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EXECUTIVE SUMMARY

New market drivers are rapidly expanding the market for energy-efficient goods and services in developing
and emerging market countries Though a number of barriers still remain, the energy efficiency market 1n
developing countries and emerging market nations 1s much more robust and varied than 1t was just 20
years ago

Thus study was undertaken 1n order to 1dentify the new trends 1n the market for energy-efficient products in
developing countries Understanding where the markets are growing and changing will help policy makers
determine where international donor agency attention and resources should be focused now 1n order to
produce the greatest overall benefits over the next two decades In order to find that focus, the study’s
authors and researchers concentrated on collecting data that would help them charactenize the current
market, outline expected trends, and recommend strategic action to take advantage of new trends 1n
developing country markets

This information 1s of particular interest to international donor agencies, companies marketing energy-
efficient products, and high-level policy makers within developing countnies who are determined to capture
the full economic benefits of energy efficiency for their countries

The data, as presented 1n this report, provide the first bottom-up charactenzation of the developing country
energy efficiency market to date Rather than attempting to predict the potennial size of the energy
efficiency market between 1996 and 2015, this study focuses on collecting information about the most
probable actual size of the market for energy efficiency technologies and services, using 1996 as the base
year

Two scenarios have been used to estimate the market size for energy efficiency in 2015 a conservative
growth scenano, which assumes that growth 1n the energy efficiency market 1s commensurate with GDP
growth, and an aggressive growth scenano, which takes into account regional vanations 1n technology
growth likely actions by multinational corporations and multilateral development banks, and assumptions
about penetration rates of specific energy-efficient technologies

ES.1 MARKET CHARACTERISTICS AND TRENDS

The global energy efficiency market 1s diverse 1t covers products and services designed to meet a vanety
of technical needs and to manage costs or resources 1n all sectors The current market for energy-efficient
products and services can be summanzed by the following charactenistics and general trends
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Market Fragmentation Energy efficiency markets are fragmented This situation dictates that providers
of different energy-efficient products take diverse approaches to marketing their goods There 1s no one
single market structure that encompasses all energy-efficient products or services Structures and
penetration rates vary by country, region, and technology

Varnation in Energy Sector Conditions Energy sector conditions vary both regionally and from country
to country, affecting energy efficiency markets In emerging market economies, multilateral development
agencies and bilateral donors, along with local governments are the key catalysts for introducing market
forces and supporting energy efficiency 1n the energy and industnal sectors Energy price reform has
already occurred 1n many emerging market countnes and energy prices are approaching marginal costs and
world market levels These costs, 1n turn, drnive market demand for energy efficiency In developing
countries, energy price reform, power sector restructuring, and environmental concerns are transforming
the markets for energy and energy efficiency more slowly Energy shortages are still the greatest factor
dniving the developments of energy efficiency markets in developing countries Many developing countries
view energy efficiency as one measure they can take to help alleviate current and projected energy
shortages The long-term effects of power sector restructuring in all countries has yet to become fully
evident

Shifting Markets Market opportunities are shifting from OECD countries to newly industnialized
developing countries, due to several factors The developing world 1s experiencing high rates of growth in
energy demand, due to imncreasing energy usage per capita and rising urban populations These high
growth rates are expected to continue over the next decade and beyond, and are coupled with a slow-down
1n the rate of new construction and industrial expansion 1n the U S, Canada, and Western Europe

Restructuring and Demand-Side Management Both demand side management (DSM) and
restructuning are attracting substantial interest in developing countries DSM 1s viewed as a means of
implementing load management and energy conservation, reducing brown outs and black outs 1n the short-
run and reducing capital outlays for new generation capacity 1n the long run Restructuring of the electric
sector 1s typically undertaken as a means to open the power sector to private capital investment and to
mtroduce competition 1n the generation, transmission, or distribution of power Asinthe US power
sector demonopolization and deregulation 1s expected to open the market to broader competition for energy
services, mcluding energy management and efficiency services

Construction Boom The construction boom taking place 1n the developing world presents significant
market opportunities for energy-efficient products and services 1n all sectors Asia’s market 1s projected to
grow fastest averaging 11% growth through 2015 This boom presents both opportunities and barners for
energy efficiency markets The sheer volume of new construction will certainly expand the markets for
energy-efficient products such as glazed windows, nsulation, hghting and building controls In addition
mcreased private sector involvement 1n the construction industry will likely stimulate demand for higher
quality, more advanced products In the residential sector, growing middle classes have more disposable
income to spend, further fueling market growth Residential construction will likely be dominated by low-
income housing, however, which 1s unlikely to be a significant market for energy-efficient products with
higher first costs Construction practices also vary from country to country, and 1n some cases there are
biases against energy-efficient products
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Worldwide O1l Market The World Energy Council projects that developing countries will account for
about 90% of the increase 1in world o1l consumption between 1985 and 2020 This puts significant upward
pressure on o1l markets and could lead to both higher prices and greater volatility 1n the market The
expectation 1s that o1l prices will continue to remain stable for the foreseeable future However, 1f o1l prices
were to nse sharply, the economic benefits of energy efficiency investment would improve dramatically

Greenhouse Gas Reduction A growing interest in energy efficiency in developing countries comes from
the threat of global climate change and commitments made to help reduce emissions Generally speaking,
increased emissions of greenhouse gases, such as from burning of fossil fuels 1n power generation,
accelerate global climate change Thus, technologies with smaller energy requirements indirectly influence
climate change 1n a positive way Because carbon emissions are a global rather than a local problem
multilateral organizations and donor agencies are beginning to redefine their role n this area, to focus on
more regional and global cooperation to achieve larger benefits

ES 2 MARKET QUTLOOK

What 1s an “energy-efficient” product or service? Because of the difficulty of identifying and
describing energy-efficient products, a working definition was established for the purposes of this report
In general, energy-efficient products were taken to mean those products which have energy efficiency
performance ratings as their distinguishing feature, apart from all other options or models 1n their product
lime In some cases, this meant taking into account 1tems that were self-described or marketed by their
manufacturers as energy-efficient Included 1n this category are products that conserve all types of energy,
not just electricity Some of the more common examples include lighting air conditioners, refrigerators,
and motors

To assist 1n measuring and categorizing energy-efficient products, the market was broken up into eight key
end-use technology markets These are

> Building controls and heating, ventilation and air conditioning (HVAC) equipment
> Building envelope (windows, insulation, etc )

> Cogeneration equipment and services

> Household apphances

> High efficiency boilers

> Industnal process controls

> Industrial motors and adjustable speed drives (ASDs)

> Lighting

Market Behavior and Growth Assumptions U S Department of Commerce import statistics for 1993,
adjusted for 1996, have been used as a baseline for the data presented in this report Using this method the
size of the total energy efficiency market in developing countries 1n 1996 was estimated to be $9 5 billion
To make the 2015 projections, two different scenarios were created, producing estimates representing the
upper and lower limits on the likely market size
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- Conservative growth scenario This scenano used prevailing economic growth rates (based on
historical GDP data) to make straight line projections for country and technology market sizes in
2015 Some secondary differentiatton was made 1n the projections based on the level of domestic
manufacturing capability present in inditvidual country markets Under this scenario, the total
market size 1n 2015 1s estimated to be $30 7 billion

> Aggressive growth scenario This scenario assumes that energy efficiency markets will grow faster
than the economies of most countries due mainly to increased technology penetration Using a
vaniety of industry data sources, such as manufacturer sales statistics, telephone interviews with
manufacturing representatives, other business focus series reports, and Hagler Bailly propnetary
data, this scenarto estimates a larger market size 1n 2015, at $66 7 billion

Figure ES-1 gives an overview of the market projections

Figure ES-1
Market Summary
1996 2015 2015
Item (conservative) (aggressive)
Market Size $9 5 billion $30 7 bullion $66 7 billion
Largest regional market Asia Asia Asia
Largest country market China China China
Largest market segment Process controls | Process Controls  |Lighting
Fastest growing region Asia Asia Asia
Fastest growing technology Motors Motors Lighung
market
Largest technology markets Building Process Controls ASDs
Overall Envelope Building Envelope |ASDs
Asia Building Building Envelope |Building Controls
Africa/Middle East Envelope Lighting ASDs
Eastern Europe Building Process Controls Lighting
Latin America Envelope
Lighting
Process Controls

Source Hagler Bailly Inc

Regional Market Overview Asia was the largest regional market by value 1n 1996, accounting for 58%
of the total market for energy-efficient products and services The markets for energy efficiency in the
other three regions were notably smaller Africa was the smallest market, with a share of only 8% The
Latin Amernican market accounted for 20% and Eastern Europe accounted for 15% of the overall market
Figure ES-2 summarnzes the projections of market size by region 1n 20135, using both a conservative
growth scenario and an aggressive growth scenario In the conservative scenario, Asia will remain the
largest market, with a 64% share Latin America will be second with 17%, followed by Central/Eastern
Europe and Africa with 12% and 6%, respectively Under the aggressive growth scenario, Asia will again
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Figure ES-2 be the largest market, comprising
. . 59%, while Central and Eastern
2 0 1 5 E n erg y EfﬂClen Cy M a rket Europe will eclipse Latin America
Range of Potential Market Size o for second place, with 19% Latin
I American and Africa/Middle East
will follow with 15% and 6%,
respectively

Asia

Central/East Europe
Technology Market Overview

Figure ES-3 summarnizes the
o r——— expected developing country
B Aggressive Growth technology markets for 2015
Under the conservative growth

Latin Amenca

Africa/Middle East
f scenarto, process controls are
¢ 10 20 30 40 50 projected to be the largest overall
$ Billion market, while the aggressive
Source Hagler Bailly Inc growth scenario projects lighting

to be nearly twice the size of the
next largest market (for motors) The domnance of lighting 1s chiefly due to 1ts wide apphcation across all
sectors In addition, the four fastest growing technology markets between 1996 and 20135 are likely to be

lighting, motors, ASDs, and butlding controls
Source Hagler Bailly Inc

Figure ES-3
2015 Energy Efficiency Market
By Technology
$ Billion
0 5 10 15 20
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Motors

Building Controls
Building Envelope
Process Controls
HVAC
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ES 3 MAJOR POLICY ISSUES AND IMPLICATIONS

The charactenistics of the energy efficiency market today have major implications for policy makers both
within developing countries and outside them There are a number of strategies that donor agencies policy
makers, and efficient technology manufacturers can use to target investments n order to realize the greatest
potential gains 1n energy efficiency, while avoiding the lost opportunities occurring daily 1n high-growth
developing countries The most important task for policy makers 1s to understand the energy efficiency
market that already exists This will allow policy to be recalibrated to take best advantage of market

characterstics and trends for the largest possible energy savings Other strategic recommendations include
the following

> A musmatch currently exists between countries targeted for donor agency attention and those with
the most potential for energy efficiency gains Donor agencies should look closely at the high
mdustnal and commercial growth countries of Southeast Asia and not at societies that are still
primartly agrarian

> Rapid growth requires action now to avoid losing opportunities 1n the future

> The opportunity to build awareness 1s a key tool available to policy makers Governments and
international agencies are 1n the best position to offer information and education services that will
ensure that energy-efficiency technologies are recognized 1n the market

> A new nternational agency should be created with a mandate for addressing greenhouse gas
reduction and global climate change mitigation This would ensure international and intra-sectoral
cooperation on these global, cross-boundary 1ssues

> The dominance of multinational corporations 1n the energy efficiency market puts pressure on
nations to act jointly

> Market aggregation strategies such as financing support will be a key element 1n fostering a

stronger energy efficiency market Small players with little capital at their disposal will need to be
brought into the market

> The energy efficiency market in developing countries 1s growing fastest in those technologies
amenable to efficiency gains through the implementation of appliance and building standards
Again, international cooperation on this 1ssue can make such 1nitiatives even more successful by
creating economues of scale and addressing market failures

A major challenge for policy makers 1s to take these strategic recommendations and formulate them into a
concrete action plan which prioritizes the most important countries, regions, sectors and technologies in
terms of potential energy savings Table ES-1 below gives a prehminary set of countries and technology

markets recommended for attention 1n the short-term (the next two years) and the medium-term (two to
five years)
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Table ES-1
Priority Countries and Technologies
2015 Market Size Market Growth
Country/Technology Aggressive estimate ($ml) Rate (%)
Short Term
Hong Kong $6,602 144
Lighting $4 717 180
Singapore $3 621 130
Lighting $1393 160
Motors $1 033 150
Indonesia $3 156 106
Building Controls $644 156
Motors $787 150
South Korea $6,965 103
Building Controls $1 356 156
Motors $2 380 139
Medium Term
China $7.545 98
Lighting $1,782 180
HVAC $1,274 90
Russia $5 925 12 8
Building Controls $1220 169
Lighting $1,210 139
Brazil $3242 90
Building Envelope $932 95

Lighting

Source Hagler Bailly Inc

The countries and technologies recommended for attention 1n the short term were chosen on the basis of
their high growth rates which will result 1n a great many lost opportunities 1f action 1s not taken now All
of these countries are 1n Southeast Asia and do not recerve significant investment or attention from

$571

Vil

mternational donor agencies at the present time The most important technologies for short-term attention
n these countries are those with applications 1n the industrial and commercial sectors that are experiencing

explosive growth In the medium term, the countries and technologies given priority generally have slower
average growth rates, but still represent large potential markets China represents the single biggest market
for energy-efficient technologies anywhere 1n the world The lighting market 1s projected to be the largest

technology market by the year 2015
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1. INTRODUCTION

In nearly all OECD countries, a large market for energy-efficient products and services already exists This
has been the case since the o1l price shocks and energy security 1ssues emerged 1n the 1970s, when the
economic benefits of energy efficiency became readily apparent and supportive government policies were
implemented 1n most OECD countries While the impact of o1l price shocks has long been absorbed,
energy efficiency markets continue to expand Supportive government policies have remained 1n place,
new policies have been developed, and the cost-benefit ratio of energy efficiency 1s still attractive, though
the current trend toward restructuring of the power sector may have as yet unforeseen implications

By contrast, the energy efficiency wave of the 1970s largely bypassed developing countnies National
governments lacked the institutional capabilities to implement energy-efficient policies and countries
expenenced varying degrees of difficulty accessing the resources to acquire energy-efficient solutions Far
from making energy efficiency a compelling economic alternative, subsidized energy prices often caused 1t
to be a low priority, a situation that 1s still the case 1n some areas Other barmers exist 1n the form of hmited
foreign exchange for importing energy-efficient equipment, lack of awareness of technologies, and low
income levels

Today and for the foreseeable future, new market drivers are expanding the market for energy-efficient
goods and services 1n developing countries While a number of barriers still remain, the market 1n
developing countries and emerging market nations 1s much different today than 1t was just 20 years ago

This study was undertaken 1n order to identify the new trends emerging 1n the energy efficiency markets of
developing countries The purpose 1s to take a broad look at where international donor agency attention
and resources should be focused now 1n order to receive the greatest overall benefits over the next two
decades In order to find that focus, data were collected to charactenize the current market, outhne expected
trends, and recommend policies for overcoming barriers to energy efficiency 1n order to take best
advantage of new trends n the developing country market

The audience for this report 1s broad 1ncluding international donor agencies and multinational corporations
marketing energy-efficient products as well as high-level policy makers within developing countries who
are determined to capture the full economic benefits of energy efficiency for their countries

Data for this report were collected using a vartety of sources including import data for different
technologies, manufacturer sales statistics, telephone interviews with manufacturer representatives, other
published reports, and U S Department of Commerce data These numbers were then analyzed and
combined with historical growth rate analysis to project likely market trends between now and 2015 For a
more detailed description of this methodology, see Chapter 2
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The data, as presented 1n this report, provide a comprehensive characterization of the developing country
energy efficiency market, spanning numerous technologies and geographic markets Rather than
attempting to predict the potential size of the energy efficiency market between 1996 and 20135, this study
focuses on collecting information about the most probable actual size of the market for energy efficiency
technologies and services We estimate future market values by closely correlating them with prevailing
growth rates 1n regional and technology markets 1n general

Two scenarios have been used to estimate the market size for energy efficiency in 2015 a conservative
growth scenario, which assumes that growth 1n the energy efficiency market 1s commensurate with GDP
growth, and an aggressive growth scenario which takes 1nto account regional vanations in technology
growth, likely actions by multinational corporations and multilateral development banks, and optimistic
assumptions about penetration rates of specific energy-efficient technologies This scenario 1s * aggressive’
because 1t results 1n a market size estimate that 1s considerably larger than under the ‘ conservative’
scenario Figure 1 gives a graphical representation of the conceptual framework

Figure 1
Conceptual Framework for Estimating Developing
Country Energy Efficiency Market Size

A
Market
A Potential
Targeted
Policies
667 [~ = = = = === e e o e e e o - e .
Aggressive
Bilhon $ Growth
Sectoral or Scenario
Technology
307 Specific Growthw o
GDP Growth Conservative
Growth
95 Scenario
Actual
1996 2015 -

Chapter 2 of this report outhnes the prevailing trends influencing the market for energy-efficient products
in 1996 and beyond Some of these trends will determine whether the size of the market in 2015 reaches
that predicted by the aggressive growth scenario or only that predicted by the conservative growth scenano
Chapter 3 summarizes the probable market size 1n 2015 under both scenarios Chapter 4 focuses on

policies and recommendations which are likely to move the market from 1ts predicted actual level towards
a more robust potential size
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This report offers the data to provide a global perspective on the energy efficiency market analyzed in two
major Cross sections

> regional and country markets, and
> technology markets

Previous studies have been inclined to focus on sectoral dimensions (industnial, commercial, or restdential)
of the energy efficiency market Although the data presented 1n this report can be classified in this manner
(as 1n Figure 2), 1t 1s more useful from a policy perspective to look at the data from a regional, country and
technology perspective The market was divided 1nto cross sections of regions and/or countries and
technology markets with the ulimate objective of defining strategies for driving the energy efficiency
market toward 1ts full potential by 2015 Breaking this objective down into 1ts component parts this report
addresses the following questions

1 What regions and/or countnies provide the greatest opportumities for energy efficiency market
growth?

> What 1s the magnitude of the opportunity?
x Where do barniers exist now?

2 What technologies, with attention and market push, offer the best potential opportunities?

> What 1s the magnitude of the opportunities?
> What are the projected growth rates?

3 What combinations of countries and technologies offer the best potential opportunities?

4 What policy or intervention strategies logically follow from the answers to questions 1-3 and can
help achieve the potential opportunities 1dentified therein?

Using this framework, the report suggests where the markets for energy efficient technologies are likely to

occur, and therefore where mternational donor agencies and developing country policy makers should
focus their attention 1n order to realize the greatest gains 1n energy efficiency over the next two decades
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2. MARKET TRENDS
AND CHARACTERISTICS

The global energy efficiency market 1s generally characterized more by 1ts differences than by 1ts
stmilanties This may be nevitable since energy efficiency 1s often a solution and not a specific product or
service Market charactenstics discussed 1n this section focus on the differences in market structure,
regional energy sector conditions, and market penetration rates of a diverse group of energy-efficient
products

Overall trends n the energy efficiency market include a shift in market opportunities from industriahized
countries to developing and emerging market countries Another discernable trend 1s the consolidation of
the industry as a relatively small number of multinational firms begins to dominate manufacturing and
sales of energy-efficient products

21 MARKET FRAGMENTATION

Energy efficiency markets are fragmented This situation dictates that providers of energy-efficient
products take diverse approaches to marketing their goods There 1s no one single market structure that
encompasses all energy-efficient products or services and this fact also means that market opportunities

will vary from country to country The complexity of the energy efficiency industry 1s 1llustrated by the
following

> The market includes a diverse group of finished goods, components, engineered systems and
energy-service companies that provide engineering, project management, finance, and software
development expertise to deliver savings to energy users

> The industry encompasses diverse end-use applications 1n the residential, commercial, industnal,
agncultural and transport sectors (see Figure 2)

> Distnibution channels vary widely, both by product/service and by country Some products are
available “off the shelf”” such as lighting, while others are sold through sales representatives who
may or may not provide after-sales parts and service The complexity of the distrnibution system 1s,
1n part, dependent on the size of the economy and the amount of local manufacturing and/or
assembly

> Project sizes also vary widely The cost of energy efficiency projects may range from a few
hundred dollars for steam traps to millions of dollars for cogeneratton systems and more extensive
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Figure 2
Types of Energy Efficiency Projects

Energy efficiency projects can be categonzed by end-use sector, as shown below Many of the projects involve
the 1nstallation of new systems or technologies or the retrofit of exising equipment Alternatively a project may
consist of an end user contracting for energy audits or services

Commercial Industnal
Heating, ventilation and air conditioning Process controls
Systems (HVAC) High-efficiency boilers
Groundwater heat pumps Cogeneration
Load management systems and controls Combustion controls
Cogeneration Waste heat recovery boilers
Refrigeration systems/freezers Insulation
Lighting Energy/load management systems
Building controls High-efficiency motors/adjustable speed drives
Insulation High-efficiency lighting
Low-emussivity windows Energy audits/services
Window coatings and films Power factor correction
Energy audits/services Stream traps
Power factor correction systems
Residential
Agnicultural Efficient appliances
Water Pumpsets HVAC
Pumping systems Groundwater heat pumps
Lighting

industnal system retrofits The upper hmit on the size of an individual energy efficiency project 1s
generally thought to be around $30 million

The result of this highly fragmented market 1s that there can be no universal rules to identify market
opportunities There are no typical energy efficiency projects, and projects are not easily standardized
Marketing approaches and market development are therefore dependent 1n part on four factors distribution
channels, product knowledge, buyer concentration, and market barriers

Distribution channels Most international equipment manufacturers rely on local agents or exclusive
distributors to get their products to the market To reach large industrial or commercial consumers, sales
may proceed directly from a distributor to the consumer For residential consumers, on the other hand,
reta1] stores are usually a necessary link 1n the distribution chain Other potential participants 1n distribution
include utilities (e g to implement a demand-side management program), building contractors,
specification engineers architects and local governments (Appendix B discusses the distribution practices
of each product or technology 1n greater detail )

Training and product knowledge To nsure effective marketing and after-sales service, manufacturers

typically provide their distributors, local agents or other key marketers with specialized product training
Accurate product knowledge can be critical to overcoming information barners that hmit product sales
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Traming 1s also critical for products that generally require after-sales service or maintenance Lack of after-
sales service can sertously hamper market penetration of more sophisticated energy-efficient products

Buyer concentration Providers of energy-efficient products and technologies confront varying levels of
buyer concentration This 1s an important factor since nitial market entry and development can often be
facilitated by the existence of concentrated sources of demand In general, residential sector demand 1s
quite diffuse Window manufacturers for example, have sold few energy-efficient windows to residential
consumers 1n part because they are difficult to reach On the industrial and commercial side on the other
hand, utilities or other large buyers often step 1n and organize the market, accelerating the penetration
levels of energy-efficient products Lighting 1s an excellent example of a technology market segment
benefiting from buyer concentration n the industrial and commercial sectors Typical consumers of
lighting 1n developing countries are governments, utilities, and construction companies, all of which are
capable of purchasing large quantities of hghting products

Market barriers The market barners for energy-efficient products in developing countries are well
documented 1n the literature ' They include, but are not limited to, trade barriers (import duties or quotas),
high consumer discount rates, lack of investment capital or availability of financing difficulty of obtaining
energy-efficient products, energy pricing, energy sector mnefficiencies lack of information and training
lack of government capability and leadership, and lack of leadership and commitment by the donor
community Each market segment faces 1ts own unique market barners For example the development of
cogeneration markets can be dependent on government regulations that permit the sale of excess electricity
to the local gnd In the residential sector, the sale of efficient household appliances 1s more likely to be
affected by price differentials between energy-efficient and standard appliances In all sectors building
envelope technologies must be adapted to different construction practices Examples of these barriers
abound

2.2 VARIATIONS IN ENERGY SECTOR CONDITIONS

Energy sector conditions vary both regionally and from country to country, affecting energy efficiency
markets What follows 1s a discussion of the charactenistics of industnialized countries, emerging market
economtes, and developing countres, with respect to energy sector conditions

Industnialized Countries Utilities in industnialized countries face two major trends that will affect the
markets for energy-efficient products industry restructuring (including privatization) and growing
environmental concerns Restructuring and privatization are transforming utilities in industriahzed
countrtes from fully-integrated franchise owners to competitive service providers offering both energy
products and services In the area of energy efficiency distrtbution, utilities are seeking to forge close
customer relationships that will allow them to sell a range of energy services In some cases utilities are
establishing subsidianes, free from regulation, that can deliver these energy services Environmental

'See, for example, Michael Phlips The Least Cost Path for Developing Countries International Institute
for Energy Conservation September 1991
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concerns are also leading utilities to consider energy efficiency improvements as a way to reduce
greenhouse gas emissions These two trends are major drivers for energy efficiency markets 1n
industrialized countries, but they are not yet the most important drivers for developing countries This trend
promises to change in the medium term

Emerging Market Economies Multilateral development agencies and bilateral donors, along with local
governments, are the key catalysts for introducing market forces and supporting energy efficiency in the
energy and industrial sectors of these countries In many countries, energy price reform has already
occurred and energy prices are approaching marginal costs and world market levels In many former
communist countries 1n Eastern Europe, however, energy price reform will take some time to be fully
mmplemented Nonetheless, privatization of the industnial sector means that enterprises have an incentive to
implement energy efficiency where no incentives previously existed under the communist economic
system As a result of many of these economic changes, the attractiveness of energy efficiency 1s improving
and consequently markets are expected to expand In the short term, however, the region as a whole 1s
seriously capital-constrained, providing a significant barrier to energy efficiency

Developing Countries Like the industrialized countries and emerging market economies, developing
countries are finding that energy price reform, sector restructuring, and environmental concemns are
transforming the markets for energy and energy efficiency In the short term, energy shortages are the
greatest factor dnving the development of energy efficiency markets in developing countries Many
developing countries view energy efficiency as one measure they can take to partially alleviate current and
projected energy shortages and offset the need for increased generation capacity

23 MARKET PENETRATION RATES

Energy-efficient products make up only a portion of the total product sales 1n any one market segment
Thus a cntical factor in determining the size of the energy efficiency market 1s determining the level of
penetration of energy-efficient technologies This 1s a difficult task for a number of reasons including

> Defimtions of what constitutes ‘energy-efficient” are constantly evolving to reflect new or stricter
standards and to adjust to technological improvements

> In a developing country setting most new product models introduced to the market are likely to
incorporate the latest technology and are therefore more efficient (This statement was repeated

many times by manufacturers interviewed for this report )

> Even 1f product standards do exist, they are not internationally uniform nor are standard testing
methods used to determine efficiency levels

> Import and other sales statistics do not differentiate between * efficient” and “normal” products
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> The energy-efficient feature of a product may be used as a marketing tool for manufacturers
particularly 1n developed countrtes but there 1s no regulation of the marketing terminology
Therefore, claims that products are ‘high efficiency” or “super efficiency” lose their objectivity

In short, comprehensive data on market penetration rates for energy efficiency technologies do not exist

2.4 SHIFTING MARKETS

Another trend occurring in the energy efficiency market today 1s the shift in market opportumties from
mdustnalized countries to developing countries There are several reasons for this shift The most
important 1s that the developing world 1s experiencing high rates of growth 1n energy demand These high
growth rates are expected to continue over the next decade or more Increasing energy usage per capita and
nising urban populations demanding more and better electrical services 1n developing countries are also
driving this shift The trends discussed below contrtbute both directly and indirectly to a greater need for
energy conservation 1n these countries, providing growing opportunities for energy-efficient technologies

Many developing countries are experiencing rapid growth in energy and electricity demand, creating
incentwves for energy efficiency The shift in markets to developing countries 1s partially correlated with
the rapid growth 1n energy demand occurring there Asia, 1n particular, 1s drtving the increase in demand
for end-use energy Energy growth 1n the developing countries of Asia 1s projected to average 4 2% per
year through 2015 compared with 1 3% growth per year for industriahzed countries * Although many
factors influence growth 1n energy demand, rapid economic growth 1s expected to be the major contributor
in many developing countries For example power demand 1n Indonesia 1s expected to grow by 17% per
year for the pertod 1991-2005, and 1n the Philippines by 8% per year Brazil 1s expected to experience 4%
annual growth 1n electricity use for 2000-2010 °

Electricity 1s the fastest growing form of end-use energy worldwide Consumption of electricity worldwide
1s projected to approach 20 trillion kWh 1n 2015, nearly double the level of 1995 * Electricity demand 1n
developing countries could rise sharply as these countnes attempt to expand electricity services to a greater
portion of their population In 1990, 50% of the population 1n developing countnes did not have access to
electricity Average electricity generation per capita in developing countrtes 1s only 660 kWh, compared
with 10,500 kWh per person 1n the U S High levels of economic growth being expertenced 1in many
developing countries could also cause a massive increase 1n electricity consumption Over time, 1t has been
typical for electricity demand growth to approximate 1 5 times the rate of economic growth of a country

Energy consumption varies by sector As Figure 3 1illustrates, the industral sector 1s typically the major
consumer of energy However, energy use 1n the residential and commercial sectors 1s now growing at a

*Energy Information Admimistration International Energy Outlook 1997 Washington D C 1997
U S Department of Commerce ASEAN Market Sector Reports 1995

*Energy Information Adminstration International Energy Qutlook 1997 1997
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Figure 3

Electricity Consumption By Sector
Selected Countries (1991)
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faster rate than industrial
energy use In Thailand, for
example, residential energy 1s
forecast to grow at an average
annual rate of 11% over the
pertod 1991 to 2005 This
compares to a 10% annual
growth rate 1n the industnal
sector for the same period °
The trend 1s similar 1n four
other Asian countries (India,
Indonesia, Korea and China)

Energy intensity 1s increasing
in many developing countries
at the same time it 1s
dropping in industrialized
countries Energy intensity mn
industnialized countries has
declined steadily since the

1980s, to some degree reflecting improvements 1n energy efficiency By contrast, during the penod
between 1983 and 1993, energy intensity rose in Indonesia (10%), Philippines (24%), Morocco (11%),
Brazil (5%), and 1n the Czech and Slovak republics (7%) ® The countries with the highest ratio of energy
consumption to GDP are now mostly developing countnies, creating the potential for energy-efficient
technologies to make a greater impact on energy consumption 1n these countries Eastern European and
other countries with post-communist industnial facilities typically use nearly twice as much energy per umit
of output as Western European countries, mainly due to inefficient manufacturing processes

Urbamization will increase the demand for many energy-intensive services Urbanization 1n developing
countries 1s occurring faster than population growth urban populations are growing at 3 5% per year The
combination of declining economic opportunities in rural areas and increased job opportunities and
services 1n urban communities 1s drawing populations to cities By some estimates, four billion people 1n
developing countries will be classified as urban by 2025 ” Latin American countnies already have
extremely high rates of urbamization In Argentina the percentage of the population living 1n urban areas of
1 million or more people 1s 43% In Uruguay 1t 1s 42% 1n Chile and Brazil 38%

*World Bank Energy Demand in Five Major Asian Developing Countries, 1993

SOECD Energy Statistics and Balances of Non-OECD Countries 1993

"World Resources A Guide to the Global Environment 1993
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2.5 ELECTRIC UTILITY INVOLVEMENT IN ENERGY EFFICIENCY

Both demand side management (DSM) and power sector restructuring are attracting substantial interest in
developing countries DSM 1s viewed as a means of implementing energy conservation reducing brown-
outs and black-outs 1n the short run and reducing capital outlays for new generation capacity in the long
run Restructuring of the electric sector 1s typically undertaken as a means to open the power sector to
private capital investment, introduce competition 1n the generation, transmission, or distribution of power
and 1ncrease operating efficiencies

Expernence with utility DSM programs in the United States has demonstrated that utilities need financial or
regulatory incentives to implement DSM programs, because successful DSM programs ultimately reduce
utility revenues when less power 1s sold to the consumer Thus, left to their own decistons utilities will
raise electricity rates to compensate for lost revenues This result 1s now untenable because of competitive
pressures on electricity prices

The situation 1n developing countries 1s slightly more complex because often electricity 1s not priced at the
marginal cost level, but segments of consumers are instead charged subsidized rates Utility bills often go
uncollected or electrnic bills become the objects of political bargaining These conditions must be corrected
if energy efficiency 1s to become a viable option

Restructured power markets alter the relationships and incentives necessary as a precondition for DSM
programs to be successful The United Kingdom’s experience with restructuring provides a good example ®
The regulatory scheme 1n the U K that imtially existed after restructuring offered a strong incentive for
utilities to maxinuze electricity sales No provisions were made mn the new scheme for DSM program cost
recovery or lost revenues Only through the introduction of regulation were the incentives put 1n place for
the implementation of energy efficiency

Expenence 1n the United Kingdom (and similar expenences m other countries) raises a legitimate question
as to what effect power sector restructuring will have on utility DSM programs, and, 1n turn, how energy
efficiency markets will be affected There 1s currently no effective measure of this “swing factor” It will
depend, in large measure, on the path countries take towards restructuring and what incentives for
encouraging end-use efficiency are built into any newly restructured system °

%Two papers discuss the role of energy efficiency in the U K energy market DSM n Restructured Markets
by Michael King, Grayson Heffner Stale Johansen and J Brian Kick and Energy Efficiency in the Compentive
U K Energy Supply Market by Craig Mickle

USAID recently completed a study on the implications of power sector restructuring for energy efficiency
The draft report 1s entitled Promoting Energy Effictency in Reforming Electricity Markets A Guidebook for
Stakeholders Draft report 1997
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2.6 CONSTRUCTION BOOM

Figure 4 shows the estimated construction market 1n 1996 at $181 billion ' This figure represents a
construction boom occurring 1n the developing world and includes trade 1n both products and services in
the commercial, industrial and residential sectors In the building sector, construction 1s assumed to mean
everything that goes 1nto a building, up until the time 1t 1s ready to be occupied, including construction of
the shell itself, windows, insulation, building controls, and HVAC systems Also included are non-matenal
mputs such as construction labor and revenues of architectural design firms Asia’s market 1s projected to
grow fastest, averaging 6% annual growth through 2000

This construction boom
-— ljlguge ff o presents both opportunities
Construction Market and barrirs for encrgy
efficiency markets The
Cdlsee sheer volume of new
construction will expand the

Total market size in
E markets for energy-efficient

developing
countries $181 products such as glazed

bilhon windows, 1nsulation and
Asia E building controls In
addition, increased private
sector involvement 1n the
CentraliEast Europe construction industry will
j Bindustral likely stimulate demand for
Ocommercial higher quality, more
— /" |DResidential advanced products In the
0 20 40 60 80 100 120 industrial sector, especially
$ Billion 1n Asia, unprecedented
Source Zconorust 'ntefigence it growth 15 taking place In the
residential sector, growing
muddle classes are beginming to seek ways to differentiate themselves from their neighbors and spend their
mcome, further fueling market growth Residential construction will likely be dominated by low-income
housing, however, which 1s unlikely to be a sigmificant market for energy-efficient products with higher
first costs Construction practices vary from country to country, and 1n some cases there are strong biases
against some energy-efficient products These factors are discussed 1n more detail below

Africa/Middie East

Latin America

The greatest opportunities for energy-efficient technologies exist in new commercial (and public
building) construction The construction sector 1s struggling to keep up with the pace of population and
commercial growth, and demand for business office space, hotels, shopping centers, hospitals, and schools

%This figure mcludes spending on nfrastructure projects such as roads rallways and ports Infrastructure
projects account for a significant portion of the market in some cases infrastructure projects will claim an estimated
40% of the total market
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1s high throughout the developing world In many countries the need for commercial and public sector
buildings 1s driving the growth 1n the construction industry High quality products are often preferred for
commercial construction, indicating the possibility of a receptive market for energy-efficient technologies
In addition foreign mvestors will want high quality technologies to be used by their branch offices, joint
ventures, and subsidiaries

The urgent need for new commercial buildings, coupled with a bias against renovating existing buildings,
means that the greatest number of opportunities for energy efficiency in the construction market exist in
new construction In most countries undergoing a construction boom, the efforts will be focused on
building new modern structures, rather than updating existing ones Renovations to existing buildings are
expensive The retrofit of an old building and 1nstallation of new nsulation or windows requires the hiring
of a contractor to demolish the area, remove the debris, and 1nstall the new matenal or equipment, all of
which can be costly The major exception to this generalization 1s in Eastern Europe and the former Soviet
Umion, where a signmificant building stock already exists and the amount of new construction required 1s
therefore lower In that particular region, however, capital constraints do not currently allow for much
investment at all, whether 1n new construction or in retrofits

Growing muddle classes in many countries are searching for ways to differentiate themselves There 1s
growing demand for private homes by the emerging middle classes throughout the developing world As
they improve their standard of living they may be willing to purchase higher quality building products
However, a major barner to the development of private residential markets 1s the lack of financing
available to the general public To counter this problem many governments are 1nstituting new financial
mechanisms to facilitate the availability of home mortgages A few countries have established some home
financing programs including the Philippines, Czech Republic, Poland, Russia, and Argentina

Presumably, these middle classes will purchase other goods such as home appliances at about the same rate
they are buying new homes

The prvate sector 1s increasingly playing a role in sttmulating markets for higher qualty energy-
efficient products Many countries are opening up the construction industry to foreign competition
Engineering and construction companies such as Bechtel International, Fluor Daniel, Dillingham
Construction and Parsons Brinckerhoff are conducting business 1n just about every region of the world In
addition many countries have already privatized or are 1n the process of privatizing state-owned
construction companies These efforts should increase the efficiency of the construction industry, creating
lower costs, more rapid growth, and potentially larger markets for advanced building products To push
this process, the World Bank, European Union, and other donors have included the provision of basic
support to the construction and related industries as one of their central requirements for lending The
greatest impacts from these transitions will be seen 1n Eastern and Central Europe and China, where the
central government has historically played a dominant role

Low income housing design typically specifies less expenswe, lower quality butllding materials, and
therefore does not create much of a demand for energy-efficient technologies In many countries
residential construction has not kept pace with population growth or urban migration As a result, serious
housing shortages exist A few examples of this deficit follow
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> India had a housing shortage of 31 million units in 1991 roughly one-quarter of its entire stock
India will need an estimated 80 million additional housing units by the year 2000 to meet the
existing backlog and new demand The Eighth Five Year Plan (1992-97) allocated $25 8 billion to
the housing sector

- Indonesia’s urban housing shortage 1s approximately 1 5 million units Approximately 2 5 million
square meters of new space will be built each year through 2000 for the residential sector

> The Czech Republic needs to construct 50,000 units each year until 2010 to combat 1ts current
housing shortage

> Poland has a housing shortage of 1 3 million unts, roughly 10% of 1ts existing stock The solution
may require building roughly 200,000 homes each year until the year 2020

- Mexico has a shortage of seven million residential units

> In the next 10 years, the government of Kuwait plans to build two new towns, each with more than

50,000 homes, at a cost of $10 billion

While the mevitable residential construction boom resulting from these shortages may seem to offer a
potential market for energy-efficient technologies, the reality 1s probably not so bright Most of the above
deficits will be met by building public, low 1ncome, low cost housing Because less expensive, lower
quality matenals are typically specified for these structures, the demand for energy-efficient highting,
applhances, windows, and other technologies will likely be relatively small However, a government
interested 1n promoting these products could develop standards for materials and equipment to be used in
state-funded projects Also, as markets for energy-efficient products expand, the cost premium will
probably decline

Construction practices are hiased against western-style building products Building methods 1n the
developing world provide another barrier for some energy-efficient technologies For example, homes 1n
Asia, Eastern Europe, and Latin America are typically made of concrete, blocks (or brick), and mortar
These types of structures do not permit the use of the energy-efficient insulation batts that are so popular in
the United States In addition, manufacturers of insulation and wood windows commonly sell their
products as integral parts of prefabricated homes, they cannot do this 1n developing countries where a
market for such homes does not exist In developing countries, prefabricated homes are not perceived as
“solid” enough to withstand storms, earthquakes, or fires This 1s especially important 1n regions such as
Latin America, where families change homes only a few times during their hves and a home 1s likely to be
inhernited by the children 1n the family Houses 1n the developing world are also smaller than those 1n the
U S Ths creates a barrier to energy-efficient products exported from the U S and designed for larger
spaces However, some European and Japanese models are available that can bnidge this gap and are
becoming increasingly popular

2.7 WORLDWIDE OIL MARKET

Another factor influencing the penetration of energy-efficient products 1s the state of the world o1l market
The World Energy Council projects that developing countries will account for about 90% of the increase 1n
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world o1l consumption between 1995 and 2020 This will put significant upward pressure on o1l markets
and could lead to both higher prices and greater volatility in the market

The developing world possesses only lmited crude o1l reserves, with a ratio of reserves to production of 26
years compared to a worldwide ratio of 43 years These reserves are concentrated in a few countries
Three-quarters of developing countries depend on imports for all or most of their commercial energy
supplies O1l imports can be a considerable strain on already tight foreign exchange budgets

On the other hand, o1l prices have remained stable for many years even 1n the face of potential supply
disruptions, such as the Persian Gulf War 1n the early 1990s The expectation 1s that o1l prices will
continue to remain stable for the foreseeable future However if this does not turn out to be the case and
o1l prices rise sharply, the economic benefits of energy efficiency investments would likely improve
dramatically

28 GREENHOUSE GAS REDUCTION

A major impetus for a growing interest 1n energy efficiency 1n developing countries comes from the threat
of global climate change This point has been emphasized in recent conferences and political speeches
taking place throughout the world It 1s a generally accepted scientific concept that increased emissions of
greenhouse gases (GHGs) result 1n a greater impact on global climate change Recently, international
attention has become focused on energy efficiency as a way to help reduce carbon emissions and thus
mitigate their effect on global climate change Because of the global nature of the climate change 1ssue and
the recognized role of energy efficiency 1n addressing 1t multilateral organizations are beginning to think
of therr responsibility 1n developing countries in broader terms Programs targeted at emissions in one
country, even a relatively large one, will have only a minor impact on global emussions Thus, donor
agencies are beginning to take a more integrated approach to policies targeted to reduce greenhouse gas
emussions and global chimate change Individual countries have also made commitments to emissions
reductions under the UN Framework Convention on Climate Change, and this has served to stimulate their
interest 1n energy efficiency as a means to fulfill those commitments

All of the energy-efficient technologies examined 1n this report reduce carbon emissions by using less
energy, thereby requiring less burning of fossil fuels to generate electricity Though this 1s a simplified
explanation of the relationship, and does not take into account certain externalities in the process, there 1s

generally an established positive correlation between increased energy efficiency and reduced carbon
emissions

Although 1t 1s beyond the scope of this study to estimate the exact magnitude of the reduction of emissions
correlated with the growth of the energy efficiency markets estimated 1n this report, 1t 1s generally assumed
that a more robust market for energy-efficient products 1n developing countries will result in saved energy,
which 1n turn will reduce greenhouse gas emissions and result in less global climate change This study

uses dollars to estimate the size of the energy efficiency market, showing only an indirect link between one
dollar spent on an energy-efficient technology and the number of BT Us of energy saved Without knowing
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BTUs saved, 1t 1s timpossible to pinpoint an exact reduction 1n greenhouse gas emissions This 1s because
$1 worth of energy-efficient lighting equipment, for example, may not save as much energy as $1 worth of
msulation Thus, for the purposes of this analysis, we have assumed a loosely positive correlation between
dollar si1ze of market and energy (and thus carbon emissions) saved
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3. MARKET QUTLOOK

An estimate of the size of the market for energy-efficient products depends 1n part on the answers to two
important questions

> What 1s an “energy-efficient” product or service?
> How 1s the market being defined?

3.1 DEFINITION OF AN ENERGY-EFFICIENT PRODUCT

No clear defimtion of an energy-efficient product or service exists 1n the marketplace today As discussed
earher, these products cannot be generalized or easily described by traditional 1dentification measures such
as purpose or end-use Nor 1s the constituency easily identified, for example, a commercial establishment
may be just as interested as a homeowner 1n having an efficient refngerator

In many cases the energy-efficient product cannot even be readily distinguished from other products 1n the
same product group The only distingmishing feature of an energy-efficient refrigerator may be a
performance rating that promuses the use of less electricity In terms of how 1t should be marketed, this
refrigerator may have more 1n common with other energy saving equipment such as fluorescent highting
and building controls than 1t does with other refnigerators However, as yet, no discrete marketing identity
exists for energy-efficient products as a group

Because of the difficulty of 1dentifying and describing energy-efficient products, a working defimtion has
been established for the purposes of this report In general, energy-efficient products are taken to mean
those products which have energy conservation as the feature that distingushes them from all other options
1n their product ine Occasionally, this means taking into account items simply because their
manufacturers have described them as energy-efficient This approach has obvious limitations, since no
worldwide standards exist to determine or measure the energy efficiency of particular products

To assist 1n measuring and categontzing energy-efficient products, the market was divided into eight key
end-use technology markets

> Building controls and heating, ventilation and air conditioning (HVAC) equipment
> Building envelopes

> Cogeneration equipment and services

> Household appliances

> High efficiency industnal boilers
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» Industnal process controls
> Industrial motors and adjustable speed drives
, Lighting

32 AcTUuAL MARKET VS POTENTIAL MARKET

Many of the most frequently used methodologies for estimating market size depend heavily on assessing
the market as measured by “market potential > This can be defined as technological possibilities or levels
of anticipated energy savings Unfortunately, these methodologies produce statistics that are frequently
several orders of magnmitude higher than actual market size as represented by current product sales They
incorporate nested assumptions about the future, such as growth rates, penetration rates, government
policies, and manufacturer interest These estimates of future market potential often focus on the size of the
market that would be possible 1n an deal world, instead of what 1s likely to occur 1n the real world The
large gap between actual market size and market potential estimates severely limits the usefulness of the
latter

Instead of attempting to predict the future market potential for energy-efficient products, this report focuses
on providing estimates of the market size based upon current and future product sales In most cases,
estimates of future sales are closely correlated with prevailing growth rates in regional and technology
markets in general Penetration rates, manufacturer interest, and other parameters must also be estimated,
but assumptions are more realistic and conservative than those that might be appropnate under the very
best conditions In the policy section of this report, we discuss pohicies and recommendations which could
move the market from 1ts predicted actual level towards a more robust potential level

This chapter provides estimates of the actual aggregated energy efficiency market for developing countries
and emerging market economies between now and 2015 More detailed market estimates for specific
products and services are presented in Appendix A The next section describes the assumptions regarding
market behavior and market growth that were used 1n making these estimates

3.3 MARKET BEHAVIOR AND GROWTH ASSUMPTIONS

The baseline data used to develop the estimates of the size of the energy efficiency market in developing
countries came from 1993 U S Department of Commerce import statistics adjusted for 1996 The
statistics are derived using Standard International Trade Classification (SITC) codes which were
categonized by individual product and technology components The 1993 statistics were adjusted for 1996
based on the rate of GDP growth 1n each country with some differentiation based on an assumed ratio of
imports to domestic production of energy-efficient products For more detail on the ratio used for each
country, see Appendix A This ratio was then used to extrapolate the size of the overall market within a
given country Ratios differed shightly by country, based on our general knowledge about the maturity of
domestic technological production in individual countries The 1996 figures approximate the actual size of
the market for energy efficiency products and services in developing countries in that year
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The main reason for electing to use import statistics to estimate market size was their widespread
availability across technology and regional categones Because they are collected using the same
methodology for all countries, these figures do not suffer from the classic “apples and oranges” problem
the way most other industry or regional statistics would In addition, estimates can easily be updated as
soon as new annual statistics become available

However, there are several limitations to relying upon import statistics as a basis for determining market
s1ize First, there 1s the possibility that a product or technology 1s undercounted For example export
mamfests may not have been filled for individual sub-assemblies or components, thereby undercounting
the export of certain energy-efficient technologies Second, import categones established under the SITC
system are not always exact matches for energy-efficient products As a result the statistics may record a
furnace unit export, but not the fact that an energy-efficient motor 1s also included 1n an export transaction
Thus, a category may include 1tems that are not necessanly energy-efficient while missing other items that
are energy-efficient Third, import statistics do not reveal the value of goods that are imported as
component parts but subsequently re-exported as a component of finished goods, thereby never entering
the domestic market Despite these limitations, import statistics were used, being the most rehable figures
available

To project the likely size of the actual market in 2015, estimates were developed based on two scenarios
the conservative growth scenario producing a low estimate and the aggressive growth scenario producing a
mgh estimate The actual market size for 2015 would be likely to fall somewhere between the two

Conservative growth scenario This scenano used prevailing economic growth rates (based on historical
GDP) to make straight line projections for market size in 2015 As with the 1996 estimates some
secondary differentiation was made based on a ratio of the likely level of domestic manufacturing
capability for energy-efficient products 1n each country

Aggressive growth scenane For many countries and technology markets, however, the energy efficiency
market will likely grow faster than the economy (approximated by GDP growth) Thus, an aggressive
growth scenano was developed using a variety of industry data sources, mncluding manufacturer sales
statistics, telephone interviews with manufacturer representatives, other business focus series reports
Economust Intelhgence Umit data as well as Hagler Bailly propnetary information Average annual rates of
growth were projected for two different periods 1996-2000 and 2001-2015 The assumption was that
market growth 1n most countries and for most market segments would be higher 1n the first period and
slow slightly in the second period, primanly because of increased market penetration Projections of
market growth for each technology were based partially on historical growth rates Historical economic
data by country and region was drawn from published figures of the International Energy Agency Long-
term projections for economic growth, used mainly for the second period (2001-2015) were based on the
WEFA Group’s Ranking of the World Econonues by Size Comparative Analysis of World GDP and
Consumption Expenditure

Market penetration rates were developed based on discussions with multinational manufacturers who

produce both energy-efficient and standard technologies and market them 1n the individual countries In
most cases, the estimates came from manufacturers’ representatives in individual countries familiar with
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markets there Additional data were drawn from published market data, including Department of
Commerce market research reports, country energy efficiency market assessment reports, and utihity-led
demand side management studies Other information came from interviews with individuals famihar with
the energy efficiency programs and potential within particular countries

3.4 MARKET OVERVIEW

This report estimates that in 1996 the market for energy-efficient products and services 1n developing and
emerging market countries had already reached $9 5 billion Under the aggressive growth scenario, the
overall market for energy-efficient technologies in developing and emerging market countnes 1s forecast to
grow 11% per year from 1997 through 2015, causing the market to double approximately every seven
years This means that the developing and emerging market countries could represent a market of $66 7
billion by 2015 Even under the conservative growth scenario, the market 1n developing countnes can be
expected to tniple (to $30 7 billion) by 2015 A summary of key market data 1s provided 1n Figure 5 and
will be discussed 1n more detatl 1n the next several sections A complete set of data and assumptions 1s
available in Appendix A

Figure 5
Market Summary
1996 2015 2015

Item (conservative) (aggressive)
Market Size $9 5 bilhon $30 7 bilhion $66 7 billion
Largest regional market Asia Asia Asia
Largest country market China China China
Largest market segment Process controls | Process Controls  |Laghting
Fastest growing region Asia Asia Asia
Fastest growing technology market |Motors Motors Lighting
Largest technology market

Overall Building Envelope |Process Controls | ASDs

Asia Building Envelope | Building Envelope |ASDs

Africa/Middle East Building Envelope | Building Envelope | Building Controls

Eastern Europe Lighting Lighting ASDs

Latin America Process Controls | Process Controls  |Lighting

Source Hagler Bailly Inc
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3.5 REGIONAL
MARKET OVERVIEW

Asia was the largest regional

market by dollar amount 1n

1996, accounting for 58% of

the total market for energy-

efficient products and

services The markets for

energy efficiency 1n the other

three regions were notably

smaller Africa was the

smallest market, with a share -

of only 8% The Latin Asia
Latin America

American market accounted

Asia
57 9%

$5 5 billion
$1 8 billion

Eastern Europe $1 4 bilhon
for 20% and Eastern Europe  afca/Mid-East $0.7 billion

accounted for 15% of the

overall market Figure 6

breaks down the total actual

energy efficiency market by region for 1996

Figure 6

1996 Energy Efficiency Market

Regional Market Size

Africa/Middle East
78%

Central/East Europe
14 8%

Latin America
19 5%

Source Hagler Bailly Inc

The three largest country markets in 1996 were China, South Korea and Brazil China was the largest
single country market for all types of energy-efficient products and therefore contnbuted significantly to
Asia’s sizable market share The Chinese market for energy-efficient products was close to $1 3 bullion, or

2015 Energy Efficiency Market

_ ___Range of Potential Market Size

Asia g

Central/East Europe &

Latin America [SEEEREANS

— Conservative Growth $30 7 billion
M Aggressive Growth $66 7 bithon

Africa/Middle East [

] 10 20 30 40 50
$ Bilhion

Source Hagler Bailly Inc
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14% of the total energy
efficiency market in 1996, and
about 25% of the Asian market

Figure 7 summanzes the
projections of actual market si1ze
by region in 20195, using both the
conservative growth scenario
and the aggressive growth
scenario In the conservative
scenaro, Asia will remain the
largest market, with a 64% share
Latin America will be second
with 17%, followed by
Central/Eastern Europe and
Africa with 12% and 6%,
respectively Under the
aggressive growth scenario, Asia
will agan be the largest market,
comprsing 59%, while Central
and Eastern will eclipse Latin
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America for second place, with 19% Latin American and Africa/Middle East will follow with 15% and
6%, respectively

Under both scenarios, China and South Korea are likely to remain the largest individual country markets,
together comprising 32% of the total developing country market under both the conservative growth and
aggressive growth scenarios for 2015 Under the conservative growth scenano, Mexico will remain 1n third
place, while with aggressive growth, Russia will become the third largest country market, comprising 8%
of the total market This 1s because under the aggressive growth scenario, Central/Eastern European
economies will grow at a faster rate than Latin Amenca during the next 15 years, expanding by 12%
annually compared to Latin America’s 9% Afrca and the Middle East growth rates under the aggressive
market growth scenano will be 9% per year, while Asia will continue to grow quickly at 11% annually

3.6 TECHNOLOGY MARKET OVERVIEW

Sizable markets exist in developing countries for process controls, HVAC, lighting, and building envelope
technologies Other technologies form a smaller portion of the market Figure 8 summanzes the individual
technology markets for energy efficiency in 1996

The process controls market alone accounted for 20% of the total energy efficiency market in 1996 Some
of the technologies 1n this category include drying and evaporation, combustion, and compression systems
The large market share of process controls 1s not surprising, since energy-intensive industries, common 1n
many developing countries, are likely to become major consumers of process controls {€ g , cement plants,
foundrnes, steel
Figure 8 manufacturing plants)
Imtiatives for
rivatization and

1996 Energy Efficiency Market modernization also fuc

By Technology the market for process
controls In addition, the
cost of process control
(18 2%) Bullding Envelope technology has fallen
dramatically in recent
years, making 1t more
affordable for many
customers 1n developing

(20 2%) Process Controls
(12 8%) Lighting

(6 0%) Building Controls
(2 5%) ASDs

(7 9%) Cogeneration

(8 6%) bl Bovlers

(7 2%) Appliances

(12 8%) HVAC

Source Hagler Bailly Inc
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countries Nonetheless, 1t still Figure 9
remains an expensive

technology, which 2015 Energy EfflClency Market

contributes to 1ts large share By Technology
of the market as measured 1n $ Bilhon
dollars 0 5 10 15 20

)
Lighting

vV was
Building envelope Motors

another large segment of the
market 1n 1996, comprising a
little over 18% Technologies

Butlding Controls
> Building Envelope
Process Controls

Technolo

mn this category primarnly HVAC

include sulation and glazed ASDs

windows The size of this Apphances 3 Conservative Growth
technology market 1s largely Cogeneration @8 Aggressive Growth
due to Asia’s prominence 1n Bollers

the market, where large
economic growth rates across
the board are fueling the need for fast-paced new building construction The construction sector 1s
struggling to keep up with the pace of population, commercial and industrial growth and demand for
business office space, hotels, shopping centers, hospitals, and

schools 1s high throughout the developing world Other than 1n Asia, however, building envelope
technologies currently have a fairly low penetration rate

- Figure 10 This 1s at least partly due to

F as te St G rowin g a general lack of awareness

of the benefits of building
envelope technologies A
IeChrJ_O_Iogy M arkets . major barnier to market
$ Billion penetration for insulation,
0 1n particular, 1s that 1t 1s
percerved as something that

40 keeps buildings warm, such
that people 1n warmer
30 OlLighting 16% climates do not view 1t as a
Oasbs 17% need There 1s little
EBBuilding Controls 15%| understanding that
20 ot [MMotors 14% mnsulation can also keep
buldings cool
10
The third and fourth largest
o technology markets 1n 1996
1996 2015 were lighting and HVAC,
Source Hagler Bailly Inc both estimated at roughly
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$1 2 billton, or 13% of the market Both technology segments owe their market size 1n dollars to the sheer
volume of sales

Turning to the market projections for 2015, Figure 9 summarizes the market stze estimations under both
the conservative and aggressive growth scenarios Under the conservative growth scenario, which assumes
growth rates at or near GDP, overall annual growth over the next two decades will be at around 6% Shght
variations 1n growth rates among different technologies occur because of differences in penetration rate or
regional market size assumptions Under the aggressive growth scenario, however, projected growth rates
vary considerably Table 1 summanzes the projections under both scenarios

Under the aggressive growth scenario, the fastest growing technology markets over the next two decades,
1 general, are likely to be motors, building controls adjustable speed dnves and lighting Figure 10
1llustrates the predicted explosive growth of these four segments 1n the near future The current share of the
overall market for these four technologies 1n 1996 1s 30% By 2015 these same four segments will account
for 63% of the total market as 1llustrated in Figure 10

Source Hagler Bailly Inc

Table 1
Technology Market Growth
2015
1996 Conservative Growth Scenario Aggressive Growth Scenario
Technology ($Million)
Market Annual % of Market Annual % of
($ Million) Growth Total |($Milhon)| Growth Total
(%) (%)
Lighting $1,213 $3,865 6 13 819414 16 29
Motors $812 $2 793 7 9 $9 578 14 14
Building Controls $572 $1 690 6 6 $8 736 15 13
Building Envelope $1723 $5 574 6 18 $7 797 8 12
Process Controls $1912 $6 152 6 20 $6 475 7 10
HVAC $1,211 $4 044 7 13 $4 644 7 7
ASDs $234 $681 6 2 $4 330 17 6
Apphiances $679 $2 260 7 7 $2 431 7 4
Cogeneration $750 $2,446 6 8 $1931 5 3
Boulers $377 $1 192 6 4 #1351 7 2
Total Market $9 483 $30 697 6 $66 687 1

Under the aggressive growth scenario, lighting 1s projected to be the largest technology market (29% by
2015), with an average annual growth rate of 16% This 1s primarily due to the ease with which lighting
penetrates developing country markets Many energy efficiency and demand-side management (DSM)

programs have already been implemented to target lighting in developing countries
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It 1s expected that this trend will continue well into the next century In addition, lighting 1s fairly easy to
market because of widespread understanding and appreciation of 1ts uses and the collection of products
and systems 1t represents

Adjustable speed drives are expected to show the most remarkable growth Although they were the
smallest market segment 1n 1996, an average annual growth rate of close to 17% will cause this technology
market to overtake the markets for boilers, apphances, and cogeneration by 2015 This high growth rate 1s
expected because ASDs are a fairly new technology 1n the market They regulate a motor’s speed, start-up
and torque Since the use of motors 1s widespread 1n industrial, commercial, and residential apphications all
over the world, ASDs are projected to become increasingly prevalent 1n conjunction with motor use The
growth and penetration rate will be much higher than that of motors because current penetration 1s
significantly lower than for motors 1n developing countries The building control and motors markets are
expected to grow at 15% and 14% annually, respectively, over the next two decades

Process controls, on the other hand, are expected to go from being the largest technology market in 1996 to
ranking fifth by 2015 This 1s primanily due to the decreasing price of these technologies over the long
term While they are currently enjoying greater penetration 1n the developing country market, this 1s
expected to slow after approximately 2000 as markets become saturated In addition, process controls have
relatively long life cycles, requiring only infrequent replacement

Cogeneration, boilers, apphances and HVAC are also projected to have relatively low annual growth rates
under the aggressive growth scenario Cogeneration 1s the lowest, at around 5%, which 1s actually
substantially lower than its projected growth rate under the conservative growth scenario (6%) This 1s
primarnly due to the relatively high investment cost associated with cogeneration technologies, as well as
the assumption that as other energy-efficient technologies penetrate the market, the economic attractiveness
of cogeneration projects will decrease

37 REGIONAL TECHNOLOGY MARKETS

When the data obtained about regional markets 1s cross-referenced with that of the technology markets, the
picture of the developing country market for energy-efficient technologies becomes complete Table 2
presents the top ten country technology markets 1n 2015 under the aggressive growth scenario According
to this analysis, these ten markets alone will account for 27% of the developing country market for energy-
efficient technologies 1 2015

China ments attention as the most populous developing country 1n the world and 1s thus a huge potential
market for energy-efficient technologies The largest market segments 1n China are for efficient lighting
and HVAC systems primarily due to the building boom currently taking place in Southern China Add to
this the massive lighting market of Hong Kong (which became part of China in the summer of 1997) and
the largest single potential focus for energy-efficient technologies emerges
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South Korea’s total market for energy efficiency was an estimated $1 billion 1n 1996 and could grow to as

high as $7 billion per year by 2015 Motors and building controls dominate South Korea’s energy

efficiency markets The same 1s true for Russia and Poland, which emerge as the largest potential markets
for energy efficiency 1in Eastern Europe In Russia, other large emerging markets include building envelope

Table 2

Top Ten Technology Markets by Country m 2015
(Aggressive Growth Scenario)

Estimated Market Size
Rank Country Technology ($ Milhon)
1 Hong Kong Lighting $4,717
2 South Korea Motors $2,380
3 China Lighting $1,782
4 Singapore Lighting $1,393
5 South Korea Building Controls $1,356
6 Taiwan Lighting $1,328
7 China HVAC $1,274
8 Russia Building Controls $1,220
9 Russia Lighting $1210
10 Poland Lighting 51,110
Total $17,770

(5691 million) and process controls ($347 million) In Poland, building controls will be a large potential
market ($843 milhon)

Percentage of Developing Country Market 1n 2015

Source Hagler Bailly Inc

27%

In Latin America, Brazil’s building envelope market ranks 13th, with an estimated $932 million by 2015

Brazil will also have relatively large markets for ighting ($571 mullion) and industrial process controls
(8622 mullion), as well as building controls ($481 million) Mexico 1s also projected to play a large role,

with substantial markets estimated for highting ($704 million) motors ($566 million), and process controls

($420 mulhon)

By contrast, the potential market 1n the Middle East and Africa in 2015 under the aggressive growth
scenario 1s relatively small The only markets estimated to cross the $100 million mark annually are 1n
Turkey (building controls, $135 mllion, process controls, $117 million” and building envelope, $106

million), Saudi1 Arabia (lighting, $127 million), and Iran (motors, $123 milhon)

Another way to approach the analysis 1s to look at the countries or regions with the highest expected

growth rates Table 3 gives the projected growth rates by technology and region This information may be
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useful for manufacturers who want to expand therr international markets and are looking for the areas for
most promising growth tn the near future For example, a manufacturer of adjustable speed dnives would
want to concentrate on Eastern Europe (with a growth rate of 19% annually), while the best bet for lighting
manufacturers 1s in Latin Amenica (17% annual growth rate)

Table 3
Regional Growth Rates by Technology
(Aggressive Growth Scenario)
Region

Technology Africa/Mid East Asia Eastern Europe | Latin America Total
ASDs 15% 16% 19% 16% 17%
Lighting 14% 16% 15% 17% 16%
Building Controls 15% 15% 17% 14% 15%
Motors 15% 14% 11% 14% 14%
Building Envelope 7% 7% 14% 9% 8%
HVAC 6% 8% 6% 6% 7%
Boilers 7% 7% 6% 9% 7%
Appliances 6% 8% 6% 6% 7%
Process Controls 7% 7% 6% 6% 7%
Cogeneration 9% 5% 4% 6% 5%
Overall 9% 11% 12% 9%

Source Hagler Bailly Inc

38 MARKET ORGANIZATION

Increasingly, manufacturing of energy efficiency products 1s dominated by a small number of large
multinational corporations Industries are consolidating as smaller, local firms are acquired or rendered
uncompetitive The consolidation within technology markets 1s partly due to two main factors the need to
keep costs down by achieving economies of scale and acquisitions of local firms by multinationals seeking
a foothold 1n new markets

Multinational firms dominate the market 1n six of the ten technology segments analyzed for this report The
number of firms active in each of the technology markets ranges from three to no more than seven
manufacturers (see Figure 11) Although research for this report did not compile quantitative data about
individual manufacturer market share, the small number of firms 1n each technology market illustrates this
pomnt The firms hsted 1n Figure 11 account for over 90% of the sales of efficient technologies n the
developing world Overall, production by U S -owned companies 1s projected to be able to meet only 10-
12% of the demand for these technologies by 2015 Two technology markets, residential appliances and
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Figure 11
MULTINATIONALS BY
MARKET SEGMENT

(in decreasing order of annual sales)

Industrial Process Controls

Asea Brown Bover1 (ABB)

General Electric

Honeywell (and Yamatake Honeywell)
Siemens

Yokogawa Electric Corporation

Siebe Environmental Controls

Landis & Gyr

Building Controls
Siebe Environmental Controls

Johnson Controls

Honeywell (and Yamatake Honeywell)
Landis & Gyr

Siemens

Building Insulation
Saint Gobain

Owens Corming Fiberglass
Schuller International

Bailers

ABB

Mitsubish1 Heavy Industnes
Babcock & Wilcox

Foster Wheeler

Deutsche Babcock

Mitsu1 Babcock Energy

Appliances
Siemens

Electrolux

Whirlpool

General Electric Apphances
Maytag Corporation
Raytheon

Lighting
General Electric Lighting

OSRAM GmbH
Philips Lighting

Motors

ABB

General Electric
Mitsubisht
Rehance
Siemens
Sumitomo
Toshiba

Source Company annual reports
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lighting, are discussed below to highlight the
dominance of multinational manufacturing
companies producing energy-efficient technologies

Efficient residential apphances There are six firms
that account for the majority of the global efficient
residential apphiance market In total they
manufacture approximately 35 brand name
appliances Raytheon Corporation sells 1ts appliances
under eight different brand names, while Whirlpool
and Maytag each market si1x brands Recent corporate
acquisitions 1n the appliance industry include
Whirlpool’s purchase of Philips’ major home
apphance business, Siemens’ purchase of Bosch, and
Electrolux’ takeover of Frigidawre Local companies
with small distribution and low costs still remain key
to developing country markets, but this 1s beginning
to change as the giant multinational competitors turn
their focus 1n this direction

Efficient hghting The three largest highting
manufacturers are Osram GmbH, GE Lighting, and
Philips Lighting Each company has a global
presence and 1s currently expanding its international
operations For example, Osram GmbH, the lighting
division of Germany’s Siemens, 1s one of the leading
manufacturers of lighting products 1n Europe, Latin
America, Japan, and several Asian countries In 1993
Osram acquired U S -based Sylvama to gain an even
stronger presence 1 the Western Hemisphere Osram
plans to open between eight and ten plants 1n Asia by
2000 to take advantage of lower production costs
The company completed a new manufacturing plant
in China m 1996 and 1s currently negotiating for a
production site 1n Indonesia They are also expanding
distribution 1n Eastern Europe and Latin Amerca

GE Lighting also has offices throughout the world
The company has made a significant investment 1n
the Hunganan lighting firm Tungsram, whose
Nagykanisza plant 1s the sole producer of GE’s
compact fluorescent technology GE Lighting also
has joint ventuares 1n Asia
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4. MAJOR PoLicy
ISSUES AND IMPLICATIONS

After examining the market data and trends presented 1n the preceding chapters, one primary conclusion 1s
apparent the market for energy efficiency technologies in developing countries 1s growing, but there 1s still
a need to support and nurture the market Multilateral development agencies, developing country policy
makers, and technology manufacturers must continue efforts to transform foster and channel assistance to
the energy efficiency market The challenge will come not 1n creating an energy efficiency market, but 1n
utilizing the market already 1n existence for the largest possible gains 1n actual energy efficiency savings

In order to influence the energy efficiency market, policy makers i both developing countries and
multilateral organizations must first understand how the market works For example, the potential dnivers
in the energy efficiency market are numerous Figure 12 gives a graphical representation of these dnivers,
which generally fall into three distinct categones financial (access to capital competitiveness of target
customers and deregulation of energy prices), technical (availability of trained sales/service personnel,

Figure 12

Market Drivers

Competitiveness of Deregulation of
Target Customers Energv Prices

Availability of Tramned

Awareness/Availability of
Sales/Service Canabilities

Efficient Technologies

Market for Energy
Efficiency Products
and Services

Knowledgeable System A
Designers/Integrators wareness of Potential
Savings or Benefits

Competitiveness Among Favorable Access to
Eauipment/Service Providers Energv Policies Capntal/Finance
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knowledgeable system designers/integrators, and awareness and availability of efficient technologies), and
social ( competitiveness among equipment/service providers, awareness of potential savings or benefits,
and favorable energy policies) Understanding how these factors work together to influence the energy
efficiency market should be the highest prionty for anyone desiring to take part in this market

Beyond the conceptual framework shown 1n Figure 12, policy makers need to have information about what
technologies are being sold, where large markets exist, who 1s buying energy-efficient technology, and why
they are doing so Once they have developed an understanding of the market, they can begin to design and
implement policies aimed at meeting the needs of that growing market

4.1 KEYISSUES

A key 1ssue for policy makers today 1s the need to recalibrate their policies to the realities of today’s
market Instead of trying to lead the market, as was the prionty 1n the past, policy now must focus on
following the market by recognizing private sector interests and working with them to remove any
additional barriers that still exist Market demand 1s beginning to pull policy along, rather than policy
pushing the market

Rapud growth requires action now, to avoud future lost opportunities for energy efficiency In many
countries, economic and population growth are contributing to the need for more buildings, more products,
and more electricity, among numerous other requirements Thousands of new businesses are founded each
year and new buildings are being erected almost daily (See Chapter 2 of this report for a more detailed
discussion of construction trends ) In this era of fast growth, especially of industries and building stock,
failure to incorporate energy-efficient design into these facilities now will result in tremendous lost
opportunities for energy efficiency 1n the future Once an energy efficiency measure 1s installed, 1t
continues saving energy throughout 1ts usable life

Specal attention should be paid to policies targeted specifically at new construction Virtually all of the
technology markets discussed 1n this report will grow 1n tandem with a country’s economy The
construction boom will further dnve certain technology markets, 1n particular the markets for building
envelopes, building controls, HVAC, apphances boilers and highting 1n all sectors These technologies
together account for 66% of the expected market for energy-efficient technologies 1n developing countries
in 2015 Because of the emphasis on new construction, the retrofit market will ikely account for just a
small portion of this demand Taking the effort now to establish building efficiency standards will ensure
that new buildings incorporate energy-efficient designs creating benefits far into the future Conversely,
failure to incorporate energy efficiency measures 1n new construction will mean more costly retrofits in the
future Only Eastern Europe has a significant retrofit market today, because of infrastructure investments
made under socialist economic systems In Asia and Latin America, the emphasis 1s firmly on new
construction

Awareness-building will continue to be a key aspect of any successful policy One of the most important
ways energy-efficient technologies can be promoted 1s by educating stakeholders 1n developing countries
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about energy efficiency International expertise often 1s required to bring local engineers and designers up
to date on the most efficient technologies available International agencies and governments can aid 1n the
transfer of this experience base, as they have in the past Those who need accurate and current information
on efficient technologies include architects and engineers designing new buildings, commercial building
managers, industrial managers, utility personnel policy makers, and the finance and investment
community

Modern information technologies such as facsimile machines, high speed phone lines, and Internet sites
(world wide web, ftp, and gopher) are new vehicles for fostering information exchange More traditional
education and training programs nclude study tours to industrialized countries certification programs for
technicians, leadership and technical tramning seminars and workshops Although 1t 1s difficult to assess the
impact of such programs 1n terms of actual energy saved these activities can be extremely valuable

The need to address global chimate change 1ssues suggests that international donor assistance should be
shifted to newly industrialized countries and other primary GHG emitters At present, a mismatch exists
between countries that are given priority for international development assistance and countries with the
greatest potential for GHG reduction and climate change mitigation Donor agencies should consider that
poor agrarian societies are not the only ones needing development assistance Many newly industrialized
countries have great need of assistance in the area of energy efficiency These include the tigers’ of Asia,
where as much as 85% of the infrastructure that 1s likely to be 1n place by 2015 has not even been built yet
A more detailed discussion of regional and technological growth 1s provided 1n sections 4 2 and 4 3

Improved coordination between and among nations will increase the leverage of energy efficiency
orgamizations and agencies, and theiwr ability to promote energy efficiency on numerous levels Bi-
national and international coordination can improve countries’ abilities to direct and control the
development of energy efficiency markets without weakening market incentives for multinational
companies Globalization has already sumulated coordination among nations 1n the areas of international
trade and financial markets, this coordination should be extended to the area of energy efficiency The
prominence of multinational manufacturers 1n the energy efficiency market increases the importance of
cooperative efforts among countries for market policy imtiatives

4 2 INFLUENCE OF REGIONAL TRENDS

Extensive country-specific quantitative data on market barriers were not collected for this report Through
conversations with manufacturers, interviews with in-country experts, and general consideration of the
market contexts, however, the authors formulated qualitative observations about the potential for
overcoming market barriers 1n each of the main geographic regions Table 4 presents an assessment of the
relative magnitude of the barrers to be overcome 1n each region In general each geographic region will
require a distinct policy strategy which takes into account not only the potential size of the energy
efficiency market there, but also the potential barriers and likely strategies for overcoming them
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Table 4
Overall Market Potential by Region
(Aggressive Growth Scenario)

Indicator Africa/Middle East Asia Eastern Europe | Latin America
Market Size Potential

2015 Market Size (million US$) $3,895 $39 602 $12 988 $10202

Relative Size Potential A u L L

Potential for Overcoming Barriers

Financial A | A L
Technical A | L ®
Social A L L L
OVERALL POTENTIAL LOW HIGH MEDIUM MEDIUM

Source Hagler Bailly Inc 1997

Asia Financial barriers 1n general tend to be quite low 1n Asia, due to growing foreign investment, rapid
economic growth, and a generally nising standard of living among most of the population Regional
varnations exist, of course, with countnies like India and China experiencing high economic growth rates,
and countries such as Thailand, Indonesia and Malaysia struggling with the recent economic downturn
and currency devaluations Technical barriers 1n Asia also tend to be generally low, because of the
presence of a well-educated population and large numbers of architects and engineers who have been
trained abroad 1n the latest building and design techmiques Asia needs outside assistance 1n the area of
social barniers, however Knowledge of the benefits of energy-efficient technologies and energy
conservation 1n general 1s low among the populations of Asian countries Still the sheer size of the
potential market for energy-efficient technologies in Asia over the next two decades makes 1t the highest
prionity for assistance The huge potential impact that energy-efficient technologies would have, combined
with the relatively low barners makes Asia the most attractive region for energy efficiency attention by
mternational development agencies

Eastern Europe The most significant barniers 1n this region are financial Most countries 1n the region
face major scarcity of capital for investment 1n energy efficiency With the collapse of the command-and-
control approach of the socialist economic system most countries are struggling economically In the
technical and social areas the prospects are somewhat better Engineening and technical skills within the
populations are well-developed, and the interdependence of countries in the region with regard to energy
resources would allow for a well-designed regional program Because of the large amount of existing
infrastructure, Eastern Europe promises to be a large market for energy-efficient technologies through
2015, especially as industries modernize and update their existing equipment
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Latin America Several Latin American countries including Mexico, Brazil and Argentina are already
giving a lot of attention to energy efficiency 1ssues through the sponsorship of USAID and other donor
agencies This creates some degree of awareness in the population Technical and financial barriers are
higher in some countries than others, but the generally robust growth expected 1n the market for energy-

efficient technologies suggests that targeted policies could produce substantial results over the next 20
years

Africa and the Middle East In general, all types of barners are quite high in Africa and the Middle East
Capital 1s scarce throughout the region, except in certain o1l-rich countries Educational levels are low,
creating both technical barriers (lack of trained engineers and design specialists) and social barniers (lack of
awareness of the benefits of energy efficiency) Government policies are not well-developed in the energy
area The nature of these barriers, coupled with the small projected size of the energy-efficiency market
through 2015 makes Africa and the Middle East the lowest priorty for international donor agency
attention 1n the area of energy efficiency

These regional generahzations are useful for determining which regions should be targeted for more
attention and assistance 1n the near future

43 INFLUENCE OF MARKET CHARACTERISTICS AND TRENDS

Several market characteristics and market trends suggest that new approaches to stimulating energy
efficiency markets are needed

Market aggregation 1s needed to overcome the fragmented nature of the market for energy-efficient
products As was mentioned previously the energy efficiency market includes a number of product
segments, including large capital goods, residential apphances, and building materials 1n addition to
engineering and other services Moreover, energy-efficient products do not comprise entire product
segments, but are only subsets of these segments Market players are diverse and include many small
players with mimimal amounts of investment capital An approach that aggregates the market creates larger

targets for investment capital Smaller and less organized consumers are unlikely to be able to tap private
capital markets as successfully

Programmatic approaches can increase the influence of policy makers on the energy efficiency market
In the past donor agencies have tended to provide assistance to discrete projects This approach 1s time and
labor intensive and can influence only a small portion of the market Although there will always be a need
for project-specific assistance, a programmatic approach can increase the portion of the market that
benefits from donor assistance A programmatic approach would bundle several energy efficiency projects
The advantages of this approach are 1) a single source of capital can be tapped to finance all of the
projects, 2) an equipment vendor might find the larger bundle of projects more attractive than a single
purchaser, and 3) the time and labor that would be needed to provide assistance to a program can be shared
among all the projects, reducing the per-project transaction costs
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Establishing efficiency standards and bullding energy codes can have a significant impact on the
development of markets for energy-efficient products and services In developing countries, the energy
efficiency market 1s growing fastest in those technologies that are most amenable to achieving efficiency
gains through standards By 2015, hghting, adjustable speed drives, building controls and motors will
make up approximately 63% of the energy efficiency market 1n these countries Standards nsert a floor on
the energy consuming levels of apphance and buildings They will account for a greater portion of the
efficiency gains that will occur as technology markets grow Particular attention should be focused on Asia,
where the most rapid growth 1s occurring An international cooperative agency for energy efficiency and
global climate change could help focus this attention most effectively

Explicit government policies that establish codes or standards can effectively address market failures or
market imperfections By establishing mmmimum efficiency standards or building energy codes,
governments are effectively defining the market to include only those products that meet the standards (or
that allow a building to satisfy energy codes) Some products will fall out of the market because by
definition they are not efficient New products may also enter the market because their comparative
advantage has improved as a result of the new standards Rapid economic growth 1n developing countries
1s fueling high growth 1n sales of household apphiances and commercial and industnal equipment
Efficiency standards, 1f introduced, would ensure increased market share for higher-efficiency products

The use of labeling and standards 1s still relatively rare in the developing world A recent USAID-
sponsored report summarizes the status of labeling programs, building codes and efficiency standards
around the world ' Out of approximately 180 countries, eleven countries and the European Union have
energy labeling programs Nine countries have efficiency standards for household apphances Six countries
have efficiency standards for industnial and commercial equipment Forty-four countries have building
codes for residential, non-residential or both types of buildings

Gaven the relative scarcity of standards 1n developing countries their impact on energy efficiency markets

15 currently quite small But over the long term the sales impact of standards introduced now could be

guite substantial Preliminary estimates of the potential market impact of establishing efficiency standards
have been compiled for five countries India, Indonesia, Philippines, Mexico, and Brazil '? The study
estimated unit sales of energy-efficient products 1n each of the five countnies ten years after the

introduction of standards For example, the study estimated that the introduction of standards would create * ,
a market for 106 million energy-efficient lamps 1n India, 41 milhion refnigerators in Brazil and 18 million
fans 1n Indonesia

Regional adoption of energy efficiency standards will further augment efficitency gains The best way to
msure widespread support not only from donor agencies but also from multinational companies selling
efficient technologies, 1s to work toward regional efficiency standards Donor agencies can help encourage,

"Duffy John 1996 Energy Labeling Standards and Building Codes A Global Survey and Assessment for
Selected Developing Countries Washington D C GEEL/Publications This publication was funded by the United
States Agency for International Development

PIbid p 57

THE ENERGY EFFICIENCY MARKET iN DEVELOPING COUNTRIES TRENDS AND POLICY IMPLICATIONS




34

develop and foster the implementation of efficiency standards An international agency responsible for
energy effictency would have a strong mfluence on the creation of regional standards Companies would
be hkely to support a regional approach to standards, especially 1f the alternative would be individual
country standards Regional application of standards would 1ntroduce economues of scale to manufactuning
and reduce manufacturers’ opposition to standards

44 RECOMMENDED ACTION PLAN

The challenge for policy makers 1s to integrate the numerous 1ssues raised above 1nto a coherent action
plan Policy makers will need to priontize the countnes, regions, sectors and technologies needing
assistance 1n order to maximize actual energy savings 1n the next few years In this section, prionties are
recommended for the short term (two years) and medium term (two to five years)

441 Short-term priorities

In the next two years, the greatest potential energy efficiency gains will come from focusing on Southeast
Asia and the commercial and industnal growth occurring there High rates of growth 1n this region and
these technologies mean that more opportunities will be lost here than 1n any other area 1f action 1s not
taken now Specific countries warranting the most attention are Hong Kong (now part of China) Indonesia,
South Korea and Singapore Crucial technology markets are lighting building controls and motors Table
5 gives a summary of these markets and the barriers 1n each

Asia’s capital markets are relatively well-established so that access to capital should not be a sigmificant
barrier Rapid economic growth will continue to hft consumers’ income levels, making investments 1n
energy efficiency more affordable Awareness of energy efficiency 1s a barrier, both among tradespeople
responsible for installing energy-efficient measures at commercial and industnal sites and among the
general population A sharply focused multi-media awareness campaign should be launched to overcome
this barrier Key regional institutes would act as “nodal agencies” for information collection, synthesis, and
dissemination while also serving as a “one-stop shop” for implementing energy-efficiency programs
primarily through establishing linkages between technology vendors and technology users
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Table 5
Short-Term Priority Countries and Technologies
Country/Technology 2015 Market Growth Barners
Size Estimate Rate (%)
($rml)
Hong Kong $6 602 14 4 | Awareness
Lighting $4 717 18 0 | Awareness, Capability
Singapore $3 621 130 | Awareness
Lighting $1 393 16 0 | Awareness
Motors $1033 15 0 | Capability
Indonesia $3 156 10 6 | Awareness
Building Controls $644 156 | Capability
Motors $787 150 | Awareness
South Korea $6 965 10 3 | Awareness
Building Controls $1 356 156 | Capability
Motors $2 380 139 | Awareness

442 Medium-term priorities

Table 5 lists the countries meriting attention two to five years from now These include China, Russia and
Brazil These countries should experience relatively strong economic growth over the long term China 1s a
major contributor to greenhouse gas emissions, 1ts energy consumption patterns warrant the concern of the
international community

The fastest growing technology markets 1n Brazil China, and Russia are projected to be lighting, HVAC
building controls, and building envelope In Russia, the size of the building controls market 1n particular, 1s
due to significant building infrastructure already 1n existence Since there 1s not expected to be a large
amount of new construction 1n Russia over the next several years, attention to this market segment can
safely be left to the medium-term, despite the high growth rates projected

Lighting 1s projected to be an important technology n all three countries as 1t 1s 1n most of the world due
to widespread awareness of the technology ease of installation and use, and relatively low cost Lighting 1s
also important 1n the medium-term due to 1ts application 1n all sectors, including residential industnal, and
commercial This cross-sectoral and cross-boundary appeal makes 1t an 1deal technology to be promoted
through an international climate change forum
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Table 6
Medium-Term Prionty Countries and Technologies
Country/Technology 2015 Market Growth Barrers
Size Estimate Rate (%)
($mul)
China-overall $7,545 98 | Political
Lighting $1,782 18 0 | None
HVAC $1,274 90 | Cost, Capability
Russia-overall $5,925 12 8 | Financial
Building Controls $1,220 169 | Cost
Lighting $1,210 139 | Awareness
Brazl-overall $3,242 90 | Fimancial
Building Envelope $932 95 | Cost

Lighting

$571

Cost Awareness

Bammers 1n these markets that donor agencies and policy makers can help overcome fall mainly 1n the
financial realm The Russian economy 1s currently heavily capital-constrained The absence of a reliable
banking system makes borrowing money for investment 1n any of these technologies problematic
Financing programs and assistance from donor agencies can help alleviate much of the financial pressures

holding back the Russian market

In Brazil, cost 1s an 1ssue Such economic concepts as life-cycle costs are not widely understood by the
general population Levels of awareness n Brazil about energy-efficient technologies are also relatively

low

China 1s a huge potential market for almost all energy-efficient technologies The main barrers in China
are also social, including lack of awareness and technical training to deal with the technology installation
and maintenance Strategies for overcoming these barmers are often hampered by political constraints
outside the energy efficiency markets The World Bank and Astan Development Bank are active in the
Chinese efficiency market, but United States and European efforts may be constrained by the politicat

positions of their governments
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TOTAL 1996 ENERGY EFFICIENT MARKET

1996 Estimated Market $ Million
Region/Country Building Process Building
Lighting Envelope | Controls |Appliances HVAC Motors Boilers Cogen ASDs Controls TOTAL
Africa/Middle East
Algena 2 24 5 3 6 2 7 0 0 6 53
Egypt 5 6 8 1 7 3 1 0 1 1 34
fran 2 23 15 3 15 7 2 0 5 6 78
Israel 6 4 22 4 7 3 8 17 1 1 75
Kuwait 3 2 4 2 7 1 1 0 0 0 21
Morocco 1 4 6 1 5 1 28 0 0 1 49
Nigena 2 2 4 2 3 1 0 0 0 1 15
Saud! Arabia 11 19 18 7 23 4 4 0 2 5 93
South Africa 4 10 12 3 16 3 3 0 1 2 54
Turkey 3 26 19 2 13 4 4 4 2 6 84
UAE 6 6 7 5 13 2 2 0 1 2 45
Sub Total 44 126 121 32 116 32 62 21 16 31 601
Region Total 55 158 151 40 145 40 77 27 16 31 739
Asia
China 77 179 214 148 246 113 98 106 36 67 1284
Hong Kong 203 81 46 68 41 28 4 0 10 30 512
India 130 128 101 29 10 7 2 29 2 48 486
Indonesia 15 111 123 22 26 55 19 39 1 41 463
Malaysia 29 29 48 5 19 18 4 0 4 11 167
Pakistan 11 18 8 3 6 5 1 0 1 7 61
Philippines 10 16 14 4 7 8 2 59 2 6 127
Singapore 83 23 91 10 40 73 6 0 20 9 354
South Korea 45 233 165 45 212 200 14 41 33 87 1076
Taiwan 67 63 61 22 34 31 10 42 7 24 360
Thailland 29 43 25 44 66 34 10 80 5 16 351
Sub Total 698 924 895 400 708 572 170 396 130 346 5239
Region Total 734 973 942 421 745 602 179 417 130 346 5 489
Central/East Europe
Czech Republic 57 14 66 6 21 8 31 33 11 9 256
Hungary 48 18 15 5 10 10 1 17 9 12 154
Poland 56 60 26 15 25 6 26 21 7 40 282
Russia 102 95 114 4 38 46 15 21 35 63 533
Sub Total 262 186 222 29 94 71 83 92 63 125 1225
Region Total 309 218 261 34 111 83 97 108 63 125 1408
Latin America
Argentina 15 60 12 30 21 3 3 29 1 13 187
Brazil 34 167 204 52 68 12 2 54 3 35 631
Chile 11 26 111 19 20 14 10 0 3 5 218
Colombia 3 5 10 4 6 3 1 14 1 1 48
Mexico 35 71 138 43 55 34 3 62 15 15 472
Venezuela 6 9 26 18 20 13 2 19 3 2 117
Sub Total 104 337 501 166 189 79 20 179 26 71 1672
Regton Total 116 374 557 185 210 88 22 199 26 71 1847
TOTAL | 1213] 1723 | 1912 ] 679 | 1211 812 | 377 | 750 | 234 | 572 9483 |
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TOTAL 2015 ENERGY EFFICIENT MARKET - Aggressive Growth Scenario

2015 Estimated Market - $ Million
Region/Country Building Process Building
Lighting Envelope | Controls | Apphances HVAC Motors Boilers Cogen ASDs Controls TOTAL
Africa/Middle East
Algeria 8 60 10 6 14 4 18 0 1 51 171
Egypt 29 18 25 2 27 57 8 o] 24 30 219
Iran 24 62 46 7 39 123 13 0 81 52 446
Israel 40 26 68 10 22 48 26 51 20 22 332
Kuwait 33 10 12 6 18 14 10 0 7 9 119
Morocco 16 24 18 4 16 18 72 0 5 20 193
Nigena 20 6 23 4 7 6 1 0 3 5 75
Saudi Arabia 127 71 56 21 69 73 13 0 27 90 544
South Africa 44 24 76 8 41 17 7 0 7 20 245
Turkey 62 106 117 7 40 73 25 56 42 135 663
UAE 90 17 22 14 48 14 15 0 7 15 242
Sub Total 492 425 472 88 341 447 207 106 224 447 3250
Region Total 616 531 590 110 426 559 259 133 224 447 3895
Asia
China 1782 722 773 599 1274 691 298 314 301 790 7 545
Hong Kong 4717 293 168 274 125 476 1 0 233 304 6 602
India 797 449 368 101 30 81 8 112 27 744 2717
Indonesia 210 448 446 79 135 787 79 116 212 644 3156
Malaysia 406 118 175 16 75 303 16 0 99 170 1380
Pakistan 228 65 31 11 23 24 7 0 7 67 462
Phihippines 194 65 42 14 29 97 7 78 25 94 643
Singapore 1393 95 329 40 173 1033 34 0 387 136 3621
South Korea 162 943 501 183 768 2380 69 71 532 1356 6 965
Taiwan 1328 254 223 88 138 370 56 55 113 365 2990
Thailand 212 173 75 180 285 405 55 182 75 248 1888
Sub Total| 11 428 3625 3131 1 586 3055 6 648 639 928 2010 4919 37 968
Region Total] 12 030 3815 3296 1 669 3216 6 997 673 977 2010 4919 39 602
Central/East Europe
Czech Republic 676 100 201 17 64 43 109 58 140 176 1583
Hungary 954 N 47 14 30 117 32 19 269 210 1784
Poland 1110 364 96 45 77 86 78 41 259 843 2999
Russia 1210 691 347 10 116 552 45 80 1 024 1220 5 295
Sub Total] 3950 1246 691 86 286 798 265 198 1693 2448 11 661
Region Total] 4 648 1466 813 101 337 938 311 234 1693 2448 12 988
Latin America
Argentina 297 305 44 84 65 52 17 112 20 158 1153
Brazit 571 932 622 160 171 70 8 209 20 481 3242
Chile 179 143 403 57 61 197 38 0 51 74 1203
Colombia 41 17 29 10 14 21 3 42 7 9 193
Mexico 704 358 420 131 239 566 23 95 288 185 3010
Venezuela _ 117 31 80 54 50 68 8 72 18 16 513
Sub Totalf 1909 1787 1 598 496 599 975 97 529 403 922 9315
Region Total| 2 121 1 985 1775 551 666 1083 108 588 403 922 10 202
TOTAL [ 19 414 | 7797 § 6475 | 2431 ] 4644 | 9578 | 1351 | 1931 | 4330] 8736] 66687 |
. . — - R - - - — - - #DIV/o!
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TOTAL 2015 ENERGY EFFICIENT MARKET - Conservative arowth .cenario

2015 Estimated Market - $ Million
Region/Country Building Process Building
Lighting | Envelope | Controls | Apphances HVAC Motors Boilers Cogen ASDs* Controls* | TOTAL
Africa/Middle East
Algena 4 53 10 6 12 4 16 0 105
Egypt 10 13 18 2 16 7 2 0 68
Iran 6 52 35 6 35 17 5 0 156
Israel 14 10 58 10 19 9 22 44 186
Kuwait 8 4 11 6 20 2 3 0 54
Morocco 4 11 16 3 14 3 75 0 126
Nigena 4 5 8 4 6 2 1 0 30
Saudi Arabia 26 48 45 17 56 11 10 0 213
South Africa 10 26 34 9 44 8 8 0 139
Turkey 9 77 56 6 38 11 12 12 221
UAE 18 18 21 14 39 7 7 0 124
Sub Total 113 317 312 83 299 81 160 56 0 0 1 421
Region Total 141 398 389 104 374 99 200 70 37 74 1 886
Asia
China 298 694 830 576 956 439 380 412 4 585
Hong Kong 696 278 158 233 141 97 15 0 1618
India 409 402 318 90 31 21 6 91 1368
Indonesia 53 401 444 79 95 200 70 142 1484
Malaysia 105 108 177 17 70 66 14 0 557
Pakistan 41 63 30 11 22 17 5 0 189
Philippines 33 55 48 13 24 28 6 202 409
Singapore 304 86 333 36 147 267 22 0 1195
South Korea 165 860 606 167 782 735 53 151 3519
Taiwan 242 227 221 79 123 112 35 151 1190
Thailand 109 160 92 167 247 127 36 300 1238
Sub Total] 2455 3334 3257 1468 2638 2109 642 1 449 0 0 17 352
Region Total| 2583 3510 3429 1545 2777 2 221 676 1 526 414 1103 19 784
Central/East Europe
Czech Republic 163 39 189 16 60 24 89 96 676
Hungary 107 40 34 10 22 22 24 37 296
Poiand 124 133 59 33 56 13 57 46 521
Russia 291 271 327 11 109 133 44 60 1246
Sub Total 685 483 609 70 247 192 214 239 0 0 2739
Region Total 806 568 717 82 291 226 252 281 156 309 3688
Latin America
Argentina 44 179 36 89 63 9 9 87 516
Brazil 101 496 607 156 201 34 6 161 1762
Chile 31 75 323 55 58 40 28 0 610
Colombia 10 14 27 11 16 10 2 40 130
Mexico 103 206 403 126 161 98 10 182 1289
Venezuela 13 19 58 40 44 30 3 42 249
Sub Total 302 989 1454 477 543 221 58 512 0 0 4 556
Region Total 336 1098 1617 530 603 246 65 569 75 203 5 342
[~ TOTAL | 3 866 | 5574 | 6 152 | 2261 | 4045 | 2792 | 1193 ] 2446 | 682 | 1689] 30700 ]
6 4%
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COMPARISON OF ENERGY EFFICIENT MARKET TO GDP

1996 EE Market 1996 GDP
Region/Country % %
($M) Total ($B) Total
Africa/Middie East
Algena 53 9% 66 7%
Egypt 34 6% 42 5%
Iran 78 13% 159 18%
Israel 75 12% 78 9%
Kuwart 21 3% 21 2%
Morocco 49 8% 30 3%
Nigena 15 2% 44 5%
Saudi Arabia 93 15% 120 14%
South Africa 54 9% 109 12%
Turkey 84 14% 174 20%
UAE 45 7% 39 4%
Sub Total 601 100% 880 100%
Region Total 739
Asia
China 1284 25% 838 34%
Hong Kong 512 10% 96 4%
India 486 9% 388 16%
Indonesia 463 9% 158 6%
Malaysia 167 3% 69 3%
Pakistan 61 1% 54 2%
Philippines 127 2% 52 2%
Singapore 354 7% 55 2%
South Korea 1076 21% 385 16%
Tawan 360 7% 229 9%
Thailand _ 351 7% 136 6%
Sub Totalj 5239 100% 2 461 100%
Region Total| 5 489
Central/East Europe
Czech Republic 256 21% 30 8%
Hungary 154 13% 71 18%
Poland 282 23% 31 8%
Russia 533 44% 264 67%
Sub Total] 1225 100% 396 100%
Region Total 1408
Latin America
Argentina 187 11% 200 17%
Brazil 631 38% 588 49%
Chile 218 13% 43 4%
Colombia 48 3% 52 4%
Mexico 472 28% 273 23%
Venezuela _ 117 7% 55 5%
Sub Total] 1672 100% 1212 100%
Region Total 1847
TOTAL ] 9483 ]

Rel

EE
lative to
GDP

118
121
072
141
148
240
051
113
073
o7
169

072
251
059
138
113
053
115
301
131
074
121

278
070
291
065

068
078
366
066
125
153

o

Aggressive Growth |
2015 EE Market 2015 GDP
% %
($M) Total ($B) Total
171 5% 133 6%
219 7% 80 4%
446 14% 332 16%
332 10% 171 8%
119 4% 43 2%
193 6% 69 3%
75 2% 88 4%
544 17% 286 14%
245 8% 274 13%
663 20% 490 24%
242 7% 101 5%
3250 100% 2 068 100%
3 895
7 545 20% 2419 34%
6 602 17% 285 4%
2717 7% 1021 14%
3 156 8% 468 7%
1380 4% 200 3%
462 1% 165 2%
643 2% 155 2%
3 621 10% 160 2%
6 965 18% 1125 16%
2990 8% 681 10%
1888 5% 400 6%
37 968 100% 7 077 100%
39 602
1583 14% 62 6%
1784 15% 175 16%
2999 26% 51 5%
5 295 45% 779 73%
11 661 100% 1 067 100%
12 988
1153 12% 526 17%
3242 35% 1486 47%
1203 13% 108 3%
193 2% 127 4%
3010 32% 764 24%
513 6% 125 4%
9315 100% 3138 100%
10 202
66 687 |

EE
Relative to
GDP

081
175
085
124
177
178
054
121
057
086
152

058
4 32
050
126
129
052
078
422
115
082
088

233
093
539
062

074
073
374
051
133
138




ECONOMIC GROWTH PAST, PRESENT, AND FUTURE
1993 GDP GDP GDP GDP
Region/Country GDP Growth Growth Growth Growth
($B 1990) | (1993-5) | (1996-2000) | (1993-6) | (1996-2015)
Afnca Regional Total 940
Africa/Middle East 729 22% 4 6% 2 9% 4 4%
Algerla 60 18% 53% 2 9% 4 3%
Egypt 37 4 3% 4 9% 4 5% 4 2%
Iran 145 17% 6 3% 32% 4 5%
Israel 66 57% 57% 57% 51%
Kuwait 16 10 5% 71% 9 3% 5 4%
Morocco 27 4 9% 21% 4 0% 52%
Nigena 40 17% 53% 29% 4 3%
Saudi Arabia 114 01% 4 7% 16% 4 9%
South Africa 101 2 6% 33% 2 8% 54%
Turkey * 89 55% 4 2% 51% 56%
UAE 35 13% 8 6% 37% 5 8%
Asta Regional Total 2,027
Asia 1,949 77% 6 9% 7 4% 6 4%
China 623 11 2% 8 9% 10 4% 7 4%
Hong Kong 83 4 9% 50% 4 9% 6 7%
India 323 59% 7 2% 6 3% 6 2%
Indonesia 128 7 1% 7 2% 7 1% 7 0%
Malaysia 54 8 9% 7 4% 8 4% 7 1%
Pakistan 47 4 3% 6 3% 50% 6 9%
Philippines 45 4 7% 5 8% 51% 67%
Singapore 43 91% 6 9% 8 4% 7 1%
South Korea 307 8 5% 6 7% 7 9% 7 1%
Tawan 189 6 7% 6 3% 6 6% 7 0%
Thailand 107 8 5% 7 8% 8 3% 7 2%
C/EE Regional total 514
Central/East Europe 469 51% | 47% | 20% | 49% |
Czech Republic * 43 31% 4 8% 36% 57%
Hungary 28 15% 35% 22% 4 3%
Poland 61 55% 4 6% 52% 57%
Romania 29 27% 25% 2 6% 3 0%
Russia 308 -97% 5 0% -5 0% 50%
LAC REgional Total 1,167 ~
Latin America 1,078 35% 4 8% 39% 6 0%
Argentna | 177 3 8% 4 9% [ 42% |  59%
Brazil 501 58% 4 9% 5 5% 59%
Chile 37 52% 4 3% 4 9% 58%
Colombia 45 5 5% 4 5% 51% 56%
Mexico 262 -0 4% 51% 14% 5 8%
Venezuela 56 2 7% 38% -0 6% 4 3%
W
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OECD Europe

1995 2015 Growth/yr 1996
Sector/Technology Category ($ Million) | ($ Million) (%) ($ Million)
Industnial
EE Equipment
High-efficiency boilers 343 398 07% 346
Cogeneration equipment 280 358 12% 283
Conservation controls 229 373 25% 235
High-efficiency motors 286 945 6 2% 304
Adjustable speed drives 286 1,084 6 9% 306
Process controls 1,144 1,866 25% 1,172
Waste heat recovery 194 288 20% 198
Lighting 200 525 4 9% 210
Insulation 57 70 1 0% 58
Integrated energy/load MS 229 474 37% 237
Commercial
EE Equipment
High-efficiency HVAC 372 607 25% 381
Cogeneration 200 244 1 0% 202
Lighting 1,030 3,562 6 4% 1,096
EMS/Controls 572 1,890 6 2% 607
Buillding envelope (windows/insulation] 786 2,061 4 9% 825
Residential
Lighting 443 1,465 6 2% 470
High-efficiency appliances 400 538 1 5% 406
Building envelope 786 1,057 15% 798
Total 7,837 17,805 42% 8,133
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OECD Pacific

1995 2015 Growth/yr 1996
Sector/Technology Category ($ Million) | ($ Million) (%) ($ Million)
Industnal
EE Equipment
High-efficiency boilers 225 260 0 7% 227
Cogeneration equipment 30 38 12% 30
Conservation controls 150 244 2 5% 154
High-efficiency motors 187 618 6 2% 199
Adjustable speed drives 187 709 6 9% 200
Process controls 748 1,221 25% 767
Waste heat recovery 127 188 2 0% 130
Lighting 131 343 4 9% 137
Insulation 37 46 11% 37
Integrated energy/load MS 150 310 37% 156
Commercial
EE Equipment
High-efficiency HVAC 243 397 25% 249
Cogeneration 75 91 10% 76
Lighting 674 2,331 6 4% 717
EMS/Controls 374 1,237 6 2% 397
Building envelope (windows/insulation)] 515 1,349 4 9% 540
Residential
Lighting 290 958 6 2% 308
High-efficiency appliances 262 352 15% 266
Building envelope 515 692 1 5% 523
Total 4,920 11,384 4 3% 5,111
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US/Canada

1995 2015 Growth/yr 1996
Sector/Technology Category ($ Millon) | ($ Million) (%) ($ Million) |
Industrial 1
EE Equipment ]
High-efficiency boilers 687 783 07% 692
Cogeneration equipment 801 995 11% 810 ‘
Conservation controls 458 704 22% 468 {
High-efficiency motors 572 1,636 5 4% 603
Adjustable speed drives 572 1,846 6 0% 607
Process controls 2,289 3,520 22% 2,339
Waste heat recovery 389 550 17% 396
Lighting 401 934 4 3% 418
Insulation 114 136 0 9% 115 \
Integrated energy/load MS 458 869 33% 473
Commercial |
EE Equipment ;
High-efficiency HVAC 744 1,144 22% 760
Cogeneration 229 272 0 9% 231
Lighting 2,060 6,133 5 6% 2,175
EMS/Controls 1,145 3,273 54% 1,207 |
Building envelope (windows/insulation] 1,574 3,671 4 3% 1,642
Residential |
Lighting 887 2,536 54% 935
High-efficiency appliances 801 1,039 13% 811
Building envelope 1,574 2,041 1 3% 1,595
Total 15,755 32,082 36% 16,276
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Middle East / Africa

Sector/Technology Category

Industnal
EE Equipment

High-efficiency bollers
Cogeneration equipment
Conservation controls
High-efficiency motors
Adjustable speed dnives
Process controls
Waste heat recovery
Lighting
Insulation
Integrated energy/load MS

Commercial
EE Equipment
High-efficiency HVAC
Cogeneration
Lighting
EMS/Controls

Building envelope (windows/insulation

Residential
Lighting
High-efficiency apphances
Building envelope

Total

1995
($ Million)

20
20
55
30
42

24
21
42

421

2015
($ Million)

26
18
38
239
325
192
26
99

67

62
32
955
479
391

371
43
84

3,452

Growth/yr
(%)

19%
30%
59%
14 8%
16 6%
59%
4 9%
11 6%
2 6%
9 0%

58%
24%
15 3%
14 9%
11 8%

14 7%
3 6%
35%

11 1%

1996
($ Million)

18
10
13
17
17
65
10
12

13

21
20
63
34
47

28
22
43

459
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Asia / Pactfic

1995 2015 Growth/yr 1996
Sector/Technology Category ($ Milion) | ($ Million) (%) ($ Million)
Industnal
EE Equipment
High-efficiency bollers 240 334 1 7% 244
Cogeneration equipment 220 380 28% 226
Conservation controls 109 322 56% 115
High-efficiency motors 508 6,828 13 9% 578
Adjustable speed drives 120 2,156 15 5% 139
Process controls 546 1,608 55% 576
Waste heat recovery 93 221 4 4% 97
Lighting 120 985 111% 133
Insulation 27 42 22% 28
Integrated energy/load MS 109 540 8 3% 118
Commercial
EE Equipment
High-efficiency HVAC 849 2,499 55% 896
Cogeneration 145 225 22% 148
Lighting 640 9,480 14 4% 732
EMS/Controls 320 4,301 13 9% 364
Building envelope (windows/insulation] 480 3,939 11 1% 533
Residential
Lighting 320 4,301 13 9% 364
High-efficiency appliances 784 1,509 3 3% 810
Building envelope 480 924 3 3% 496
Total 6,110 40,594 9 9% 6,599
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Eastern Europe

1995 2015 Growth/yr 1996
Sector/Technology Category ($ Milion) | ($ Million) (%) ($ Million)
Industnal
EE Equipment
High-efficiency bollers 72 106 20% 73
Cogeneration equipment 45 86 3 3% 46
Conservation controls 48 169 6 5% 51
High-efficiency motors 60 1,227 16 3% 70
Adjustable speed drives 60 1,714 18 2% 71
Process controls 239 846 6 5% 255
Waste heat recovery 41 112 52% 43
Lighting 42 486 13 0% 47
Insulation 12 20 2 6% 12
Integrated energy/load MS 48 309 9 8% 53
Commercial
EE Equipment
High-efficiency HVAC 78 275 6 5% 83
Cogeneration 75 126 26% 77
Lighting 215 4,941 17 0% 251
EMS/Controls 119 2,455 16 3% 138
Buillding envelope (windows/insulation] 164 1,911 13 1% 185
Residential
Lighting 93 1,902 16 3% 108
High-efficiency appliances 84 180 39% 87
Building envelope 164 354 3 9% 170
Total 1,659 17,219 12 4% 1,823
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Latin America

1995 2015 Growth/yr 1996
Sector/Technology Category ($ Milion) | ($ Milhon) (%) ($ Million)
Industnal
EE Equipment
High-efficiency bollers 51 70 1 6% 52
Cogeneration equipment 75 130 2 8% 77
Conservation controls 23 68 5 6% 24
High-efficiency motors 107 1,441 13 9% 122
Adjustable speed drives 25 455 15 6% 29
Process controls 116 342 56% 122
Waste heat recovery 20 47 4 4% 21
Lighting 25 208 11 2% 28
Insulation 6 9 2 0% 6
Integrated energy/load MS 23 115 84% 25
Commercial
EE Equipment
High-efficiency HVAC 179 528 56% 189
Cogeneration 40 62 22% 41
Lighting 135 2,000 14 4% 154
EMS/Controls 68 908 13 8% 77
Building envelope (windows/insulation 101 831 111% 112
Residential
Lighting 68 908 13 8% 77
High-efficiency appliances 165 319 3 4% 171
Building envelope 101 195 3 3% 104
Total 1,328 8,636 9 8% 1,432
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ENERGY EFFICIENT BUILDING CONTROLS MARKET Conservative Growth Aggressive Growth
{TRACK GDP) (Hagler Bailly Forecast)
Average Est 1996 Est Est Est 1996 Average Est 2015 Average Annual Est 2015
1995 Annual | Total Import | % Energy % Total Annual Total Growth Total
|Region/Country Growth Market Efficient Imports | Efficient Growth Efficient Efficient
($ mithon) (1993 6) ($ milhon) ($ miliion) | (1996 2015) | ($ muliion) (1996 2000)}{ (2001 2015)| ($ million)
Africa/Middie East 30 34% 31 47% 74 15% 15% 447
Algena 6 51
Egypt 1 30
fran 6 52
Israel 1 22
Kuwait 0 9
Morocco 1 20
Nigena 1 5
Saud Arabia 5 90
South Africa 2 20
Turkey 6 135
UAE 2 15
Sub Total 0 0 31 0 447
% of Region Total 80% 31 74 447
Asia 320 80% 346 6 3% 1103 15% 15% 4919
China 67 790
Hong Kong 30 304
India 48 744
Indonesia 41 644
Malaysia 11 170
Pakistan 7 67
Philippines 6 94
Singapore 9 136
South Korea 87 1356
Tawan 24 365
Thailand _ 16 248
Sub Total 0 0 346 0 4919
% of Region Total 95% 346 1103 4,919
Central/East Europe 119 4 7% 125 49% 309 15% 17 5% 2448
Czech Republic 9 176
Hungary 12 210
Poland 40 843
Russia o 63 1220
Sub Total 0 0 125 0 2448
% of Region Total 85% 125 309 2448
Latin America 68 40% 7 57% 203 125% 15 0% 922
Argentina 13 158
Brazil 35 481
Chile 5 74
Colombia 1 9
Mexico 15 185
Venezuela 2 16
Sub Total 0 0 71 0 922
% of Region Total 90% 71 203 922
Us - 100% us
[_ToTAL 572 1690 |

Note No indvidual country data obtained Regional estimates only
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ENERGY EFFICIENT HVAC MARKET Conservative Growth Aggressive Growth
(TRACK GDP) (Hagler Bailly ForeceEt)
Imports Average Est 1996 Est Est Est 1996 Average Est 2015 Average Annual Est 2015
1993 Annual | Totallmport | % Energy Yo Total Annual Total Growth Total
JReg:onICountry SITCs 741 Growth Market Efficient Imports | Efficient Growth Efficient Efficient
($ million) (1993 6) ($ million) ($ million) | (1996 2015) | ($ million) (1996 2000)[ (2001 2015)| ($ mullion)
Africa/Middle East
Algena 182 29% 198 25% 90 0% 6 43% 12 50% 50% 14
Egypt 118 45% 135 50% 90 0% 7 42% 16 15 0% 50% 27
Iran 500 32% 550 25% 90 0% 15 45% 35 50% 50% 39
Israel 110 57% 130 50% 90 0% 7 51% 19 10 0% 50% 22
Kuwait 100 93% 131 50% 90 0% 7 54% 20 50% 50% 18
Morocco 86 4 0% 97 50% 90 0% 5 52% 14 10 0% 50% 16
Nigena 93 29% 101 25% 90 0% 3 4 3% 6 50% 50% 7
Saud: Arabia 387 16% 406 50% 90 0% 23 49% 56 10 0% 50% 69
South Afnica 266 28% 289 50% 90 0% 16 54% 44 5 0% 50% 41
Turkey 228 11% 236 50% 90 0% 13 58% 38 10 0% 50% 40
UAE _ 214 37% 239 5 0% 90 0% 13 5 8% 39 15 0% 5 0% 48
Sub Total 2284 2510 116 299 341
% of Region Total 80% 145 374 426
Asia
China 784 10 4% 1055 35% 15 0% 246 74% 956 15 0% 75% 1274
Hong Kong 968 4 9% 1117 35% 95 0% 41 67% 141 10 0% 50% 125
India 210 63% 252 35% 90 0% 10 6 2% 31 10 0% 50% 30
Indonesia 547 71% 672 35% 90 0% 26 70% 95 15 0% 75% 135
Malaysia 406 84% 517 35% 95 0% 19 71% 70 75% 75% 75
Pakistan 140 50% 162 35% 90 0% 6 6 9% 22 70% 70% 23
Philippines 87 51% 101 35% 50 0% 7 67% 24 10 0% 7 0% 29
Singapore 601 84% 766 35% 67 0% 40 71% 147 10 0% 75% 173
South Korea 966 7 9% 1214 35% 20 0% 212 71% 782 70% 70% 768
Tawan 562 6 6% 681 35% 70 0% 34 70% 123 10 0% 70% 138
Thatland 542 8 3% 688 35% 37 0% 66 72% 247 10 0% 75% 285
Sub Total 5813 7225 708 2638 3055
% of Region Total 95% 745 2777 3216
|Central/East Europe
Czech Republic 226 36% 251 50% 60 0% 21 57% 60 10 0% 50% 64
Hungary 112 22% 120 50% 60 0% 10 43% 22 10 0% 50% 30
Poland 173 52% 201 50% 40 0% 25 4 3% 56 10 0% 5 0% 77
Russia 532 50% 456 50% 60 0% 38 57% 109 10 0% 5 0% 116
Sub Total 1043 1028 94 247 286
% of Region Total 85% 111 291 337
jLatin America
Argentina 188 4 2% 213 50% 50 0% 21 5 9% 63 10 0% 50% 65
Brazil 115 55% 135 50% 10 0% 68 59% 201 50% 50% m
Chile 138 4 9% 159 50% 40 0% 20 58% 58 10 0% 50% 61
Colombia 48 51% 56 50% 50 0% 6 56% 16 50% 50% 14
Mexico 424 14% 442 50% 40 0% 55 5 8% 161 10 0% 75% 239
Venezuela 200 06% 196 5 0% 50 0% 20 4 3% 44 5 0% 5 0% 50
Sub Total 1113 1201 189 543 599
% of Region Total 90% 210 603 666
US - ~5% us
[T TOTAL I — _ 1211 4 044 | - . SR
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ENERGY EFFICIENT BUILDING ENVELOPE MARKET (Insulation and EE Windows) Conservative Growth Aggressive Growth
(TRACK GDP) (Hagler Bally Forecast)
Average Est Est Est 1996 Average Est 2015 Average Annual Est 2015
1996 EIU Annual Est 1996 % Energy % Total Annual Total Growth Total
jRegion/Country Construction Mkt! Growth Market Effictent Imports | Efficient Growth Efficient (1996 2000)|(2001 2015){ Efficient
(% milhion) (1993 6) {$ million) ($ million) | (1996 2015) | ($ million) (see note) | (see note) | ($ million)
AfricaMiddle East
Algena 4776 NA 4776 05% NA 24 4 3% 53 50% 50% 60
Egypt 1170 NA 1170 05% NA 6 4 2% 13 10 0% 50% 18
Iran 4535 NA 4535 05% NA 23 45% 52 70% 50% 62
Israel 816 NA 816 05% NA 4 51% 10 11 0% 10 0% 26
Kuwait 317 NA 317 05% NA 2 54% 4 12 0% 10 0% 10
Morocco 811 NA 811 05% NA 4 52% 11 9 0% 10 0% 24
Nigena 479 NA 479 05% NA 2 4 3% 5 50% 50% 6
Saudi Arabia 3899 NA 3899 05% NA 19 4 9% 48 70% 7 0% 71
South Africa 1926 NA 1926 05% NA 10 54% 26 50% 50% 24
Turkey 5255 NA 5 255 05% NA 26 58% 77 10 0% 70% 106
UAE 1258 NA 1258 05% NA 6 58% 18 7 5% 5 0% 17
Sub Total 25242 25 242 126 319 425
% of Region Total 80% 158 398 531
Asia
China 35732 NA 35732 05% NA 179 7 4% 694 10 0% 7 0% 722
Hong Kong 4052 NA 4052 20% NA 81 67% 278 7 0% 7 0% 293
India 12805 NA 12 805 10% NA 128 6 2% 402 10 0% 6 0% 449
Indonesia 5 545 NA 5545 20% NA 111 7 0% 401 10 0% 7 0% 448
Malaysia 2933 NA 2933 10% NA 29 71% 108 10 0% 7 0% 118
Pakistan 1787 NA 1787 10% NA 18 6 9% 63 7 0% 70% 65
Philippines 1611 NA 1611 1 0% NA 16 67% 55 10 0% 7 0% 65
Singapore 2340 NA 2340 10% NA 23 71% 86 10 0% 7 0% 95
South Korea 23 349 NA 23 349 10% NA 233 71% 860 10 0% 7 0% 943
Tawan 6290 NA 6290 10% NA 63 70% 227 10 0% 7 0% 254
Thatland 4273 NA 4273 10% NA 43 72% 160 10 0% 7 0% 173
Sub Total 100 717 100 717 924 3334 3625
% of Region Total 95% 973 3510 3815
Central/East Europe
Czech Republic 681 NA 681 20% NA 14 57% 39 75% 12 0% 100
Hungary 894 NA 894 20% NA 18 4 3% 40 50% 10 0% a1
Poland 2978 NA 2978 20% NA 60 43% 133 10 0% 10 0% 364
Russia 9 455 NA 9 455 1 0% NA 95 57% 271 7 5% 12 0% 691
Sub Total 14 008 14 008 186 482 1246
% of Region Total 85% 218 568 1 466
Latin America
Argentina 6016 NA 6016 10% NA 60 59% 179 50% 10 0% 305
Brazil 16 705 NA 16 705 10% NA 167 59% 496 7 5% 10 0% 932
Chile 1280 NA 1280 20% NA 26 65 8% 75 75% 10 0% 143
Colombia 972 NA 972 05% NA 5 56% 14 50% 75% 17
Mexico 7 055 NA 7 055 10% NA 71 58% 206 50% 10 0% 358
Venezuela 1713 NA 1713 05% NA 9 43% 19 5 0% 7 5% 31
Sub Total 33741 33741 337 989 1787
% of Region Total 90% 374 1098 1 985
US 03%EE ns 18% all ins 0 5% ee windows us
[_ToTAL | 1723 5574 |

Italics denotes estimates denved based on GDP ratios Three sizes 2% high 1% avg 05% low Growth based on recent construction growth+2 5% for EE
Long term HB estimate
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COGENERATION MARKET (equipment oniy) Conservative Growth Aggressive Growth
* * (TRACK GDP) (Hagler Bailly Forecast)
HB Estimates Est 1906 MKkt | Est 1096 Mkt | Est 1996 | Average | Est 2015 Average Annual Est 2015
1995 2000 2001 2004 1995 2000 2001 2004 Total Total Total Avg 95-00 Avg of 10-yr Total Annual Total Growth Total
Region/Country PURPA type | PURPA type Self Gen Self Gen PURPA Self Gen Both PURPA type Total Efficient Growth Efficient (1996 2005)} (2006 2015)| Efficient
(MW) (MwW) (MW) (MW) (MW) (MW) (MW) (M$ see note) (M$ see note) | ($ milkon) | (1996 2015) | ($ million) (see note) | (seenote) | ($ million)
Africa/Middle East
Algena 0 0 0 0 0 0 43/ 0 00/ 00/ 0
Egypt 0 0 0 0 0 0 429 0 004 004 0
Iran 0 0 0 0 0 0 459 0 004 004 0
Israel 205 325 75 100 530 175 705 17 35 17 51/ 44 804 4 0% 51
Kuwait 0 0 0 0 0 0 S54sn 0 oov 004 0
Morocco 0 0 0 0 0 0 52/ 0 00/ 004 0
Nigenia 0 0 0 0 0 0 434 0 00/ 00/ 0
Saudi Arabia o} 0 0 0 0 0 49Y 0 00/ 00A 0
South Afnca 0 0 0 0 0 0 54y 0 00/ 004 0
Turkey 50 160 250 300 210 550 760 4 38 4 58/ 12 2004 1004 56
UAE 0 0 0 0 0 0 58/ 0 00/ 004 0
Sub Total 255 485 325 400 740 725 1465 21 73 21 56 106
% of Region Total 80% 27 70 133
Asia
China 1275 975 700 1250 2250 1950 4200 106 210 106 744 412 80/ 404k 314
Hong Kong 0 0 0 0 0 0 67v 0 00/ 004A 0
India 350 260 805 450 610 1255 1865 29 93 29 62/ 91 100/ 50/ 112
indonesia 470 300 400 350 770 750 1520 39 76 39 70/ 142 80/ 404k 116
Malaysia 0 250 200 350 250 550 800 0 40 0 71/ 0 004 004 0
Pakistan 0 0 370 0 0 370 370 0 19 0 69/ 0 00/ 0 0% 0
Philippines 708 285 200 190 993 390 1383 59 69 59 67/ 202 204 104 78
Singapore 0 0 0 0 0 0 71/ 0 00/ 00k 0
South Korea 493 250 200 250 743 450 1193 41 60 41 714 151 40/ 204 71
Taiwan 500 525 0 0 1025 0 1025 42 51 42 70/ 151 20/ 104 55
Thalland 960 840 481 360 1800 841 2 641 80 132 80 72/ 300 604 304 182
Sub Totai 4756 3 685 3 356 3200 8 441 6 556 14997 396 750 396 1450 928
% of Region Total 95/ 47 1 526 977
Central/East Europe
Czech Repubiic 400 150 200 200 550 400 950 33 48 33 57/ 96 40/ 204 58
Hungary 200 150 0 0 350 0 350 17 18 17 43/ 37 10/ 0546 19
Poland 250 325 0 100 575 100 675 21 34 21 43/ 46 50/ 25k 41
Russia 250 500 250 325 750 575 1325 21 66 21 57/ 60 100/ 50/ 80
Sub Total 1100 1125 450 625 2225 1075 3 300 92 165 92 239 198
/ of Region Total 859 108 281 234
Latin America
Argentina 350 325 400 395 675 795 1470 29 74 29 59/ 87 100/ 504 112
Brazil 652 250 880 800 902 1680 2 582 54 129 54 59/ 161 100/ 504 209
Chile 0 100 200 100 100 300 400 0 20 0 58/ 0 00/ 004 0
Colombia 170 0 180 230 170 410 580 14 29 14 56/ 40 804 4 0% 42
Mexico 749 515 125 255 1264 380 1644 62 82 62 58/ 182 30/ 154 95
Venezuela 225 400 300 0 625 300 925 19 46 19 43/ 42 100/ 504 72
Sub Total 2146 1590 2085 1780 3736 3 865 7 601 179 380 179 512 529
% of Region Total 90 4 199 569 588
Us 100% us
[ TOTAL 750 2446 |
Market value based on $1 000/kW and 50 /% equipment
Growth rate for first window based on growth of total (self+PURPA) vs first penod PURFPA second window at 1/2 of first
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ENERGY EFFICIENT APPLIANCE MARKET Conservative Growth Aggressive Growth
(TRACK GDP) (Hagler Bailly Forecast)
Imports Average | Est 1996 Est Est Est 1996 | Average | Est 2015 Average Annual Est 2015
1993 Annual | Total Import | % Energy % Total Annual Total Growth Total
|Region/Country SITCs 775 Growth Market Efficient Imports | Efficient Growth Efficient Efficient
(% mithon) (1993 6) ($ million) ($ milion) | (1996 2015) | ($ million) (1996 2000)| (2001 2015)} ($ million)
Africa/Middle East
Algena 109 29% 119 20% 90 0% 3 4 3% 6 4 0% 4 0% 6
Egypt 32 4 5% 37 20% 90 0% 1 4 2% 2 10 0% 4 0% 2
Iran 106 32% 117 20% 90 0% 3 4 5% 6 50% 50% 7
Israel 153 57% 181 2 0% 90 0% 4 51% 10 50% 5 0% 10
Kuwait 80 9 3% 104 20% 90 0% 2 54% 6 50% 50% 6
Morocco 49 4 0% 55 20% 90 0% 1 52% 3 10 0% 5 0% 4
Nigena 73 29% 80 20% 90 0% 2 4 3% 4 4 0% 4 0% 4
Saud: Arabia 297 16% 311 20% 90 0% 7 4 9% 17 10 0% 50% 21
South Africa 132 28% 143 20% 90 0% 3 54% 9 50% 50% 8
Turkey 91 11% 94 20% 90 0% 2 58% 6 10 0% 6 0% 7
UAE 188 37% 210 2 0% 90 0% 5 5 8% 14 6 0% 6 0% 14
Sub Total 1310 1450 32 83 88
% of Region Total 80% 40 104 110
Asta
China 158 10 4% 213 30% 4 3% 148 7 4% 576 10 0% 7 0% 599
Hong Kong 1398 4 9% 1614 4 0% 95 0% 68 6 7% 233 10 0% 7 0% 274
India 539 6 3% 647 4 0% 90 0% 29 6 2% 90 10 0% 6 0% 101
Indonesia 32 71% 39 4 0% 7 2% 22 7 0% 79 7 0% 7 0% 79
Malaysia 84 84% 107 4 0% 95 0% 5 71% 17 7 0% 7 0% 16
Pakistan 78 50% 90 30% 90 0% 3 6 9% 11 7 0% 7 0% 11
Philippines 75 51% 87 4 0% 90 0% 4 67% 13 7 0% 7 0% 14
Singapore 246 8 4% 313 30% 95 0% 10 7 1% 36 10 0% 7 0% 40
South Korea 113 7 9% 142 4 0% 125% 45 71% 167 10 0% 7 0% 183
Tawan 315 6 6% 382 4 0% 70 0% 22 7 0% 79 10 0% 7 0% 88
Thailand 105 8 3% 133 10 0% 30 0% 44 7 2% 167 10 0% 7 0% 180
Sub Total 3143 3768 400 1468 1586
% of Region Total 95% 421 1545 1669
Central/East Europe
Czech Republic 99 36% 110 30% 60 0% 6 57% 16 10 0% 50% 17
Hungary 85 22% 91 30% 60 0% 5 4 3% 10 10 0% 50% 14
Poland 106 52% 123 30% 25 0% 15 4 3% 33 10 0% 50% 45
Russia - 114 5 0% 98 3 0% 80 0% 4 57% 11 7 0% 5 0% 10
Sub Total 404 422 29 69 86
% of Region Total 85% 34 82 101
Latin America
Argentina 133 4 2% 150 4 0% 20 0% 30 59% 89 7 5% 50% 84
Brazil 48 55% 56 4 0% 4 3% 52 59% 156 10 0% 50% 160
Chile 65 4 9% 75 50% 20 0% 19 58% 55 10 0% 50% 57
Colombia 28 51% 33 30% 25 0% 4 56% 11 5 0% 5 0% 10
Mexico 289 14% 301 50% 34 9% 43 58% 126 10 0% 5 0% 131
Venezuela 49 06% 48 5 0% 13 5% 18 4 3% 40 10 0% 5 0% 54
Sub Total 612 664 166 477 496
% of Region Total 90% 185 530 551
US-4% us -
[ToTAL 679 2250]
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ENERGY EFFICIENT BOILER MARKET Conservative Growth Aggressive Growth
(TRACK G‘LDP) (Hagler Bailly Foreca_st)
Imports Average Est 1996 Est Est Est 1996 Average Est 2015 Average Annual Est 2015
1993 Annual | Total Import | % Energy % Total Annual Total Growth Total
|Region/Country SITCs 7111 Growth Market Efficient Imports | Efficient Growth Efficient Efficient
{$ million) (1993 6) ($ mithon) ($ milion) | (1996 2015) | ($ million) (1996 2000)| (2001 2015)| ($ mithon)
Africa/Middie East
Algena 58 2 9% 63 10 0% 90 0% 7 4 3% 16 5 0% 50% 18
Egypt 3 45% 3 20 0% 70 0% 1 42% 2 25 0% 8 0% 8
iran 16 32% 18 10 0% 90 0% 2 45% 5 20 0% 8 0% 13
Israel 25 57% 30 20 0% 70 0% 8 51% 22 10 0% 50% 26
Kuwait 8 9 3% 10 10 0% 90 0% 1 54% 3 20 0% 10 0% 10
Morocco 76 4 0% 85 20 0% 60 0% 28 52% 75 50% 50% 72
Nigena 4 29% 4 10 0% 90 0% 0 4 3% 1 50% 50% 1
Saud: Arabia 12 16% 13 20 0% 60 0% 4 4 9% 10 10 0% 50% 13
South Africa 24 28% 26 10 0% 90 0% 3 54% 8 50% 50% 7
Turkey 10 11% 10 20 0% 50 0% 4 58% 12 10 0% 10 0% 25
UAE 16 3 7% 18 10 0% 80 0% 2 5 8% 7 20 0% 8 0% 15
Sub Total 252 281 62 160 207
% of Region Total 80% 77 200 259
Asia
China 91 10 4% 122 20 0% 25 0% 98 7 4% 380 10 0% 50% 298
Hong Kong 17 4 9% 20 20 0% 90 0% 4 67% 15 50% 50% 11
India 6 6 3% 7 25 0% 90 0% 2 6 2% 6 10 0% 7 0% 8
Indonesia 57 71% 70 25 0% 90 0% 19 7 0% 70 10 0% 7 0% 79
Malaysia 11 84% 14 25 0% 90 0% 4 71% 14 10 0% 7 0% 16
Pakistan 5 50% 6 20 0% 90 0% 1 6 9% 5 20 0% 7 0% 7
Philippines 5 51% 6 25 0% 90 0% 2 6 7% 6 10 0% 7 0% 7
Singapore 17 84% 22 25 0% 90 0% 6 71% 22 20 0% 7 0% 34
South Korea 41 7 9% 52 25 0% 90 0% 14 71% 53 15 0% 7 0% 69
Taiwan 29 6 6% 35 25 0% 90 0% 10 7 0% 35 20 0% 7 0% 56
Thailand 27 8 3% 34 25 0% 90 0% 10 7 2% 36 20 0% 7 0% 55
Sub Total 306 387 170 642 639
% of Region Total 95% 179 676 673
Central/East Europe
Czech Republic 14 36% 16 20 0% 10 0% 31 57% 89 10 0% 6 0% 109
Hungary 5 22% 5 20 0% 10 0% 11 4 3% 24 10 0% 50% 32
Poland 11 52% 13 20 0% 10 0% 26 4 3% 57 10 0% 50% 78
Russia 9 5 0% 8 20 0% 10 0% 15 5 7% 44 5 0% 6 0% 45
Sub Total 39 41 83 214 265
% of Region Total 85% 97 252 311
jLatin America
Argentina 12 4 2% 14 20 0% 90 0% 3 59% 9 20 0% 7 0% 17
Brazil 4 55% 5 20 0% 50 0% 2 59% 6 10 0% 70% 8
Chile 28 4 9% 32 25 0% 85 0% 10 58% 28 10 0% 7 0% 38
Colombia 3 51% 3 20 0% 90 0% 1 56% 2 50% 7 0% 3
Mexico 8 14% 8 25 0% 60 0% 3 5 8% 10 25 0% 7 0% 23
Venezuela 4 06% 4 20 0% 50 0% 2 4 3% 3 15 0% 7 0% 8
Sub Total 59 66 20 58 97
% of Region Total 90% 22 65 108
Us -~30% us -
| _TOTAL —_ _ _ |- s - T - 377 1192-] -—
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PROCESS CONTROLS MARKET Conservative Growth Aggressive Growth
{(TRACK GDP) (Hagler Bailly Forecast)
imports Average | Est 1996 Est Est Est 1996 | Average | Est 2015 Average Annual Est 2015
1993 Annual | Total import | % Energy % Total Annual Total Growth Total
Region/Country SITCs 874-8742 | Growth Market Efficient Imports | Efficient Growth Efficient Efficient
($ mithon) (1993 6) ($ milhon) ($ million) | (1996 2015) { ($ mitlion) (1996 2000)| (2001 2015)] ($ million)
Africa/Middle East
Algena 83 29% 90 50% 100 0% 5 4 3% 10 40% 4 0% 10
Egypt 72 4 5% 82 10 0% 100 0% 8 42% 18 10 0% 50% 25
Iran 273 32% 300 50% 100 0% 15 4 5% 35 10 0% 50% 46
Israel 171 57% 202 10 0% 90 0% 22 51% 58 10 0% 50% 68
Kuwait 31 93% 40 10 0% 100 0% 4 54% 11 10 0% 50% 12
Morocco 53 4 0% 60 10 0% 100 0% 6 52% 16 10 0% 50% 18
Nigena 69 2 9% 75 50% 100 0% 4 4 3% 8 10 0% 10 0% 23
Saudi Arabia 174 16% 182 10 0% 100 0% 18 4 9% 45 10 0% 50% 56
South Africa 228 2 8% 248 50% 100 0% 12 54% 34 10 0% 10 0% 76
Turkey 185 11% 191 10 0% 100 0% 19 58% 56 10 0% 10 0% 117
UAE _ 131 37% 146 5 0% 100 0% 7 5 8% 21 10 0% 5 0% 22
Sub Total 1470 1617 121 311 472
% of Region Total 80% 151 389 590
Asta
China 794 10 4% 1068 10 0% 50 0% 214 7 4% 830 7 0% 70% 773
Hong Kong 360 4 9% 416 10 0% 90 0% 46 6 7% 158 15 0% 50% 168
India 281 6 3% 338 15 0% 50 0% 101 6 2% 318 15 0% 50% 368
Indonesia 257 71% 316 35 0% 90 0% 123 7 0% 444 15 0% 50% 446
Malaysia 340 84% 433 10 0% 90 0% 48 71% 177 15 0% 50% 175
Pakistan 66 5 0% 76 10 0% 90 0% 8 6 9% 30 7 0% 7 0% 31
Philippines 108 51% 125 10 0% 90 0% 14 67% 48 10 0% 50% 42
Singapore 640 8 4% 815 10 0% 90 0% 91 71% 333 15 0% 50% 329
South Korea 1179 7 9% 1481 10 0% 90 0% 165 71% 606 10 0% 50% 501
Tawan 455 6 6% 551 10 0% 90 0% 61 7 0% 221 15 0% 50% 223
Thailand 174 8 3% 221 10 0% 90 0% 25 7 2% 92 10 0% 5 0% 75
Sub Total 4 654 5841 895 3257 3131
% of Region Total 95% 942 3429 3296
Central/East Europe
Czech Repubiic 198 36% 220 15 0% 50 0% 66 57% 189 10 0% 50% 201
Hungary 87 22% 93 15 0% 90 0% 15 4 3% 34 10 0% 50% 47
Poland 136 52% 158 15 0% 90 0% 26 4 3% 59 15 0% 50% 96
Russia 133 5 0% 114 30 0% 300% 114 57% 327 10 0% 5 0% 347
Sub Total 554 585 222 609 691
% of Region Total 85% 261 717 813
Latin America
Argentina 96 4 2% 109 10 0% 90 0% 12 5 9% 36 15 0% 50% 44
Brazil 290 55% 341 15 0% 25 0% 204 59% 607 10 0% 50% 622
Chile 72 4 9% 83 20 0% 15 0% 111 58% 323 15 0% 50% 403
Colombia 74 51% 86 10 0% 90 0% 10 56% 27 10 0% 5 0% 29
Mexico 477 14% 497 25 0% 90 0% 138 58% 403 10 0% 50% 420
Venezuela _ 120 0 6% 118 20 0% 90 0% 26 4 3% 58 10 0% 5 0% 80
Sub Total 1129 1233 501 1455 1598
% of Region Totall 90% 557 1617 1775
Us - ~-8% us-
TOTAL [ 1912 6152
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ENERGY EFFICIENT MOTOR MARKET

Conservative Growth

Aggressive Growth

(TRACK GDP) (Hagler Bailly Forecast)
Imports Average Est 1996 Est Est Est 1996 Average Est 2015 Average Annual Est 2015
1993 Annual | Total Import | % Energy % Total Annual Total Growth Total
Region/Country SITCs 71621 Growth Market Efficient Imports | Efficient Growth Efficient Efficient
($ million) (1993 6) ($ mitlion) ($ miliion) | (1996 2015) | ($ miflion) (1996 2000)[(2001 2015)| ($ million)
Africa/Middle East
Algena 14 29% 15 10 0% 95 0% 2 4 3% 4 50% 5 0% 4
Egypt 28 45% 32 10 0% 95 0% 3 42% 7 20 0% 15 0% 57
Iran 63 32% 69 10 0% 95 0% 7 45% 17 20 0% 15 0% 123
Israel 27 57% 32 10 0% 95 0% 3 51% 9 15 0% 15 0% 48
Kuwait 6 9 3% 8 10 0% 95 0% 1 54% 2 20 0% 15 0% 14
Morocco 9 4 0% 10 10 0% 95 0% 1 52% 3 20 0% 15 0% 18
Nigena 9 29% 10 10 0% 95 0% 1 43% 2 10 0% 10 0% 6
Saudt Arabia 39 16% 141 10 0% 95 0% 4 49% 1 20 0% 15 0% 73
South Afnca 25 28% 27 10 0% 95 0% 3 54% 8 10 0% 10 0% 17
Turkey 34 11% 35 10 0% 95 0% 4 58% 11 25 0% 15 0% 73
UAE 14 37% 16 10 0% 70 0% 2 58% 7 10 0% 10 0% 14
Sub Total 268 295 32 79 447
% of Region Total 80% 40 99 559
Asia
China 84 10 4% 113 10 0% 10 0% 113 7 4% 439 10 0% 10 0% 691
Hong Kong 220 4 9% 254 10 0% 90 0% 28 67% 97 20 0% 15 0% 476
India 17 6 3% 20 10 0% 30 0% 7 6 2% 21 10 0% 15 0% 81
Indonesta 45 71% 55 10 0% 10 0% 55 7 0% 200 15 0% 15 0% 787
Malaysia 127 84% 162 10 0% 90 0% 18 71% 66 20 0% 15 0% 303
Pakistan 37 5 0% 43 10 0% 90 0% 5 6 9% 17 50% 10 0% 24
Phulippines 14 51% 16 10 0% 20 0% 8 67% 28 10 0% 15 0% 97
Singapore 513 84% 653 10 0% 90 0% 73 71% 267 15 0% 15 0% 1033
South Korea 159 7 9% 200 10 0% 10 0% 200 71% 735 10 0% 15 0% 2380
Tawan 154 6 6% 187 10 0% 60 0% 31 7 0% 112 10 0% 15 0% 370
Thailand 107 8 3% 136 10 0% 40 0% 34 7 2% 127 10 0% 15 0% 405
Sub Total 1477 1839 572 2110 6 648
% of Region Total 95% 602 2 221 6 997
Central/East Europe
Czech Republic 19 36% 21 10 0% 25 0% 8 57% 24 50% 10 0% 43
Hungary 23 22% 25 10 0% 25 0% 10 43% 22 10 0% 15 0% 117
Poland 13 52% 15 10 0% 25 0% 6 43% 13 15 0% 15 0% 86
Russia 135 5 0% 116 10 0% 25 0% 46 5 7% 133 10 0% 15 0% 552
Sub Total 190 177 il 192 798
% of Region Total 85% 83 226 938
Latin America
Argentina 18 42% 20 10 0% 66 0% 3 59% 9 20 0% 15 0% 52
Brazit 49 55% 58 10 0% 50 0% 12 59% 34 10 0% 10 0% 70
Chile 27 4 9% 31 40 0% 90 0% 14 5 8% 40 15 0% 15 0% 197
Colombia 13 51% 15 15 0% 66 0% 3 56% 10 10 0% 10 0% 21
Mexico 85 14% 89 25 0% 66 0% 34 58% 98 20 0% 15 0% 566
Venezuela - 36 0 6% 35 25 0% 66 0% 13 4 3% 30 50% 10 0% 68
Sub Total 228 248 79 221 975
% of Region Total 90% 88 246 1083
L US - ~30% over 1 hp, ~10% all us -
TOTAL { 812 _ . 2793]
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ENERGY EFFICIENT AUuJS1ABLE SPLED DRIVES MARKET [ Lonservative urow 1 | Aggressive Growth
_ _ (TRACK GDP {Hagler Bailly Foracast)
Average Est 1996 Est Est Est 1996 Average Est 2015 Average Annual Est 2015
1995 Annual | Total Import | % Energy % Total Annual Total Growth Total
Region/Country Growth Market Efficient Imports Efficient Growth Efficient Efficient
($ milion) (1993 6) ($ million) ($ milion) | (1996 2015) | ($ milhon) (1996 2000)] (2001 2015)| ($ million)
Africa/Middle East 15 34% 16 47% 37 15% 15% 224
Algeria 0 1
Egypt 1 24
iran 5 81
Israel 1 20
Kuwait 0 7
Morocco 0 5
Nigera 0 3
Saudi Arabia 2 27
South Africa 1 7
Turkey 2 42
UAE _ 1 7
Sub Total 0 0 16 0 224
% of Region Total 80% 16 37 224
Asia 120 8 0% 130 6 3% 414 17 5% 15% 2,010
China 36 301
Hong Kong 10 233
India 2 27
Indonesia 11 212
Malaysia 4 99
Pakistan 1 7
Philippines 2 25
Singapore 20 387
South Korea 33 532
Tawan 7 113
Thailand 5 75
Sub Total 0 0 130 0 2010
% of Region Total 95% 130 414 2,010
Central/East Europe 60 4 7% 63 4 9% 156 15% 20 0% 1693
Czech Republic 11 140
Hungary 9 269
Poland 7 259
Russia 35 1024
Sub Total 0 0 63 0 1693
% of Region Total 85% 63 156 1 693
Latin America 25 4 0% 26 57% 75 17 5% 15 0% 403
Argentina 1 20
Brazil 3 20
Chile 3 51
Colombia 1 7
Mexico 15 288
Venezuela 3 18
Sub Total 0 0 26 0 403
% of Region Total 90% 26 75 403
Us 100% us
[_TovAL [ 234 681 ]
S g Note No individual country data obtained Regional estimates only Page 21



ENERGY EFFICIENT LIGHTING MARKET Conservative Growth Aggressive Growth
(TRACK GDP) (Hagler Bailly ForecasLt)
Imports Average Est 1996 Est Est Est 1996 Average Est 2015 Average Annual Est 2015
1993 Annual | Total Import | % Energy Y% Total Annual Total Growth Total
|Region/Country SITCs 7782+8124 | Growth Market Efficient Imports | Efficient Growth Efficient Efficient
($ million) (1993 6) ($ mithon) ($ million) | (1996 2015) | ($ million) (1996 2000)| (2001 2015)| ($ mitlion)
Africa/Middle East
Algena 23 29% 25 50% 75 0% 2 43% 4 4 0% 10 0% 8
Egypt 31 45% 35 10 0% 75 0% 5 42% 10 10 0% 10 0% 29
Iran 33 32% 36 50% 75 0% 2 45% 6 50% 15 0% 24
Israel 35 57% 4 10 0% 75 0% 6 51% 14 15 0% 10 0% 40
Kuwait 32 9 3% 42 50% 75 0% 3 54% 8 10 0% 15 0% 33
Morocco 18 4 0% 20 50% 75 0% 1 52% 4 10 0% 15 0% 16
Nigena 23 2 9% 25 50% 75 0% 2 4 3% 4 10 0% 15 0% 20
Saudi Arabia 152 16% 159 50% 75 0% 1 4 9% 26 10 0% 15 0% 127
South Africa 51 28% 55 50% 75 0% 4 54% 10 10 0% 15 0% 44
Turkey 45 11% 47 50% 75 0% 3 58% 9 25 0% 15 0% 62
UAE 85 3 7% 95 5 0% 75 0% 6 5 8% 18 15 0% 15 0% 90
Sub Total 528 581 44 113 492
% of Region Total 80% 55 141 616
Asia
China 95 10 4% 128 15 0% 25 0% 77 7 4% 298 30 0% 15 0% 1782
Hong Kong 633 4 9% 731 25 0% 90 0% 203 6 7% 696 30 0% 15 0% 4717
India 31 6 3% 37 35 0% 10 0% 130 6 2% 409 10 0% 10 0% 797
Indonesia 30 7 1% 37 20 0% 50 0% 15 70% 53 15 0% 15 0% 210
Malaysia 56 84% 7 20 0% 50 0% 29 71% 105 15 0% 15 0% 406
Pakistan 33 50% 38 15 0% 50 0% 1 6 9% 11 25 0% 15 0% 228
Philippines 21 51% 24 20 0% 50 0% 10 6 7% 33 25 0% 15 0% 194
Singapore 162 84% 206 20 0% 50 0% 83 71% 304 20 0% 15 0% 1393
South Korea 89 7 9% 112 20 0% 50 0% 45 71% 165 7 0% 70% 162
Taiwan 138 6 6% 167 20 0% 50 0% 67 7 0% 242 25 0% 15 0% 1328
Thailand 57 8 3% 72 20 0% 50 0% 29 7 2% 109 15 0% 10 0% 212
Sub Total 1345 1624 698 2454 11428
% of Region Total 95% 734 2583 12 030
GCentral/East Europe
Czech Republic 34 36% 38 15 0% 10 0% 57 57% 163 10 0% 15 0% 676
Hungary 30 22% 32 15 0% 10 0% 48 4 3% 107 25 0% 15 0% 954
Poland 32 52% 37 15 0% 10 0% 56 4 3% 124 25 0% 15 0% 1110
Russia _ 79 5 0% 68 15 0% 10 0% 102 57% 23 10 0% 15 0% 1210
Sub Total 175 175 262 685 3950
% of Regton Total 85% 309 806 4 648
JLatin America
Argentina 44 42% 50 15 0% 50 0% 15 59% 44 25 0% 15 0% 297
Brazil 48 55% 56 15 0% 25 0% 34 59% 101 20 0% 15 0% 571
Chile 23 4 9% 27 20 0% 50 0% 1 58% 31 20 0% 15 0% 179
Colombia 15 51% 17 10 0% 50 0% 3 56% 10 10 0% 15 0% 41
Mexico 153 14% 160 20 0% 90 0% 35 58% 103 25 0% 15 0% 704
Venezuela 30 0 6% 29 10 0% 50 0% 6 4 3% 13 25 0% 15 0% 117
Sub Total 313 339 104 302 1909
% of Region Total 90% 116 336 2121
US -14 18% Us -
[ - TOTAL -—- - = — - - - - - - - - 1213 - - - -3865]-
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Bl  BuiLDING CONTROLS AND HVAC

Building controls, also referred to as energy management systems, manage a building s energy-related
systems to obtain the most economical and effective comfort levels Comfort levels are a function of
temperature, humidity fresh air, ighting and security Managing a building’s energy consumption for
optimal comfort requires understanding how the building consumes energy how the occupants’ needs are
met, how the varous energy conservation units and components interrelate and how the external
environment affects the building

Building controls can be generally broken down 1nto two categories timers and controls The major
difference between timers and controls 1s that timers rely on predetermined functions and do not maintain a
feedback loop to monitor conditions Controls, on the other hand measure existing conditions compared to
preset values and make adjustments accordingly

> Types of timers include mechanical electromechanical, and electronic, the latter two are most
commonly used Timers are simpler to install, operate and maintain and are cheaper than controls
They are also inflexible, however, timers cannot react to changing environments Timers,
therefore, have limited applications The most important of these are the switching of HVAC
lights, electric motors and electric heaters

> Controls are used for more complex tasks, such as maintaining a constant temperature
(thermostats), adjusting lights based on 1llumination levels (photocells) and occupancy levels
(occupancy sensors), and controlling energy flows throughout an entire building (direct digital
controls and energy management systems)

The most popular building automation systems are direct digital control (DDC) systems DDC systems use
microprocessors that perform control logic functions Sensor data such as space temperature 1s digitally
processed to calculate control commands that act directly on devices such as relays, valves, and dampers
The feedback 1s through erther digital inputs (two-stage on/off) or analog inputs (variable value measured
as a voltage or current signal) The advantages of DDC systems include reduced energy and maintenance
costs 1mproved comfort levels and the ability to manage a system from one or more locations

MARKET DEMAND

Building controls The market for building control systems 1n 1996 was an estimated $572 million the
third smallest technology market segment 1n the overall energy efficiency market The building controls
market 1s projected to grow at a relatively rapid rate of 15 4% over the next two decades, under the
aggressive growth scenario defined 1n the main body of this report At that rate, the market size will be an
estimated $8 7 billion 1n 2015 Under the conservative growth scenario the building controls market 1s
projected to grow no faster than GDP, and reach an estimated $1 7 billion 1n 2015
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Figure B-1
The most promising markets - N - - -
for building controls exist Building Controls Market
pnmarly 1n Asia, though the
Eastern European market

shows high potential 1n the 5 § Billon
coming years Markets 1n
developing countries are 4
currently limited by the need
for specialized engineening 3
design work and building

2

managers who have up-front
experience with building
control systems A building
manager with little

expernience in building Latin Amernica  Eastern Europe Asia Africa/Mid East

control systems 1s unlikely to D19gs B2015

gain the full energy-saving

potential of the system

Likewise, engineers who are unaware of the benefits of the systems are unlikely to specify efficient
building controls 1n their building designs

HVAC The Air-Conditioning and Refrigeration Institute estimates that the global market (including
industnalized countries) for air-conditioning and refrnigeration equipment 1n 1996 was approximately $40-
45 billion The markets 1n developed countries are mature, thus most growth 1s likely to occur 1n
developing countries Import statistics already show high sales of HVAC equipment 1n many developing
countries South Korea imported nearly $1 billion worth of HVAC equipment 1n 1993 Saudi Arabia Iran
Russia, Mexico and China each imported several hundred million dollars worth of HVAC equipment in
the same year In most developing countnes, imports make up 60-90% of the total market Therefore,
import statistics give a fairly accurate picture of the total market size for HVAC equipment

Nonetheless, the portion of the market that 1s energy-efficient remains small The 1996 energy-efficient
HVAC equipment market 1n developing countries was approximately $1 2 billion Energy-efficient HVAC
equipment markets, though currently larger than markets for building controls, will expenience only
moderate growth 1n the future The projected growth rate for the energy-efficient HV AC equipment market
1s approximately 7 3%, even under the aggressive growth scenario Under the conservative growth
scenario, the projected growth rate 1s 6 6%
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Figure B-2

HVAC Equipment Market

The major manufacturers of

4 building controls and HVAC
systems are Carrier, Honeywell,
Johnson Controls, Landis & Gyr,
McQuay International, Siebe

Environmental Controls, and
ABB

$ Bilion

Controls manufacturers typically
market their products to
architects, developers, building
managers, owners consulting
engineers, contractors,

1996 E12015 distributors, utiliies HVAC
manufacturers and other OEMs

Latin Amenca Asia
Eastem Europe Af nca/Middie East

Honeywell Home and Building Control claims to be the undisputed worldwide leader” in providing
comfort and convenience to customers through the provision of environmental controls Honeywell Home
and Building Control’s products are found in more than 100 million residences and more than 5 million
commercial buildings worldwide Honeywell makes one-third of the automatic control systems 1n the
world Approximately 85% of sales are 1n existing building upgrades

The Switzerland-based Landis & Gyr 1s over 100 years old and 1s a leading supplier of mobile phones and
other telecommunications products electronic management systems for buildings, and power meters for
industrial use Its Building Control Division offers solutions for environmental management of residential
and commercial premises This 1s the largest of Landis & Gyr’s three groups (the two others are Energy
Management and Communications)

Siebe Environmental Controls (Loves Park IL) part of the British group Siebe plc, 1s a leader in the
HVAC industry and carnes one of the largest selections of building controls 1n the world It has a
complete line of temperature control products and, with the acquisitions of Barber-Colman Environmental
Controls and Robertshaw Control Systems, Siebe has over 200 years of combined experience 1n providing
temperature and other environmental controls Siebe’s customer base includes Whirlpool, General
Electric, Carrier, and Maytag

Siebe’s international group 1s dedicated to providing full heating, ventilating, and air conditioning systems
capabilities on a worldwide basis Regional support centers in Europe, Asia, Latin America, Middle East,
Oceania, and the United Kingdom work 1n conjunction with independent, local field offices to provide
single source solutions for selection, engineering, nstallation, and administration of energy management
systems Siebe has a global network of over 500 sales offices to ensure worldwide availability
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Africa  Honeywell Europe has acquired ESS, a South African company specializing 1n energy and
management control systems for commercial bmldings (Jan 1995)

Asia

> China Honeywell has been doing business i China since 1979 In 1993, Honeywell formed a
wholly-owned foreign enterprise 1n China, to provide sales, engineering, and service in
Honeywell’s Industnal Control and Home and Building Control businesses through four offices 1n
China More recently (February 1995), Honeywell announced plans to buld 1ts first
manufacturing plant in China—a Home and Building Control factory—in Tianjin The plant was
expected to begin producing heating controls for apartment and commercial buildings (thermostats
and valves) 1n late 1996

> Taiwan The Taiwan Mimstry of Economic Affairs signed a letter of intent with Landis & Gyr to
form a strategic business alhance 1n a move to help the firm cultivate the Taiwan market and
develop the country 1nto a regional business hub to expand sales and services to the Asia-Pacific
market (Oct 1995) In another joint venture with Fortune, Landis & Gyr acquired the Taiwanese
company Powlier Energy Technology The venture produces building highting systems (Oct
1995)

Eastern Europe

> Poland Landis & Gyr Polska opened 1n 1993, offering a broad range of energy management
systems, from homes to entire municipal districts L&G Polska also took over a national network
of 40 distributors, previously controlled by the Polish division of Austria’s LG Gesellschaft L&G
Polska now also cooperates with the Krajowa Agencja Poszanowania Energn SA (energy
conservation agency, as of July 1995)

> Russia Honeywell has had an office in St Petersburg since 1992 It has provided environmental
control systems to Russia’s State Hermitage Museum, the Kremlin Palace of Congress, and the
Moscow World Trade Center

Latin America

. Brazil Johnson Controls has been operating 1n Brazil for ten years and has 180 employees
throughout the country
. Chile Honeywell and Lutron have been providing lighting controls 1in Chile for some time

Johnson controls entered the market 1n 1996 Johnson Controls and Honeywell are interested 1n
broadening their focus to include overall building energy management systems rather than just
lighting systems

» Mexico The largest market in Mexico 1s in the new commercial sector The retrofit market 1s
currently extremely small Honeywell established a plant in Tijuana 1n 1985 to assemble heating
and air conditioning controls for the residential sector
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MARKET OPPORTUNITIES

In general, market growth of building controls and HVAC systems parallels construction activity Section
2 of the main body of this report contains a discussion of construction market trends and the current boom
taking place pnimarily in Asia Efficient HVAC equipment markets are likely to benefit from this trend, as
new construction and building requires the 1nstallation of these products and local engineers and architects
become aware of their benefits The same 1s true for building controls though because of their relative
complexity, growth 1s likely to be less strong The traditional growth for building controls has been more
1n the retrofit market, a trend which will continue mostly in Eastern Europe and Russia  Energy-efficient
air conditioning equipment 1s likely to enjoy some success 1n the retrofit market as well, as CBC-producing
units are slowly replaced with CBC-free systems, which are also typically more efficient

B2 BUILDING ENVELOPE

Energy conservation 1n buildings 1s achieved 1n part through optimal design of the building envelope A
building envelope defines the building’s heating cooling and lighting loads There are two important
measures used to control these loads windows and 1nsulation

Windows Windows can be a major source of heat loss 1n the winter and heat gain 1n the summer, and thus
present significant opportunities to improve the energy efficiency levels of a building The energy
performance of a window typically 1s measured 1n terms of 1ts R-value “R stands for resistance to heat
flow If a window’s R-value 1s high, less heat will be lost than through a window a lower R-value Window
R-values range from 0 9 to 3 0 Different combinations of frame style, frame material and glazing can lead
to different levels of energy efficiency

Insulation Bulding 1nsulation resists the flow of heat By reducing heat flow through proper levels of
nsulation, less energy 1s needed to maintain a constant temperature nside a building Insulation 1s also
useful for controlling sound and moisture levels The comfort level of a bullding 1s improved with
nsulation 1n several ways reduced drafts, warmer floors, and uniform temperatures Fiberglass insulation
1s also 1dentified and labeled by R-value The higher the R-value, the greater the insulating power It 1s
important to note that it 1s the R-value of nstalled nsulation that 1s important, rather than the R-value per
inch of a fiberglass product This 1s true for two reasons First loose-fill insulation can be nstalled to any
R-value, thereby achieving the desired level of energy efficiency Second, batts of msulation can be layered
to achieve a higher installed R-value

THE ENERGY EFFICIENCY MARKET IN DEVELOPING COUNTRIES TRENDS AND POLICY IMPLICATIONS

e S bt tsmeiian

o g ettt i e e



MARKET DEMAND Figure B-3
Market Size Building Envelope Market
The market for building

envelope technologies 1n $ Billion

1996 was an estimated $1 7

billion, accounting for 18%

of the total energy efficiency 3
market Assuming a rate of

growth of 8 3% under the
aggressive growth scenaro,

the building envelope market

1s expected to total $7 8 1
billion by 2015 Even under
the conservative growth L5
scenario, based on a growth Latn Amernca  Eastern Europe
rate that tracks GDP, the
market 1s likely to total $5 6
billion

Africa/Mid East

The building envelope market 1n Asia 1s the largest, reflecting the large construction markets that exist in
many Asian countries Figure B-3 presents both recent and future market estimates by region Although
Asia dominates 1n terms of absolute size, Eastern Europe will experience the fastest growth at an average
of 13 5% per year In terms of single-country markets, The size of the Brazilian market 1s similar to that of
several of the larger Asian country markets including China India and Indonesia In 2015, under the

aggressive growth scenario, the top four country markets will be South Korea ($940 million), Brazil ($930

million), China ($720 million), and Russia ($690 million)

The building envelope market, like the HVAC equipment and building controls markets, 1s highly
dependent on trends 1n the construction market Presently, the construction sector 1s struggling to keep up
with the pace of population and commercial growth, and the demand for business office space hotels
shopping centers, hospitals and schools throughout the developing world Thus, the outlook for building
envelope technologies 1s quite positive

Nonetheless there 1s a very low penetration rate in general in developing countries for energy-efficient
building envelope technologies Even in the US where insulation enjoys widespread use, the percentage
of insulation defined as energy-efficient makes up a mere 0 3% of the total construction market while
energy-efficient windows are only 0 5% The estimates of market penetration assumed for this report fall
mnto three ranges low (0 5% of the market 15 energy-efficient) average (1 0%) and high (2 0%)
Penetration 1s estimated to be highest in Eastern Europe on average, and lowest in Africa

The market for energy-efficient windows 1s relatively nascent in developing countries The majority of
windows sold are made of aluminum and are generally single-glazed Reflective glass 1s the one efficient

window type that 1s frequently used 1n commercial construction, though this 1s probably due more to
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aesthetic appeal than to recogmtion of its thermal qualities The majority of demand for energy-efficient
windows exists 1n Asia and Latin America

Market Segmentation

The building envelope market can be segmented by residential housing commercial (and public)
buildings and industnal facilities The discussion below emphasizes the residential and commercial
segments, which represent the largest potential markets 1n developing countries for the period 1997
through 2015

Commercial The commercial segment offers the greatest potential for sales of both insulation and
windows There are several reasons for this First, as was mentioned previously, commercial construction
1s booming 1n many developing countries, assuring a minimum level of demand for building envelope
technologies Second commercial construction practices 1n the developing world generally are similar to
construction practices 1n developed countries This may be partly as a result of the increase 1n international
mnvestors and multinational corporation sponsorship of projects in developing countries Commercial
builders for these projects increasingly demand high-qualhity matenals and equipment As a result,
international insulation manufacturers typically target large new commercial and institutional construction
projects 1n developing countries Third, the commercial sector 1s a more concentrated market niche than
the smaller and more widely-dispersed housing market

Resudential There 1s an emerging mid-scale housing market, especially in Asia and Eastern Europe
However, current consumption of insulation and windows by the residential sector 1s imited The
additional cost of installing insulation, coupled with the general lack of awareness of the cooling benefits
of insulation, contribute to the low penetration rates of insulation in developing countries Many homes 1n
Latin America for example, are cooled by fans or by the opening of windows In addition, insulation batts
made for the western-style, stick-frame home common 1n developed countries are not suitable for housing
units found 1n Latin America, Asia, and Eastern Europe In those regions, housing umts are commonly
constructed of concrete, block, and brick Finally, residential demand for wood windows, a particularly
efficient type of window, comes from only the top 5% of all households worldwide, according to industry
experts

COMPETITIVE ASSESSMENT

Window market The global window market 1s characterized by multiple manufacturers of a vanety of
frame types Competition for sales 1s both among manufacturers of the same window type and among
different window types that can fulfill the same application Aluminum window makers presently dominate
the markets 1n developing countries One of the larger companies 1s the Kawneer Company which does
business 1n 95 countries around the globe

Manufacturers of energy-efficient wood windows inclade Marvin, Andersen, Pella, Weather Shield, Pozzi

and Hurd Marvin and Andersen probably account for two-thirds of U S manufacturers’ international
wood window sales Marvin Windows exports 1ts products to Latin America, Asia, Eastern Europe, and
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the Middle East However, only 5 to 10% of its business 1s mternational, and Japan and Canada account
for two-thirds of those sales A similar percentage of Andersen’s sales are international, and they too are
predominantly selling 1n Canada and Japan (the only developing country Andersen 1s active 1n 1s Mexico)
A handful of glazed wood window manufacturers are scattered throughout the developing world, but their
products tend to be inferior 1n quality

There 1s very limited manufacturing of energy-efficient windows 1n developing countnes, primarly
because demand 1s imited The greatest demand 1n developing countnes exists for aluminum windows,
and not wood First-cost 1s an important factor in the decision-making process of developing country
customers This creates a barner for glazed wood windows given their higher prices compared to their
aluminum competition In fact, the only windows that are generally more expensive than wood windows
are vinyl windows, and these are not present in these markets due to cost and the bias discussed above

In the market for wood windows, Pella’s strongest developing world business 1s in Latin Amenica Pella
products can be found 1n almost every country 1n the region The Philippines has also provided a stable
market for the company While windows are sold to other countnies 1n the world, these are mostly on a
project-by-project basis

Marvin fabricates all of its products in the United States, and only after orders have been placed with the
company Since there are few manufacturing sites in developing countries, most demand 1s met through
mmports Window manufacturers rely heavily on local distnibutors and dealers, which tend to have strong
connections to the building mdustry

Wood windows are typically shipped with the glass panes already installed This ensures the product’s
ultmate performance and results 1n levels of quality matching wood windows sold 1n developed countnes
Aluminum windows however, are shipped without any glass The major implication of this 1s that uneven
levels of energy efficiency are achieved given the unpredictable, but generally lower quality of the mstalled
final product This problem 1s exacerbated by the fact that low-emussivity glass 1s rarely manufactured n
the developing world and that locally sourced glass 1s of inferior quality, though Korea has made some
progress 1n this area Windows are also commonly shipped as part of prefabricated buildings One of the
larger wood window manufacturers reported that close to one-third of its international sales were made up
of windows integrated into prefabricated buildings

Insulation market The global fiberglass msulation market 1s a virtual oligopoly dominated by the two
firms Owens-Corning and Saint-Gobain A third major manufacturer Schuller International, has yet to
play a significant role in developing country markets Although market shares are difficult to determine
Owens-Corning may account for as much as half the market In addition to these three firms there are also
a number of local participants 1n the 1nsulation industry For example fiberglass manufacturers (typically
using licensed technology) exist in South Africa, Australia, India, Japan, Korea Philippines, New Zealand,
Taiwan, Thailand, Turkey, Argentina, Brazil, Colombia, and Venezuela

Since transport of bulky insulation products 1s expensive local manufactuning facilities are necessary to
building a local presence As a result, Owens-Corning has 80 manufacturing facilities worldwide The

THE ENERGY EFFICIENCY MARKET IN DEVELOPING COUNTRIES TRENDS AND POLICY IMPLICATIONS




B-10

company also enters new markets through subsidiaries, joint ventures, and hicensing agreements Saint-
Gobain 1s present in Africa, the Americas, Asia, and Eastern Europe

Simuilar to the window industry, distribution of building insulation 1s done primanly through distributors
that supply the construction industry Building contractors, property owners and managers are also an
important link 1n the distibution chain Specialty insulation firms whose products are used for 1items such
as refnigerators and air-conditioners sell mostly to OEMs through an agent

Energy efficiency 1s a critical component of marketing and distribution of isulation products For
example, Owens-Corning strives to educate potential users of the thermal benefits of 1ts products through a
process it calls “seeding” the market To begin with, the company recruits local engineers for tratning 1n
the US Once the local engineers understand the thermal benefits of insulation, they are better able to
persuade specification engineers and architects in their own country to use Owens-Corning materials In
addition, product and third-party literature 1s circulated to local stakeholders such as energy ministers,
architects, engineers, and builders to convince them of the benefits of Owens-Corning’s thermal products
The company sees the use of NAIMA and other third party literature as cnitical because of the objectivity 1t
brings to the argument

MARKET OPPORTUNITIES AND BARRIERS

Opportunities

Manufacturers first target the commercual sector where demand 1s concentrated and more eastly

tapped Window and insulation manufacturers have imitially targeted the commercial sector where there are
fewer barriers to market entry, as discussed 1in more detail above Cost 1s less of a barrier in commercial
projects since one project can generate sigmficant demand for a single product, reducing the unit costs

Consumers are increasingly attentive to product quality, creating more opportunities for high qualty
energy-efficient products Previous experience with poor quality products, particularly windows, and the
frequency of repairs associated with them 1s drniving sales of high-quality windows and insulation
Consumers are gradually gaining an understanding of the concept of life-cycle costs

Non-energy related factors are vmnial market drivers in many developing countries Noise and dust
infiltration are critical factors 1n the deciston to purchase windows Noise levels in many of the larger cities
in Latin America and Asia are quite high Wood window manufacturers report that noise reduction 1s one
of the leading drivers for 1ts products Better seals and multiple-pane windows can reduce external noise
Prevention of dust infiltration 1s also a strongly desirable characteristic in windows 1n Latin America and
Asia Poor-quality seals allow significant air and dust infiltration through the frame Thus 1s particularly
noticeable 1n many regions that rely on coal as an energy source

The use of building energy codes is increasing as countries recognize the need for energy conservation
Many countries are adopting building energy codes to improve building efficiency Countries with
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mandatory codes for some or all building types (1 ¢ residential, commercial) include Israel, Kuwart,
Hungary, Czech Republic, Chile, China, South Korea, Philippines, Thailand, South Africa, and Saudi
Arabia There are essentially no standards that apply specifically to windows 1n the developing world
Thailand, however, 1s considering the introduction of a window standard 1n the future Marvin Windows
has worked with the Korean and Japanese governments 1n efforts to develop window standards

Barriers

There 1s low awareness of the beneficial qualities of building envelope technologies Awareness of the
benefits of building envelope technologies 1s low 1n developing countries There 1s little understanding that
mnsulation can keep buildings cool, contributing to a low penetration rate in warmer climates There 1s also
a misconception concerning the product appearance nsulation produced by developing countries using
older technology means that the product must be quite thick to achieve the same R-value as advanced
products from developed countries Therefore, the thinner, higher efficiency products suffer from the
misconception that they are somehow “thinner’ and therefore less effective Certain types of windows also
are hindered by misconceptions Many vinyl windows are state-of-the-art technology, but in Latin America
the general view of plastic products 1s that they are of lesser quality As a result, consumers are often
biased against more sophisticated materials based solely on their physical appearance

B.3 COGENERATION

Cogeneration 1s the sequential production of electrical or mechanical power and process heat from the
same primary fossil fuel Depending on the market sectors 1n which cogeneration 1s used, 1t may be termed
m-plant power generation, dual energy use, water (or reject) heat utihzation, district heating (only with
electricity generation), and total energy (or integrated energy/utility)

Cogeneration basically means that waste heat from the production of electricity or mechanical power 1s
utilized within the plant where there 1s a demand for a low temperature heat source The low temperature
heat source may be exhaust from an internal combustion engine, a gas turbine power plant, or low pressure
steam from a steam turbine

The fuel required for simultaneously producing power and process heat 1n an integrated (cogeneration)
system 1s less than the sum of the fuels required to operate two systems at the same site producing power
and process heat separately

Facilities requining heat and electricity that are in operation for most of the day and night are excellent
candidates for cogeneration systems In many developing nations where wrregular voltages brownouts
and blackouts are commong 1nstead of installing a standby generator 1t may make more economic sense
for an 1industry that uses electricity and process steam to consider a cogeneration system The cogeneration
plant will generate electricity to meet the plant s electricity demand and process steam, and may sell the
excess electricity produced to the national gnd, bringing 1n revenues to the industry This assumes that
there are laws 1n place to encourage private power production 1n the country
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MARKET DEMAND

The market for cogeneration equipment in developing countries in 1996 was an estimated at $750 million
Growth over the next two demands 1s expected to be slow to moderate except 1n specific countries The
cogeneration market 1s expected to be virtually non-existent in Africa and the Middle East (mainly due to
chimate considerations) Under the agressive growth scenario, the fastest growth in cogeneration will be 1n
Turkey, followed by India, Russia, Argentina, Brazil, and Venezuela The largest absolute markets in
1996 existed in China, Thailand and Brazil This will continue to be the case 1n 20135, according to the
aggressive growth scenario The total size of the market 1s expected to reach $1,931 mullion by 2015, with
Asia comprising the largest regional segment at $977 milhon The Latin American market will also be
important, at an estimated value of $588 million 1n 2015

MARKET OPPORTUNITIES AND BARRIERS

Cogeneration has a wide variety of industrial, commercual, and residential applications Possible
candidate facilities for installing cogeneration systems include the following computer centers, convention
centers, hospitals, hotels laundries, chemical industnies, refrigeration plants, high nse office buildings
high nise apartment complexes shopping centers, o1l refineries and electric power plants

Accelerating demand for electricity increases the ikelthood of brownouts and blackouts Many
electnical customers 1n developing countries experience brownouts and blackouts on a regular basis These
can be costly 1n terms of productivity and time losses Cogeneration provides an alternative to less
efficient and more costly backup generators As developing countries experience increasing pressure on
their mited power supplies from an accelerating demand for electricity, cogeneration will become a more
attractive option

Figure B-4
Cogeneration has hinited Cogeneratlon Market
application due to climate
variations Cogeneration can only 12

be utilized 1n regions and
countries which have need for
waste heat Many developing 08
countries enjoy warm climates and 06 |
therefore have mited use for the
benefits of cogeneration

02
Installation of cogeneration 0 r.—i

$ Bilion

04|

Jacihties 1s dependent on Latin Amenca Asa
regulatory requtrementsfor Eastem Europe Afnca/Middle East
independent power production 311996 §@2015

Laws and regulations that
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encourage private sector power production are crucial to the success of cogeneration Currently, there are
often regulatory or legal barners to cogeneration 1n developing countries These need to be modified to
allow further penetration into sectors and industries that could benefit from the cost advantages of
cogeneration

B4 HoOUSEHOLD APPLIANCES

Most consumers 1n developing countries own or can afford to buy only a limited range of household
apphances Although the full range of major household appliances are sold in Asia, Eastern Europe, Latin
Amenica and Africa, refnigerators dominate overall apphance sales In fact, refnigerators typically compete
with radios to be the first electrical appliance purchased by a household once lighting has been obtained
Clothes washers, stoves, and room air-conditioners are also popular, although the desired styles and level
of demand vary from region to region

Residential consumption of electricity 1s increasing in many developing countries In Thailand’s rural
households, refnigerators are the largest source of electnicity consumption In Brazil, refngerators consume
32% of residential electricity

MARKET DEMAND
Figure B-5

The market for energy-

efficient household E nérg Y' Effl C|e nt
ppliances Market

$Bilion — - —
2

appliances 1n developing A
countries is an estimated
$680 million Market growth
over the next two decades
will be moderate By 2015
the energy-efficient
apphance market will likely
range from $2 3-2 4 billion
Since energy-efficient
apphances tend to be more
expensive than less efficient
models, the market growth

. ——
will be more or less Latin America  Eastern Europe Asia Africa/Mid East

dependent on increases 1n Cl1gge 2015

disposable incomes (The

exception will be those

countries that introduce mintmum efficiency standards for appliances which will force lower quality,
cheaper models out of the market )
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Asia, the largest regional market, accounts for more than 62% of the total market In 1993 the region
imported more than $3 billion 1n residential apphances Hong Kong was the largest importer, though many
of these goods may ultimately have been sold to consumers 1n mainland China Chinese tmports of
appliances are relatively small, reflecting the large local manufactuning base

The other three regions—Latin Amenca Eastern Europe, and Africa/Middle East—trail far behind the
Asia market 1n terms of size Although Latin Amenica accounts for 6% of the global home appliance
market the market for energy-efficient appliances 1s estimated at only $185 million Eastern Europe s
market for energy-efficient appliances 1s only $34 million and Africa’s 1s $40 million The lower estimate
for Eastern Europe reflects a local manufacturing base, which produces low quality mefficient models, as
well as a large existing stock of appliances with long life-cycles Afrnica, on the other hand relies more on
imports which creates more opportunities for efficient models In addition the number of consumers 1s
growing in Africa

COMPETITIVE ASSESSMENT

The household apphance industry 1s dominated by a few multinational firms that market their products on
a global basis Six of the largest international manufacturers of white goods are Whirlpool GE Appliances
Maytag Apphances, and Raytheon of the U S , Electrolux of Sweden, and Siemens of Germany These
companies market their appliances under a vanety of brand names For example, Whirlpool sells products
under six different brand names, including KitchenAid Philips and Kenmore

Nevertheless, local manufacturers still play a role in the markets of many developing countries In China
for example, there were over 200 local manufacturers at the end of the 1980s Industry consolidation has
since swept through the Chinese industry, reducing the number of appliance manufacturers to
approximately 50 firms Brazil’s market 1s ikewise dominated by local production Multibras S A 1s the
largest producer and marketer of major appliances 1n Brazil with total annual sales of $1 5 billion The
large foreign firms commonly team with domestic firms to obtain low-cost labor immediate local
infrastructure and knowledge, and quick access to markets

Household apphances are typically distributed through local agents or exclusive distnbutors who operate
as wholesalers, stocking orders for a large community of independent retailers These distnibutors are
typically responsible for importing, selling, installing and servicing the products of the manufacturers they
represent The exporting multinational will typically provide traiming for its distributors who are
responsible for maintaining the brand’s 1mage, as well as close ties to the consumer

Household appliances are imported as well as manufactured in many developing countnes Appliances are
imported by developing countnes as complete, ready-to-use products sometimes requiring some
adaptation or assembly before sale, or as kits that can be assembled by local manufacturing facilities Some
countries, such as Pakistan, offer lower import tanffs and other incentives for appliances being imported n
parts rather than as whole products Thus 1s part of a strategy to promote domestic industry While the
domestically-produced apphances of some countries have achieved international standards and are
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exported throughout the world (e g, a number of Korean brands), the majonity of these products are of
significantly lesser quality than U S , Japanese and Western European products The main reasons for this
are the use of outdated technology to and less-expensive, poor quality materials

MARKET OPPORTUNITIES AND BARRIERS

Electric appliances are penetrating econonues earlier in the development process As Table B-1
illustrates the percentage of households that own a refrigerator 1s quite high in many developing countries
High penetration rates of appliances are a key factor 1n the rapid growth of these markets for several
reasons First, women are starting to move nto the formal workplace at an increasing rate Not only does
this boost a household’s income, it also increases the need for more efficient, less labor-intensive
apphiances The purchase of a refrigerator makes food storage possible and thus reduces the number of
trips required to the store or local market to buy food Second, modern manufacturing techniques and
improved materials have reduced the real cost of consumer goods and more developed global distribution
systems have lowered the cost of goods 1n retail markets Finally a number of major apphance
manufacturers report that ownership of refrigerators and other white goods—especially imported ones—is
a sign of status in many developing countries This symbolism combined with increased access 1s driving
consumers to purchase apphances before
reaching the income thresholds usually required
n the past Nonetheless, sales of energy-efficient

apphances will lag behind sales of standard Table B-1
apphances Price remains a critical factor in Percentage of Households that Own a
purchasing decisions Refrigerator

Brazil 60%

The phase-out of CFC-using refrigerators will
continue, creating a sizable replacement
market A major opportunity for energy-efficient China 10%
appliances 1s 1n the replacement of older, CBC-
using equipment As CBC-using technologies are
replaced for environmental reasons or simply Poland 100%
because maintenance becomes difficult with the

Chile 55%

Philippines 30%

O,
phasing out of CFCs, the opportunity exists for South Korea 100%
energy-efficient refrigerators to capture greater Thailand 87%
market share Two countries Chile and China Tawan 100%
have imtiated programs aimed at increasing the
penetration level of CBC-free applances
> Chile’s government issues the “Ozone Label” to encourage customers to purchase ozone-friendly

products As a result, consumers have begun replacing their existing refrigerators 1n anticipation of
reduced availability of CFCs
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> The U S Environmental Protection Agency and the Chinese Council of Light Industry jointly
developed the Sino-U S Super Energy-efficient CBC-Free Refrigerator The goal was to produce a
new generation of CBC-free refnigerators with energy consumption of less than half the current
models Qingdao Haier Group (a Chinese refrigerator manufacturer) was selected to develop the
new model The company, using German Leibherr technology, produced 1ts first 200 refrigerators
in December 1993 These refrigerators demonstrated energy savings of 42% The refnigerator 1s
comparable 1n price to current models

Energy standards and labeling are relatively scarce in developing countries A significant barrier to
higher penetration of energy-efficient appliances 1s the absence of efficiency standards and labeling
programs 1n developing countnies Price remains a cntical factor in most purchasing decisions Thus there
will continue to be a strong bias against the more expensive energy-efficient models Asia and Latin
America have made the greatest strides toward developing standards and labeling programs China, South
Korea and Taiwan all have mimmum efficiency standards for refrigerators while Taiwan and China have
standards for clothes washers

B5 BOILERS

Boilers which produce steam have two principal applications to fuel steam turbines in power generation,
and to create thermal energy for industnal processes The three common types of boilers enjoying
widespread use are conventional steam boilers circulating fluidized bed (CFB) boilers, and waste heat
recovery boilers

Conventional steam boilers are most common 1n developing countries, they are also the least efficient type
of boiler In industnalized countnies, the standard efficiency for this type of boiler 1s around 88%, and the
overall efficiency of power generation using this technology hovers around 38% (The addition of a
scrubber lowers the efficiency to around 30% ) The efficiency of a power plant using CFB technology 1s
approximately 36% A system using waste heat recovery boilers can achieve efficiencies as high as 50%

Bouler systems 1n developing countries are typically much less efficient than those installed in developed
countries Many boiler manufacturers feel that low levels of boiler efficiency in developing countnes are
partially due to the average age of the installed base of boilers 1n these countries In India, for example, 1t 1s
estimated that there are around 245 power boilers, of which 130 units are between the ages of 25 and 30
years old Replacement of developing country boilers could effectively increase the operational efficiency
by 5to 15% The World Bank has launched a program to upgrade the efficiency and environmental
performance of China’s small- and medium-sized boiler systems

The energy efficiency of boilers 1s dependent on two main factors First, the level of efficiency will be
better when greater sensitivity 1s shown during the design and procurement stage to the pre-heat supply, the
burner charactenistics and the msulation of major boiler components and heating pipes Second, additional
improvements 1n operating efficiency will also be obtained through regular maintenance of distribution
circuits and cleaning of bumner parts

THE ENERGY EFFICIENCY MARKET IN DEVELOPING COUNTRIES TRENDS AND POLICY IMPLICATIONS




B-17

U S and Western European manufacturers claim that all of their boilers are * efficient” simply because they
have made considerable improvements in the design and manufacturing of boiler systems over the years
When asked to compare the boilers manufactured by their developing country counterparts, many U S
manufacturers claim that their product 1s inherently more efficient

MARKET DEMAND

The market for industrial and utility botilers in 1996 was an estimated $337 mullion, the second smallest
market segment 1n the overall energy efficiency market The boiler market 1s expected to experience only
moderate growth—6 9% per year—over the next two decades The market size in 2015 will range from
$12-1 4 billion

Promising markets for boilers exist in China Morocco, Czech Republic, Poland and Indonesia China may
well have the largest boiler market in the world Local production of boilers accounts for a sigmficant share
of the market in China For example Babcock & Wilcox has supplied more than 10,000 MW of boiler
capacity to China since 1986 through a number of manufacturing joint ventures Babcock and Wilcox
Beijing Boiler Works, a joint venture with the Beyjing Boiler Works, was formed 1n 1986 and 1s the
company’s largest

manufacturing facihty outside Figure B-6
the U S The plant produces o or 0 )
convenuional barlers 30000 INAustry and Utility Boller Market

MW) and industrial CFB - o

technology A number of $ Million
notable local firms 1n the 0
Chinese boiler market are 600

China National Electric, a

manufacturer of energy- 500

efficient boilers, and the 400

National Information Centre of 300

Environmental Science and

Technology which 200

manufactures energy-efficient 100

CFB combustion boilers 0 :
Latin America Eastern Europe Africa/Mid East

COMPETITIVE

ASSESSMENT

Since the late 1980s, there have been a number of major mergers 1n the boiler industry reducing the
number of independent boiler manufacturers The largest American boiler manufacturer Combustion
Engineering, was acquired by Sweden’s Asea Brown Bover1 (ABB) Group 1n 1990 Deutsche Babcock
merged with Lentjes in 1992 More recently Foster Wheeler Corporation acquired Ahlstrom Pyropower, a
leading manufacturer of fludized bed combustion technology
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There are six major international players in addition to more than 40 smaller companies worldwide that are
capable of producing utility-scale boilers Many of these firms are increasingly active in international
markets The six key players are ABB Combustion Engineering Babcock & Wilcox Power Generation
Group Deutsche Babcock Foster Wheeler Energy Corporation, Mitsubish1 Heavy Industries and Mitsui-
Babcock Energy Each has a significant share of the market '

A common strategy among the international boiler manufacturers 1s to develop local operations through
acquisitions joint ventures and licensing These companies are teaming with local firms to gain immediate
access, broad coverage and extensive knowledge of the local market This allows the large international
firms to compete with local firms offering less expensive (but often lower quality) technologies

The boiler industry has suffered from chronic overcapacity, a problem that has pertodically prompted
government intervention A 1988 study found that the European boiler industry, compnsed of 20 to 30
manufacturing companies, was operating at 20% capacity The trend toward consohdation, combined with
booming demand 1n developing countries, has alleviated the problem to some degree Competition from

local low-cost manufacturers, however, has kept prices down partially as a result of lingering national
buying preferences among major customers

The competitive market situation has forced boiler manufacturers to make greater efforts to customize and
improve the service they offer to their customers For example ABB s strategy i1s to offer turnkey packages
of virtually everything needed to build a power station Foster Wheeler also provides a full range of service
to customers, including project development done by Foster Wheeler Power Systems and financing done
by Foster Wheeler Corporation Babcock and Wilcox will also provide turnkey services, assist in project
development, and arrange financing for its customers

MARKET OPPORTUNITIES

Reducing the environmental impacts of coal-fired generation plants will drive sales for clean coal
technologies Global demand for boilers 1s increasingly shifting to CFB boilers Not only are CFBs more
efficient than conventional boilers, they also are less harmful to the environment CFB boilers were
designed to resolve the environmental problems posed by more conventional designs CFBs are able to cut
SO, emissions by 90% or more NO, emuissions are also reduced Other clean coal technologies include
traditional pulvernized coal boilers with scrubbers

Fuels of all types and qualities can be used with the CFB design, making 1t very attractive in regions with
an abundance of low-quality coal CFB is 1n high demand 1n China, despite the great distances that coal
must be transported 1n order to reach the generation plants supplying power to large coastal populations
Eastern Europe also possesses large reserves of poor-quality coal That combined with the fact that the

't should be noted that although the Babcock companies were related 1n the past there 15 no connection
now
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existing boiler equipment 1s quite old, provides a significant opportunity for the clean-coal technologies,
especially CFB

Latin America also offers opportunities for CFB technology, though to a lesser extent Latin America has
very few coal resources and has historically relied on hydropower for its generation needs CFB does have
some potential, specifically with such fuels as petroleum coke, orimulsion, biomass, and wastes
Nevertheless, the region 1s looking increasingly to natural gas, a resource that essentially has been 1gnored
in the past The largest market in the region may, therefore, be for waste heat recovery

The demand for utility-sized boulers wull follow growth in electricity demand The growth of electricity
demand 1n almost all developing countries creates an opportunity for efficient boilers to have a dual
benefit Their use by utilities responding to increasing pressure for generation allows that need to be met
1n a way that itself energy-efficient

Industrial sector trends such as privatization and global competition will fuel demand for boilers in
certain industries Trends such as privatization and increased global competition force companies to seek
ways to improve operational efficiency This 1s potentially beneficial to the boiler market 1f industries
affected by these trends seek to optimize their industnial systems Key industnes that rely on boilers for
steam and power include the pulp and paper, petrochemical, sugar, chemical, food processing and textile
industnies The pulp and paper industry 1s strong 1n Asia and Latin Amernica The Middle East, Indonesia,
Mexico, and Venezuela all have established petroleum industries A number of the former Soviet countries
also have potential 1n this area The sugar industry 1s particularly prevalent in India and Mexico

B.6 INDUSTRIAL PROCESS CONTROLS

The costs of process controls have dropped so dramatically 1n recent years that almost every process 1n the
developing world can serve to benefit with a reasonable payback from their use Process controls are
commonly used 1n a number of industrial processes, including

> evaporation and drying
> combustion tn boilers, furnaces and kilns
> compression of air or other gases

Since process controls have a wide range of apphcation they are found 1n nearly all industries In
developing countries energy-intensive industries such as utilities refinenes or textile plants are the
primary users of automatic process controls The industnal processes listed above can be significant
sources for wasted energy 1f not properly controlled These processes are discussed 1n more detail below

> Drywing/evaporation Drying 1s a process through which moisture 1s removed from a solid material
by exposure to unsaturated air or gas (This may or may not include heat ) Evaporation 1s the
separation of a liquid from a solid by the application of heat 1n the absence of air or another non-
condensible gas Process controls can reduce wasted energy by ehiminating over-drying optimizing
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the air flow rate for drying and recycling exhaust air Drying and evaporation processes primanly
are found 1n textile manufacturing food and food by-product processing chemical production and
paper manufacturing

> Combustion A poor air-to-fuel ratio in the combustion process results 1n wasted energy Process
controls manage the air and fuel flow for an optimal combustion process

> Compression Compressors are a major source of electricity consumption 1n the industnal sector
Aur or other gases are compressed for instrument and process use to provide refrigeration, or to
transport gases Process controls in compression play a similar role to combustion processes
managing the air flow and pressure for optimal compression

An automatic control system measures a vanable condition which 1s then compared to data points for the
desired conditions A control system will initiate actions to reduce the differences between the two sets of
data The advantage of an automatic control system over a manual control system 1s the continuous
momnitoring of conditions and the ability to initiate the necessary changes to ensure that the process operates
1n the most efficient and effective manner Automatic control systems also offer rapid response times
However, they are more expensive and require calibration and maintenance on a regular basis The
additional costs are generally offset by reductions 1n annual facility operating costs

District heating 1s an attractive market niche for process controls outside of the industrial market In China
and many Eastern European countries, district heating 1s a means to efficiently provide heat to the
residential population while lessening environmental damage that would result from the use of millions of
small coal-burning furnaces This process can also be wasteful, however, if the proper process controls are
not used Controls can be applied at the point of generation, distribution, or heat consumption Eastern
European district heating systems, some of which consume two to three times more energy than

comparable systems in Western Europe have typically realized savings of 20 to 30% with the introduction
of process controls

MARKET DEMAND

More and more developing countries are using process controls The total market value for process controls
in developing countries was valued at $1 9 billion 1n 1996 The market 1s expected to grow only
moderately over the next two decades, even under the aggressive growth scenano averaging 6 6% on an
annual basis Growth rates will be higher through 2000 and then will likely track economic growth until
2015 By 2015 the value of the market 1s expected to range from $6 1-6 5 billion under the aggressive
growth scenario
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Most market demand 1n developing countries 1s met through imports Key import markets (in terms of
value of 1mports) include South Korea China, Taiwan, and Singapore Korea 1s quite advanced 1n 1ts use
of process controls Chinese companies, on the other hand are installing basic process controls on newer
machimes Indian manufacturers, meanwhile, are installing used machines with very advanced automation
systems

COMPETITIVE ASSESSMENT
The leading international Figure B-7
manufacturers of process

controls are Honeywell, Process Controls Market

Asea Brown Boven

(ABB), Siemens, General $ Billion
Electric Siebe, and Landis
& Gyr Yokogawa 1s also a 3
major player, especially in
Asia
2

Honeywell makes one-third
of the automatic control
systems sold worldwide Its
customers include

appliance manufacturers, 0 -
chemical plants, Latin America Eastern Europe Asia Africa/Mid East

automotive companies,
computer and business
equipment manufacturers,
food processing plants, medical equipment manufacturers, o1l and gas producers pharmaceutical
companies, pulp-and-paper mills, refining and petrochemical firms, textile manufacturers, and utilities
Twenty-four of the largest o1l refiners use Honeywell control systems, as do 15 of the world’s largest
chemical companies and seven of the top ten pulp-and-paper companies

MARKET OPPORTUNITIES

The need to improve product quality and serve customers better 1s a major drwver in the process controls
market Process controls can result in improved product quality for manufacturers an increasingly
important consideration for developing country manufacturers trying to expand both domestic and export
markets Manufacturers can lower their overall costs by lowering inventory levels, improving their use of
mstalled capacity, instituting quality management
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B.7  INDUSTRIAL MOTORS AND ADJUSTABLE SPEED DRIVES

Motors Motors are commonly used for three general purposes to power pumps fans and compressors
for matenals processing and for matenials handling The three most common types of motors are AC
induction motors, AC synchronous motors, and DC motors

Motors commonly account for 65-70% of electricity consumption in industnal faciliies They are also used
in commercial and institutional facilities A heavily-used industrial motor can consume electricity each
year that costs up 50 or 60 times 1ts purchase price 1n a ten year operating period Since the majonty of
motors 1n process industries operate continuously, energy-efficient motors can greatly improve the energy
efficiency of an industnal facility It 1s important to note, however that motor energy consumption 1s also
influenced by other factors such as motor sizing transmussion efficiency dnve tramn efficiency motor
controls, and operation and maintenance

The efficiency of a motor 1s defined as the percentage of input power to the motor that 1s actually
converted to useful work output from the motor shaft The efficiency of a motor is improved by reducing
losses Intrinsic losses occur in the transformation of electric energy into mechanical energy These losses
are comprnised of no-load losses and operating losses An energy-efficient motor 1s typically 2-10% more
efficient than a standard motor

All electric motors are fairly efficient converting typically between 75 and 97% of their input power into
useful work Hydraulic motors or steam or gasoline engines, by companson, convert approximately 50% of
input power into useful work More efficient motors are predictably more costly than standard ones Thus,
the extra expenditure for an efficient motor may not be warranted 1f the motor 1s only required for
occastonal use

Adjustable Speed Drives Many motor-driven processes require some control over the motor’s speed, start-
up and torque Varying motor speeds are difficult to achieve with AC motors To compensate for the lack
of speed vanance with an AC motor, many systems use other mechamical devices, such as throttling valves
or outlet dampers, to control fluid and air flows while the motor runs at constant speed

The ntroduction of adjustable speed dnives (ASDs) solved this problem Most electronic ASDs can control

a motor over a range of 25% to 100% of 1ts rated speed ASDs have many applications process speed
control, energy savings, and soft-starting to reduce wear and tear on motors and other system components
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Figure B-8
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Unfortunately, motor and motor system efficiencies in developing countries are significantly lower than n
the industrialized world, for several reasons First, local manufacturers typically use lower quality materials
to make their motors Second, energy-efficient motors are simply not used because of the poor quality of
electric service If the power voltage drops, motors can stall and even burn out Whule this problem affects
more than just efficient motors, the high cost of replacement 1s a deterrent to their use under such
conditions Third, the poor operational and maintenance practices of industries 1n the developing world
leads to further nefficiencies Motors are typically rewound numerous times during their ife  Common
rewind techniques and practices 1n developing countries likely cause significant efficiency losses

Motor system efficiencies are also lower due to several factors Equipment 1s generally older and less
efficient than modern equipment Oversized motors are commonly used The reasons for this include
maccurate estimates of flow rates and friction, deposit build-up 1n duct and pipe walls, and the common
practice of reusing motors, leading to a mismatch of motor size and load Finally, common methods of
controlling motor speed such as throttling valves and campers instead of ASDs result in further and
sigmificant reduction 1n system efficiency (20 to 25% on average)

Despite these obstacles to the use of efficient motors 1n developing countries, the size of the market 1n
existence 1n 1996 was approximately $812 milhion Under the aggressive growth scenaro 1t 1s projected to
grow to $9 6 billion by 2015 showing annual growth of 13 9% Adjustable speed dnives were a $234
million market 1n 1996 which 1s expected to grow 16 6% per year to reach $4 3 billion by 2015 assuming
that basic power quality 1ssues can be addressed adequately Even under the conservative growth scenario
the motor and ASD markets are expected to reach $2 8 and $0 7 billion, respectively, by 2015 The largest
market for both 1s expected to be remain 1n Asia but the Eastern European market for ASDs 1s also
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growing rapidly, and will Figure B-9

grow even more rapidly once - -— - -

capital constramss ease mthe  Adjustable Speed Drives Market
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Adjustable speed drives are

expected to show the most
remarkable growth of any
technology over the next two
decades This high growth 05
rate 1s expected because

ASDs are a fairly new

0 1
technology 1n the market, Latin Amenca  Eastern Europe Asia Africa/Mid East
and serve a much needed (31996 E2015 |

purpose of allowing control

over a motor’s speed, start-

up and torque Since the use of motors 1s widespread 1n industnal, commercial, and residential
applications all over the world, ASDs will become increasingly prevalent in conjunction with motor use 1n
certain sectors, where varable load applications are common The growth and penetration rate will be
much higher than that of energy-efficient motors because current penetration 1s significantly lower than
that for motors 1n developing countries

COMPETITIVE ASSESSMENT

There are roughly 45 major manufacturers of industrial motors worldwide, though U S and European
manufacturers dominate the market for energy-efficient motors Top motor manufacturers internationally
include General Electric, Siemens, Toshiba, and Westinghouse Market leaders 1n the production of ASDs
are ABB and Fuy

Motor manufacturers attempting to expand their markets in developing countnes typically follow one of
two approaches First, they will often establish a joint venture manufacturing facility to produce motors for
a local market ABB followed this approach for the China market ABB’s Chinese joint venture 1s a market
leader for small- and medium-sized motors Alternatively, companies will establish a local sales office and
then 1import motors to meet demand

Some manufacturers interviewed for this report clarmed that energy efficiency 1s a marketing tool
apphicable only 1n North Amenica Motors typically are not marketed in developing countries on the basis
of energy efficiency (though this practice 1s emerging 1n some markets such as Mexico and Indonesia
because of Government efforts to educate and offer incentives) To some extent this reflects a lack of
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awareness among end-users in developing countries about the benefits of energy efficiency International
motor manufacturers typically sell to distributors Manufacturers train the distributors to famihanze them
with the products and proper operating procedures of energy-efficient motors

GE Motors and Industrnal Systems and Fuj1 Electric Company, Ltd formed a holding company for three
subsidiary joint ventures (JVs) in February 1996 The JVs are aimed at increasing the penetration of the
industnal and commercial drive markets worldwide Each company holds a 50% stake in the new
company GE Fuj1 Dnives America (GE holds majonty interest in this subsidiary) has established
headquarters and production facilities in Monterrey Mexico and will begin operation n 1997, 1ts pnimary
goal 1s to penetrate the packaged drives market in the Amenicas Fuji GE Asia (Fuji holds majonty interest)
1s located 1n Indonesia the Philippines, Singapore, Taiwan and Thailand GE Motors and Industrial
Systems 1s particularly strong in high-end driven markets where applications call for sophisticated fully-
integrated systems such as those used to control processes 1n steel mills Fuji Electric 1s recogmzed as a
world leader in AC verter technology for packaged drives which are used for applications such as
controlling fans, pumps, and compressors The partnership will leverage the complementary technical,
quality, and market strengths of both companies

MARKET OPPORTUNITIES AND BARRIERS

Opportunities

Adjustable speed drives, operated with old, inefficient motors, miss efficiency gains Although the ASD
market 1s projected to grow quickly over the next two decades, 1f this does not occur 1n conjunction with a
growth 1n the energy-efficient motors market some of the benefit of ASD installation will be lost An
opportunity exists to market efficient motors together with ASDs to take advantage of the awareness ASD
purchase brings to industrial managers

Adjustable speed drives provide the ability to efficiently control motor speed In many processes and
HVAC operations 1t 1s essential to control processor air flow ASDs provide better control and use an
estimated 20-25% less energy to do so than conventional methods Because they are a relatively new
technology ASDs are likely to enjoy a phenomenal growth rate in developing countries where industnal
motor use 1s widespread Asia will dnve much of the demand, due to the sheer size of the market Eastern
Europe will be a major player as well, because of the heavy industnal base 1n the region ASDs, because
they are electronic, require high quality power Improvements will need to be made 1n the quahty of power
both 1n the electrical distribution system and within the facility for this growth to occur

Barriers

The main barriers to energy-efficient motor use are availability and first-cost In developing countres,
where availability of capital 1s often more constrained than 1n industrialized countnies, the high first-cost of
energy-efficient motors relative to their standard efficiency counterparts 1t often the biggest barrier to the
purchase of efficient motors In many cases even 1if a decision were made to purchase an energy-efficient
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motor, 1t would be difficult to obtain due to the relattve scarcity of energy-efficient motors on the market 1n

developing countrtes Manufacturers have perceived a lack of demand 1n the past, though this 1s beginning
to change

Lack of awareness 1s a significant barrier to the sale of efficient motors Efficient motor manufacturers
are less active 1n the developing country markets than they are 1n the industrnialized countries Therefore
many industries are unaware of the benefits of efficient motors or of different models of motors available
tothem Industnes are often equally unaware of the life-cycle costs of motors and the fact that capital
costs will be dwarfed over the life of the motor by the cost ot energy to run them This awareness 15 often
masked by low or subsidized energy pricing in developing countries Addition awareness barners exist in
mumstries of industry regarding motor use 1n their countries Often data about motor use not to mention
the relationship between motors and energy use 1s dispersed or simply unavailable and not compiled

The prevailing practice of motor rewinding in developing countries prevents penetration of efficient
motors In the developing world rather than replacing a motor 1t 1s common for a broken motor to be
repaired or rewound on-side or 1n a local shop Whuile this 1s also common practice in the U S and 1 some
cases economically justified 1ndustry needs to be encouraged to assess the cost-effectiveness of the rewind
vs replace decision Often the practices used to repair or rewind the motor can seriously degrade a

motor s performance and efficiency over tme Economic analysis will often show that for larger motors 1t
can be more cost-effective to replace an mefficient burned-out motor with an efficient new motor The
USAID Motor Rewind Project in Mexico and the GEF Chilean mining project are two examples of

projects that have been developed to overcome this barner USAID 1s also beginning an investigation of
the rewind practices 1n Indonesia 1n early 1997

B8 LIGHTING

There are several types of lamps 1ncandescent fluorescent (tubes and compact fluorescent lamps—CFLs),
mercury, metal hahide high and low-pressure sodium and halogen Fluorescent and incandescent lamps
enjoy the most widespread use Fluorescent lamps give off less heat than incandescent lamps during
operation and are much more energy-efficient than mcandescent lamps

The main market segments within the energy-efficient lighting market are the residential, commercial and
public sectors Lighting 1n industnal applications 1s generally less energy-consuming than in the other
sectors The incandescent bulb accounts for the majonty of lamps used m the residential sector This 1s true
n both developed and developing countries According to a 1992 OTA study, incandescent bulbs account
for 95% of all residential highting in Brazil > There 1s only limited use of energy-efficient incandescent

bulbs The demand for CFLs 1n developing countries has increased in recent years, although 1t 1s still lower
than m industrial nations

? Fueling Development
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Fluorescent highting dominates the commercial market In commercial buildings, fluorescent tubes are the
product of choice However, as 1s the case with incandescent bulbs, the most efficient fluorescent bulbs are
not used on a widespread basis T12 tubes are probably the most common product found 1n the commercial
sector of developing countnies T10s are beginning to surface more regularly, but a T8 tube, using 36W
versus 40W, could do the same job more efficiently Cost 1s one barrier, but the common perception that
the smaller T8s are infenor 1s also a senous deterrent

The nefficiencies of some types of fluorescent tubes are compounded by the prevalence of magnetic
ballasts According to one U S manufacturer, a typical developing country could realize 40% energy
savings by replacing the existing magnetic technology with western-quality electronic ballasts

High intensity discharge lamps (HIDs) are used for the majonty of public lighting apphcations High- and
low-pressure sodium-vapor lamps (sometimes metal halides) are replacing mercury-vapor or mcandescent
technologies for street lighting throughout the developing world There have been several successful
retrofit projects in Russia, Eastern Europe and Chile

MARKET DEMAND

Energy-efficient lighting 1s one of the largest market segments 1n the energy efficiency market Moreover,
this segment 1s predicted to grow rapidly, attaining a relatively high level of market penetration in most
developing country markets 1n the near future In 1996 the market for energy-efficient lighting was
estimated to be $1 6 billion with Asia accounting for 64% of the market Energy-efficient lighting in Asia
1s currently a $1 billion market In 2015 Asia will account for 66% of the developing country market

This technology market Figure B-10
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2015, the five largest single country markets are expected to be Hong Kong China, Singapore Taiwan and
Poland Hungary trails these five countries only slightly

Market penetration rates of energy-efficient lighting vary considerably from country to country but overall
energy-efficient lighting 1s more widely used than other energy-efficient products The following examples
highlight the regional and country variances 1n penetration rates

Asia Market penetration of energy-efficient hghting in Taiwan 1s higher than 1 most other developing and
emerging market countries The Taswanese enjoy higher levels of disposable income than most developing
countries, and are thus better able to afford energy-efficient highting A more significant factor, however, 1s
the government’s aggressive campaign to promote the adoption of energy-efficient ighting The program
began 1n 1994 and 1s composed of four major tasks establishment of lighting efficiency standards,
measurement of lighting luminosity development of key lighting components and lighting application
designs and training of professionals to work 1n the lighting industry Early efforts have concentrated on
the development of lighting equipment The program has already resulted in the design of an electronic
ballast that needs only 3 to 5 volts of power to light a fluorescent lamp, 90 to 99% of the electricity flowing
through the ballast 1s ultimately used by the lamp A traditional ballast, by contrast needs 8 to 13 volts to
light a lamp and 40-50% of the electricity 1s lost Taiwan’s Energy and Resources Laboratories (ERL), a
participant 1n the program 1s also n the process of designing a ‘ lighting management system” that will use
the electronic ballast, a light controller, and other power saving technologies to achieve an estimated 50 to
80% energy savings ERL has only recently begun to work on a lighting standard

Eastern Europe Energy-efficient highting compnses around 10% of the Eastern European market, this
compares to 20-25% penetration rates 1n western Europe In Hungary the market share for energy saving
compact light tubes has grown to 10-12% 1n 1996 GE Tungsram, a Hungaran joint venture manufacturer,
intends to expand 1ts market for CFLs by marketing them as a counter weight to the government s increase
1n energy prices ES Systems, a Polish lighting manufacturer, has similarly educated Poles as to the
benefits of using energy-efficient ighting, with good market success Poles were previously spending 10%
more on lighting than the European average and getting 30% less light but this situation 1s improving as a
result of the efforts of ES Systems

Lafin America Argentina 1s the third largest consumer of halogen incandescent lamps 1n the world
Philips 1n Chile has set a goal of having 75% of 1ts sales 1n Chile be from energy-efficient technologies
CFLs are currently selling well in the Chilean market The marketing for these products has been vigorous,
with sales doubling 1n just two years to 200,000 lamps 1n 1995 A number of municipalities have replaced
their public ighting with metal halide and high and low-pressure sodium lamps As a result of these
efforts, the costs of HID lamps 1n Chile have dropped 30% since 1991 One proposed project in Buenos
Aures has 1dentified 700,000 pubhc lighting fixtures that could be replaced with more efficient lamps

Distributors are starting to use stmple payback calculations to demonstrate the economic benefits of buying
CFLs
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COMPETITIVE ASSESSMENT

The three largest lighting manufacturers are Osram GmbH, GE Lighting, and Philips Lighting Each
company has a global presence and 1s expanding 1ts international operations Osram GmbH, the hghting
division of Germany’s Siemens, 1s one of the leading manufacturers of highting products in Europe, Latin
America, Japan and several Asian countries In 1993 Osram acquired U S -based Sylvania to gain an even
stronger presence 1n the Western Hemisphere Osram plans to open between eight and ten plants in Asia by
2000 to take advantage of lower production costs The company completed a new manufacturing plant in
China 1n 1996 and 1s currently negotiating for a production site 1in Indonesia Osram predicts that 15% of
its revenue will come from the Asian region 1n three to five years The company 1s also expanding 1n
Eastern Europe and Latin America

GE Lighting also has offices throughout the world The company has made a sigmificant investment 1n the
Hungaran highting firm Tungsram Tungsram’s Nagykanisza plant 1s the sole producer of GE’s compact
fluorescent technology GE Lighting also has other joint ventures in Asia

Like the two other major lighting companies, Philips Lighting plans to increase its presence 1n the fast
growing regions of Asia, Eastern Europe, and Latin Amenca The president of Phulips Lighting has
announced that the firm expects to establish five to seven more joint ventures by the year 2000

Although these companies can claim a significant portion of the global highting market, they do face stiff
local competition 1 a number of regions, especially Asia and Eastern Europe

Electronic ballast manufacturers have little experience 1n developing countries American manufacturers of
electronic ballasts include Magnetek, Advanced Transformer (which has merged with the Philips-owned
Electronic Ballast Technology), Valmont Electric and Etta Industnes These companies continue to
concentrate on the U S market

The most common customers for lighting manufacturers are electrical distributors, large stores, or large
end-users such as the construction industry, governments, and utilities The typical residential customer
will buy his or her lighting products at retail stores Only the larger stores, however, buy their merchandise
directly from the manufacturer More commonly, an electrical distributor will act as the intermediary
between the lighting company and the retail shop These distributors also serve the larger
consumers—such as construction companies, electrical contractors, the government, and electrc
utiities—although they may buy directly from the manufacturer Due to their size and their consohdated
nature these last four players may prove to be the most promising immediate markets for energy-efficient
lighting technologies

MARKET OPPORTUNITIES

Utihty DSM hghting programs mcrease market penetration of energy-efficient products Utihties
have targeted lighting as significant focus for DSM programs and will most hikely continue this trend 1n the
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future creating promising markets for energy-efficient lighting in the process Between 1992 and 1995 the
Mexican utility provided two million CFLs to residential customers in Monterrey and Guadalajara at
reduced prices The expected avoided generation from this program was 196 GWh annually and a capacity
savings of 100 MW In 1996 the Indonesian utility, PLN launched a DSM program to install CFLs 1n
over 65,000 households Numerous other countries have also incorporated CFLs into their energy
conservation efforts, including Morocco India, Brazil, and Chile

Fluorescent tubes have also been targeted The Thai utility 1s administering the Commercial Lighting
Retrofit Program 1n which an aggressive campaign has been undertaken to replace the prevalent T12 tubes

with the more efficient T8s The Indonesian lighting program described above also targeted fluorescent
tubes 1n 1ts efforts
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U S Agency for International Development
Bureau for Global Programs, Field Support, and Research
Center for Environment
Office of Energy, Environment, and Technology

The Center for Environment of the Bureau for Global Programs, Field Support, and Research
houses the environmental programs of the U S Agency for International Development (USAID)
One of five Centers of Excellence within the Agency, the Center for Environment, provides field
support to U S bilateral assistance efforts, manages global environmental program activities,
oversees USAID’s environmental research efforts, and 1s USAID’s principal liaison on technical
environmental 1ssues to the rest of the U S Government, non-governmental organizations and
universities, and other bilateral and multilateral donors

The Office of Energy, Environment, and Technology 1s a part of the Center for Environment and
helps developing countries and emerging economies find market-oriented solutions to their
energy and environment problems The Office helps set the energy policy direction for the
Agency and responds to the short-term needs of USAID’s field offices 1n assisted countries

A lack of energy 1s seriously curtailling economic growth 1n developing countries and countries 1n
transition Expansion of energy supplies imposes a huge financial burden while increasing
environmental threats 1n these countries In addition, many countries lack the institutional
capability and appropriate technology to operate and manage energy systems efficiently These
factors contribute to the role energy development plays as a leading contributor to global climate
change and regional and local environmental problems

To address these problems, the Office of Energy, Environment, and Technology leverages the
financial resources of multilateral development banks, such as The World Bank and the
InterAmerican Development Bank, the private sector, and other bilateral donors to increase
energy efficiency and expand energy supplies, enhance the role of private power, and implement
novel approaches through research and adaptation These approaches include improving power
sector investment planning (“integrated resources planning”) and encouraging the application of
cleaner technologies that use both conventional fossil fuels and renewable energy sources The
Office’s promotion of greater private sector participation in the power sector and a wide-ranging
training program also help to build the institutional infrastructure necessary to sustain cost-
effective growth

Further information regarding Center for Environment and Office of Energy Environment, and
Technology activities can be requested by contacting the Office of Energy, Environment, and
Technology at the following address

Ronald Reagan Building
Room 3 08
1300 Pennsylvania Avenue, NW
Washington, DC 20523
Tel (202) 712-4370
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