G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

3

rial G

reenhouse-gas




Impact of ImprovedTechnol(')gi’es on"

Industrial Greenhouse-gas Emissions in

Project Coordinator:
Project Leader:
Energy Experts:

Regional Energy Experts:

Latin America:
Asia:

Africa:

Country Experts:
China:

Zimbabwe:

(April 8, 1997)

Developing Countries

Phase 1

Dr. Robent Williams, Environment and Energy Branch, UNIDO

Dr. Deborah W. Cornland, Stockholm Enwvironment Institute

Mr. Michael Lazarus, Dr. Charles Heaps, .

Dr. David Hill, Dr. David Von Hippel, Stockholm Environment Institute

Mr. Daniel Bouille, the Bariloche Foundation, Argentina
Mr. Pradeep Dadhich, Tata Energy Research Institute, India
Mr. Mark de Villiers, Energy Research Institute, South Africa

Prof. Wei Zhihong, Institute of Nuclear Energy Technology, Tsinghua University
Mr. Charles Murove, SADC Industrial Energy Management Project



Table of Contents |
FOREWORD ' ' 3

PART ONE: INDUSTRIAL GREENHOUSE-GAS EMISSIONS
FROM DEVELOPING COUNTRIES 5
OVERVIEW......ovoiiriiiveeeniasioresasassersssssssnssssnsesmssasstossasessssssosstensnsassasassssssnsssassesastesnsntaronsasassesesassesnsasassssnssase 5
REGIONAL DISTRIBUTION OF INDUSTRIAL ENERGY USE ..ocovviviteierieiiiieesieierreesreersesisssesssessssssssnssssnsnsns 5
Current Regional Distribution of Industrial Energy Use by Major Sub-Sectors ........ueveeeevevereesvernan 7
Current and Recent Patterns of Industrial-Sector ACHVILY ....ccocceccevrernsisinirereinnssssssescsnesessesssenees 9
RECENT HISTORICAL TRENDS IN THE PRODUCTION
OF KEY INDUSTRIAL GOODS 9
INAUSITIAL EREYEY THIENSITY c..o.ccveneererninirinnieieeeciesiniretsseseemests e essibesssstsatsasasastsnast e e sisess b neoassenasasesn 12
National Examples of Sectoral Patterns and Trends in Developing Regions .............ccvcenerircocsvancnes 13
SCENARIOS OF FUTURE INDUSTRIAL ENERGY USE IN DEVELOPING COUNTRIES ......ccccveeeevnierueeens I 16
Key Issues in the Growth of Activity, Energy Use, and GHG ERiSSIONS..........ccvurnreriieverrasarnenavesens 17
QOPPORTUNITIES FOR IMPROVED INDUSTRIAL ENERGY EFFICIENCY IN DEVELOPING COUNTRIES ............. 19
Varying Needs and Opportunities for New Technologies Across and Within Regions and Countries 20
Sample Analyses of Industrial Energy-efficiency Potential in Developing Countries ...................... 21
CONCLUSIONS. ....couerreertrrenereseseseinsessnesssnesssesassstntasstsessosssssssssesesesessassesbssstssssonssintsasssnssasetssnssnssnisassnssons 23
REFERENCES .....ocutiiireeniriinininincrsinssssesninessssensssssssesssesssasnsiosssessaes rreree st b e ab e bbbt e a s bene 23
APPENDIX 1 A; PER-CAPITA INCOME AND THE »
CONSUMPTION OF ENERGY-INTENSIVE INDUSTRIAL GOODS. .........oovrverssssnsisssinssssasssnsssssssenssnsessnees 26
PART TWO: THE UNIDO INDUSTRIAL DEVELOPMENT ENERGY
TECHNOLOGY INVESTMENT FRAMEWORK (IDENTIFY) 28
THE ANALYSIS TOOL: AN OVERVIEW......ccoimiiininnisesisminsisisiseisssonesssesssenssisssisssasssssiasesensasnssssssnsssnsssssases 28
TYPES OF ANALYSIS .ottt rsesibe st sass st st e et se b s me e s susasssnsasasabessase 28
Examples of Energy-efficient Technologies and Process IMpProvements.........vevovrvoconeeesserenens 29
THE ANALYSIS TOOL: USER INSTRUCTIONS WITH EXAMPLES.........ccociiieereeccneenereennns PRI 31
THE MQAIN MERU ......covoeereenvrieereeeereerencresrasenieeinsesasesoesesassesssiesssassensteseserasesasessesassesssesassasesssniranesnsenn 31
ENEIING DA oo cevevrrcsarerereieisssssenssssasssssssssssissssssassssssasetatatessnssasmsmsnssssrasnens etetreretreeesateaaseaenes 32
VIEWIRE RESUILS ov.eevvereeereecirienreiniriseesense e sessssesase e se st s seras st sanesersestoae st st bt ne st sme st sabesne st saeasaabasasmsnes 37
THE TECHNOLOGY INVENTORY: AN OVERVIEW ........c.coecriimeneeesvecrrrrssssescsnssssasesitnssstossasssosssssasasssssossnsas 42
INVERTOTY CORIENLS oottt st bbb st bbb s b st n s 43
INVERIOTY SEFUCTUEE.c..c.cooeeeverereveiessiorinnieiiseeerecserssessasassasesessinanesianaaatsones ereerereresnenaasrteenasesetserensansesaes 43
Data Sources
THE TECHNOLOGY INVENTORY USER INSTRUCTIONS.....cocreeeencncernerennensseseenencneonsmenees st nesesaanen 46
GEIING SIATTEU .....vveveerrriareerisieiainesissn et sesbesessisases st sesersasasabsssssussesesebesbasabetssereneneserestssonssstaestonsusns
Selecting Records rveraen,
INVERIONY DAIA VIEWS c.eeeetreteeenrreeereeresssersessesinssensassesssssassasstessasasstosesneosnesssnsassasnesssssassasesesmasssesasas - 47
FUTURE DEVELOPMENTS: PHASE 2......ocuiiiiiiieineinntintcinrescse s besnsnesesessssssessesasssessenisassnons 49
Moving Bevond Phase 1 ACCOMPLISHMENLS ......vevveveeeareiceiininirerenrinssesssriseneens eeverrenasesaesnareesessserserees 49
Linking the Analytical and Inventory Components of IDENTIFY .....cceeuvvevevisriserneseeresesesessnees 50
Field Testing and AdADIGHON .........eoeeereveceeeeerirecrereestsie st sseaiosesesstsssorssessensestssmensensserssasesasneas 51
PRASE 2 QUIPDUIS......cotrerivairraesrisatarsiecsessssssessssssassanasessssasestsssssssstasasesesssseresoteneomsnesasmisesssnssssasasmsessronns 51
APPENDIX 2A: REFERENCES CITED IN THE TECHNOLOGY INVENTORY ..................................................... 52



Foreword

In response to a formal request by the Group of 77 and China, the United Nations Industrial
Development Organization (UNIDO) initiated a study to identify opportunities to reduce the emissions
of greenhouse gases from energy-intensive industries in developing countries. These sectors currently
include iron & steel, petroleum refining, cement, paper & pulp and nitrogen fertilizers. The aim of
this first phase was to describe

»  how energy is used in the energy-intensive industries in developing countries today,

s what current trends indicate for the future,

/

e the potential contribution of improved technologies and practices to moving toward
more sustainable industrial production in developing countries,

and to provide developing countries with an analytical tool for evaluating opportunities to limit
industrial greenhouse-gas (GHG) emissions in their industrial sectors through the transfer of improved
technologies and processes. ‘

The immediate objectives of Phase 1 were twofold:

s to provide information to developing countries in the form of an inventory of energy-efficient, -
best-available technologies and processes that can be used to abate greenhouse-gas emissions in
the most energy-intensive industrial sub-sectors as well as cross-cutting measures applicable in a
range of sub-sectors, and

o to provide an analytical methodology in the form of a software tool that enables the user to
evaluate and compare the costs, energy requirements, and greenhouse-gas emissions associated
with scenarios of specific technology and process options.

To meet these objectives, the first phase of the study comprised:

e aReport entitled Industrial Greenhouse-gas Emissions from Developing Countries,
¢ a Software Package containing,

an Industrial Technology Inventory, and

an Analysis Tool, and
e Industry/country-specific Case Studies.

The Report describes current energy use and greenhouse-gas emissions in energy-intensive industries
in developing countries, and similar industries exemplifying good current practice in industrialized
countries. Both technologies and processes are addressed.

The Technology Inventory has been produced in spreadsheet form and contains a wide range of
efficiency and fuel-switching measures (both technologies and processes) that represent good current
practice in developed countries in the selected industrial sectors. Inputs from regional experts have
been used to incorporate successful developing-country experiences.

The Analysis Tool provides an analytical framework that enables the user to estimate the potential to
improve the energy efficiency and reduce the greenhouse-gas emissions of selected energy-intensive
industries in a given country. The tool allows the user to input technical data, such as that identified
in the Technology Inventory, and create scenarios through which energy-efficiency and fuel-switching
options can be explored. It has been designed in layered spreadsheets using a four-level hierarchy



through which the user can move to a specific industrial sector, a stage of production activity within
that sector, and on to specific processes and technologies appropriate to that production stage.

Nine Case Studies provide energy-consumption profiles for specific energy-intensive industries in
three countries in each of the three regions, thus describing a range of efficiencies in existing capital
stock and fuels used in developing countries.! The case studies are printed in a separate report.

1 The nine case studies are for the following industry/country combinations: cement in Argentina and Egypt; iron & stee! in Brazil and
India; paper & pulp in China and South Africa; petrochemicals in Kuwait and Trinidad & Tobago; and chemical fertilizers in Zimbabwe.’



Part One: Industrial Greenhouse-gas Emissions from Developing
Countries

Overview

The use of energy in the industrial sectors of nations with developed economies has been, and will
continue to be, a major source of greenhouse gas (GHG) emissions, particularly carbon dioxide. The
patterns of industrial-sector energy use—energy provided primarily by the combustion of fossil
fuels—have shifted both within and between countries in recent decades. Projections of future energy
use and carbon-dioxide (CO,) emissions suggest continued shifts in these patterns, as industrial
production in developed countries stabilizes and declines, while industrial output in the developing
world continues to expand. In all scenarios, Intergovernmental Panel on Climate Change (IPCC)
projections indicate that non-Annex I countries’ share of global CO, emissions will increase
significantly by 2050 (IPCC, 1996a). '

This expansion of industrial-sector activity and CO, emissions in developing countries presents both a
challenge and an opportunity. The challenge is to reduce global GHG emissions without denying
developing countries the benefits of economic development. The opportunity is to use the substantial
potential for improvements in industrial energy efficiency, particularly in the developing world, as a
vehicle (though certainly not the only one) to allow and even spur economic development while
helping to mitigate the environmental impacts of industrial energy use. As the IPCC points out, the
gréatest opportunity for energy-efficiency improvements to reduce industrial CO, emissions by
introducing new technologies and processes lies in Annex I countries with economies in transition and
non-Annex I countries. Furthermore, “The greatest gains in efficiency for OECD Annex I countries
have occurred in chemicals, steel, aluminum, paper and petroleum refining, suggesting that it should
be relatively easy to achieve even larger gains in the industries in non- Annex I and transitional
economies” (IPCC, 1996a).

In this report, we briefly illuminate the reasons behind changing patterns of industrial energy use, and
explain both the challenges and the opportunities for energy efficiency that these changes portend. In
so doing, we provide a thumbnail regional perspective on the growth of industrial production in
developing countries, increases in energy use that come with growth in output, and the environmental
impacts that can accompany increase in fuel consumption. In addition, we outline some of the
opportunities for implementing energy-efficient technologies that will be created as industrial-sector
activity grows in the developing world. As such, we set the backdrop for the analytical tools,
databases, and case studies that have been carried out under Phase 1 of this project.

Regional Distribution of Industrial Energy Use

The activities of the industrial sector generate a large fraction of global gross domestic product
(GDP). One of the costs of this industrial performance is the consumption of a large fraction of the
world’s energy supply, and the generation of a similarly large share of the global anthropogenic
emissions of carbon dioxide and other greenhouse gases. As of 1990, the industrial sector accounted
for approximately 35 percent of global economic activity (measured as GDP—SEI-B, 1995), roughly
44 percent of global primary energy demand (WEC, 1995), and a similar percentage of carbon-
dioxide emissions.

On a regional basis, industrial energy consumption {and related greenhouse-gas emissions) has been
undergoing a fundamental shift. Recent scenarios of future economic development and energy use
show the waning importance of the industrial sector in the developed world, and the increasing
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dominance of those countries now undergoing economic development. Figure 1.1 underscores the
changing pattern—given “business-as-usual” scenarios of future energy-sector development—of
industrial energy use among three broad classes of countries:

e Countries with currently developing economies, including the countries of Latin America, Africa,
and South and East Asia (excluding Japan);

e Countries with economies in transition, including the countries of Eastern Europe and the
Commonwealth of Independent States (CIS); :

e and the OECD countries, which includes most of the globe’s currently “industrialized” nations.

It should be stressed that this grouping tends to mask the considerable variations in current energy use
and growth rates among developing countries, especially between some countries of Latin America
and Africa when compared with China and India. Variations also exist among OECD countries, with
growth in energy use in some Mediterranean countries likely to continue as growth tapers off in other
OECD countries. In addition, it should be noted that Figure 1.1 presents results from only two of a
number of different sources, and any estimate-of energy use to the year 2050 is subject to great
uncertainty. , : :

Figure 1.1: Current & Projected Industrial Sector Energy Use by Region, 1990-2050
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In 1990, the OECD and the transitional economies accounted for about three-quarters of the world’s
* industrial energy use. The scenarios of the Intergovernmental Panel on Climate Change (IPCC), as
indicated in Figure 1.1, show that fraction changing markedly in the future, with developing nations
responsible for over 40 percent of global industrial-sector energy demand by 2020, and about 60
percent by 2050. In the Conventional Development Scenario (CDS), assembled by Raskin and
Margolis (SEI-B, 1995), the developing-country dominance of industrial-sector energy use is even
more complete, reaching nearly 70 percent of global use by 2050.

A number of inter-related factors underlie these potential shifts in the structure of industrial energy use
among regions. These factors include population growth, changes in per-capita consumption of
industrial goods, changes in the importance of different economic sectors within countries, changes in
industrial economic efficiency and energy intensity, and shifts in the distribution of production of
industrial goods from the currently industrialized countries to developing countries.



Current Regional Distribution of Industrial Energy Use by Major Sub-sectors

Although energy is used in the industrial sector to produce and manufacture a vast array of materials
and products, there are a few major sub-sectors that can be singled out as using sizable shares of the
sector’s overall energy demand at the global, regional, and, usually, national levels. The World
Energy Council (WEC, 1995) lists five sub-sectors in particular—iron and steel, chemicals, petroleum
refining, pulp and paper, and cement—as being the five most energy-intensive, accounting for about
45 percent of total world industrial pnmary energy use in 1990. Bnef descnpuons of these sub-
sectors, and the ways in which energy is used in them, are prov1ded below?

s The iron and steel industry produces pig iron, crude steel, and various forms and grades of
refined and finished steel products. Major processes used in the industry include concentrating
and processing of iron ore, producing coke from coal or charcoal, adding coke to iron ore to make
iron, steel making, casting raw steel, and rolling, finishing, and milling steel products. Energy, in
the form of heat, is used in each of these steps, with additional energy (usually electricity) used to
provide lighting and to drive motors and presses used to move and finish materials. The fuels
used in providing heat for steel making vary considerably by country and region, with newer mills
often using mostly natural gas or electricity. Older mills and mills in developing countries with
indigenous coal resources (China, for example) primarily use coal to provide both heat and coke.
Using scrap steel as a raw material greatly reduces overall energy use, as the iron- and steel-
making processes are av01ded

¢ Producing chemicals involves a variety of different processes, depending on the type of
commodity produced. Major categories of chemical products include petrochemicals, made from
petroleum; inorganic chemicals including fertilizers, chlorine, soda ash, and silicon carbide; and
other chemicals, most of which are made from petrochemical and/or inorganic chemical
feedstocks. Major energy end uses in the chemical industry include electrolysis, process heating,
cooling, distillation (separation of products), refrigeration, evaporation, and moving materials
from place to place (for example, with pumps or moving belts). Fuels such as crude oil, natural
gas (especially for ammonia fertilizer production) and sometimes coal are also used as the
feedstocks out of which chemicals are made.

e Petroleum refining involves breaking down and fractionating the complex mixture of
hydrocarbons in crude oils into standard fuel and non-fuel products, including gasoline, diesel oil,
heavy fuel oil, liquefied petroleum gas (LPG), bitumens, and lubricants. Heat is used in the many
distillation, conversion, reforming, and finishing (product purification) processes used in a
refinery. Motive power to turn pumps and other equipment is typically provided by electricity,
which is often generated on site. Refineries are typically fueled with crude oil or “waste” products
from the conversion processes, but sometimes use coal or natural gas as a fuel as well, depending
on local supplies.

e The pulp and paper sub-sector produces pulp from wood, wood wastes, scrap paper, and
occasionally non-woody, high-cellulose crops or crop wastes. The pulp is used to produce paper
and cardboard products of different types. Pulp and paper mills use energy for wood preparation
(chipping, grinding), pulping, bleaching, chemical recovery, paper making, and drying. The
amount of fuel used per unit output varies widely with the type of product produced, and with the
input material used. Major end-uses in the sub-sector include process heat and motive power. A
variety of different fuels are used, from biomass wastes such as lumber mill wastes and “black
liquor” (generated during pulping in some processes), to coal, natural gas, and electricity.

2 For further detail on the processes used in these sub-sectors; the reader is urged to consult Chapter 2 of WEC, 1995.



¢ Cement production involves treating limestone with heat to produce calcium oxide, or lime, and
adding silicates to yield “clinker,” a raw cement. Clinker is then ground to size and blended to
yield various cement-type products. The major end-uses of energy in this sub-sector are process
heat for producing clinker from limestone and other minerals, plus motive power (usually
supplied by electric or diesel motors) for grinding, moving, and blending intermediate and final
products. Cement-making is typically fueled with the least-expensive fuel readily available, often
coal. ‘ '

If current reliance on fossil fuels and non-energy-efficient technologies continues, increasing use of
energy in the industrial sector of developing countries will result in vastly increased emissions of
carbon dioxide. Figure 1.2 contrasts patterns of industrial-sector emissions in 1990 with the CDS
projection of the same emissions for the year 2050. Industrial-sector CO, emissions for the
developing nations increase to over three-fourths of the global total, with emissions from a single sub-
sector—iron and steel—nearly equaling the total industrial CO, emissions from the OECD and
transition economy nations combined. Figure 1.2 also indicates a shift of the most energy- and
emissions-intensive industries (including iron. and steel, cement, paper and pulp, chemicals
manufacture, and oil refining) from the OECD to the currently developing world. In contrast, the
industrial sub-sector in OECD -countries that shows the greatest emissions in 2050 is “other
industries,” possibly reflecting the shift in industrial production in developed nations away from
traditional “smokestack” industries and toward high-technology industries, such as electronics and
biotechnology. !

Figure 1.2: Current and Projected Industrial-sector CO, Emissions (Energy Use)
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The reader is cautioned that the particular numbers shown in Figure 1.2 reflect the results of a single
scenario from a single group of researchers, and that different “business as usual” (“BaU”) scenarios
assembled by other workers can and do show somewhat different results.” The scenario shown in
Figure 1.2 assumes a global population of about 10 billion in 2050, with about 86 percent of the
world’s population in developing countries (up from 76 percent in 1990).* Thus developing-country
emissions in the 2050 scenario are less than half those of the industrialized world when compared on a
per capita basis. The main point here, however, is that under BaU assumptions (without intervention),

3 A full discussion of the parameters and assumptions that underlie these scenario results is unfortunately beyond the scape of this paper.
The reader is urged to consult IPCC, 1992, and SEI-B, 1995, for details of how the scenarios shown in these figures were assembled.

4 As with future energy use, future population growth varies considerably among developing countries and regions. The population growth
rate in Africa, for example, is projected to be roughly twice that of Latin America or Asia (SEI-B, 1995; ariginal figures are from the Warld
Bank and the United Nations). ‘




growth in industrial energy use, and the GHG emissions that result from industrial energy use, are
likely to A) be very robust, and B) be centered almost entirely in developing nations. As a
consequence, if future global greenhouse-gas emissions are to be significantly reduced, opportunities
for increasing energy efficiency and the use of renewable fuels in the industrial sector of developing
“econormies cannot be ignored. '

Current and Recent Patterns of Industrial-sector Activity

Trends and patterns in industrial-sector activity within and between countries and regions result from
‘complex interactions of a number of different processes. Some of the critical interacting processes——
‘ongoing social, economic, and technical changes in and among countries—that affect industrial-sector
activity, energy use, and emissions include?’

¢ Continuing population growth in developing regions, while populations in industrialized and
transition economies remain relatively stable.

¢ Increasing per-capita consumption of industrial goods in developing countries, as households
become more affluent. This increase in per-capita consumption has been found to be strongest as
countries develop from the lower range of per-capita income towards middle-range income, and
weaker as people continue to move toward the higher income range. Appendix 1A provides a
brief discussion of this phenomenon, based on work by Williams, Larson, and Ross (1987).

o Stabilizing or declining per-capita consumption of industrial products in developed countries as
the market for certain goods—such as large household appliances and automobiles—becomes
“saturated."®

» Shifting of developed economies towards more service-oriented production, with an increasing
proportion of energy-intensive manufacturing activities (including manufacturing of many energy-
intensive goods and intermediate materials consumed in industrialized economies) carried out in
developing nations. ' '

¢ Improvements in the energy efficiency of industries in developed nations, driven in part by the
need to enhance economic competitiveness, and in part by the need to meet environmental
regulations (these factors are also relevant in many developing countries).”

¢ Changes in the fuel types used by industries, particularly in developed countries, in response to
changing technologies, economic situations, or environmental regulations.

Recent Historical Trends in the Production of Kév Industirial Goods

A review of recent historical trends in the production of key industrial goods underscores the
importance of addressing the efficiency of industrial infrastructure in developing countries. Figure
1.3, for example, shows the changes between 1979 and 1992 in the production of two key
commodities (crude steel and cement) by two major developing countries (China and India), two
developed countries (Japan and the U.S.), and the Former Soviet Union (FSU).

5 A detailed discussion of these processes is beyond the scope of this report. An excellent overview is provided in Schipper et al, 1992.
& The term “saturated” is used to mean that virtually all households that wish to have the given good have already acquired it.

7 Some of these improvements in developed countries may well flow to developing' nations through the interational market for energy-
~ and industrial-sector goods and services, and as a result of investments in developing-country industrial infrastructure by developed-
country firms.



Figure 1.3: Trends in Cement and Steel Production, 1979-1992, Selected Countries
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During the 1980s, crude steel production nearly doubled in China and increased markedly in India as
well. In contrast, annual steel production in Japan was stagnant during the decade, and production in
the United States declined by about one quarter. The US decline in steel production reflected both the
movement of steel making to other countries and a per-capita reduction in the consumption of steel
(Sinton, 1996; and WEC, 1995).®> In the United States, this reduction in steel production is the
continuation of a trend—chronicled by Williams, Larson and Ross (1987)—that showed increasing
steel production from 1880 through 1950, when the growth in production began to slow, and a
reduction in production beginning around 1980.

A similar pattern of shifting production during the 1980s occurred in the cement industry. Cement
production in China and India nearly tripled during the decade, almost doubling their share of global
output, while production in Japan and the United States were primarily in modest decline, with the
share of world production from those two countries falling by over 20 percent.

These examples of changing consumption of energy-intensive materials, when taken in aggregate,
indicate a continuing trend, where the shares of global industrial output shift to the developing world.’
This shift means that changes in industrial infrastructure in these sub-sectors—changes that represent
opportunities for adopting high-efficiency technologies and practices—are concentrated in the
developing world.

The regional patterns of energy use and carbon-dioxide emissions from industrial energy
consumption, broken down by major sub-sectors, are shown in Figures 1.4 and 1.5, respectively (the
Cement sub-sector actually denotes the entire “Stone, glass, and clay” sub-sector). In both developing
and industrialized economies, current industrial energy use and greenhouse-gas emissions are
concentrated in the major industrial sub-sectors. However, an important difference between
developing and developed regions is evident when one considers the proportion of energy use and
emissions contributed by the “other industry” sub-sectors. The “other industry” category contributes a
"much larger share to regional totals in North America—and to a lesser degree in other OECD
countries—than it does in developing countries. This is further evidence of the opportunity and
importance of boosting the efficiency of 1ndusmal energy use in the energy-intensive industries in
- developing regions.

CO, emissions from industrial energy use in the FSU and China currently equal or surpass those from
North America. In China this holds even though total industrial energy use is significantly lower.
China’s higher emissions of CO, per unit of energy, relative to other regions, are due to the

8 Page 27.
¢ Although the shift in output is unlikely to be distributed evenly across developing countries, and may or may not persist in the long term.
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dominance of domestic coal as an industrial fuel—a situation not representative of many developing
countries and regions (Latin America and Africa, for example).'®

Figure 1.4: Giobal Industrial Energy Consumption by Sub-sector, 1990
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Figure 1.5: Global industrial CO, Emissions by Sub-sector, 1990
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10 Figure 2.6 also shows the very different industrial energy consumption in different developing regions. Industrial energy use in Latin
America, for example, is only 40 percent of that in China. Differences in energy consumption between regions are due to a combination
of different fuel use patterns, different patterns of industrial production, different industrial energy intensities, and different population

bases.
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Industrial Energy Intensity

The concept of industrial energy intensity denotes the amount of energy or fuel required to produce a
unit of industrial output. Comparisons of energy intensities—among regions, countries, and
individual facilities, or against a “best practices” benchmark—can indicate opportunities for
improvements in energy and process efficiencies. Two basic approaches are used to express industrial
energy intensity. The first is energy intensity per unit physical product. The second is energy
intensity per unit of economic output."'

Examples of energy intensities denominated in physical units include tonnes of coal equivalent (tce')
per tonne of raw steel, kilowatt-hours per tonne of cement, or gigajoules per case of glass. Physical
energy intensities specify the amount of energy—either all fuels or a specific fuel—used to make a
specified unit of output. Properly specified physical energy intensities have the advantage that they
allow easy comparison between countries. Some of the disadvantages of physical energy intensities
are that they are only useful for certain sub-sectors, in particular, those with a single, relatively
homogeneous product; that they must be carefully evaluated to make sure that the unit of production
is comparable across sources (Is a “case” of glass the same in China and Japan? Is pulp counted at the
same moisture content in the U.S. and Chile?); that it may be hard to find sufficient data on sub-
sectoral output to allow specification of physical intensities in some instances; and that product quality
or composition may vary across countries or plants."

Figure 1.6: Process Energy Use for Steel Production,
National Averages Compared to State Of The Art*
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Physical energy intensities (GJ per tonne) for the production of a fairly homogeneous product—
steel—are shown in Figure 1.6 for several steel producers, and for the best current practice (“State of
the Art”). This comparison demonstrates both the substantial variation in energy use per unit of
output between countries, and the considerable improvement (reduction) in energy intensity that that is

1t Note that energy intensity, the amount of energy used per unit of product or energy service, is the inverse of energy efficiency, which is
the amount of product or energy service produced per unit of fuel consumed.

12 The tonne of coal equivalent (tce) is a standard energy unit equal to 29.3 gigajoules (GJ).

13 For example, Worrell et: al. (1995) demonstrate how clinker/cement ratios range from 27% (Ireland) to 90%+ in several Latin American
and OECD countries. Clinker production is the most energy intensive stage in the production of cement, and so “Portland” cements (with
a high clinker content) tend to have high energy intensities. Similarly high quality steels and reformulated gasoline are examples of
commodities that, because of the specifications that must be met in their manufacture, have above-average energy intensities in
comparison to their broad product class. .

14 Data shown in this figure are derived from the Technology Inventory produced as a part of this project.
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possible using existing efficient technology. The energy used to produce a tonne of steel in India, for
example, is more than 50 percent higher than that used in Brazil, and is more than twice the amount
used in South Korea. Even the relatively new, efficient Korean plants, however, use an average of
almost 50 percent more energy per unit of output than would a state of the art plant.

Energy intensity is also commonly described in energy units per unit of economic output. Examples
of intensities specified in this way include tonnes of oil equivalent per dollar of value added in the
chemical production sub-sector, or megacalories per dollar of domestic product in the non-ferrous
metals sub-sector. Disadvantages of currency-denominated indices of industrial energy intensity
include that they can A) be influenced by foreign exchange rates and the costs of production in each
country'’; B) be biased by non-market internal pnces for commodities; and C) fail to reflect varymg
product types and material use in certain mdustrles :

Given these caveats, energy intensities for products from a number of major industries are presented
in Figure 1.7. Some notable features of the comparisons shown in this figure are the extremely high
intensities for almost all of the industries shown for the developing and transition economies
(especially China) versus those shown in the OECD economies. Even taking into account variations
in the quality of domestic fuels and in the profitability of the commodities produced by each sub-
sector, this comparison shows that energy intensities in the developing (and transition) economies,
while varying quite considerably across regions (the energy intensity in the Iron and Steel industry in
Latin America, for example, is one-seventh that in China), appear to have substantial room for
improvement. '

Figure 1.7: Industrial Energy intensity By Sub-sector, 1990
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National Examples of Sectoral Patterns and Trends in Developing Regions

To provide a national example, the changing patterns of carbon-dioxide emissions from major
industries (and other related sectors) in India are given in Table 1.1, below. Here, emissions from
both the steel and cement industries are shown to have nearly doubled in the eight years between

15 Adjusting the index to reflect purchasing power parity (PPP) can provide a more accurate comparison between countries {for example
see Leach et. al., 1986 and Ishiguro and Akiyama, 1995). .

16 For example, a country whose chemical industry produced a set of commodities that were higher in value and/or required less energy
to produce than a second country whose chemical production comprised products of lower value andor requiring more energy to
manufacture, would show a lower sub-sectoral energy intensity per unit economic output, even if the energy efficiencies of the equipment
used in the chemical industries of the two countries were comparable.
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1986-87 and 1994-95, while emissions in the fertilizer industry increased by over 30 percent. Growth
in emissions from power production have grown even more, although this reflects emissions from
electricity produced for use in all sectors of the Indian economy. Of all of the Indian sub-sectors in-
Table 1.1, only railways show a decline in CO, emissions. This decline resulted from a substantial
. program of electrification of the Indian r