficient Economy, Natural
Resources Defense Council, Tellus Institute, and Union of Concerned Scientists.

Eto, J., C. Goldman, and S. Nadel, 1998. “Ratepayer-Funded Energy-Efficiency Programs in a
Restructured Electricity Industry: Issues and Options for Regulators and Legislators,” Lawrence Berkeley
National Laboratory, Berkeley, CA, May 1998 (LBNL-41479).

Finchem, Kirk.  February, 1997.  "Mills Explore Capacity Options to Extend Recovery Boiler Life." Pulp
and Paper Magazine.  Miller Freeman Publications, San Francisco.
http://www.pponline.com/db_area/archive/p_p_mag/1997/9702/focus1.htm

Fishe r , A. C., a nd Rothkopf, M., 1989. “ Mar ke t Failur e a nd E ner gy Polic y,” E ne rgy  P olicy  17 pp.397-406.

Goldman, C and S. Kito, 1994. “Review of Demand-Side Bidding Programs: Impacts, Costs, and Cost-
Effectiveness,” Lawrence Berkeley National Laboratory, Berkeley, CA, 1994 (LBNL-35021).

G olove , W., 1994. “A r e Investme nts in Ene rgy E ff ic iency Over  or  U nde r: An A nalysis of  the L iter a ture ,”
P roce e dings of the  1994 A CEE E Sum me r Study on Energy Effic ie ncy  in B uildings, A silomar , U SA .

H asse tt, K .A. a nd Me tca lf , G .E ., 1993. “ E ne rgy Conser va tion I nvestme nt, D o Consumer s D iscount the
Futur e  Cor re c tly ? ” E ne rgy  P olicy  21 pp.710- 716.

H er in, H .H . a nd T. Busbee , 1996. “T he Constee l  Pr oc e ss in O pe ration a t Florida Ste el” I ron & Stee lm ake r
23( 2) : 43- 46.

H ir st, E . a nd Br ow n, M., 1990. “Closing the  E f ficie nc y G ap: Bar rie rs to the  Ef fic ie nt Use of Ene rgy,” 
R esource s, Conse rv ation and Re c yc ling, 3: 267-281.

H of er , L ., 1996. E le ctric  Ste elm ak ing with F UCH S Shaft F urnac e  Tec hnology, L inz , Austr ia : V oe st Alpine
I ndustriea nla ge nba u G mbh, VA I.

H of er , L ., 1997. Per sonal communica tion, Voest A lpine  I ndustr ie anlagenbau G mbh, L inz, Austr ia , 25
Septe mbe r 1997.

H ogan, W .T ., 1992. Capital Inv estm e nt in Ste e l, A  World P lan for the 1990’ s, N ew  Y ork, N Y: L e xington
Books.

IEA, 1997a. “Voluntary Actions for Energy-Related CO2 Abatement,” International Energy Agency,
Paris, France.

IEA, 1997b. “Energy Efficiency Initiatives” (Volume 1 and 2), International Energy Agency, Paris.

Intergovernmental Panel on Climate Change, 1996. Greenhouse Gas Inventory Workbook: Revised IPCC
Guidelines for National Greenhouse Gas Inventories. Bracknell, UK: IPCC.

Interlaboratory Working Group, 1997. Scenarios of U.S. Carbon Reductions: Potential Impacts of
Energy-Efficient and Low-Carbon Technologies by 2010 and Beyond. Lawrence Berkeley National
Laboratory, Berkeley, CA and Oak Ridge National Laboratory, Oak Ridge, TN.



Scenarios for a Clean Energy Future

Industry 5.45

Jaccard, M. and Willis Enterprises Associates. 1996. “Energy Conservation Potential in Six Canadian
Industries” Natural Resources Canada, Ottawa, Canada.

Jones, J. A. T. 1997a. "New Steel Melting Technologies: Part X, New EAF Melting Processes." Iron and
Steelmaker 24(January): 45-46.

Jones, J. A. T. 1997b. "New Steel Melting Technologies: Part XVI, CONSTEEL Process." Iron and
Steelmaker 24(July): 47-48.

K aa rsber g, T., a nd N . E lliott, 1998. “ Combine d H ea t a nd Powe r : How  Muc h Car bon a nd Ene rgy Can it
Save f or  Manuf a ctur e rs ? ”  I ntersoc ie ty Enginee ring Confe rence  on E nergy  Conv e rsion ( IE CEC-98),
Color a do Springs, CO , A ugust 2- 6, 1998.

K hr ushch, M. E. Worr e ll, N . Ma r tin a nd D . E inste in, 1999. “Ca rbon Emissions Re duc tion Pote ntial in the
U S Che mica ls and Pulp a nd Pa pe r  I ndustrie s by Applying CHP T e chnologie s,”  P roc. 1999 ACEE E  Sum m er
Study  on E nergy  Effic ie nc y  in I ndustry , W ashington, D C: ACE EE .

Kincaid, Janet (Ed.).  1998. 1998 North American Pulp & Paper Fact Book, San Francisco, CA: Miller
Freeman Publications, Inc.

K lotz , B., 1997. “ Ne w  D eve lopme nts in Pr e ca lc ine rs and Pre he a te rs.” P roc.1997 I EE E/P CA  Ce me nt
I ndustry  Te chnic al Confere nc e X XX IX  Confe re nc e  R ec ord, I nstitute  of E le ctr ic al and E le ctr onic s E ngine er s:
N ew  Je rsey.

Korevaar, E., J. Farla, K. Blok and K. Schulte Fischedick, 1997. “A Preliminary Analysis of the Dutch
Voluntary Agreements on Energy Efficiency Improvement” “The Energy Efficiency Challenge, Proc.
1997 ECEEE Summer Study, Splinderuv Mlyn, Czech Republic, 9-14 June 1997.

Kushler, M., 1998. “An Updated Status Report of Public Benefit Programs in an Evolving Electric Utility
Industry,” American Council for an Energy Efficient Economy, Washington, DC.

Kushler, M., 1999. “Summary Table of Public Benefit Programs and Electric Utility Restructuring,”
ACEEE-website, updated February 1999.

Laitner, J., W. Parks, J. Schilling, and R. Scheer, 1999. “Federal Strategies to Increase the
Implementation of Combined Heat and Power Technologies in the United States,” Proceedings 1999
ACEEE Summer Study on Energy Efficiency in Industry, Washington, DC: ACEEE.

Lange, D. and Radtke, M., 1996. “Extended Nip Pressing of Paper Grades: A Technical Summary” Beloit
Corporation, Beloit, Wisconsin.

L evine , M.D ., H irst, E., K oome y, J.G ., Mc Ma hon, J.E . and Sansta d, A.H., 1994. E ne rgy  E fficienc y, M ark et
F ailures, and G ove rnm ent P olic y , Law r ence  Be rke le y N ational L a bora tor y/O ak Ridge N ational L a bora tor y,
Ber ke ley/O a k Ridge , U SA .

L evine , M. D. K oomey., J.G .; Pr ic e, L.K.; G eller , H .; a nd Na del, S., 1995. “ Elec tricity and E nd-use 
E ff ic iency: E xpe rienc e with Te c hnologies, Mar kets, and Polic ies T hroughout the  W orld” , E ne rgy  20
pp.37-61.



Scenarios for a Clean Energy Future

Industry5.46

Lienhard, H; and Bierbach, B.  1991  "Gasification of Biomass and its Application in the Pulp and Paper
Industry"  Energy Engineering and Management in the Pulp and Paper Industry.  TAPPI Press, Atlanta,
GA.

Lupinacci-Rausch, J., 1999. Personal communication with Jean Lupinacci-Rausch, U.S. Environmental
Protection Agency, 16 March, 1999.

Martin, N., E. Worrell, A. Sandoval, J-W. Bode, and D. Phylipsen (eds.), 1998. “Industrial Energy
Efficiency Policies: Understanding Success and Failure, Proceedings of a workshop held in Utrecht, The
Netherlands, June 11-12, 1998,” Berkeley, CA: Lawrence Berkeley National Laboratory. (LBNL-42368).

Martin, N., E. Worrell and L.K. Price, 1999. Energy Efficiency Options for the U.S. Cement Industry,
Berkeley, CA: Lawrence Berkeley National Laboratory. (LBNL-44182).

Mazurek, J. and Lehman, B., 1999. “Monitoring and Verification of Long-Term Voluntary Approaches in
the Industrial Sector: An Initial Survey,” in Proceedings of the 1999 ACEEE Summer Study on Energy
Efficiency in Industry. Washington, DC: American Council for an Energy-Efficient Economy.

McCubbin, Neil., 1996  "Numerous Recovery Options Offer Solutions for Mill Effluent Closure."  Pulp
and Paper Magazine. March. Miller Freeman Publications, San Francisco,
http://www.pponline.com/db_area/archive/p_p_mag/1996/9603/96030131.htm

McLaren, H. (ed.), 1997. “1998 North American Pulp & Paper Factbook” Miller Freeman, Inc., San
Francisco, CA.

Nadel, S., 1990. “Lessons Learned: A Review of Utility Experience with Conservation and Load
Management Programs for Commercial and Industrial Customers,” NYSERDA, Albany, NY, October
1990.

National Inventory of Manufacturing Assistance Programs (NIMAP), 1999. Database of NIMAP
developed by ASE, OIT and PNNL, http://www.oit.doe.gov/nimap

National Mining Association, 1998a. The Future Begins With Mining: A Vision of the Mining Industry of
the Future, Washington, D.C. National Mining Association, http://www.oit.doe.gov/mining/vision.shtml

National Mining Association, 1998b, Mining Industry Roadmap for Crosscutting Technologies,
Washington, D.C.: National Mining Association, http://www.oit.doe.gov/mining/ccroadmap.shtml

Nelson, K., 1994. “Finding and Implementing Projects that Reduce Waste,” in: Soc olow, R.H., A ndre w s,
C., Be rkhout, F. a nd Thoma s, V . ( eds.) , I ndustrial Ec ology  and Global Change , Cambridge  U niver sity
Pre ss, Cambridge , UK .

Newman, J., 1998. “Evaluation of Energy-Related Voluntary Agreements,” in Industrial Energy
Efficiency Policies: Understanding Success and Failure. Workshop Organized by the International
Network for Energy Demand Analysis in the Industrial Sector, Utrecht, The Netherlands, June 11-12,
1998.

Nilsson, Lars; Eric Larson, Kenneth Gilbreath; Ashok Gupta. 1995.  “Energy Efficiency and the Pulp and
Paper Industry”,  Washington, D.C.: American Council for an Energy-Efficient Economy.



Scenarios for a Clean Energy Future

Industry 5.47

N uije n, W., 1998. “L ong T e rm A gre eme nts on Ene rgy E ff ic iency in I ndustr y,” in Industrial Energy
Efficiency Policies: Understanding Success and Failure. Workshop Organized by the International
Network for Energy Demand Analysis in the Industrial Sector, Utrecht, The Netherlands, June 11-12,
1998.

O ff ic e  of T ec hnology Asse ssment, U.S. Congr ess, 1993. I ndustrial Energy Effic ie ncy , U .S. G ove rnme nt
Printing O f fice , W ashington D.C., U SA.

O nsite  E ne r gy Corpor a tion, 1998. “Pulp a nd Pa per  I ndustr y. O n-Site  Pow e r Ma r ke t A ssessme nt”  O nsite 
E ne rgy Cor por ation, Janua r y 1998.

O ster tag, K ., 1999. “ Tr ansac tion Costs of  Raising E ne rgy E ff icienc y,” Pre se nte d a t I EA  I nte rnational
W orkshop on Tec hnologie s to re duc e G re enhouse  Gas E missions:  Enginee ring- Ec onomic  A nalyses of
Conse rve d E ne rgy  and Carbon, W ashington, D C, Ma y 5-7, 1999.

Plunke rt, P.A ., 1997. “ Aluminum,”  in: “Mine ra ls Inf or ma tion 1997” , U .S. G eologic a l Sur ve y, Wa shington,
D C.

Portland Cement Association (PCA), 1997. Blended Cement Potential Study. Skokie, IL: Portland
Cement Association.

Pye, M., 1998. “Making Business Sense of Energy Efficiency and Pollution Prevention,” ACEEE:
Washington, DC.

Ravie r , E., “ The  D eve lopme nt of  the  Pec hiney T e chnology f or  the Ele ctrolytic  Pr oduction of A luminium,” 
M ateriaux e t Te c hniques, May/June  1986, pp.159-170.

Reddy, A .K .N., 1991. “Bar r ie rs to I mpr ove me nts in E ne rgy E ff icienc y,” E ne rgy  P olicy  19 pp.953- 961.

Reilly, J., R.G . Prinn, J. H ar nisch, J. Fitzma ur ic e , H.D . Ja c oby, D. K icklighter , P.H . Stone, A .P. Sokolov,
a nd C. W ang, 1999. “ Multi- Ga s A ssessme nt of  the Kyoto-Pr otoc ol, Re port No.45, MIT  Joint Progr a m on
the  Sc ie nc e  a nd Polic y of  Globa l Cha nge, MI T: Boston, MA .

Rie tbe rgen, M., Fa rla , J., a nd Blok, K ., 1998. “ Qua ntita tive  Evaluation of V oluntar y A gr ee ments on E ner gy
E ff ic iency,” in Industrial Energy Efficiency Policies: Understanding Success and Failure. Workshop
organized by the International Network for Energy Demand Analysis in the Industrial Sector, Utrecht,
The Netherlands, June 11-12, 1998.

Ritt, A., 1997. “A cme  Rolls 0.030 I nch H ot Ba nd,” New Stee l 13( 5) .

Ross, M.H., 1986. “Ca pita l Budgeting Pra c tice s of T we lve  L ar ge Ma nuf ac tur er s,”  F inanc ial M anage me nt
( W inte r  1986), pp.15- 22.

Sansta d, A . H . a nd H owa rth, R. B., 1994. “' Nor ma l'  Ma rke ts, Mar ke t I mpe rf ec tions and E ne rgy E ff icienc y,”
E ne rgy  P olicy , 22 pp.811-818.

Sansta d, A .H., C. Blumste in, a nd S.E . Stoft, 1995. “H ow  High Ar e O ptions Va lue s in Ene rgy E ff ic iency
I nvestme nts ? ,”  E ne rgy  P olicy  23 pp.739- 743.



Scenarios for a Clean Energy Future

Industry5.48

Sauli, R.S., 1993. " Rotar y K iln Mode rniz a tion and Clinke r Pr oduction I ncr ea se at Te sti Ceme nt Plant of
S.A .C.C.I. Spa., Ita ly" P roc. KH D Sym posium '92, V olum e  2 "M odern B urning Tec hnology ", K HD 
H umboldt W e da g, Cologne , G er ma ny.

Scheihing, P. E., Rosenberg, M., Olszewski, M., Cockrill, C. and Oliver, J. 1998. “United States
Industrial Motor-Driven Systems Market Assessment,” Industrial Energy Efficiency Policies:
Understanding Success and Failure: Workshop Organized by International Network for Energy Demand
Analysis in the Industrial Sector, Utrecht, The Netherlands, June 1998. Also available on the U.S. DOE,
OIT Web Site (http://www.motor.doe.gov/docs/utrecht.shtml).

Schor sch, L . L., 1996. “W hy Minimills Give the  U .S. H uge  A dva ntage s in Stee l,”  M cKinsey  Q uarte rly 
( 2) :44-55.

Siosha nsi, F.P., 1991. “T he Myths a nd Fa c ts of  E ne r gy E f ficie nc y,”  E ne rgy  P olicy  19 pp.231- 243.

Somani, R.A., S.S. Kothari, 1997. “Die Neue Zementlinie bei Rajashree Cement in Malkhed/Indien” ZKG
International 8 50 pp.430-436 (1997).

STAPPA/ALAPCO, 1999. “Reducing Greenhouse Gases and Air Pollution: A Menu of Harmonized
Options,” STAPPA/ALAPCO, Washington, DC, March 1999 (draft report).

Stein, G. and B. Strobel (eds.), 1997. Policy Scenarios for Climate Protection: Volume 1: Scenarios and
Measures for Reduction of CO2 Emissions in Germany Until the Year 2005, (in German) Juelich,
Germany: Forschungszentrum Juelich,.

Steinmeyer, 1997. “Patterns of Energy Use in the Chemical Industry,” in Proceedings of the 1997 ACEEE
Summer Study on Energy Efficiency in Industry. Washington, DC: American Council for an Energy-
Efficient Economy.

Steuch, H.E. and Riley, P., “Ash Grove’s New 2200 tpd Seattle Plant Comes on Line,” World Cement ,
April 1993.

Story, M., 1996. Demand Side Efficiency: Voluntary Agreements with Industry, Policy and Measures for
Common Action. Paris: Organization for Economic Cooperation and Development (Working Paper 8).

U. S. Department of Energy, 1996. “Policies and Measures for Reducing Energy related Greenhouse Gas
Emissions, Lessons from Recent Literature,” Washington, DC: Office of Policy and International Affairs,
U.S. Department of Energy.

U. S. Department of Energy National Laboratory Directors, 1997. Technology Opportunities to Reduce
U.S. Greenhouse Gas Emissions, September 1997.

U.S. Department of Energy, 1999. FY 2000 Congressional Budget Request: Energy Efficiency and
Renewable Energy, http://www.doe.gov

U.S. Department of Energy, Energy Information Administration, 1998a. Annual Energy Outlook 1999:
With Projections to 2020. (DOE/EIA-0383(99)). Washington, DC: US DOE.

U.S. Department of Energy, Energy Information Administration, 1998b. “Impacts of the Kyoto Protocol
on U.S. Energy Markets and Economic Activity,” (SR/OIAF/98-03). Washington, DC: US DOE.



Scenarios for a Clean Energy Future

Industry 5.49

U.S. Department of Energy, Office of Industrial Technologies, 1999a. NICE3 Website,
http://www.oit.doe.gov/nice3/index.shtml.

U.S. Department of Energy, Office of Industrial Technologies, 1999b. Industrial Assessment Centers
Website. http://www.oit.doe.gov/iac/.

U.S. Department of Energy, Office of Industrial Technologies, 1999c. Steam Challenge Website,
http://www.oit.doe.gov/steam/.

U.S. Department of Energy, Office of Industrial Technologies, 1999d. CHP Challenge Website,
http://www.oit.doe.gov/chpchallenge/

U.S. Department of Energy, Office of Industrial Technologies, 1999e. Industries of the Future Web Site,
http://www.oit.doe.gov/industries.shtml

U.S. Environmental Protection Agency, 1999a.  FY 2000 Annual Performance Plan and Congressional
Justification. Washington, DC: U.S. EPA.

U.S. Environmental Protection Agency, 1999b. Climate Wise Web Site, http://www.epa.gov/climatewise/.

U.S. Environmental Protection Agency, 1998. Fourth year Waste Wise Progress Report, Preserving
Resources, Preventing Wastes, Washington, DC: U.S. EPA.

U.S. Environmental Protection Agency, Office of the Chief Financial Officer, 1999a. Environmental
Protection Agency 1999 Annual Plan, Office of the Chief Financial Officer, Washington, DC: U.S. EPA
http://www.epa.gov/ocfopage/toc.htm

U.S. Environmental Protection Agency, Climate Protection Division, 1999b. “Driving Investment in
Energy Efficiency, ENERGY STAR® and other Voluntary Programs,” Climate Protection Division,
Washington, DC: U.S. EPA.

V elthuijse n, J.W ., 1995. D eterm inants of Inve stm ent in E ne rgy  Conservation, SEO , U niver sity of 
A mste r da m, The N ethe r la nds.

V an G inkel, R.M., and A .G . D e  Jong, 1995. “Saving E ner gy Ca n Save T he  E nvironme nt,” AI SE Spr ing
Conve ntion, Salt L ake  City, UT , May 1995.

van O ss, H ., 1999. Per sonal Communica tion. U .S. G eologic al Surve y, Fe br ua r y 9t h.

W or re ll, E ., Ma r tin, N., a nd Pr ic e, L., 1999. E ne rgy  E fficienc y and Carbon E m issions R e duction
O pportunities in the  U.S. Iron and Ste el Se ctor. Ber keley, CA: La wr e nc e Ber ke ley N a tiona l La bor atory
( LBNL - 41724).

X ener gy, I nc., 1998. “U nited States Industr ia l Motor Syste ms Ma rke t Oppor tunitie s A sse ssme nt,” pre pa r ed
f or  U .S. D O E- OI T  a nd ORNL , Bur lington, MA : Xe ner gy, I nc .

Y akow itz , H . and H anmer , R., 1993. “ Polic y Options - Enc oura ging Cle ane r Pr oduction in the  1990s,”  in:
T . Ja c kson, Cle an Production Strate gie s Le wis Publishe r s, Boca  Ra ton, U SA .


