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“With the exception of preventing war, this (the energy crisis) is the greatest
challenge our country will face during our lifetime.”

—President Jimmy Carter, April 18, 1977
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Preface

Purpose

The goal of this handbook is to provide information necessary for engineers, energy professionals, and
policy makers to plan a secure energy future. The time horizon of the handbook is limited to
approximately 25 years because environmental conditions vary, new technologies emerge, and priorities
of society continuously change. It is therefore not possible to make reliable projections beyond that
period. Given this time horizon, the book deals only with technologies that are currently available or are
expected to be ready for implementation in the near future.

Overview

Energy is a mainstay of an industrial society. As the population of the world increases and people strive
for a higher standard of living, the amount of energy necessary to sustain our society is ever increasing. At
the same time, the availability of nonrenewable sources, particularly liquid fuels, is rapidly shrinking.
Therefore, there is general agreement that to avoid an energy crisis, the amount of energy needed
to sustain society will have to be contained and, to the extent possible, renewable sources will have to
be used. As a consequence, conservation and renewable energy technologies are going to increase in
importance and reliable, up-to-date information about their availability, efficiency, and cost is necessary
for planning a secure energy future.

The timing of this handbook also coincides with a new impetus for the use of renewable energy. This
impetus comes from the emergence of renewable portfolio standards [RPS] in many states of the U.S. and
renewable energy policies in Europe, Japan, Israel, China, Brazil, and India. An RPS requires that a certain
percentage of energy used be derived from renewable resources. RPSs and other incentives for renewable
energy are currently in place in 20 of the 50 states of the U.S. and more states are expected to soon follow.
The details of the RPS for renewable energy and conservation instituted by state governments vary, but all
of them essentially offer an opportunity for industry to compete for the new markets. Thus, to be
successful, renewable technologies will have to become more efficient and cost-effective. Although RPSs
are a relatively new development, it has already been demonstrated that they can reduce market barriers
and stimulate the development of renewable energy. Use of conservation and renewable energy can help
meet critical national goals for fuel diversity, price stability, economic development, environmental
protection, and energy security, and thereby play a vital role in national energy policy.

The expected growth rate of renewable energy from portfolio standards and other stimulants in the U.S.
is impressive. If current policies continue to be implemented, by the year 2017 almost 26,000 megawatts of
new renewable energy will be in place in the U.S. alone. In 2005, photovoltaic production in the world has
already topped 1000 MW per year and is increasing at a rate of over 30%. In Germany, the electricity feed-in
laws that value electricity produced from renewable energy resources much higher than that from
conventional resources, have created demand for photovoltaic and wind power. As a result, over the last
three years the photovoltaic power has grown at a rate of more than 51% per year and wind power has
grown at a rate of more than 37% in Germany. Recently, a number of other European countries have

© 2007 by Taylor & Francis Group, LLC



adopted feed-in laws similar to Germany. In fact, growth of both photovoltaic and wind power
has averaged in the range of 35% in European countries. Similar policy initiatives in Japan indicate that
renewable energy technologies will play an increasingly important role in fulfilling future energy needs.

Organization and Layout
The book is essentially divided into three parts:

« General overviews and economics
+ Energy conservation

+ Energy generation technologies

The first chapter is a survey of current and future worldwide energy issues. The current status of energy
policies and stimulants for conservation and renewable energy is treated in Chapter 2 for the U.S. as well
as several other countries. Economic assessment methods for conservation and generation technologies
are covered in Chapter 3, and the environmental costs of various energy generation technologies are
discussed in Chapter 4. Use of renewables and conservation will initiate a paradigm shift towards
distributed generation and demand-side management procedures that are covered in Chapter 5.

Although renewables, once in place, produce energy from natural resources and cause very little
environmental damage, energy is required in their initial construction. One measure of the energy
effectiveness of a renewable technology is the length of time required, after the system begins operation,
to repay the energy used in its construction, called the energy payback period. Another measure is the
energy return on energy investment ratio. The larger the amount of energy a renewable technology
delivers during its lifetime compared to the amount of energy necessary for its construction, the more
favorable its economic return on the investment will be and the less its adverse environmental impact.
But during the transition to renewable sources a robust energy production and transmission system
from fossil and nuclear technologies is required to build the systems. Moreover, because there is a limit
to how much of our total energy needs can be met economically in the near future, renewables will
have to coexist with fossil and nuclear fuels for some time. Futhermore, the supply of all fossil and
nuclear fuel sources is finite and their efficient use in meeting our energy needs should be a part of an
energy and CO, reduction strategy. Therefore, Chapter 6 gives a perspective on the efficiencies,
economics, and environmental costs of the key fossil and nuclear technologies. Finally, Chapter 7
provides projections for energy supply, demand, and prices of energy through the year 2025.

The U.S. transportation system relies 97% on oil and more than 60% of it is imported. Petroleum
engineers predict that worldwide oil production will reach its peak within the next 10 years and then
begin to decline. At the same time, demand for liquid fuel by an ever-increasing number of vehicles,
particularly in China and India, is expected to increase significantly. As a result, gasoline prices will
increase precipitously unless we reduce gasoline consumption by increasing the mileage of the vehicle
fleet, reducing the number of vehicles on the road by using mass transport, and producing synthetic
fuels from biomass and coal. The options to prevent an energy crisis in transportation include: plug-in
hybrid vehicles, biofuels, diesel engines, city planning, and mass-transport systems. These are treated in
Chapter 8; biofuels and fuel cells are treated in Chapter 24 and Chapter 27, respectively.

It is an unfortunate fact of life that the security of the energy supply and transmission system has
recently been placed in jeopardy from various sources, including natural disasters and worldwide
terrorism. Consequently, energy infrastructure security and risk analysis are an important aspect of
planning future energy transmission and storage systems, and these topics are covered in Chapter 9.

Energy efficiency is defined as the ratio of energy required to perform a specific task or service to the
amount of energy used for the process. Improving energy efficiency increases the productivity of basic
energy resources by providing the needs of society with less energy. Improving the efficiency across all
sectors of the economy is therefore an important objective. The least expensive and most efficient
means in this endeavor is energy conservation, rather than more energy production. Moreover, energy
conservation is also the best way to protect the environment and reduce global warming.
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Recognizing that energy conservation in its various forms is the cornerstone of a successful national
energy strategy, eight chapters (10 through 17) are devoted to conservation. The topics covered include
energy management strategies for industry and buildings, HVAC controls, cogeneration, and advances in
specific technologies, such as motors, lighting, appliances, and heat pumps.

In addition to the energy conservation topics covered in this handbook, there is another area for
reducing energy consumption: waste management. As materials are mined, manufactured, and used to
produce consumer goods, energy is required and wastes are generated. The utilization of the raw
materials and the disposal of waste is a complicated process that offers opportunities for energy
conservation. The U.S. Environmental Protection Agency (EPA) has identified four basic waste
management options: (1) source reduction, (2) recycling and composting, (3) combustion (waste to
energy incineration) and (4) landfilling. These four options are interactive—not hierarchical—because
measures taken in one sector can influence another. For example, removing metals in the recycling step
will increase the efficiency of combustion and facilitate landfilling.

In the course of waste management, many opportunities exist for conservation and reduction in
energy consumption. The most obvious one is source reduction. Energy is saved if consumers buy less
or use products more efficiently. Recycling and composting will also reduce energy requirements and
preserve natural resources. From our perspective, however, combustion of waste and extraction of
energy from the municipal waste stream are technologies that generate energy without requiring new
primary sources and therefore fall within the purview of this handbook. The reader interested in
energy-efficient integrated waste management of municipal wastes is referred to an extensive treatment
in The Handbook of Solid Waste Management, 2™ ed., edited by G. Tchobanoglous and F. Kreith (2002),
and for management of industrial solid wastes to The Handbook of Industrial and Hazardous Waste
Treatment, 2™ ed., edited by L. K. Wang et al. (2004).

The third part of the book deals with energy storage and energy generation from renewable sources. One
of the most challenging tasks, especially for renewable energy systems that cannot operate continuously, is
energy storage. The main reason why fossil fuels, such as petroleum and coal, are such convenient energy
sources is probably their easy storage. But there are new and relatively undeveloped storage technologies
available that are discussed and evaluated in Chapter 18, which also includes the design of a robust and
intelligent electric energy transmission system. Chapter 19 presents the availability of renewable sources:
solar, wind, municipal waste, and biomass. The renewable generation technologies for solar thermal, wind
power, photovoltaics, biomass, and geothermal are then covered in Chapters 20 through 25.

At this time, it is not clear whether hydrogen will play a major role in the national energy structure
within the next 25 years, but there is ongoing discussion about the feasibility and cost of what is called
“the hydrogen economy.” Energy experts recognize that the generation and use of hydrogen have a critical
inefficiency problem that is rooted in basic thermodynamics. This inefficiency renders hydrogen
impractical and uneconomical as an energy carrier compared to electricity. There are also ground
transportation options that are less expensive than using hydrogen vehicles powered by fuel cells. But there
is substantial support for continuing research to eventually develop a viable place for hydrogen in a future
energy structure. Therefore, the topics of hydrogen energy and fuel cells are included in Chapters 26 and
27, respectively. This information should be useful background for comparing competing options for
energy generation, storage, and distribution.

We hope that this handbook will serve as a useful reference to all engineers in the energy field and pave
the way for a paradigm shift from fossil fuels to a sustainable energy systems based on conservation and
renewable technologies. But we also recognize the complexity of this task, and we invite readers to
comment on the scope and the topics covered. A handbook such as this needs to be updated every 5 to 10
years and we will respond to readers’ comments and suggestions in the next edition.

Frank Kreith
D. Yogi Goswami
Editors-in-Chief
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Global energy consumption in the last half century has increased very rapidly and is expected to continue
to grow over the next 50 years. However, we expect to see significant differences between the last 50 years
and the next. The past increase was stimulated by relatively “cheap” fossil fuels and increased rates of
industrialization in North America, Europe, and Japan; yet while energy consumption in these countries
continues to increase, additional factors are making the picture for the next 50 years more complex.
These additional complicating factors include the very rapid increase in energy use in China and India
(countries representing about a third of the world’s population); the expected depletion of oil resources
in the not-too-distant future; and the effect of human activities on global climate change. On the positive
side, the renewable energy (RE) technologies of wind, biofuels, solar thermal, and photovoltaics (PV) are
finally showing maturity and the ultimate promise of cost competitiveness.

Statistics from the International Energy Agency (IEA) World Energy Outlook 2004 show that the total
primary energy demand in the world increased from 5536 GTOE in 1971 to 10,345 GTOE in 2002,
representing an average annual increase of 2% (see Table 1.1 and Figure 1.1)."

Of the total primary energy demand in 2002, fossil fuels accounted for about 80%, with oil, coal, and
natural gas accounting for 35.5, 23, and 21.2%, respectively. Biomass accounted for 11% of all the
primary energy in the world, with almost all of it being traditional biomass for cooking and heating in
developing countries; biomass is used very inefficiently in these applications.

"The energy data for this chapter came from many sources, which use different units of energy, making it difficult
to compare the numbers. The conversion factors are given here for a quick reference: MTOE=Mega tons of oil
equivalent; 1 MTOE=4.1868 X 10* TJ (Terra Joules) =3.968 X 10'° Btu., GTOE=Giga tons of oil equivalent; 1 GTOE=
1000 MTOE; Quadrillion Btu, also known as Quad: 10'° British Thermal Units or Btu; 1 Btu=1055], 1 TWh=
10° kWh, 1 kWh=3.6X10°].

1-1
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TABLE 1.1 World Total Energy Demand (MTOE)

Energy Source/Type 1971 2002 Annual Percentage of
Change 1971-2002
Coal 1407 2389 1.7
Oil 2413 3676 1.4
Gas 892 2190 2.9
Nuclear 29 892 11.6
Hydro 104 224 2.5
Biomass and Waste 687 1119 1.6
Other Renewables 4 55 8.8
Total 5536 10,345 2.0

Source: From IEA, World Energy Outlook, International Energy Agency, Paris, 2004. With permission.

The last 10 years of data for energy consumption from British Petroleum Corp. (BP) also shows that the
average increase per year was 2%. However, it is important to note (from Table 1.2) that the average
worldwide growth from 2001 to 2004 was 3.7% with the increase from 2003 to 2004 being 4.3%. The rate of
growth is rising mainly due to the very rapid growth in Pacific Asia, which recorded an average increase
from 2001 to 2004 of 8.6%.

More specifically, China increased its primary energy consumption by 15% from 2003 to 2004.
Unconfirmed data show similar increases continuing in China, followed by increases in India. Fueled by
high increases in China and India, worldwide energy consumption may continue to increase at rates
between 3 and 5% for at least a few more years. However, such high rates of increase cannot continue for
long. Various sources estimate that the worldwide average annual increase in energy consumption will be
1.6%—-2.5% (IEA 2004; IAEA 2005). Based on a 2% increase per year (average of the estimates from other
sources), the primary energy demand of 10,345 GTOE in 2002 would double by 2037 and triple by 2057.
With such high energy demand expected 50 years from now, it is important to look at all of the available
strategies to fulfill the future demand, especially for electricity and transportation.

Although not a technical issue in the conventional sense, no matter what types of engineering scenarios
are proposed to meet the rising energy demands world population, as long as exponential growth in
world population continues, the attendant problems of energy and food consumption, as well as
environmental degradation, may have no long-term solution (Bartlett 2004). Under current demo-
graphic trends, the United Nations forecasts a rise in the global population to around 9 billion in the year
2050. This increase in 2.5 billion people will occur mostly in developing countries with aspirations for a
higher standard of living. Thus, population growth should be considered as a part of the overall supply
and demand picture to assure the success of future global energy and pollution strategy.

12,000
10.000 | O Other renewables
O Biomass and waste
w 8000 W Hydro
© 6000 B Nuclear
=
4000 - & Gas
m Oil
2000 + m Coal
0 . T
1971 2002
Year

FIGURE 1.1 (See color insert following page 774.) World primary energy demand (MTOE). (Data from IEA,
World Energy Outlook, International Energy Agency, IEA, Paris, 2004. With permission.)
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TABLE 1.2 Primary Energy Consumption (MTOE)

Region 2001 2002 2003 2004 Average 2004 Change
Increase/Year (%) Over 2003 (%)
North America 2681.5 2721.1 2741.3 2784.4 1.3 1.6
including
U.S.A.
U.S.A. 2256.3 2289.1 2298.7 2331.6 1.1 1.4
South and 452.0 454.4 460.2 483.1 2.2 5.0
Central
America
Europe and 2855.5 2851.5 2908.0 2964.0 1.3 1.9
Euro—Asia
Middle East 413.2 438.7 454.2 481.9 5.3 6.1
Africa 280.0 287.2 300.1 312.1 3.7 4.0
Asia Pacific 2497.0 2734.9 2937.0 3198.8 8.6 8.9
World 9179.3 9487.9 9800.8 10,224.4 3.7 43

This data does not include traditional biomass, which was 2229 MTOE in 2002 according to IEA data.
Source: From British Petroleum Corporation, BP Statistical Review of World Energy, 2006, British Petroleum, London, 2006,
http://www.bp.com/statisticalreview/.

1.1 Major Sectors of Primary Energy Use

The major sectors using primary energy sources include electrical power, transportation, heating,
industrial, and others, such as cooking. The IEA data shows that the electricity demand almost tripled
from 1971 to 2002. This is not unexpected because electricity is a very convenient form of energy to
transport and use. Although primary energy use in all sectors has increased, their relative shares except
for transportation and electricity have decreased (Figure 1.2). Figure 1.2 shows that the relative share of
primary energy for electricity production in the world increased from about 20% in 1971 to about 30% in
2002. This is because electricity is becoming the preferred form of energy for all applications.

Figure 1.3 shows that coal is presently the largest source of electricity in the world. Consequently, the
power sector accounted for 40% of all CO, emissions in 2002. Emissions could be reduced by increased

100%

80% A . . t
[
! . H B
- . l l l
OO/O T T T
1971 2002 2010 2030
B Power generation Other transformation M Transport
Industry H Other

FIGURE 1.2 (See color insert following page 774.) Sectoral shares in world primary energy demand. (Data and
forecast from IEA, World Energy Outlook, IEA, Paris, 2004. With permission.)
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FIGURE 1.3 World electricity production by fuel in 2003. (Data from IEA, Renewables Information, IEA, Paris,
2005. With permission.)

use of RE sources. All RE sources combined accounted for only 17.6% share of electricity production in
the world, with hydroelectric power providing almost 90% of it. All other RE sources provided only 1.7%
of electricity in the world. However, the RE technologies of wind power and solar energy have vastly
improved in the last two decades and are becoming more cost effective. As these technologies mature and
become even more cost competitive in the future they may be in a position to replace a major fraction of
fossil fuels for electricity generation. Therefore, substituting fossil fuels with RE for electricity generation
must be an important part of any strategy of reducing CO, emissions into the atmosphere and combating
global climate change.

1.2 Electrical Capacity Additions to 2030

Figure 1.4 shows the additional electrical capacity forecast by IEA for different regions in the world. The
overall increase in the electrical capacity is in general agreement with the estimates from IAEA (2005)

China I
OECD North America | 1
OECD EUrope | |
Other Asia | mE——
Transition economies e
OECD Pacific | m—
Africa | T
India | I
Other Latin America | E———
Middle East | nmmm—
Brazil | mm—.
Indonesia

T T T T T T T T
0 100 200 300 400 500 600 700 800 900
GW
Under construction B Planned M Additions needed by 2030

Source: IEA analysis. Data for plants under construction and planning are from plants (2003).

FIGURE 1.4 Electrical capacity requirements by region. (From IEA, World Energy Outlook, IEA, Paris, 2004. With
permission.)
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which project an average annual growth of about 2%-2.5% up to 2030. It is clear that of all countries,
China will add the largest capacity with its projected electrical needs accounting for about 30% of the
world energy forecast. China and India combined will add about 40% of all the new capacity of the rest of
the world. Therefore, what happens in these two countries will have important consequences on the
worldwide energy and environmental situation. If coal provides as much as 70% of China’s electricity in
2030, as forecasted by IEA (IEA 2004), it will certainly increase worldwide CO, emissions, and further
increase global warming.

1.3 Transportation

Transportation is another sector that has increased its relative share of primary energy. This sector has
serious concerns as it is a significant source of CO, emissions and other airborne pollutants, and it is
almost totally based on oil as its energy source (Figure 1.5; Kreith, West, and Isler 2002). In 2002, the
transportation sector accounted for 21% of all CO, emissions worldwide. An important aspect of future
changes in transportation depends on what happens to the available oil resources, production and prices.
At present, 95% of all energy for transportation comes from oil.

As explained later in this chapter, irrespective of the actual amount of oil remaining in the ground,
oil production will peak soon. Therefore, the need for careful planning for an orderly transition away
from oil as the primary transportation fuel is urgent. An obvious replacement for oil would be biofuels
such as ethanol, methanol, biodiesel, and biogases. Some believe that hydrogen is another alternative,
because if it could be produced economically from RE sources or nuclear energy, it could provide a
clean transportation alternative for the future. Some have claimed hydrogen to be a “wonder fuel” and
have proposed a “hydrogen-based economy” to replace the present carbon-based economy (Veziroglu
and Barbir 1992). However, others (Shinnar 2003; Kreith and West 2004; Mazza and Hammerschlag
2005) dispute this claim based on the lack of infrastructure, problems with storage and safety, and the
lower efficiency of hydrogen vehicles as compared to plug-in hybrid or fully electric vehicles (West
and Kreith 2006). Already hybrid-electric automobiles are becoming popular around the world as
petroleum becomes more expensive.

The environmental benefits of renewable biofuels could be increased by using plug-in hybrid electric
vehicles (PHEVs). These cars and trucks combine internal combustion engines with electric motors to
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@ Share of transport in global oil demand
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FIGURE 1.5 Share of transport in global oil demand and share of oil in transport energy demand. (Data and
forecast from IEA, World Energy Outlook, IEA, Paris, 2004. With permission.)
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maximize fuel efficiency. PHEVs have more battery capacity that can be recharged by plugging it into a
regular electric outlet. Then these vehicles can run on electricity alone for relatively short trips. The
electric-only trip length is denoted by a number, e.g., PHEV 20 can run on battery charge for 20 miles.
When the battery charge is used up, the engine begins to power the vehicle. The hybrid combination
reduces gasoline consumption appreciably. Whereas the conventional vehicle fleet has a fuel economy of
about 22 mpg, hybrids such as the Toyota Prius can attain about 50 mpg. PHEV 20s have been shown to
attain as much as 100 mpg. Gasoline use can be decreased even further if the combustion engine runs on
biofuel blends, such as E85, a mixture of 15% gasoline and 85% ethanol (Kreith 2006; West and Kreith
2006).

Plug-in hybrid electric technology is already available and could be realized immediately without
further R&D. Furthermore, a large portion of the electric generation infrastructure, particularly in
developed countries, is needed only at the time of peak demand (60% in the United States), and the rest is
available at other times. Hence, if batteries of PHEVs were charged during off-peak hours, no new
generation capacity would be required. Moreover, this approach would levelize the electric load and
reduce the average cost of electricity, according to a study by the Electric Power Research Institute (EPRI)
(Sanna 2005).

Given the potential of PHEVs, EPRI (EPRI 2004) conducted a large-scale analysis of the cost, battery
requirements, economic competitiveness of plug-in vehicles today and in the future. As shown by West
and Kreith, the net present value of lifecycle costs over 10 years for PHEVs with a 20-mile electric-only
range (PHEV20) is less than that of a similar conventional vehicle (West and Kreith 2006). Furthermore,
currently available nickel metal hydride (NiMH) batteries are already able to meet required cost and
performance specifications. More advanced batteries, such as lithium-ion (Li-ion) batteries, may
improve the economics of PHEVs even further in the future.

1.4 World Energy Resources

With a view to meet the future demand of primary energy in 2050 and beyond, it is important to
understand the available reserves of conventional energy resources including fossil fuels and uranium,
and the limitations posed on them due to environmental considerations.

1.4.1 Conventional Oil

There is a considerable debate and disagreement on the estimates of “ultimate recoverable oil reserves.”
However, there seems to be a good agreement on the amount of “proven oil reserves” in the world.
According to British Petroleum (2006), total identified or proven world oil reserves at the end of 2005
were 1200.7 billion barrels. This estimate is close to the reserves of 1266 billion barrels from other
sources listed by IEA (IEA 2004). The differences among them lie in their accounting for the Canadian
tar sands. Considering the present production rate of over 80 million barrels per day, these reserves
will last for about 41 years if there is no increase in production. Of course, there may be additional
reserves that may be discovered in the future. A recent analysis by the U.S. Energy Information
Agency (2006) estimates the ultimately recoverable world oil reserves (including resources not yet
discovered) at between 2.2 X10'? barrels (bbl) and 3.9 X10'? bbl with a mean estimate of the USGS
at 3X10'? bbl.

Ever since petroleum geologist M. King Hubbert correctly predicted in 1956 that U.S. oil production
would reach a peak in 1973 and then decline (Hubbert 1974), scientists and engineers have known that
worldwide oil production would follow a similar trend. Today, the only question is when the world peak
will occur. Bartlett (2002) has developed a predictive model based on a Gaussian curve similar in shape to
the data used by Hubbert as shown in Figure 1.6. The predictive peak in world oil production depends on
the assumed total amount of recoverable reserves.
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FIGURE 1.6 World oil production vs. time for various amounts of ultimate recoverable resource. (From Bartlett, A.
A., Mathematical Geology, 32, 2002. With permission.)

If BP’s estimations of oil reserves are correct, we may have already peaked in world oil production. If,
however, estimates of the ultimate reserves (discovered and undiscovered) are used, we may expect the oil
production to increase a little longer before it peaks. However, changing the total available reserves from
310" bbl to 4X10'* bbl increases the predicted time of peak production by merely 11 years, from
2019 to 2030. There is no question that after the world peak is reached and oil production begins to drop,
either alternative fuels will have to be supplied to make up the difference between demand and supply, or
the cost of fuel will increase precipitously and create an unprecedented social and economic crisis for our
entire transportation system.

The present trend of yearly increases in oil consumption, especially in China and India, shortens the
window of opportunity for a managed transition to alternative fuels even further. Hence, irrespective of
the actual amount of oil remaining in the ground, peak production will occur soon. Therefore, the need
for starting to supplement oil as the primary transportation fuel is urgent because an orderly transition to
develop petroleum substitutes will take time and careful planning.

1.4.2 Natural Gas

According to BP (2006), the total proven world natural gas reserves at the end of 2004 were 179.5
trillion m>. Considering the production rate of gas in 2004, with no increase in production thereafter,
these reserves would last for 67 years. However, production of natural gas has been rising at an average
rate of 2.5% over the past four years. If production continues to rise because of additional use of CNG
for transportation and increased power production from natural gas, the reserves would last for fewer
years. Of course, there could be additional new discoveries. However, even with additional discoveries,
it is reasonable to expect that all the available natural gas resources may last from about 50 to 80 years,
with a peak in production occurring much earlier.

1.4.3 Coal

Coal is the largest fossil resource available to us and the most problematic from an environmental
standpoint. From all indications, coal use will continue to grow for power production around the world
because of expected increases in China, India, Australia, and other countries. From an environmental
point of view, this would be unsustainable unless advanced “clean coal technology” (CCT) with carbon
sequestration is deployed.

Clean coal technology is based on an integrated gasification combined-cycle (IGCC) that converts coal
to a gas that is used in a turbine to provide electricity with CO, and pollutant removal before the fuel is
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burned (Hawkins, Lashof, and Williams 2006). According to R.C. Kelly, President and Chief Executive
Officer of Minneapolis-based Xcel Energy, the company is about to build such a plant in Colorado, U.S.A.
The plant will capture CO, and inject it underground, possibly in depleted oil fields. According to Kelly,
an IGCC plant can cost 20% more to build than a conventional coal plant, but is more efficient to operate
(Associated Press 2006). According to an Australian study (Sadler 2004), no carbon capture and storage
system is yet operating on a commercial scale, but may become an attractive technology to achieve
atmospheric CO, stabilization.

According to BP, the proven recoverable world coal resources were estimated to be 909 billion tons at
the end of 2004 with a reserve to production ratio (R/P) of 164 years. The BP data also shows that coal
use increased at an average rate of 6% from 2002 to 2005, the largest increase of all fossil resources.
Because China and India are continuing to build new coal power plants, it is reasonable to assume that
coal use will continue to increase for at least some years in the future. Therefore, the R/P ratio will
decrease from the present value of 164 years. This R/P ratio will decrease even more rapidly when
clean coal technologies such as coal gasification and liquification are utilized instead of
direct combustion.

1.4.4 Summary of Fossil Fuel Reserves

Even though there are widely differing views and estimates of the ultimately recoverable resources of
fossil fuels, it is fair to say that they may last for around 50-150 years with a peak in production
occurring much earlier. However, a big concern is the climatic threat of additional carbon that will be
released into the atmosphere. According to the estimates from the IEA, if the present shares of
fossil fuels are maintained up to 2030 without any carbon sequestration, a cumulative amount of
approximately 1000 gigatons of carbon will be released into the atmosphere (based on Figure 1.7).
This is especially troublesome in view of the fact that the present total cumulative emissions of
about 300 gigatons of carbon have already raised serious concerns about global climate change.

1.4.5 Nuclear Resources

Increased use of nuclear power presents the possibility of additional carbon-free energy use and its
consequent benefit for the environment. However, there are significant concerns about nuclear waste
and other environmental impacts, the security of the fuel and the waste, and the possibility of their
diversion for weapon production.
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FIGURE 1.7 World energy-related CO, emissions by fuel. (Data and forecast from IEA, World Energy Outlook, IEA,
Paris, 2004. With permission.)
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According to the IAEA (2005) nuclear fission provided 16% of the electricity in the world in 2004,
with a worldwide capacity of 368 GW. An additional 20 GW of nuclear power capacity was under
construction during the same year. The IAEA also estimates that the worldwide nuclear power capacity
will increase at an average rate of 0.5%-2.2% until 2030 (IAEA 2005). At present, uranium is used as
the fissile material for nuclear power production. Thorium could also be used for nuclear fission;
however, to date nobody has developed a commercial nuclear power plant based on thorium. Terrestrial
deposits of both uranium and thorium are limited and concentrated in a few countries of the world.
Estimates from the International Atomic Energy Agency (IAEA) and other sources show that the
recoverable assured uranium reserves in the world are about 2.3 million tonnes to as much as 3.2
million tons (UNDP 2004). If additional estimated resources (not yet discovered) are also included,
then the total resources become 5.1 million tons (UNDP 2004). Additionally, there are
nonconventional uranium resources, such as sea water which contains about 3 parts per billion
uranium and some phosphate deposits (more than half of them in Morocco) which contain about 100
parts per million uranium. These resources are potentially huge; however, their cost effective recovery is
not certain.

Generating 1 TWh of electricity from nuclear fission requires approximately 22 tonnes of uranium
(UNDP 2004). Based on the 2004 world capacity of 368 GW and an average annual growth rate of 2%,
the present known uranium reserves of 2.3-3.2 million tonnes will last until 2030-2037. If all of the
estimated (discovered and undiscovered) reserves of 5.1 million tonnes are considered, they will be used
up by 2050. This estimate does not consider regeneration of spent fuel. At present, nuclear fuel
regeneration is not allowed in the United States. However, that law could be changed in the future.
Development of breeder reactors could increase the time period much further. Nuclear fusion could
potentially provide a virtually inexhaustible energy supply; however, it is not expected to be commercially
available in the foreseeable future.

1.4.6 Present Status and Potential of Renewable Energy (RE)

According to the data in Table 1.3, 13.3% of the world’s total primary energy supply came from RE in
2003. However, almost 80% of the RE supply was from biomass (Figure 1.8), and in developing countries
it is mostly converted by traditional open combustion, which is very inefficient. Because of its inefficient
use, biomass resources presently supply only about 20% of what they could if converted by more efficient,
already available technologies. As it stands, biomass provides only 11% of the world total primary energy,
which is much less than its real potential. The total technologically sustainable biomass energy potential
for the world is 3—4 TW, (UNDP 2004 ), which is more than the entire present global electrical generating
capacity of about 3 TW..

In 2003, shares of biomass and hydropower in the total primary energy mix of the world were about
11% and 2%, respectively. All of the other renewables, including solar thermal, solar PV, wind,
geothermal, and ocean combined, provided only about 0.5% of the total primary energy. During the
same year, biomass combined with hydroelectric resources provided more than 50% of all the primary

TABLE 1.3 2003 Fuel Shares in World Total Primary Energy Supply

Source Share (%)
Oil 344
Natural Gas 21.2
Coal 24.4
Nuclear 6.5
Renewables 13.3

Source: Data from IEA, World Energy Outlook, IEA, Paris, 2004. With permission.
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FIGURE 1.8 2003 resource shares in world renewable energy supply. (Data from IEA, World Energy Outlook, IEA,
Paris, 2004. With permission.)

TABLE 1.4 Share of Renewable Energy (RE) in 2003 Total Primary Energy Supply (TPES) on a Regional Basis

Region Share of Renewables
TPES Renewables in TPES (%)
MTOE MTOE
Africa 558.9 279.9 50.1
Latin America 463.9 135.5 29.2
Asia 1224.4 400 32.7
India 553.4 218 39.4
China 1425.9 243.4 17.1
Non-OECD? Europe 103.5 9.7 9.4
Former U.S.S.R. 961.7 27.5 2.9
Middle East 445.7 3.2 0.7
OECD 5394.7 304.7 5.6
US.A. 2280.8 95.3 4.2
World 10,578.7 1403.7 13.3

* OECD, Organization for Economic Cooperation and Development.
Source: From IEA, Renewables Information, IEA, Paris, 2005. With permission.

TABLE 1.5 Electricity from RE in 2002

Energy Source 2002

TWh (%)
Hydropower 2610 89
Biomass 207 7
Wind 52 2
Geothermal 57 2
Solar 1 0
Tide/Wave 1 0
Total 2927 100

Source: Data from IEA, World Energy Outlook, IEA, Paris, 2004. With permission.
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energy in Africa, 29.2% in Latin America, and 32.7% in Asia (Table 1.4; IEA 2005). However, biomass is
used very inefficiently for cooking in these countries. Such use has also resulted in significant health
problems, especially for women.

The total share of all renewables for electricity production in 2002 was about 17%, a vast majority
(89%) of it being from hydroelectric power (Table 1.5).

1.4.7 Wind Power

Wind-energy technology has progressed significantly over the last two decades. The technology has been
vastly improved and capital costs have come down to as low as $1000 per kW. At this level of capital costs,
wind power is already economical at locations with fairly good wind resources. Therefore, the average
annual growth in worldwide wind energy capacity from 2000 to 2003 was over 30% (Figure 1.9) and it
continued to grow at that rate in 2004 and 2005. The average growth in the United States over the same
period was 37.7%. The total worldwide installed wind power capacity that was 39 GW in 2003
(Figure 1.9), reached a level of 59 GW in 2005 (WWEA 2006). The total theoretical potential for
onshore wind power for the world is around 55 TW with a practical potential of at least 2 TW (UNDP
2004), which is about two-thirds of the entire present worldwide generating capacity. The offshore wind
energy potential is even larger.

1.4.8 Solar Energy

The amount of sunlight striking the Earth’s atmosphere continuously is 1.75X 10° TW. Considering a
60% transmittance through the atmospheric cloud cover, 1.05X 10° TW reaches the Earth’s surface
continuously. If the irradiance on only 1% of the Earth’s surface could be converted into electric energy
with a 10% efficiency, it would provide a resource base of 105 TW, whereas the total global energy needs
for 2050 are projected to be about 25-30 TW. The present state of solar energy technologies is such that
solar-cell efficiencies have reached over 20% and solar thermal systems provide efficiencies of 40%—60%.
With the present rate of technological development, these solar technologies will continue improving,
thus bringing the costs down, especially with the economies of scale.

Solar PV panels have come down in cost from about $30/W to about $3/W in the last three decades. At
$3/W panel cost, the overall system cost is around $6/W, which is still too high to compete with other
resources for grid electricity. However, there are many off-grid applications where solar PV is already
cost-effective. With net metering and governmental incentives, such as feed-in laws and other policies,

World
(0]=(¢]p]

OECD (urope)

FIGURE 1.9 World wind-energy installed capacity and growth rates. (Data from IEA, World Energy Outlook, IEA,
Paris, 2004. With permission.)
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TABLE 1.6 Growth in Photovoltaics (PV) Demand (2000-2003)

Region Percent Increase 2000-2003 (%)
OECD 32
OECD (Europe) 41.1
Germany 51.1

even grid-connected applications such as building-integrated PV (BIPV) have become cost-effective. As a
result, the worldwide growth in PV production has averaged over 30% per year from 2000 to 2003, with
Germany showing the maximum growth of over 51% (Table 1.6; Figure 1.10).

Solar thermal power using concentrating solar collectors was the first solar technology that
demonstrated its grid power potential. A 354 MW, solar thermal power plant has been operating
continuously in California since 1988. Progress in solar thermal power stalled after that time because of
poor policy and lack of R&D. However, the last five years have seen a resurgence of interest in this area
and a number of solar thermal power plants around the world are under construction. The cost of power
from these plants (which is so far in the range of 12-16 U.S. cents/kWh) has the potential to go down to 5
U.S. cents/kWh with scale-up and creation of a mass market. An advantage of solar thermal power is that
thermal energy can be stored efficiently and fuels such as natural gas or biogas may be used as backup to
ensure continuous operation. If this technology is combined with power plants operating on fossil fuels,
it has the potential to extend the time frame of the existing fossil fuels.

Low temperature solar thermal systems and applications have been well developed for quite some
time. They are being actively installed wherever policies favor their deployment. Figure 1.11 gives an idea
of the rate of growth of solar thermal systems in the world (ESTIF 2000). Just in 2003, over 10 MW, solar
collectors were deployed around the world, a vast majority of those being in China (Figure 1.12).

1.4.9 Biomass

Although theoretically harvestable biomass energy potential is on the order of 90 TW, the technical
potential on a sustainable basis is on the order of 8-13 TW or 270450 exajoules/year (UNDP 2004). This
potential is 3—4 times the present electrical generation capacity of the world. It is estimated that by 2025,
even municipal solid waste (MSW) alone could generate up to 6 exajoules/year (UNDP 2004).

PV production [MWpe]
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FIGURE 1.10 World solar PV production, 1990-2005 (MWp). (From Maycock, P., PV News Annual Review of the
PV Market, 2006, http://www.epia.org. With permission.)
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FIGURE 1.11 Deployment of solar heat (glazed) collectors (MWy,).

The biggest advantage of biomass as an energy resource is its relatively straightforward transformation
into transportation fuels. Biofuels have the potential to replace as much as 75% of the petroleum fuels in
use for transportation in the U.S.A. today (Worldwatch Institute 2006). This is especially important in
view of the declining oil supplies worldwide. Biofuels will not require additional infrastructure
development. Therefore, development of biofuels is being viewed very favorably by governments
around the world. Biofuels, along with other transportation options such as electric vehicles and
hydrogen, will help diversify the fuel base for future transportation. Figure 1.13 shows that global ethanol
production more than doubled between 2000 and 2005. Biodiesel production grew almost fourfold,
although it started from a much smaller base. In 2005, the world ethanol production had reached about
36 billion liters per year, whereas biodiesel production topped 3.5 billion liters during the same year.
Table 1.7 shows the top five countries producing these fuels.

Row
Turkey 5%
Israel
8%
Europe

9%

FIGURE 1.12 Worldwide distribution of solar thermal collector markets. (From ESTIE, Solar Thermal Markets in
Europe—Trends and Statistics for 2004, European Solar Thermal Industry Federation, Brussels, Belgium, 2005. With
permission.)
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FIGURE 1.13 World fuel ethanol production, 1975-2005. (From Worldwatch, Biofuels for Transportation—Global
Potential and Implications for Sustainable and Energy in the 21st Century, Report prepared for the German Federal
Ministry for Food, Agriculture and Consumer Protection, Worldwatch Institute, Washington, DC, 2006. With
permission.)

The present cost of ethanol production ranges from about 25 Euro cents to about 1 Euro per gasoline
equivalent liter, as compared to the wholesale price of gasoline that is between 40 and 60 Euro cents per
liter (Figure 1.14). Biodiesel costs, on the other hand, range between 20 Euro cents to 65 Euro cents per
liter of diesel equivalent (Figure 1.15). Figure 1.16 shows the feedstocks used for these biofuels. An
important consideration for biofuels is that the fuel not be produced at the expense of food while there
are people going hungry in the world. This would not be of concern if biofuels were produced from
municipal solid waste (MSW).

According to the Worldwatch report, a city of 1 million people produces about 1800 tonnes of MSW
and 1300 tonnes of organic waste every day that, using the present-day technology, could produce
enough fuel to meet the needs of 58,000 persons in the United States, 360,000 in France, and nearly 2.6
million in China at current rates of per capita fuel use (Worldwatch Institute 2006).

1.4.10 Summary of RE Resources

By definition, the term reserves does not apply to renewable resources. Therefore, we need to look at
the annual potential of each resource. Table 1.8 summarizes the resource potential and the present costs
and the potential future costs for the most important renewable resources.

TABLE 1.7 Top Five Ethanol and Biodiesel Producers in the World

Ethanol Production
(million liters/year)

Brazil 16,500
US.A. 16,230
China 2000
European Union 900
India 300

Diesel Production
(million liters/year)

Germany 1920
France 511
U.S.A. 290
Italy 227
Austria 83

© 2006 by Taylor & Francis Group, LLC



Global Energy System 1-15

Source: IEA, Reuters, DOE
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FIGURE 1.14 Cost ranges for ethanol and gasoline production, 2006. (From Worldwatch, Biofuels for
Transportation—Global Potential and Implications for Sustainable Energy in the 21st Century, Report prepared
for the German Federal Ministry for Food, Agriculture and Consumer Protection, Worldwatch Institute, Washington,
DC, 2006. With permission.)

As in the case of other new technologies, it is expected that cost competitiveness of the RE technologies
will be achieved with R&D, scale-up, commercial experience and mass production. The experience curves
in Figure 1.17 show industry-wide cost reductions in the range of 10%-20% for each cumulative
doubling of production for wind power, PV, ethanol, and gas turbines (UNDP 2004). Similar declines
can be expected in solar thermal power and other renewable technologies. As seen from Figure 1.17, wind
energy technologies have already achieved market maturity, and PV technologies are well on their way.
Even though concentrating solar thermal power (CSP) is not shown in this figure, a GEF report estimates

Source: IEA, Reuters, DOE
Biodiesel from waste grease (US,EU)

Biodiesel from soybeans (US)
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FIGURE 1.15 Cost ranges for biodiesel and diesel production, 2006. (From Worldwatch, Biofuels for Trans-
portation—Global Potential and Implications for Sustainable and Energy in the 21st Century, Report prepared for
the German Federal Ministry for Food, Agriculture and Consumer Protection, Worldwatch Institute, Washington,
DC, 2006. With permission.)
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FIGURE 1.16 Biofuel yields of selected ethanol and biodiesel feedstocks. (From Worldwatch, Biofuels for
Transportation—Global Potential and Implications for Sustainable and Energy in the 21st Century, Report prepared
for the German Federal Ministry for Food, Agriculture and Consumer Protection, Worldwatch Institute, Washington,
DC, 2006. With permission.)

that CSP will achieve the cost target of about $0.05/kWh by the time it has an installed capacity of about
40 GW (GEF 2005). As a reference point, wind power achieved that capacity milestone in 2003.

1.5 Role of Energy Conservation

Energy conservation can and must play an important role in future energy strategy, because it can
ameliorate adverse impacts on the environment rapidly and economically. Figure 1.18 and Figure 1.19
give an idea of the potential of energy efficiency improvements. Figure 1.18 shows that per capita energy
consumption varies by as much as a factor of three between the U.S.A. and some European countries with
almost the same level of human development index (HDI). Even taking just the OECD European
countries combined, the per capita energy consumption in the U.S.A. is twice as much. It is fair to assume
that the per capita energy of the United States could be reduced to the level of OECD Europe of 4.2 kW by
a combination of energy efficiency improvements and changes in the transportation infrastructure. This
is significant because the U.S.A. uses about 25% of the energy of the whole world. The present per capita
energy consumption in the U.S.A. is 284 GJ, which is equivalent to about 9 kW per person, whereas the
average for the whole world is 2 kW. The Board of Swiss Federal Institutes of Technology has developed a
vision of a 2-kW-per-capita society by the middle of the century (UNDP 2004). The vision is technically
feasible. However, achieving this vision will require a combination of increased R&D on energy efficiency
and policies that encourage conservation and use of high efficiency systems. It will also require some
structural changes in the transportation systems. According to the 2004 World Energy Assessment by
UNDP, a reduction of 25%-35% in primary energy in the industrialized countries is achievable cost
effectively in the next 20 years, without sacrificing the level of energy services. The report also concluded
that similar reductions of up to 40% are cost effectively achievable in the transitional economies and
more than 45% in developing economies. As a combined result of efficiency improvements and structural
changes such as increased recycling, substitution of energy intensive materials, etc., energy intensity
could decline at a rate of 2.5% per year over the next 20 years (UNDP 2004).
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TABLE 1.8 Potential and Status of RE Technologies
Technology Annual Potential Operating  Investment Costs Current Energy Potential
Capacity U.S.$ per kW Cost Future Energy
2005° cost
Biomass Energy 276446 EJ total or 8-13 TW
MSW ~6 EJ
Electricity ~44 GW 500—-6000/kW, 3-12 ¢/kWh 3-10 ¢/kWh
Heat ~225GWy,  170-1000/kW, 1-6 ¢/kWh 1-5 ¢/kWh
Ethanol ~36blnL 170-350/kWy, 25-75 c/L(ge)* 6-10 $/GJ
Biodiesel ~35bln L 500-1000/kWy, 25-85 ¢/L(de)? 10-15 $/GJ
Wind Power 55 TW theoretical 2 TW 59 GW 850-1700 4-8 c/kWh 3-8 ¢/kWh
practical
Solar Energy >100 TW
Photovoltaics 5.6 GW 5000-10,000 25-160 ¢/kWh 5-25 ¢/kWh
Thermal power 0.4 GW 2500-6000 12-34 ¢/kWh 4-20 ¢/kWh
Heat 300-1700 2-25 ¢/kWh 2-10 ¢/kWh
Geothermal 600,000 EJ useful resource
base 5000 EJ economical
in 40-50 years
Electricity 9 GW 800-3000 2-10 ¢/kWh 1-8 c/kWh
Heat 11 GWy, 200-2000 0.5-5 ¢/kWh 0.5-5 ¢/kWh
Ocean Energy
Tidal 2.5TW 0.3 GW 1700-2500 8-15 c/kWh 8-15 c/kWh
Wave 20TW 2000-5000 10-30 ¢/kWh 5-10 c/kWh
OTEC 228 TW 8000-20,000 15-40 ¢/kWh 7-20 c/kWh
Hydroelectric 1.63 TW theoretical
Large 0.92 TW econ. 690 GW 1000-3500 2-10 ¢/kWh 2-10 ¢/kWh
Small 25 GW 700-8000 2-12 c/kWh 2-10 c/kWh

* GW.,, gigawatt electrical power.

® GWy, gigawatt thermal power.

¢ ge, gasoline equivalent liter.

4 de, diesel equivalent liter.

Sources: Data from UNDP, World Energy Assessment: Energy and the Challenge of Sustainability, 2004, updated from other
sources: Worldwatch Institute. 2006. Biofuels for Transportation—Global Potential and Implications for Sustainable and Energy
in the 21st Century. Worldwatch Institute. Washington, DC, “ Biofuels for Transportation—Global Potential and Implications
for Sustainable andenergy in the 21st Century”, Report prepared for the German Federal Ministry for Food, Agriculture
and Consumer Protection, Worldwatch Institute, Wash., DC; World Wind Energy Association Bulletin, 2006, http://www.
wwindea.org; EPIA, Photovoltoaic Barometer, http://www.epia.org; World Geothermal Power Generation 2001-[blc1]2005,
GRC Bulletin, International Energy Annual, USEIA, 2006.

The summary of the economic energy efficiency potentials in North America up to the year 2010 are
shown in Table 1.9. It is apparent that the greatest energy savings potential is in the transportation
industry, followed by residential heating. The sources in the right-hand column refer to references in the
United Nations study. In addition to the item cited in Table 1.9, it is believed that large energy savings are
possible in office equipment, such as computers and communication. A similar estimate for the
economic energy efficiency potential for Western Europe for the years 2010 and 2020 is presented in
Table 1.10, where the resource references refer to the bibliography in Jochem (2000). Similar estimates for
the energy saving potential in Japan, Asia and Latin America are presented in the same reference.

Improving energy efficiency across all sectors of the economy should become a worldwide objective
(Energy Commission 2004). It should be noted, however, that free market price signals may not always be
sufficient to effect energy efficiency. Hence, legislation on the state and/or national level for energy
efficiency standards for equipment in the residential and commercial sector may be necessary. There is
considerable debate whether incentives or mandates are the preferred way to improved energy efficiency.
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FIGURE 1.17 Experience curves for wind, PV, ethanol, and gas turbines. (Adapted from UNDP, World Energy
Assessment: Energy and the Challenge of Sustainability, UNDP, 2004.)
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Notes: Asia excludes Middle East, China,and
OECD countries;Middle East and North Africa
comprises Algeria,Bahrain,Egypt,Iran,Iraq,
Israel,Jordan,Kuwait,Lebanon,Libya,Moroco,
Oman,Qatar,Saudi Arabia,Syria, Tunisia,United
Arab Emirates and Yemen;Latin America and
Caribbean excludes Mexico;OECD Pacific
comprises Australia,Japan,Korea,and New
Zealand;Former USSR comprises Armenia,
Azerbaijan,Belarus,Estonia,Georgia,Kazakhstan,
Kyrgyzstan,Latvia,Lithuania,Moldova,Russia,
Tajikistan, Turkmenistan,Ukraine,and
Uzbekistan,Non-OECD Europe consists of
Albania,Bosnia and Herzegovina,Bulgaria,
Croatia,Cyprus,Gilbraltar,Macedonia,Malta,
0 50 100 150 200 250 300 Romaina,and Slovenia;OECD North
Gigajoules per capita America includes Mexico.
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FIGURE 1.19 Per capita energy use by region (commercial and noncommercial), 2000. (From UNDP, World Energy
Assessment: Energy and the Challenge of Sustainability, UNDP, 2004. With permission.)

Such measures may be necessary because surveys indicate that consumers consistently rank energy use
and operating costs quite low on the lists of attributes they consider when purchasing an appliance or
construct a building. Incentives may be the preferred option provided they induce decision makers to
take appropriate action.

In the United States, by the year 2004, national efficiency standards were in effect for a variety of
residential and commercial appliances. Updated standards will take effect in the next few years for several
more products. Figure 1.20 shows the projected energy savings from upgraded standards for products
installed in the years 2010-2020. Outside the United States, over 30 countries have also adopted

TABLE 1.9 Economic Energy Efficiency Potentials in North America, 2010

Sector and Area Economic Potential (percent) Energy Price Level Base Year
Assumed
United States® Canada
Industry
Iron and steel 4-8 29 United States: United States: 1995
scenario for price
developments®
Aluminium 2-4
(primary)
Cement 4-8
Glass production 4-8 Canada: 1990
Refineries 4-8 23 Canada: price
scenario by
province®
Bulk chemicals 4-9 18
Pulp and paper 4-8 9
Light 10-18
manufacturing
Mining n.a. 7
Industrial minerals n.a. 9
Residential
Lighting 53 United States: United States: 1995
scenario for price
developments
Space heating 11-25
(continued)
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TABLE 1.9 (Continued)

Sector and Area Economic Potential (percent) Energy Price Level Base Year
Assumed
United States® Canada
Space cooling 16
Water heating 28-29 Canada: 1990
Appliances 10-33 Canada: price
scenario
Overall 13
Commercial and
public
Space heating 48 United States: United States: 1995
scenario for price
developments
Space cooling 48
Lighting 25
Water heating 10-20 Canada:1990
Refrigeration 31 Canada: price
scenario
Miscellaneous 10-33
Overall n.a. 9
Transportation
Passenger cars 11-17 United States: United States: 1997
scenario for price
developments
Freight trucks 8-9
Railways 16-25
Aeroplanes 6-11 Canada: 1990
Overall 10-14 3 Canada: price
scenario

* Industrial energy efficiency potentials in the United States reflect an estimated penetration potential under different
conditions based on the Interlaboratory Working Group on Energy Efficient and Low-Carbon Technologies (1997). There are
no separate estimates available for the economic potential. The economic potential under business-as-usual fuel price
developments is estimated at 7 percent in energy-intensive industries and 16 percent in light industries.

" The Inter-Laboratory Working Group study (1997) used price scenarios for 1997-2010 to estimate the potential for
energy efficiency improvement, based on the Annual Energy Outlook 1997 scenario (EIA, 1996). The scenario assumes a 1.2
percent annual increase in oil prices from 1997 levels.

¢ For comparison; in 2010 light fuel oil price are $6-8 a gigajoule at the 1999 exchange rate (Jaccard and Willis Energy
Services, 1996).

Source: From UNDP (United Nations Development Programme), World energy assessment: Energy and the challenge of
sustainability, New York, 2004.

minimum energy performance standards. These measures have been shown to be economically attractive
and can provide an appreciable reduction in adverse environmental impacts.

This handbook describes energy efficiency improvements achievable with available technologies. The
challenge is to adopt policies that accelerate the adoption of these technologies all over the world.

1.6 Forecast of Future Energy Mix

As explained above, it is clear that oil production will peak in the near future and will start declining
thereafter. Since oil comprises the largest share of world energy consumption, a reduction in availability
of oil will cause a major disruption unless other resources can fill the gap. Natural gas and coal
production may be increased to fill the gap, with the natural gas supply increasing more rapidly than coal.
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TABLE 1.10 Economic Energy Efficiency Potentials in Western Europe, 2010 and 2020

Sector and Technological Area Economic Potential (percent)® Energy Price Level Base Year
Assumed
2010 2020
Industry
Iron and steel, coke ovens 9-15 13-20 1994 1995
Construction materials 5-10 8-15 1997 1997
Glass production 10-15 15-25 1997 1997
Refineries 5-8 7-10 1995 1997
Basic organic chemicals 5-10 1997 1996
Pulp and paper 50 1996 1997
Investment and consumer 10-20 15-25 1994 1995
goods
Food 10-15 1997 1997
Cogeneration in industry 10-20 1997 1997
Residential
Existing buildings
Boilers and burners 15-20 20-25 Today’s prices 1997
Building envelopes 8-12 10-20 Today’s prices 1995
New buildings 20-30 Today’s prices 1995
Electric appliances 20-30 35-45 1997 1997
Commercial, public, and
agriculture
Commercial buildings 10-20 30 8-13 ¢/kWh 1995
Electricity 10-25 20-37 4-10 ¢/kWh 1997
Heat 15-25 Today’s prices 1998
Public buildings 30-40 7-15 ¢/kWh 1992
Agriculture and forestry 15-20 Today’s prices
Horticulture 20-30 Today’s prices
Decentralised cogeneration 20-30 Today’s prices 1995
Office equipment 40-50 1995 1995
Transportation
Cars 25 Today’s prices 1995
Door-to-door integration 4 1995
Modal split of freight transport 3P 1995
Trains and railways 20 Today’s prices 1999
Aircraft, logistics 15-20 25-30 Today’s prices 1998

# Assumes a constant structure or use of the sector or technology considered.
® Refers to the final energy use of the entire sector.

However, that will hasten the time when natural gas production also peaks. Additionally, any increase in
coal consumption will worsen the global climate change situation. Although CO, sequestration is
feasible, it is doubtful that there will be any large-scale application of this technology for existing plants.
However, all possible measures should be taken to sequester CO, from new coal-fired power plants.
Presently, there is a resurgence of interest in nuclear power. However, it is doubtful that nuclear power
alone will be able to fill the gap. Forecasts from IAEA show that nuclear power around the world will
grow at a rate of 0.5%—2.2% over the next 25 years (IAEA 2005). This estimate is in the same range as that
of IEA.

Based on this information it seems logical that the RE technologies of solar, wind and biomass will not
only be essential but will hopefully be able to fill the gap and provide a clean and sustainable energy
future. Although, wind and photovoltaic power have grown at rates of over 30%—35% per year over the
last few years, this growth rate is based on very small existing capacities for these sources. There are many
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FIGURE 1.20 Comparison of cost of conserved energy for 2010 standards to projected electricity price in the

residential sector.

differing views on the future energy mix. The IEA estimates (Figure 1.21) that the present mix will
continue until 2030 (IEA 2004).

On the other hand, the German Advisory Council on Global Change (WBGU) estimates that as much
as 50% of the world’s primary energy in 2050 will come from RE, increasing to 80% by 2100 (Figure 1.22;
WBGU 2003). However to achieve that level of RE use by 2050 and beyond will require worldwide effort

on the scale of a global Apollo Project.
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FIGURE 1.21  (See color insert following page 774.) World primary energy demand by fuel types according to
IEA. (From IEA, World Energy Outlook, IEA, Paris, 2004.)
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FIGURE 1.22 (See color insert following page 774.) The global energy mix for year 2050 and 2100 according to
WBGU. (From WBGU, World in Transition—Towards Sustainable Energy Systems, German Advisory Council on Global
Change, Berlin, 2003.)
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2.1 U.S. State and Federal Policies for Renewables

Christopher Namovicz

2.1.1 Tax Incentives

Tax incentives have provided a key form of direct subsidy to renewable energy and energy efficiency in the
U.S. at both the state and Federal levels. These incentives can take several forms, including deductions
from taxable income or a credit against tax liability. In addition, tax credits can be applied to the initial
purchase or investment in a particular technology, or to the ongoing utilization of a technology or
production of a covered commodity.

2.1.1.1 Investment

Renewable energy and energy-efficient technologies are typically characterized by higher up-front costs
resulting in significantly reduced fuel and/or operating costs (although not all technologies fit this
characterization, for example, biomass energy can involve substantial ongoing costs for fuel and
operations). Many early policy incentives at both the Federal and state levels were intended to reduce
the acquisition cost of these technologies, frequently through the use of tax credits proportional to capital
investment costs. In some cases, such as some of the early deployment of wind generating technology in
California during the 1980s, it was believed that investment incentives provided insufficient incentive for
high-quality technology or projects that would continue to operate once the initial incentive had been
completely realized by the project owner. However, such failures may also be attributed to insufficient
technology qualification measures, such as technology criteria or screening [1]. Despite the apparent
shortcomings of investment incentives in the early U.S. wind industry, these continue to see widespread
use in both Federal and state policy for other renewable energy and energy efficiency technologies.

Tax incentives applied against the investment in renewable energy technologies played a significant role
in the early adoption of these technologies during the 1980s. Originally adopted as part of the Energy Tax
Act 0f 1978, and most recently set at 10% for solar and geothermal facilities by the Energy Policy Act 0of 1992
(EPACT 92), the Investment Tax Credit directly offsets Federal corporate income tax liability in proportion
to the initial investment cost of the covered technology [2]. In addition, most renewable electricity
generating technologies are also able to benefit from preferential Federal tax depreciation allowance
schedules [3]. The Modified Accelerated Cost Recovery Schedule allows much faster depreciation of
renewable generation investment costs than that is allowed for other generation technologies, using a 5-year
schedule rather than a 15- or 20-year schedule for combustion turbines or other thermal plants [4].

Some states also have or have had tax incentives on the investment in renewable energy or energy
efficiency. Additional investment tax credits in California during the 1980s, along with other policies
discussed elsewhere in this section, helped spur the early adoption of wind and solar thermal generating
capacity in that state [5]. California, among other states, presently offers substantial investment tax
credits to preferred renewable energy technologies, such as photovoltaic (PV) systems [6]. However,
these credits are not uniformly offered; vary significantly among states that do offer them, and may apply
to electric generating technologies or facilities that produce renewable fuels such as ethanol. Rebates or
exemptions from state-imposed sales taxes on both renewable technologies and energy-efficient
appliances and equipment, also offer a mechanism to reduce the first-cost of adopting these technologies
by the end user. Availability of such programs varies significantly among states, as do the sales-tax rates
and the value of a rebate or exemption where offered [7]. Sales tax rebates may also (or instead) apply to a
renewable fuel, such as biomass fuel. In this context, such a program may have an effect closer to that of a
production incentive rather than an investment incentive.

2.1.1.2 Production/Utilization

Production-based tax incentives provide a tax credit proportional to the quantity of commodity, such as
electricity generation, produced or sold in a given year. Since production-based incentives reward project
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performance, they should tend to transfer project performance risk to the project owner, rather than the
taxing authority, and without the need for extensive qualification criteria or screening of each project or
technology. However, technologies that do not produce easily marketable (and hence taxable) output,
such as most energy-efficiency technologies, or where the output is generally consumed on-site (without
a third-party transaction), such as on-site PV, may be not be amenable to a production-based incentive,
as there may not be a sufficiently auditable record of production or the establishment of such an auditable
record (such as internal metering of PV output) may add unwanted cost to a project.

The production tax credit for renewable electricity (PTC), Section 45 of the U.S. Internal Revenue Code,
established by EPACT 92, provides an inflation-adjusted payment, 1.9 cents/kwh in 2005, for the third-party
electricity sales from the plant during the first 10 years of operation. The range of technologies eligible for the
tax credit has been expanded since its inception, and now includes wind, several types of biomass resources,
solar, geothermal, and landfill-gas. However, some technologies do not receive the full credit amount or the
same 10-year claim period [8]. The PTC has generally been credited with contributing to the significant
growth in U.S. wind power since 1998. Having been allowed to expire and subsequently extended several
times, the credit is presently set to expire at the end 0of 2005 [9]. A number of states also offer tax credits on the
production of preferred renewable energy sources [10].

The production of certain alternative fuels, including landfill-gas, which is frequently classified as a
renewable resource, was eligible for a tax credit under Section 29 of the U.S. Internal Revenue Code.
Landfill-gas facilities placed in service between 1980 and July 1, 1998 are presently eligible to receive an
inflation-adjusted $3 tax credit on each unit of production equivalent in energy content to a barrel of oil.
Although extension of the in-service eligibility date has been proposed as part of various comprehensive
energy bills, it has not been enacted into law [11].

Presently, there is a Federal tax credit of $0.52 per gallon of ethanol blended into gasoline, which will be
reduced to $0.51 per gallon for 2005 and 2006 and expire in 2007. The Federal tax credit for ethanol has
been extended several times in the past [12]. A number of states also have tax credits for the production
of ethanol or other renewable fuels. These credits may reduce income tax liability or, like the Federal
credit, be applied to a motor fuels tax (in effect, a sales tax rebate). State programs vary by credit amount
as well as by restrictions on local origin of the fuel [13].

2.1.2 Regulatory

Regulatory mechanisms generally establish restrictions on market activity that are intended to result in
increased adoption of policy-preferred technologies or limitation on policy-undesired technologies.
Costs are typically born directly by market participants; either energy producers or consumers or both.
Although regulatory policy may affect markets in many ways, this section will examine three major types
of regulatory intervention: technology specification standards, target-based standards, and market
facilitation or limitation policies. Table 2.1 contains a summary of several types of regulatory policy
by state.

2.1.2.1 Target-Based Standards

Target-based standards establish a target metric of renewable energy or energy efficiency achievement and
require regulated industry to achieve the goal. The two most important types of goal-based standards in
U.S. energy policy are renewable electricity targets established by the various states and automotive fuel
efficiency standards established by the Federal government (Table 2.2).

Renewable electricity targets can take the form of absolute levels of capacity (or generation) or a
specified fraction of some future level of total generation (or capacity). The former, sometimes called
renewable mandates, and the latter, generally called renewable portfolio standards (RPS), can be targeted
for single future year or can be based on a gradually increasing compliance schedule. Renewable energy
goals—found in a few states—can mimic either mandates or RPS programs, but generally lack
enforceability provisions, and thus cannot be considered as regulatory policy [14]. Mandates or RPS
policies can require absolute compliance by affected utilities, or, as frequently occurs, can allow the
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TABLE 2.1 Database of State Incentives for Renewable Energy

Systems Benefit Generation Fuels RPS/Renewable Net Metering Interconnection Resource Green Power” Other®
Charge Disclosure Target Standards Access/Easement
Laws®
Alabama
Alaska v
Arizona v v v v v v v
Arkansas v v v
California v v v v v v v
Colorado v v v v v v
Connecticut v v4 v v v v
Delaware v v v v v v
Florida v v v v v v
Georgia v v v
Hawaii v v v v v
Idaho v v v
Illinois v v v v v v
Indiana v v v
Towa v v v v v v v
Kansas v v
Kentucky v v v
Louisiana v v4 v
Maine v v4 v v v v
Maryland v v v4 v v v
Massachusetts v v v v v v v
Michigan v v v v
Minnesota v v v v v v v v
Mississippi
Missouri v v v
Montana v v v v v v v
Nebraska v
Nevada v v v v v v
New Hampshire v v v
New Jersey v4 v4 N4 Vv v4 v v
New Mexico v v v v v v
New York v v v v v v v
North Carolina v v v
North Dakota v v
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Ohio v
Oklahoma
Oregon
Pennsylvania
Rhode Island
S. Carolina
South Dakota
Tennessee

AN

Texas

Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin v
Wyoming

D.C v
Palau

Guam

Puerto Rico

Virgin Island

N. Mariana Islands

Americans Samoa

A NANEN

SSSCSKS

A AN N NN

S

A AN N NN

AN

<

AN

AN

Aor704 AS10U7

* Limits ability of adjoining property owners from interfering with access to renewable energy resource, such as shading the sun

® Requires utilities to offer green power

¢ Includes contractor licensing, equipment certification, construction and design standards, and renewable energy purchase or aggregation by state or local government
Source: From http://www.dsireusa.org/summarytables/regl.cfm?&CurrentPageID =7, accessed November 2, 2005.
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TABLE 2.2 Database of State Incentives for Renewable Energy Financial Incentives

State/Territory Personal Tax

Corporate Tax

Sales Tax

Property Tax

Rebates

Grants

Loans

Leasing/Sales

Production Incentive

Alabama v
Alaska

Arizona v
Arkansas

California v
Colorado

Connecticut

Delaware

Florida

Georgia

Hawaii v
Idaho v
Tllinois

Indiana

Towa v
Kansas

Kentucky

Louisiana

Maine

Maryland v
Massachusetts v
Michigan

Minnesota

Mississippi

Missouri

Montana v
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio

Oklahoma

AN
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accumulation of “renewable energy credits” (REC) that can facilitate either intertemporal compliance
“banking” (i.e., using RECs earned in a year to meet compliance targets in another year) and/or inter-
utility or interstate credit trading (whereby, a utility that overcomplies may sell RECs to a utility that
cannot meet targets with native resources). Most states with mandates or RPS policies limit the
geographic source of compliance to in-state resources, resources within the electric power pool(s) that
service the state, or resources that can be “delivered” to the state or state power pool. The prevailing
selling price of RECs may also be used to target a penalty or alternative compliance payment, typically in
the form of a price ceiling at which the state will provide RECs (without actual renewable capacity or
generation) or otherwise waive actual compliance. Such “safety-valve” prices are generally intended to
provide a clear maximum impact on general electricity prices. Compliance in various states may also be
waived or delayed for other, statutorily sanctioned reasons, such as protecting the financial solvency of
affected utilities. Policies among states also show significant variation in resource eligibility, “grand-
fathering” of existing capacity, and mechanisms to show preferences among eligible technologies (such as
awarding “bonus” credits or having differentiated targets for preferred technologies) [15].

In 1975, the Federal government established a target of doubling automotive fuel efficiency within 10
years. To implement this target, the aggregate sales of each manufacturer selling cars in the U.S. market
had to achieve a set schedule for Corporate Average Fuel Economy (CAFE) [16]. Presently, the CAFE for
each manufacturer must be 27.5 mpg (miles per gallon) for passenger cars. Lesser standards are presently
set for light-duty trucks, 21 mpg for the 2005 model year, increasing to 22.2 mpg for the 2007 model year.
Compliance credits allow the “banking” of mileage shortfall/overage within 3 years of a compliance year,
but presently there is no mechanism in place for trading compliance shortfall/overage among
manufacturers. In addition to supporting more efficient cars, present CAFE regulations also support
alternative fueled vehicles, including ethanol. Vehicles that operate on an alternative fuel, or can switch
between a conventional fuel (gasoline or diesel) and an alternative fuel (known as “flex-fuel” vehicles),
receive additional compliance credits, based on a multiplier of the alternative fuel portion of the
gas mileage of the vehicle. Although this has resulted in a significant fleet of flex-fuel vehicles in the U.S.,
it has not resulted in a refueling infrastructure for alternative fuels or in significant sales of
alternative fuels.

2.1.2.2 Market Facilitation or Restriction

Regulatory policy can also be used to facilitate or hinder a preferred or undesirable renewable energy or
energy efficiency technology from participating in the market. Facilitation can take many forms,
including the target-based and technology-specification approaches discussed elsewhere in this
section. Other types of market facilitation can require nondiscriminatory or even preferential market
treatment of preferred technologies. Such policies operating at the Federal or state level can include
“feed-in” laws, net-metering requirements, and interconnection standards.

In 1978, the Congress passed the Public Utility Regulatory Policy Act (PURPA), which established the
requirement that electric utilities must interconnect (i.e., accept generation feed from) small qualifying
facilities that either cogenerate process heat and electricity (combined heat and power or CHP) or utilize
certain renewable resources [17]. Furthermore, PURPA established a price floor for the power, known as
“avoided cost,” subsequently defined to mean the cost of electricity that the utility otherwise would have
purchased. In theory, PURPA established a nondiscriminatory framework for adoption of efficient
industrial CHP and renewable electricity, established by the Federal government, but largely
implemented by state regulatory authorities. Some of the nondiscriminatory market features that
PURPA specifically applied to renewable and CHP facilities were subsequently applied to the broad class
of all power generation technologies as Federal electricity policy moved toward deregulation of the
wholesale power market [18].

Many states have adopted regulations at the retail/distribution level to require the acceptance of some
renewable electricity feeds at an established price floor [19]. Such net-metering laws typically require
load serving utilities to facilitate end user connection of renewable distributed generation technologies
(especially solar, but sometimes wind or other renewable or nonrenewable technologies) on the
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customer side of the meter. When instantaneous generation from the local resource exceeds
instantaneous customer demand, the meter is allowed to “run backward,” effectively causing the
utility to purchase the excess generation at the prevailing retail rate. Most states limit the size of the
distributed resource, sometimes by customer class, and may also provide limits on the total generation
off-set allowed (e.g., the monthly or net annual bill may not be less than zero). Some states have also
established limits on the number of customers or level of installed distributed capacity that may
participate in net-metering.

2.1.2.3 Technology Specification Standards

Another common form of regulatory intervention for renewable and energy-efficient technologies is the
establishment of minimum product specifications, either as voluntary targets or mandatory limits on
product performance. Such standards are seen as an effective approach to improving energy efficiency
among individual consumers. Commercial and industrial consumers presumably have significant
incentive to optimize energy efficiency for their operations to maintain or improve profitability.
However, individuals, while still sensitive to energy prices, may have less motivation to seek out products
with higher up-front costs to achieve lower ongoing energy costs. In some cases, market structures may
affect consumer decision-making with respect to energy efficiency.

The Federal Energy Star program allows qualifying products—ranging from computer equipment to
household appliances, to commercial building equipment—to display the “Energy Star” logo on product
advertising and packaging [20]. This serves as a proxy for disclosure, in that the consumer is thus aware
that the product is “best-in-class” for energy efficiency (although for products not displaying the logo, the
consumer cannot tell if this is because the product did not meet the specification or because the
manufacturer did not participate in the program). Through the Energy Policy and Conservation Act and
its various amendments, the Federal government also establishes mandatory energy efficiency specifi-
cations, such as minimum levels of energy efficiency, for a wide array of consumer appliances, such as
furnaces, air conditioners, light fixtures, and kitchen appliances [21]. At the state and local level, energy
efficiency standards may also be incorporated into building codes.

There are both Federal and state regulations regarding transportation fuel composition that either
directly or indirectly provide incentive for renewable fuels. The Federal CAFE program is discussed in the
previous section. In addition, the Clean Air Act Amendments of 1990 (CAA) established a number of fuel
specifications, including oxygenation that varies by region and/or season [22]. Ethanol has emerged as a
preferred oxygenate, especially in states with additional ethanol incentives or that have restricted the use
of alternatives, such as MTBE [23]. Restrictions on the sulfur content in diesel fuels may also encourage
the use of “biodiesel” fuels derived from plant oils, if such fuels can be economically produced. Federal
legislation to require minimum renewable energy content in highway fuels (sometimes referred to as a
“renewable fuels standard”) has previously been proposed, but has not become law as of this writing [24]

While regulatory action can encourage development of renewable and energy efficiency technologies, it
can also discourage this development. Some regulatory actions are directly aimed at limiting the use of
selective technologies in some locations. A few states, for example, have proposed or enacted moratoria
on the development of utility-scale wind power plants;[25] used zoning or permitting processes to limit,
delay, or stop development of renewable energy projects in undesired locations;[26] or established
technical specification for interconnection to the power system that limits the adoption of some
renewable technologies [27]. At the local level, homeowners may find deed covenants from quasi-
governmental homeowner associations that restrict external modifications to a house, such as the
addition of solar collectors (for PV or hot water), or may specifically restrict these technologies [28].

2.1.3 Research and Development

Government research and development (R&D) funding for renewable and energy efficiency technologies
can support the adoption of these technologies by facilitating cost reductions, higher efficiency, and
improved utilization. R&D funding may occur at all stages of the technology development cycle,
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including basic science, bench-scale technology development, proof-of-concept demonstration, and pilot
applications [29]. Government funds may be directed toward government-owned research laboratories,
academic institutions, or industry participants. For many projects, especially those developing
technologies closer to commercialization, the government will leverage its contributions by requiring
substantial cost-sharing (either financial or in-kind) with industry participants.

2.1.4 Other Direct Policy

Other common programs at the stated and Federal level, include direct payments (such as through grants
or awards) and government purchase of these technologies. These mechanisms generally require
continuing budgetary support, which may be provided from a dedicated revenue source, or may
require periodic affirmation in appropriations process.

Direct payments, such as the Federal Renewable Electricity Production Incentive (REPI), are useful to
publicly owned or not-for-profit (such as rural electric cooperatives) utilities interested in developing
renewable energy resources, but which do not pay taxes. Presently, authority to provide REPI payments
to new sources has expired [30]. A number of states have established system benefit funds dedicated to
supporting renewable energy and energy efficiency projects and technologies. Although varying greatly
by state, these programs are typically structured to collect revenue based on an additional fee on retail
generation or billing, commonly referred to as a systems benefit charge or public benefit fund [31]. As a
result of EPACT and subsequent Presidential orders, the various agencies of the Federal government are
required to obtain a share of their energy from renewable sources and reduce their consumption of
energy per square foot of facility [32]. Finally, the Federal-owned fleet of cars and other vehicles is
required to meet requirements for both fuel economy and use of alternative fuels. Several state local
governments have also established similar purchase or efficiency requirements for electricity or motor
fuels [33].

2.1.5 Indirect Policy

Numerous other policies at the state and Federal level, while not designed specifically to address
renewable energy and energy efficiency markets, may have significant or notable impact on these markets.
Perhaps most significant among this broad category are efforts to regulate energy or other markets,
manage government- or privately owned lands, and protect the environment.

Efforts at the Federal level to introduce competition in wholesale electricity generation markets, as well
as in a number of states to introduce competitive retail electricity supply, have created the opportunity
for electricity suppliers to sell “green” power—typically electricity produced from renewable, low-
emission, or high efficiency technologies [34]. Such programs include competitive supply of clean or
renewable power, special pricing for green power by regulated utilities, or the sale of the environmental
attributes of renewable power apart from sale of electricity. In addition, the specific design of competitive
wholesale markets for generation and transmission can impact the competitiveness of some renewable,
especially intermittent resources like wind. FERC has recently begun an effort to address some of these
intermittency issues, such as those related to schedule imbalance charges and nonfirm transmission
rights [35].

Environmental regulation at the Federal or state level, for air quality, water quality, solid waste
disposal, land use, and other pollution problems, can have substantial impact on both the cost and value
of renewable energy and energy efficiency. The CAA of 1990 provides the foundation for cap-and-trade
regulation of sulfur dioxide, and recently enacted cap-and-trade programs for nitrogen oxides and
mercury [36]. While the cap-and-trade structure of these programs does not preclude renewable energy
or energy efficiency from displacing covered emissions at some plants, present regulations do not assign
allowances to nonfossil resources. Other CAA impacts on renewable energy and energy efficiency,
include reformulated gasoline requirements discussed above, which have interacted with state-level
groundwater protection efforts to provide a preference (in some states) for ethanol as a preferred fuel
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additive for CAA compliance. As a result of the Resource Conservation and Recovery Act, some landfill
operations have been required to install collection and flaring systems to prevent the dangerous buildup

of methane-rich gas that results from the decomposition of organic matter in the landfills [37] These

systems have significantly reduced the cost of deploying small generators fueled by this oft-gas. Impacts of
land management policy at both the Federal and state level can be significant factors in renewable energy
policy, either to encourage or preclude its development on government owned land.
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2.2 International Policies for Renewable Energy

Michael Durstewitz

2.2.1 Introduction

The relevant key issues and condition which influence any individual country and its specific policy for
promoting energy conservation and deployment of renewable energy technologies are determined by
resources, targets, and constraints., the resources of renewable energies and their technical and economic
exploitable potentials are one important issue. These conditions and the sources of renewable energies
differ in a wide range between continents, countries and even on a regional scale inside individual
countries. Even if the resources for a certain region or country are favorable, there often exist diverse
constraints which can limit the use and the level of exploitation of the resources of renewable energies.
The limitations can result from the constraints, such as missing infrastructure or lack of financial
resources for projects. Policy targets are the most relevant issues and always reflect the general attitude of
governments or policy makers towards the promotion of renewable or conventional energy systems. In
general these key factors are identical in each regional, national or international context but their
magnitude may vary significantly on a regional, national and international scale. There are many ways to
support renewable energies with special policies depending on technology, resources and policy targets.
After all, there exist too many to discuss all of them within the scope of this handbook. For a specific and
detailed research on policies, the newly released “Global Renewable Energy Policies and Measures
Database” [1] provides information for more than 100 countries worldwide with respect to policy types,
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technologies, and renewable energy targets. Examples for policy targets are defined in the Kyoto-protocol
or in the “White Book” of the European Union as multinational agreements, as well as several national
goals and action plans to increase the level of energy supply using renewable energies or to reach a certain
level of renewable energy supply within a certain time scale.

2.2.2 Overview Policy Instruments

This chapter will give an overview on the present policies for the promotion of renewable energies for
different regions in our world. The spectrum of available political instruments and measures which can
be used for the introduction and promotion of any technology are principally identical. However,
practically policies always depend on the stage of technology development, the availability of resources
and their economic competitiveness. Generally, we can distinguish two main policy pathways. The first
set of measures is often described as “technology push policies,” the other guiding principle is known as
“market pull” or “demand pull” measures. Technology push policies have to be considered as the support
of fundamental research and development which aims to improve the technologies by means of
reliability, performance, and cost reduction. The intention of market pull policies is to create new
markets or support market expansion in order to increase the demand. Market pull measures policies can
also lead to further cost reductions by increasing the demand which effects the market situation by
stimulating the competition between manufacturers and also by economy of scale effects. Additionally,
“other measures” and incentives have to be mentioned which are often initiated by local or state
governments. They can be allocated to either technology push or market pull measures. These can also
contribute to stimulate the demand, cost reduction, and employment on a regional scale according to the
targets and possibilities of these regional and local players.

Typical technology push policies are programs in research and development, the support of research
centers, and facilities for testing, etc. Policies to stimulate the market pull and the demand for the initially
more expensive new technologies than traditional and conventional methods, are often investment
subsidies, taxation driven incentives, loans, regulations for special feed-in tariffs, grid access, information
campaigns, etc [2].

In 2002, the share of renewable energies to the global total electricity generation of 16,054 TWh was
estimated to be 305 TWh or less than 2% of the total generation. The official declaration of these fuel
types is “other fuels” which includes geothermal, solar, wind, combustible, renewable and waste energy.
In comparison to data from three decades ago the generation of these “other fuels” has increased
eightfold (1973, 36 TWh), while the total electricity generation has increased “only” by the factor 1.6
(1973, 6,011 TWh). Looking at world regions, countries, and technologies, we can observe different
shares of application of renewable energy sources on a regional and a technological point of view. Hydro
power and wind energy have the biggest share of penetration; especially wind power has shown two digit
growing rates in the last decades. As a matter of fact, wind energy meanwhile is the most competitive
alternative source to the traditional energy supply in many regions of the world. According to the
paradigm, to “pick the low-hanging fruits first” policies for the promotion of renewable energies have to
be seen in the context with the deployment of wind energy, at least in many European countries,
especially in Denmark, Germany, and Spain. Many legal instruments presented here originate from the
target to promote wind energy. However, the practical application of these policy tools is also used with
other sources of renewable energies. Due to this reason, many policies measures and their effectiveness
can be observed and evaluated quite well when looking at these technologies. The following analysis will
focus on the development of renewable energies especially wind power in a European context.

2.2.3 Policies in Europe

The situation of energy supply in Europe is highly dependent on the import of energy products. Today
more than 50% of its requirements have to be imported. If the present trends continue, this figure will
increase to about 70% in 2030, with a growing dependency on oil and gas imports. In 1999, the cost of
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energy imports was more than €240 billion Euro for the European Union (EU-15), or about 6% of its
total imports and 1.2% of its gross domestic product [3]. These figures show that the European Union
has a vital interest in reducing its degree of dependence on energy imports, and on the other hand to
improve the development and increase the share of domestic and sustainable energy resources. In
comparison with the strategy of the United States to respond to the increasing demand of energy with an
increasing supply, the strategic plan of the European Commission is to implement measures which
promote the efficiency of energy use with respect to the reduction of energy demand without reducing
the comfort of the customers. According to the point of view of the European Commission, the reduction
of energy demand can get influenced more than increasing the supply. Besides these reasons, there are
many more strategic motivations and benefits to support the expansion of renewable energies and energy
conservation technologies. From an environmental point of view, the increased application of renewable
energy sources, energy efficiency, and energy conservation reduces the effects of climate change by the
reduction of greenhouse gases and pollutant emissions from conventional power plants. Looking from
the economic point of view, the expansion of energy conservation and renewable energy technologies
allows a sustainable development, creates knowledge, improves the job situation by creating local
employment, and will lead to the development of new industry branches in Europe.

Directive #2001/77/EC of the European Parliament and the Council for the “promotion of electricity
produced from renewable energy sources” [4] gives the legal framework for the exploitation of the
renewable energy sources in the European Union in the internal market. The directive sets a community
target of sourcing 12% of gross inland energy consumption from renewable energy systems by 2010, with
an indicative figure of 22% for electricity. It also sets indicative targets for each member state.
Furthermore, the directive obliges member states to report on the progress of meeting the national
indicative targets, issue guarantees of origin of electricity produced from renewable energy sources,
guarantee grid access for electricity produced from renewable energy sources, and assure transparent and
nondiscriminating pricing for the grid connection of producers of electricity from renewable
energy sources.

Although the European Commission has set general targets for all member states, it does not stipulate
them to any mandatory and legally binding policies in order to reach the goals of increasing the share of
renewable energy sources. In fact, the individual member states have their full sovereignty and are free to
decide which policies they prefer as steering instruments of their choice. As a consequence, different
policy mechanisms are applied on a national level in Europe. Based on reports of individual national
governments, the report of the European Commission will evaluate the success and the cost-effectiveness
of the diverse support systems with respect to specific national targets. If necessary, the Commission can
make a proposal for one general and union-wide support policy for renewable energy sources. The
Commission will present its evaluations in a report to the European Parliament with detailed
information on the experience acquired with the application of the different mechanisms in its
member states. The report is expected to be published by the end of 2005.

According to the subsidiary principle, the EU Directive does not require a community-wide
framework for all the Member States. Thus, several support mechanisms and policies are applied in
different EU member states in order to promote the development of renewable energies, especially in
domestic markets. The hierarchy of national policies in context with the European and international
policies is shown in Figure 2.1.

Other important directives and legal instruments that have been adopted by the European Parliament
and Council in order to achieve the common goal of 12% share of renewable energies of EU-15 by 2010
and to support renewable energies and energy efficiency are, for instance, in chronological order: [5]

¢ Directive #2000/55/EC on energy efficiency requirements for ballasts for fluorescent lighting [6]

e Directive #2001/77/EC on the promotion of electricity produced from renewable energy
sources [7]

e Regulation #2422/2001/EC on Energy Star labeling for office equipment [8]
e Directive #2002/31/EC on labeling of air conditioners [9]
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International agreements and commitements:
e.g. kyoto protocol

European measures, directives and papers:
e.g. green paper, white paper, framework programs for R&D

National policies National policies National policies
and measures and measures and measures
National market National market National market

FIGURE 2.1 Hierarchy of national and European policies. (From Schaeffer, Alsema, Durstewitz, et al., Learing from
the sun — Final report of the PHOTEX project, petten, NL, 2004.)

o Directive #2002/40/EC on labeling of electric ovens [10]

e Directive #2002/91/EC on energy performance of buildings [11]

e Directive #2003/30/EC on the promotion of biofuels [12]

e Directive #2003/66/EC on labeling of refrigerators [13]

¢ Directive #2003/96/EC for the taxation of energy products and electricity [14]
e Directive #2004/8/EC on the promotion of cogeneration [15]

With respect to the directive on the promotion of electricity by renewable energy sources, (2001/77/EC)
the most common policy options are premium feed-in tariffs, quota systems, tendering, investment
support, fiscal support, and green pricing. These mechanisms can be distinguished into policies which
aim at the support of the supply and demand of renewable energy. The supply of renewable energy is
stimulated by mechanisms supporting investments and production. The demand for the electricity from
renewable energy systems is promoted by mechanisms that aim at consumption. The principles of these
policy measures are particularly:

Feed-in tariffs typically support the supply side. Feed-intariffs guarantee a minimum price or an
additional premium to market electricity prices per unit of electricity paid to the producers of electricity
generated by renewable energy sources. This mechanism is usually accompanied by the obligation to grid
operators to take and refund the electricity with a special tariff. The fixed price or fixed premiums are set
for a number of years to maintain investor confidence. They can be revised and adjusted by governments
to reflect long-term marginal generation costs and to stimulate further costs reduction. The costs are
distributed to final customers. Feed-in tariffs are in use in several EU countries, notably in Germany,
Spain, France, and Denmark.

Quota-based systems can support both, the supply and the demand side. On the supply side, quota-
based systems are forced by regulations on producers and importers of electricity to produce a certain
share i.e., a quota of electricity by renewable energy sources. In order to fulfill the quota obligation,
producers can either install new capacity or buy an equivalent amount of electricity from renewable
energy sources by means of tradable green certificates. Certificates provide an instrument for production
monitoring, accounting, and transfer of electricity from renewable energy systems. In case of
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incompliance with the minimum quota settings, the producer will have to pay a penalty. This mechanism
is presently applied in Italy. On the demand side, the quota system is applied to distributors, suppliers,
and consumers in the electricity supply chain with the obligation to use a certain quota of electricity
generated by renewable energy sources. This system is now introduced in the U.K., Belgium, and Sweden.

Investment support is the classical mechanism used to bring new technologies to the market by giving
a certain amount of compensation of the capital cost for new installations. The mechanism has a number
of advantages—it is simple, market compliant, easy adjustable to applied technology, capacity, as well as
geographical and market conditions. Investment subsidies reduce the risk of operators in the investment
with new technologies. However, the support of capital investment, as well as other capacity-based
subsidies, is not necessarily advantageous for the cost-effective operation of renewable energy
installations.

Fiscal support for renewable energy systems can be applied in different forms as direct or nondirect
measures in order to stimulate the supply. An example for fiscal support measures is the exemption from
energy taxes for renewable energy systems. A production-dependent tax relief per kilowatt-hour
electricity stimulates the supply from new as well as old installations. Other support options, such as
reduced VAT rates can be similar as investment subsidies. They affect only investments into new
installations. On the demand side, energy taxes and the taxation of CO, emissions increase the price of
conventional electricity, which indirectly favor and stimulate the demand for renewable energies because
they reduce the cost shear between conventional and renewable production. Since 2002, the Dutch
taxation system on energy was combined with a stimulation of renewable energy consumption. This
measure has allowed prices from renewable electricity to come close or match those of conventional
electricity in the private sector. As a result, a large demand for energy from renewable energies has been
created, but due to the uncertainty of continuity of the instrument and international competition, it did
not lead to a substantial increase in installed capacity.

Tendering systems involve a competition of proposals of potential investors who compete on a bid
price per kilowatt or megawatt of electricity generation. Successful bidders earn long-term power
purchase agreements. Additional costs of power purchase from renewable energy projects are financed by
a compulsory levy to be paid from all customers. The tendering system mechanism is favored to be one of
the most cost-effective options; on the other side, the necessary administrative overhead costs tend to be
rather high as well. This mechanism is in use, in the Republic of Ireland, however, it was announced
recently that Ireland will replace its support mechanism of competitive bidding for government contracts
with a fixed price support mechanism [16].

Green pricing or Green electricity is an instrument based on the voluntary willingness to pay
additional charges on the electricity bill of private individuals and commercial companies. Today
“green tariffs” are the most common voluntary instrument to promote electricity from renewable energy
sources. It mainly attracts private individuals with its opportunity to sponsor the further development of
electricity from renewable energy sources by their willingness to pay additional charges per kilowatt to
the regular tariff rate. However, till now, not many customers choose this support option. Table 2.3 gives
an overview of the presently applied mechanisms in Europe (marked with (v/), pointing out dominant
ones with an additional exclamation mark (V!)).

2.2.4 The Case of Germany

Similar to many other European countries, the energy situation in Germany is dominated by the lack of
significant fossil resources, oil and gas. The exploitation of domestic mineral coal is decreasing
continuously in recent decades and mines which are still in operation receive billions of Euros fiscal
support in order to survive against low priced coal on the world market. In some regions in Germany,
lignite is exploited, mostly used for the firing of thermal power plants. The geographic and climatic
conditions in Germany for the use of renewable energy sources cannot be considered to be optimal. In
comparison with other European regions, UK., Ireland, France, and Denmark, the wind potential of
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TABLE 2.3 Scheme of Support Mechanisms for Renewable Energies in the EU

Country Supply Support Demand Support
FIT Quota  Investment Fiscal Tendering Quota Fiscal Green Pricing
Support Support Support
Austria V! v v
Belgium v v V!
Denmark va! v v v
Finland va v v v
France V! v
Germany Ve V4 v
Greece V!
Ireland v V!
Italy v va! v
Luxembourg Ve v v
Netherlands v v va! v
Portugal V! v
Spain Vs
Sweden V4 Ve
Turkey va!
UK. v v Ve v v

Source: From Badelin et al. 2004. Current experience with supporting wind power in European electricity markets, Global
Windpower Conference 2004, Chicago.

Germany is only moderate, except for sites close to Germany’s coastlines. Insulation conditions for solar
applications are also not ideal due to the unsettled climatologic conditions in contrast with countries, in
the Mediterranean region. However, the goal of the German government to double the share of energy
supply from renewable energy sources by the year 2010 in comparison with figures from 2000 are quite
ambitious; this means that at least 4.2% of Germany’s primary energy consumption and 12.5% of the
electricity supply shall be produced by renewable energy sources. In the medium and long term, the
targets are to achieve a share of 20% by 2020 and 50% by 2050 of the primary energy consumption. The
results reached by now are very promising. Germany counts the world’s highest number of wind turbine
installations. In 2004, some 16,000 MW wind capacity fed 26 TWh or approximately 6% of Germany’s
total electricity supply into the public grids. The cumulated capacity of PV installations surpassed the
700 MW, level. The market for solar thermal absorbers is by far the largest in Europe; more than 6
million square meters equivalent to 4,400 MW are mounted to the roofs of German homes. Biomass in
solid, liquid, or gaseous form is used for many applications, domestic heating, cogeneration, and
transportation; nowhere else more biodiesel is sold to fuel cars and farming vehicles. In total, 5.1% or
131 TWh of Germany’s end energy supply for electricity, heat, and transportation was provided with
renewable energy sources. The structure of different energy sources for the supply with renewable
energies is shown in Figure 2.2.

These promising achievements have been possible only with the assistance and support of policies,
guidelines, and regulations in favor of renewable energy and energy conservation. Looking back three
decades in history, the activities in the field of research in renewable energies and energy conservation
came into focus again after the first oil crisis back in 1973. Several and continuous measures for
technology push and market pull activities were initiated by the German Federal and State
governments in order to pave the pathway towards a new and sustainable energy future. Some
milestones in German energy policy measures for the promotion of renewable energies have been
from the 1970s until 1998.

e The demonstration program “250 MW Wind” (1989...ongoing) to gain practical and long-
term experience with a large number of wind turbines by different manufacturers,
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FIGURE 2.2 Distribution of renewable energy sources to end energy supply.

technologies and at various site conditions in Germany. Most of the participating operators
received their annual support by production (per produced kilowatt) instead of an initial
investment subsidy. This has proved to be a very simple but efficient regulation to motivate
operators to keep their turbines operating in a good condition.

Special Loans with reduced interest rates by the German State Bank who put up nearly 3 billion
Euros between 1990 and 1998 for financing renewable energy projects.

The Electricity Feed Law (EFL, 1991-2000) which guaranteed grid access and a fixed premium
tariff for electricity produced by renewable energies which is fed into the public grid. The EFL in
combination with the “250 MW Wind” program and the special loans can be seen as the main
drivers for the boom of wind energy applications in Germany.

More than 1 billion Euros of support for energy research programs of the Federal government
between 1990 and 1998.

The 100,000-roofs-PV-program which boosted the installation of more than 2000 PV systems
up to 5 kW peak power.

The Federal market stimulation program for the promotion of renewable energies.

Subsidies for solar heating and heat pumps for private house owners.

Additional measures for education, information, and dissemination.

Support to the European Union for research activities and the development of renewable
energies and energy conservation in a European context.

Further support of about 1 billion euro was granted by state and regional governments,
communities and utilities.

In autumn 1998, the conservative government was replaced by a government led by the “Red” and
“Green” parties. One of their targets and major projects is the implementation of a new era of energy
policy. The Federal government points out their target to reduce the CO, emissions by 25% in
comparison with 1990 until the year 2005. The main aims are to strengthen renewable energies for a
sustainable energy supply, to reduce the demand of energy and to back out of the nuclear energy
program. The achievements that have been reached since 1991 and the savings which will be due in
the forthcoming years are shown in Figure 2.3.
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FIGURE 2.3 Total and share of wind energy to reduction of CO, emissions in Germany. (From Durstewitz, et al.,
Wind Energy Report Germany, 2005, ISET, Germany, 2005.)

The main policy measures which should pave the way towards a sustainable energy future were:

e The adoption of the “Renewable Energy Act” (REA). This law intends to guarantee fair market
chances for renewable energies and remove obstacles and bottlenecks which hinder an intensive
use of renewable energies. A revised version of the REA came into force in August 2004.

e The establishment of an “energy consensus” with the energy industry to search for a broadly
accepted way towards a sustainable energy mix without nuclear energy.

An intensified promotion for the production and market introduction of renewable primary energy
(market stimulation program). This subsidy program supports the installation of technology for the
generation of heat and/or electricity. Depending on the kind of technology investment subsidies or special
loan programs with options for partial abatement of debt can be granted. Since the start of the Market
Stimulation Program in 1999, more than 400,000 projects were funded with more than 500 million Euros.
These subsidies or loans have triggered a total investment volume of more than 4 billion Euros.

The implementation of a 100,000-roofs-PV-program (1999-2003) aimed to increase the number of
PV installations in Germany. In 1999, about 50 MW, capacity was online in Germany, until 2003
additional 100,000 roofs or 300 MW, should be equipped with photovoltaic systems, most of them on
rooftops of private houses. The program was very efficient and contributed significantly to market
penetration and cost reduction of PV systems. One stimulus for the private investments of total 2.4
billion Euros was the very convenient conditions for the loans, 1.9% annual interest, term 10 years,
2 years free of redemption, and possibilities for a partial abatement of the debt).

Loans with favorable interest rate for investments in environmental technologies from the German
state bank are preferred by investors for financing their projects. The KfW Forderbank, a 2003 merger
of Deutsche Ausgleichsbank (DtA) and Kreditanstalt fiir Wiederautbau (KfW) supports financing of
investments into renewable and energy-saving technologies with different programs since many
years. From 1991 until 2003 KfW-Forderbank respectively its predecessors put on the following
support measures and gave loan agreements for investments into renewable energies and energy-saving
projects in a total of 11.1 billion Euros.:KfW-CO, reduction program (1997-2003, 422.3 million Euros)
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KfW-CO, building redevelopment program (2001-2003, 20.5 million Euros)
DtA-ERP-environment and energy-saving program (1991-2003, 6,942 million Euros)
DtA-environment program (1991-2003, 3,679 million Euros)

The backbone of the loan programs is the DtA-ERP-environment and energy-saving program, where
ERP stands for “European Recovery Program.” As a matter of fact, this source of financing was
originally granted to the German Federal Republic after the Second World War by means of the
Marshall-Plan (1948). This fund was primarily used to rebuild the industry and economy in Western
Germany; however, the capital is still circulating and partially used to finance renewably and energy
saving projects.
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2.3 Energy Policies in India

Anil Misra

2.3.1 Energy Conservation and Renewable Energy in India

Energy conservation received greater attention in India since the mid 1970s. Structural changes in the
economy during the last few years have led to the expansion of the industrial base and infrastructure
in the country, and subsequently to increase in demand for energy. Any effort to enhance energy
generation brings issues of available energy sources and systems. India recognizes, as anywhere else, a
need to reduce the dependence on fossil fuels and transition to an era where many cost-effective and
efficient energy choices are available. There has been a vigorous search during the last three decades
for alternatives to fossil fuels that would ensure energy security and eco-friendly sustainable
development.

This has brought the focus on new and renewable sources of energy that have emerged as a viable
option to supplement energy demand in various sectors. The Government of India has been making
concerted efforts to develop and promote renewable energy applications, ranging from power
generation to meeting cooking energy needs of the people through biogas plants.

The energy conservation efforts in India have to be viewed in terms of coal and lignite being the
long-term sustainable local energy resources. Small resources of petroleum and natural gas may be
exhausted shortly and in the medium and long term, the import of oil will increase. We look briefly at
the energy scene first.

The Indian energy sector has been regulated and owned by Government agencies and organizations.
The apex body for the power sector is the MoP (Ministry of Power) in the Government of India. The
ministry is concerned with perspective planning, policy formulation, processing of projects for
investment decision, monitoring of the implementation of power projects, training and manpower
development, and the administration and enactment of legislation in regard to thermal and hydro
power generation, transmission, and distribution. The Ministry is assisted by the Central Electricity
Authority (CEA) in all technical and economic matters, and many Public Sector Undertakings,
Statutory Corporations, and Autonomous Bodies are functioning under the Ministry.

Energy consumption by different economic sectors—agriculture, industry, transport, and residen-
tial—reveals the composition of fuels used in meeting energy needs in these sectors (Figure 2.4) [1].

The industrial sector continues to be the single largest commercial energy-consuming sector using
up about 50% of the total commercial energy in the country, although its share is declining gradually.

Nonenergy
uses Agriculture
Otherenergy  11% 5%
uses
3%
Residential
10% Industry
49%

FIGURE 2.4 Commercial energy balance. (From Annual report of the Ministry of Nonconventional Energy
Sources, Government of India, www.mnes.nic.in).
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The commercial energy intensity of this sector has declined over the past due largely to a relatively
rapid expansion of nonenergy intensive industries, adoption of modern energy efficient technologies
and successful implementation of energy conservation measures. Sufficient energy savings are being
achieved in energy intensive aluminum, iron and steel, textiles, chemicals, and paper and pulp
industries through better housekeeping, improved capacity utilization, development of cogeneration
facilities, industrial heat and waste management, and arrangements for improving the quality of
electric supply.

Transport infrastructure has expanded considerably and its energy intensity has grown gradually.
Rapid urbanization along with the conglomeration of industrial and commercial activities has
consequently increased the demand for transport. Uncontrolled expansion of cities coupled with
inadequate public transport has contributed to a phenomenal growth in the number of private
enterprises (providing transport facilities) leading to energy inefficiency and severe pollution problem.
The strategies to check vehicular pollution, lately in a couple of metros, are now showing significantly
positive results. Strategies for pollution control in other sectors are also being worked out.

The domestic sector is the largest consumer of energy in India accounting for 40-50% of the total
energy consumption, but the bulk of it consists of traditional fuels in the rural household. The
commercial sector is not a major energy consumer, but energy intensity has been increasing possibly
due to the growth of this sector. The electricity consumption in various sectors (only utilities) shown in
Figure 2.5 indicates highest consumption of electricity in industrial and agricultural sectors.

The Government of India has set up an agenda of electrifying all villages by 2007 and providing
power to all by 2012. It is following a comprehensive and holistic approach to power sector
development envisaging a six level intervention strategy at the National, State, Electricity Boards,
Feeder, and Consumer levels. It is proposed to electrify all the unelectrified villages through grid
connectivity and the remaining 25,000 remote villages through the use of renewable energy
technologies. The importance of optimum and economic utilization of power has been realized
lately, and the present capacity of 8,000 MW for interregional transfer is being enhanced to 23,500 MW
by the end of 2007 [2].

The new electricity bill of 2003 (Electricity Act 2003) has paved the way for delicensing of generation,
nondiscriminatory open access in transmission, power trading, rural electrification, mandatory
requirements of State Electricity Regulatory Commissions, mandatory metering, and stringent
provisions against theft of power and so on. The trading activities of the Power Trading Corporation
have already commenced from surplus to deficit regions.

In the process of tariff setting, transparency has been brought into tariff fixation, which was
traditionally a closed-door exercise. The State Electricity Regulatory Commissions have instituted

Others
5% Domestic
21%

Agriculture
31% Commercial

6%

FIGURE 2.5 Electricity consumption in various sectors (utilities). (From Annual reports of the Planning
Commission, India, www.planningcommission.nic.in).
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measures to allocate revenue requirement in an economically efficient manner by reducing the extent
of cross-subsidies. This has primarily been achieved by increasing the low-tension tariff' to a greater
extent as compared to high-tension tariff>. The increase in the agricultural tariff is a bold measure
initiated by a number of state commissions. The commissions have issued suitable directions to the
utilities along with the tariff orders in response to various issues such as quality of supply, energy
auditing, and transformer failure that were faced during the process of tariff setting.

2.3.2 Energy Conservation

Considering the vast potential of energy savings and benefits of energy efficiency, the Government of
India enacted the Energy Conservation Act. The Act provides legal framework, institutional
arrangement, and a regulatory mechanism at the Central and State levels to embark upon energy
efficiency drive in the country. The Energy Conservation Act of 2001 facilitated the creation of the
Bureau of Energy Efficiency (BEE) that has served to appropriately elevate the importance of energy
efficiency issues.

The strategy developed to make power available to all by 2012, includes promotion of energy
efficiency and its conservation in the country, which is found to be the least cost option to augment the
gap between demand and supply. Nearly 25,000 MW capacity creation through energy efficiency in the
electricity sector alone has been estimated in India. Energy conservation potential for the economy as a
whole has been assessed as 23% with maximum potential in industrial and agricultural sectors.

BEE has successfully launched a complete pilot phase of program for energy efficiency in government
buildings and prepared an action plan for its wider dissemination and implementation. BEE would
train core group members in various departments to build capacities enabling them take up energy
efficiency programs. To give national recognition through awards to industrial units for the efforts
undertaken by them to reduce energy consumption in their respective units, the Ministry of Power
launched the National Energy Conservation Awards in 1991. BEE provides technical and adminis-
trative support for the Awards Scheme.

The thrust areas under the long-term measures, include industry-specific task forces, notifying more
industries as designated consumers, conduct of energy audit amongst notified designated consumers,
recording and publication of best practices in each sector, development of energy consumption norms,
and monitoring of compliance with mandated provision by designated consumers. A few examples
characterizing the new initiatives are given below.

Standards and labeling program, identified as one of the key activities for energy-efficiency
improvements, is expected to ensure the availability of only energy-efficient equipment and appliances.
The equipment to be initially covered under S&L program are household refrigerators, air-
conditioners, water heater, electric motors, agriculture pump sets, electric lamps and fixtures,
industrial fans and blowers, and air-compressors.

Demand side management (DSM) together with increased electricity end use efficiency is expected
to mitigate power shortages to a certain extent and drastically reduce capital needs for power capacity
expansion. BEE is assisting five electric utilities to set up DSM Cell and has undertaken the preparation
of investment grade feasibility reports on agricultural DSM, municipal water pumping, and
domestic lighting.

Energy Conservation and Commercialization project (ECO) with USAID (U.S. Agency for
International Development) aims to design and test DSM projects in the states of Karnataka and
Maharashtra. It is promoting market-oriented solutions to energy sector problems, particularly the
need for increased energy efficiency, assisting in creating a policy, market and financing environment in
India that would advance commercialization of energy efficiency technologies and services. If further

"Electricity supply at 220 or 440 volts.
“Electricity supply at 11,000 volts or above.
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endeavours to implementing pilot scale projects to test and validate DSM/EE design, planning
approaches, and technologies in the Indian context.

Energy conservation building codes are under development for new commercial buildings. The
Bureau has begun conducting energy audits in many prestigious state buildings in Delhi (such as
Rashtrapathi Bhawan, Parliament House, South Block, North Block, Shram Shakti Bhawan, All India
Institute of Medical Sciences, Safdarjung Hospital, Indira Gandhi International Airport, Sanchar
Bhawan, and Rail Bhawan).

Professional certification and accreditation procedures have been established by BEE, and relevant
curriculum is being introduced in the school education programs.

A number of Pilot Projects/Demonstration Projects have been taken up for load management and
energy conservation through reduction of T&D losses in the System such as Distribution network of
West Bengal State Electricity Board; Distribution network of Kerala State Electricity Board; Installation
of 2,370 LT Switched Capacitors in Andhra Pradesh, Haryana, Punjab and Tamil Nadu; Installation of
3,000 Amorphous Core Transformers in the distribution network of various State Electricity Boards.

The BESCOM Efficient Lighting Program is the first large-scale efficient lighting project in India and
South Asia. An unprecedented partnership of stakeholders—lighting vendors, consumers, utilities,
retailers, financial institutions, energy efficiency service providers—have agreed to collaborate to
demonstrate the technical and commercial viability of efficient lighting systems.

2.3.3 Renewable Energy Use in India

In the light of global developments, India has taken the decisive policy steps to move ahead and tap the
immense potential for renewable energy (RE) sources such as solar, wind, biomass, small hydro, etc.,
and build the necessary skills and manpower to favourably use these resources.

The Ministry for Non-Conventional Energy Sources (MNES) is the nodal ministry for development
and promotion of RE. The Ministry has nine Regional Offices, three specialized Technical Institutions,
and one Financing Agency under it, which function to promote the policy and program initiatives.
The States in turn have been advised to initiate conducive policies for commercial development of the
RE sector.

Renewable energy devices and systems have become increasingly more visible during the last two
decades, and power generation from renewable sources is also increasing. The estimated potential and
the extent of exploitation so far are given in Table 2.4, and efforts have been stepped up to achieve the full
potential of the use of renewable energy sources. The medium term goal is to ensure electrification of
25,000 remote and unelectrified villages, and achieves a minimum 10% share or 10,000 MW (of the
estimated 100,000 MW), from renewable energy in the power generation capacity by the year 2012 [3].

Major programs in India facilitated by MNES for power generation include wind, biomass
(cogeneration and gasifiers), small hydro, solar, and energy from wastes. Cumulative installed capacity

TABLE 2.4 Potential, Achievements and Targets for RE Use in India (as on 31 December 2005)

S. No. Resource/System Potential Achievements

1 Solar water heating 140 mil m* Collector Area 1.0 mil m?* Collector Area
2 Solar PV 20 MW* per Sq. km 191 MW*

3 Wind energy 45,000 MW 2,980 MW

4 Small hydro 15,000 MW 1,693 MW

5 Waste-to-Energy 1,700 MW 46.5 MW

6 Biomass gasification — 62 MW

7 Biomass power/ cogeneration 19,500 MW 727 MW

8 Biogas plants 12.0 mil 3.67 mil

9 Improved cook stoves 120.0 mil 33.9 mil

* Of this 105 MW, SPV products have been exported.
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of RE power sources presently totals to 5,700 MW, representing about 5% of the total installed capacity
in India. The Ministry supports research and development with close involvement of the industrial
sector. It is hoped that there will be increased interaction and close cooperation between the research
and teaching institutions of the country—which are reservoirs of knowledge and experience, and the
Indian industry, which has the requisite entrepreneurship and market-orientation.

A large domestic manufacturing base has been established for renewable energy systems and
products. The annual turnover of the renewable energy industry in the country, including the
power generating technologies for Wind and other sources, has reached a level of over U.S. $ 640
million. Important achievements include cumulative capacity of solar PV modules production has
reached 191 MWp, annual production of wind turbine industry is 1,000 MW. India is the third largest
producer of silicon solar cells, and has the fifth largest wind power capacity in the world. In SPV
technology, 8 companies make solar cells, 14 companies make PV modules, and 45 companies make
variety of PV systems. There are 30 manufacturers of box-type solar cookers, and a few of them make
indoor community cookers and solar steam cooking systems. There are 83 approved manufacturers of
solar flat plate collectors for water heating, and 10 companies make equipment for small
hydro projects.

2.3.4 Policy for All-Round Development of Renewable Energy

Fiscal incentives are being offered to increase the viability of RE projects; the main incentive is 60%
accelerated depreciation. Other incentives include a tax holiday, lower customs duty, sales tax, and
excise tax exemption for RE projects. The Indian Renewable Energy Development Agency is the main
financing institution for renewable energy projects. It offers financing of the renewable projects with
lower interest rates, which vary with the technology, depending on its commercial viability. Though
interest rates are falling in India, they are not in the renewables sector for various reasons, but mainly
due to perceived high risk. The interest rates vary from 11 (for biomass cogeneration) to 14.5% (for
wind). The Clean Development Mechanism of the Kyoto Protocol has started offering additional
stream of revenue making renewable energy projects more attractive.

Policy measures aim at overall development and promotion of RE technologies and applications.
Policy initiatives encourage private as well as foreign direct investment including provision of fiscal and
financial incentives for a wide range of RE programs.

Foreign investors can enter into a joint venture with an Indian partner for financial and/or technical
collaboration and setting up of RE-based power generation projects. Proposals up to 100% foreign
equity participation in a joint venture are automatically approved under the RE policy. The
Government of India also encourages foreign investors to set up RE-based power generation projects
on BOO (Build, Operate, Own) basis. Various Chambers of Commerce and industry associations in
India provide guidance to the investors in finding appropriate partners, and foreign investors can set
up a liaison office in India

MNES is promoting medium-, small-, mini- and micro enterprises for manufacturing and servicing
of various types of RE systems and devices, and industrial clearances are not required for setting-up of
an RE industry. CEA permits power generation projects up to IR 1,000 million (~U.S. $ 22.7 million).
Other promotional incentives include: A 5-year tax holiday for RE power generation projects, Private
sector companies allowed to set up enterprises to operate as licensee or generating companies, and
Customs duty concession offered to RE spares and equipment, including those for machinery required
for renovation and modernization of power plants. Excise duty on a number of capital goods and
instruments in the RE sector has been reduced or exempted.

A number of states in India have announced policy packages including wheeling, banking, third-
party sale, and buyback, and a few of them are providing concessions or exemption in state sales tax
and octroi. These rates vary from state to state for different technologies and devices, and in
periodicity. So far, 14 states have announced policies for purchase, wheeling and banking of electrical
energy generated from various RE sources.
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2.4 Renewable Energy Policies in Israel

Gershon Grossman

2.4.1 Introduction

Israel is a country of 6.3 million inhabitants in an area about 20,000 square kilometers located on the
eastern Mediterranean coast. Israel’s electrical grid and overall energy economy are isolated from those
of its neighboring countries. The precarious political situation has led in the past to the country being
subjected to energy and other economic boycotts. In the absence of indigenous fuel resources, Israel’s
economy depends almost entirely on imported coal and petroleum. Despite the political difficulties,
Israel’s economy is the fastest growing in the Middle East, leading to an ever-increasing demand for
energy. Israel’s total energy consumption has increased by about 50% in the last 10 years, and electric
power production and consumption have doubled in that period of time [1].

Israel has learnt to use the one abundant and inexhaustible energy resource it has—solar energy.
Israel has been a pioneer in developing solar technology, and is leading the world in per capita
utilization of solar energy. According to the Ministry of National Infrastructures (MNI) Division of
Energy Conservation [2], about 85% of households (i.e.,about 1,650,000 households) use domestic
solar water heating, accounting for 3% of the country’s primary energy consumption. Government
encouragement and regulations, along with over 50 years of proven experience, have made this
application widespread. Other forms of solar energy utilization are considered, with the potential of
supplying a much larger portion of the country’s energy demand.

Israel faces a number of choices in securing reliable, clean, and efficient sources of energy over the
next 25 years. Recent discoveries of offshore natural gas have generated interest in developing this
resource for domestic consumption to reduce dependence on imported coal and petroleum, which
involves both economic and environmental risks. According to a MNI-commissioned forecasting study
on Israel’s energy demand [3], the overall merits of developing these gas reserves entail a number of
trade-offs involving energy security, environment, and cost. Development of renewable sources is free
of these concerns and holds a great promise to supply the country with long-term clean and
secure energy.

2.4.2 Israel’s Energy Economy

The Israeli economy is largely fueled by imported coal and petroleum. Prior to 1982, only a small
amount of coal was consumed and the country’s primary energy source was oil and its derivatives. At
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present, coal accounts for about 30% of Israel’s primary energy. It is almost entirely used in electric
power generation.

Central Bureau of Statistics (CBS) data [1] show that the total primary energy supply to the country
for the year 2004 was about 21 million tons oil equivalent (MTOE)—a 50% increase from 1994. Total
end use was about 12 MTOE, consisting roughly of 4 MTOE petroleum products and 8 MTOE electric
power. Among petroleum products, gas oil and diesel oil comprise the largest category. Electric
consumption is about 1/3 for residential and 2/3 for industrial use (goods and services), the latter
comprising a significant portion for agriculture and water pumping. Fuel consumption other than for
electric power generation is split at 60, 36, and 4% among the transportation, industrial and residential
sectors, respectively. The same consumption pattern has been in effect for the last 10 years. According
to forecast [3], it is probable to change in the coming years, with the introduction of natural gas, which
will replace heavy oil in the electric power and industrial sectors.

Another component of the energy economy—relatively small in quantity but important in
significance—is solar energy, utilized mainly for domestic water heating. As mentioned earlier, it
accounts for about 3% of the country’s energy demand and saves about 5% of the electric power. Israel
is presently the largest per capita user of solar energy in the world, challenging the notion that solar
energy is not yet economical.

The Government MNT’s stated policy and objectives with regard to Energy are [2]:

e The Energy Policy will guarantee, at any time in the future, the complete supply of energy
demand in the country’s economy. The price to the consumer will reflect and include all
components of the cost for energy use: economic—direct/monetary, environmental, strategic,
and that associated with land use.

e The Energy Policy will strive for maximum market competitiveness, reducing the Government’s
involvement to sectors where market failure exists or where involvement is necessary for
security and safety considerations.

e The Energy Policy will endeavor to improve energy efficiency in electric power generation,
transportation, and the residential, commercial/public and industrial sectors.

e The Energy Policy will strive to reduce environmental damage resulting from energy
production and use. In particular, fuel transmission and storage infrastructures will be
controlled to prevent leaks into the ground, sea or ground water, in accordance with
international standards, and avoid health hazards or damage to natural resources. Greenhouse
gas emissions will be controlled to a level not to exceed, in the long term, similar per capita
emissions in OECD countries.

e The Energy infrastructure in Israel will be based on intelligent use of land resources, and
exploit land designated for energy infrastructures for future expansion. In particular, sites
with existing generation, transmission and/or storage infrastructures are to be utilized to their
full operational and expansion capacity, with due consideration to strategic, safety and
security issues; technological, physical, and political opportunities are to be explored to the
fullest toward utilizing external land resources such as artificial islands. The Policy calls for
cooperation with neighboring countries in commercial joint exploitation of land resources.

A number of measures have been initiated to promote renewable energies in electric power generation. A
Government resolution dated November 2002 set an objective to produce at least 2% of the total electric
power from the renewables by the year 2007. This amount is to increase by 1% every 3 years up to 5% of
total electricity production by 2016. Accordingly, the Public Utilities Authority has instituted a set of
premiums for licensed electricity producers employing renewables, proportional to the achieved
reduction in pollution. Another Government resolution dated March 2002 promotes cogeneration,
with the national potential estimated at 1200 MW. Energy conservation by the public is encouraged by
market transformation—increasing public awareness of energy efficiency in appliances and the like.
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A number of laws, regulations, directives, and legal instruments have been introduced to
implement the Energy policy. Most of them regulate the use of petroleum and petroleum products,
natural gas and electric power, and deal with licensing and safety issues. Some deal with energy
efficiency, minimum standards and labeling. Recent regulations encourage cogeneration and
distributed generation. Noteworthy is Article 9 of the Law for Planning and Building (1970),
mandating the installation of solar water heating systems in all new constructions [4]. This Article
has contributed a great deal to the advancement of solar energy utilization and will be discussed
further in the next chapter.

2.4.3 Solar Energy Utilization in Israel

A visitor to Israel will unavoidably notice the urban landscape bursting with solar collectors and hot
water storage tanks covering the roofs of buildings. Almost all residences in Israel are equipped with
solar water heaters. The most common are the thermosyphonic system, a completely passive, stand-
alone unit consisting of one or two flat plate solar collectors and an insulated storage tank. Large multi-
story apartment buildings often use a central system with a collector array on the roof and a storage
tank in the basement, employing a pump controlled by a differential thermostat. Other arrangements
are also available. In most of the country, the solar system will supply the full demand for hot water
during 9-10 months per year, with an electric resistance backup employed the rest of the time. Freeze
protection is never required, except in some isolated locations. The economics: the installed cost of a
typical single-family system comprising a 150 | storage tank and 2-3 m” flat plate collectors is about
$700; an equivalent electric-powered system costs about $300. The difference of $400 is recovered by
the owner in about 4 years (on a simple-payback basis); these systems carry a manufacturer’s warrantee
for 6-8 years, and if properly maintained can last over 12 years. Several decades of nation-wide
experience have generated consumer confidence and acceptance to the point that a domestic solar
water heater is perceived as a common, reliable household appliance.

There is no single legislation concerning solar energy utilization in Israel. The above-mentioned
Article 9 of the Law for Planning and Building (1970) [4] is probably the most important solar
legislation, and has been the government’s predominant contribution to Israel’s success in the solar
area. The law requires the builder (not the homeowner!), since 1980, to install a solar water heating
system in every new building. Other laws and regulations describe in detail the size of the installation
required for the various types of buildings, set minimum standards for the quality of the solar
equipment and installation, and provide the regulations for retrofit installation of solar water heaters
in existing multi-apartment buildings. Based on government data [5] an average single-family
domestic solar water heater saves 1250 kWh electric power per year; the total contribution to the
country is about 1.6 billion kWh per year, 21% of the electricity for the domestic sector or 5.2% of the
national electricity consumption, providing for 3% savings on the primary energy consumption. This
amounts to about 270 kWh per year per capita—the highest in the world.

Israel’s example in domestic solar water heating provides an impressive demonstration of what can
be achieved (in countries with similar or even more favorable climates), if the government makes a
commitment to clean and environment-friendly technologies [5]. However, while solar for residential
use has become an everyday reality in Israel, the much larger industrial/commercial sector uses very
little solar energy, despite the fact that the industrial user is much better suited to do so than a
homeowner. Some key considerations are: industry works mostly during the day, requiring little
storage relative to a residence; the economy of scale provides a significant capital advantage to large
industrial installations; industry generally has plenty of roof area in single-story buildings located in
areas where architectural considerations do not hinder the installation of solar collectors; the industrial
user is used to perform small maintenance jobs, thus eliminating the need for a fool-proof system and
reducing first cost. While some industries require high-temperature process heat, there are many who
need the same temperature range as the domestic user; these include textile, food, pharmaceutical,
chemical, and many more. The same applies, of course, to the commercial sector. It is estimated that
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widespread solar energy utilization in industry for process heat and the like, and in commercial
applications, could increase the country’s utilization by a factor of five, if not more.

Unfortunately, present tax considerations create a negative incentive for businesses to use solar
energy. An industry burning polluting fuel can write the cost off as a business expense, thus reducing its
tax liability, whereas an investment in a solar heating system can only be amortized over 12-15 years,
making it considerably less attractive economically. Moreover, the law presently exempts industrial
plants, shops, hospitals, and high-rise buildings (height over 27 m) from the requirement to install a
solar water heating system in new buildings [5]. The government could play an important role in
changing this situation, by introducing appropriate measures, closing tax loopholes, and creating
positive incentives for renewable energy. This can be achieved within a short time—there is no need for
long-term investments and development of new technologies. Solar energy is a reality here and now, as
already demonstrated by the country’s residential sector.
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2.5 Renewable Energy Policies for China

Debra Lew

2.5.1 Introduction

China has long been a world leader in renewable energy development and utilization, especially
decentralized small-scale renewable energy technologies, such as small hydropower, solar water heaters,
biogas digesters, and small wind turbines. Today, China is becoming a leader in sophisticated, high-
technology renewables, like PV, and is positioning itself for significant growth in other sectors, such as
utility-scale wind power, biopower, and biofuels. Helping to drive this transformation is the
consolidation of renewable energy policy, programs, and planning into a single organization, the
National Development and Reform Commission (NDRC) and the formal approval by the National
People’s Congress of China’s first comprehensive renewable energy legislation, the Renewable
Energy Law.

China recently announced an increase in their renewable energy share (including large hydro) of primary
energy (excluding traditional biomass) from 7 to 15% by 2020. Realizing this target would require an
estimated 130 GW of renewable energy capacity with an investment of up to US$184 billion [1].

China has multiple drivers for renewable energy development and utilization: energy diversification,
energy security, environmental issues, and sustainable development. China also seeks to be a leading
manufacturer of renewable energy technologies and actively supports domestic manufacturing.

2.5.2 Market Overview

China is the largest solar water heater market and producer in the world, with three-fourth of the
world capacity and some 2000 manufacturers, many of which are small, cottage-type enterprises.
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Over 80 million square meters of installed capacity provide 10% of China’s hot water needs [2,3].
Excluding large hydropower, small hydropower remains China’s largest renewable energy sector with
34 GW currently installed. China has approximately half of the world’s capacity of small hydropower
and a mature industry [4].

China is quickly ramping up their solar PV manufacturing base. They are now the third largest PV
producer, after the European Union and Japan, and have 400 MW of manufacturing capacity. This is
expected to double by the end of year 2007 [5]. Most of this PV is currently exported, but the off-grid
market continues to be a key sector. Of the ambitious 1.8 GW target for 2020, about half of this is
expected to be for PV rooftops, with 25% for off-grid and 25% for centralized plants [6].

Although China has world-class wind resources, they have only recently begun to overcome internal
barriers and ramp up capacity. They exceeded 1 GW in 2005, a goal which had originally been targeted
for the year 2000. New targets are aggressive, but China may finally have the momentum to reach them.
There are several wind turbine manufacturers in China, most of which produce 600-750 kW turbines,
with pilot production of megawatt-scale turbines. Additionally, China leads the world with the
dissemination of some 200,000 small-scale wind turbines that provide power in remote areas, like
Inner Mongolia [2].

Most of China’s 2300 MW of biomass power capacity is in the sugarcane bagasse sector. China has
significant untapped biomass potential, especially in agricultural and forest residues. However, China
lacks mature conversion technologies. The government has set ambitious targets for biomass power
generation and is offering a significant financial incentive as discussed below. The biofuels sector is
likely to see rapid growth, as China is now the world’s second largest oil consumer and importer. China
is already the third largest biofuels and third largest ethanol producer in the world and has set a target
of 14 billion liters of ethanol production in 2020.

Table 2.5 shows the current installed capacity or production from renewables as well as targets for
2010 and 2020. By 2010, renewable energy power generation should total 191 GW, or approximately
30% of China’s total installed power generation capacity. By 2020, this should reach 362 GW or 34% of
the total. With associated increases in renewably generated heat and fuels, China’s total use of
renewables should increase to 540 million tonnes of coal equivalent or 16% of China’s primary energy
consumption by 2020, thus exceeding their recent announcement.

2.5.3 The Renewable Energy Law

For many years, China’s national and local governments have encouraged the use of renewables. Over
the last decade, many provinces and autonomous regions established local subsidies and tax credits [7].
The national government established ambitious targets. Although small-scale technologies flourished
under this support, utility-scale technologies like grid-connected wind power did not. For example, in
1994, a national regulation required utilities to allow interconnection of wind power and to purchase
the power at cost plus a “reasonable profit,” with the incremental costs shared by the grid. However,

TABLE 2.5 Current Renewable Energy Capacity/Production and 2010 and 2020 Targets

Technology Current Installed Capacity 2010 Target 2020 Target
Wind power [2] 1260 MW 5GW 30 GW
Solar PV [2] 70 MW 300 MW 1.8 GW
Biomass power [12,2] 2300 MW 5.5 GW 30 GW
Hydropower [2] 110 GW (35 GW is 180 GW 300 GW
small hydro)
Solar water heaters [2] 80 million square meters 300 million square
meters
Bioethanol [3] 3650 million liters 14 billion liters
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“reasonable profits” were not defined; and it was not clear whether sharing of incremental costs should
be at a regional or national level. This resulted in an ineffective policy attempt to promote wind power.

The new Law, which was developed at the beginning of 2003 and came into force at the beginning of
2006, appears to overcome these difficulties. Implementing regulations have begun to be detailed and
already electricity prices for some technologies and a mechanism for sharing incremental costs at a
national level have been defined. It should be noted that while the Law follows earlier policies about the
importance of renewables and how renewables foster socio-economic development, this Law initiates a
more market-oriented approach, addressing financial issues and how the public good of renewable
energy use can be cost-shared among all end users.

Until this Law, few nationwide financial incentives for renewable energy existed. A notable exception was
the reduction in value-added taxes (VAT) and income taxes for some renewables, such as biogas, small
hydropower, and wind power. For example, VAT on wind power was reduced from 17 to 8.5% in 2001 [8].
This new Law provides consistent financial incentives at a national level for renewable energy power
generation. The Law requires grid companies (at the end of 2002, the former State Power Corporation was
restructured into five generation and two grid companies) to allow interconnection of renewable energy
generators and to purchase their electricity at either “fixed” or “guided” prices, to be determined later.

2.5.4 Implementing Regulations

The Law outlines general principles which are then detailed in implementing regulations. The Chinese
government recognizes that policy-making is an iterative process and has established “trial” measures
for pricing that may be reviewed and revised.

In early 2006, implementing regulations regarding administrative and pricing provisions were issued.
These include project approvals by NDRC for large hydropower (for 250 MW facilities and larger) and
wind power plants (for 50 MW facilities and larger). Power grids are responsible for interconnection of
renewable energy power plants. Two forms of pricing are proposed: fixed pricing and pricing based on a
public tendering process. Biomass will receive a US$0.03/kWh subsidy for 15 years over and above the
2005 desulfurized coal power price of the province or region. Solar, ocean, and geothermal power will
also receive fixed pricing based on “reasonable profits” which have not yet defined.

Wind power will receive a price based on public tendering. This is based on NDRC’s wind
concessions program which started in 2002 and has resulted in the awarding of long-term power
purchase agreements to develop 1300 MW of wind power [9]. Winning bid prices have been in the
range of US$0.05-0.06/kWh. Although tendering has proven successful in awarding contracts, it
remains to be seen whether it will be successful in generating renewable energy, or whether China will
follow the way of the U.Ks Non-Fossil Fuel Obligation of the 1990s in which tendering resulted in
many awarded projects that were never commissioned, likely due to underbidding [10]. As in other
countries, such as the U.S., regional and local policies may be more progressive than national policies.
In the case of Guangdong province, a winning wind concessions bid of US$0.061/kWh helped the
local government justify and establish a feed-in tariff of US$0.064/kWh for all nonconcession wind
projects in the province.

The Law also specifically supports the use of renewable energy for remote rural areas. In 2002, NDRC
initiated the Township Electrification program to electrify those remaining 1061 townships that lack
electricity with PV, wind, and small hydropower [11]. Approximately, US$340 million was spent on the
PV- and wind-powered townships. NDRC is now expanding this program to the village level and will
electrify those remaining 25-30 million people in the 20,000 villages which do not yet have electricity.
The Village Electrification program will cost an estimated US$5 billion and will be implemented over
the next ten years. These off-grid users will be cross-subsidized by the grid-connected users so that they
will pay a tariff equivalent to the provincial grid price.

To fund the incremental costs of renewably generated power (above the provincial coal power
price) as well as the operations and maintenance of the off-grid systems, a surcharge will be applied to
all end users (except for those in Tibet and agricultural users) served by the grid.
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2.5.5 Conclusion

After the decades of policy attempts, pilot programs, and learning from their own and others’
experiences, China seems finally poised to expand their renewable energy development on a gigawatt-
scale. There are still barriers to be overcome, and China is using some approaches, such as the wind
concessions program that have proved unsuccessful elsewhere, but China’s growing renewable energy
technical capabilities and the government’s solid commitment to renewables have a good chance of
weathering the challenges that come their way.
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2.6 Japanese Policies on Energy Conversation
and Renewable Energy

Koichi Sakuta

2.6.1 Introduction

The current basic energy policy in Japan aims at both achieving a stable energy supply and preserving
the environment. Even though Japan has achieved considerable success in energy conservation during
the last two oil crises, the country’s total energy demand has continued to increase. This is especially
true for energy consumption in the residential/commercial and transportation sectors which has
increased significantly since 1990. To realize further development in the future, it is essential to secure
additional energy supplies; however, we must also reduce CO, emissions to prevent global warming. As
the chair country of the Kyoto Conference on Climate Change (COP3), Japan is strongly committed to
achieve the target of Kyoto Protocol.

The Advisory Committee for Natural Resources and Energy under the Agency for Natural Resources
and Energy, the Ministry of Economy Trade and Industry (METI) intensively reviews and discusses
future energy demand policies. After more than a year of study, their report “Prospect for Supply and
Demand in 2030” [1] drew the following conclusions:
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e Increase in total energy demand will be saturated around 2020.

e Potential for energy conservation is quite large, up to 50 million kiloliters of oil.

¢ Distributed power generation has a potential to produce up to 20% of total electricity.
¢ Renewable energy can produce up to 10% of primary energy demand in 2030.

e Technology can enable compatibility of economy and environment.

2.6.2 Energy Conservation

Through the energy efficiency efforts of the public and the government, Japan has achieved the highest
level of energy efficiency anywhere in the world since the oil crises[2]. However, the weakness of
Japanese energy supply structure remains unchanged, and the level of dependency on Middle-East
crude oil is higher now than at the time of the oil crises. With increasing energy consumption in
commercial/residential and transportation sectors in recent years, it is essential to promote energy
efficiency measures for the future.

In 1998, aiming to achieve Japan’s COP3 energy efficiency goal, a conservation target of 56 million
kiloliters (crude oil equivalent) was formulated. This target value was revised in 2001 to 57 million
kiloliters including an additional 7 million kiloliters for the rapidly increasing demand in
residential/commercial and transportation sectors.

Future measures for energy conservation include:

a. Industry sector
e Steady implementation of voluntary action plan.

e Voluntary management system based on “The Law Concerning the Rational Use of Energy.”
b. Commercial/residential sector
e Efficiency improvement of appliance use.

e Improved energy efficiency of houses and buildings.

e Complete management of energy demand.
c. Transportation sector
e Acceleration of measures to improve the fuel efficiency of cars.

e Execution of measures to appeal to personal selection.

¢ Smoothing out of traffic/traffic flow and managing automobile traffic.
d. Cross-sector measures

¢ Decision on technological strategy.

e Promotion of energy efficiency education.

e Promotion of high efficiency cogeneration.

o Leading the way with implementation in the public sector.

One of the unique measures is the “Top Runner Program” in the commercial and residential sector
under the Energy Conservation Law. All the manufacturers are required to meet the target energy
conservation standards, which are set by the best products (“top runners”) presently available in the
market. At present, 18 product categories are covered by the standards, including air conditioners,
refrigerators, etc.

2.6.3 Renewable Energy
2.6.3.1 Outline

In the METI renewable energy policy, new energy sources are defined and promoted—which include
photovoltaic (PV) power generation, wind power generation, solar thermal energy, ocean thermal
energy, waste power generation, waste thermal energy, waste fuel production, biomass power generation,

© 2006 by Taylor & Francis Group, LLC



2-34

Handbook of Energy Efficiency and Renewable Energy

biomass thermal energy, biomass fuel production, cool energy of snow and ice, clean energy vehicles,

natural gas cogeneration, and fuel cells[2].

Both R&D and policy measures to introduce renewable energy are strongly promoted because of
their effectiveness in realizing sustainable energy systems in the future. In the 2005 METI report
“Prospect for Supply and Demand in 2030,” national targets for introducing various new energy

sources by 2010 are presented in Table 2.6.
METT’s current policy for new energy can be summarized as:

a. Law concerning the development and promotion of Oil Alternative Energy (Alternative Energy Law).

b. Long-term energy supply/demand outlook.

c. Enactment of “Law Concerning Special Measures for Promotion of New Energy Use, etc.,

(New Energy Law)” enacted in April 1997.
d. Government support system for the domestic introduction of new energy.
e Technological development;

e Validation tests;

e Implementation promotion;
e. Promotion of international cooperation related to new energy.

TABLE 2.6 Present Status and Targets for Introduction of New Energy Sources

FY 1999 FY 2002 FY 2010
Reference Current Additional Under Current
Case Measures Case Measures Case Goals Case
Solar power 53,000 kl 0.156 million  0.62 million kI 1.18 million kI Same as at right 1.18 million kl
kl
0.209 million  0.637 million 2.54 million  4.82 million 4.92 million kW
kw kw kW kw
Wind power 35,000 kl 0.189 million 0.32 million kl 1.34 million kl 1.34 million kl
kl
83,000 kW 0.463 million 0.78 million 3.00 million 3.00 million kW
kW kw kw
Waste-fired 1.15 million kI  1.52 million kI 2.08 million kI 5.52 million kI 5.52 million kI
power
0.9 million 1.40 million 1.75 million 4.17 million 4.17 million kW
kw kw kw kw
Biomass power 5,400 kl 0.226 million 0.226 million  0.34 million kl 0.34 million kl
kl kl
80,000 kW 0.218 million 0.218 million  0.33 million 0.33 million kW

kw kW kW
Use of solar 0.98 million kI 0.74 million kI 0.74 million kI 0.74 million kI 10.72 million kI

heat

Use of waste 44,000 kl 36,000 k1 44,000 kl 0.14 million kl

Use of biomass — — — 0.67 million kI
heat

Unused energy® 41,000 k1 60,000 kI 93,000 kl 058 million kl

Black liquor, 4.57 million kI 4.71 million kI 4.87 million kI 4.87 million kl
waste wood,
etc.®

Total (Proportion  6.93 million kl 7.64 million kI 8.99 million kI 15.38 million  19.10 million kl
of total primary (1.2%) (1.3%) (1.4%) kl (2.6%) (Approx.
energy supply) 3%)

4.39 million kI

0.14 million kI
0.67 million kI

0.58 million kI
4.94 million k1

19.10 million kI
(Approx.
3%)

* Unused energy includes ice thermal energy storage; Black liquor and waste wood are a kind of biomass and includes the
portion used for power generation; Because the amount of black liquor and waste material introduced depends upon the

level of paper pulp produced in the energy field, it is calculated internally in the model.
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FIGURE 2.6 Cumulative installed capacity of PV systems in selected IEA countries. (From IEA/PVPS Trends in
photovoltaic applications in selected IEA countries between 1992 and 2004; Hamelinck, C. N. and Faaij, A. P. C.
Article in press. Outlook for Advanced Biofuels. Energy policy.)

2.6.3.2 Photovoltaics

Among the various renewable energies, PV power generation is one of the top priorities in Japan. As
seen in Figure 2.6, about half of the cumulative PV capacity introduced in the world is currently in
Japan [4]. Figure 2.7 shows the long-term R&D and promotion road map towards 2030 prepared by
NEDO (New Energy and Industrial Technology Development Organization) [5]. Our target is the

FIGURE 2.7 Scenario for improving economic efficiency of PV power generation. (From Overview of PV Roadmap
Toward 2030, NEDO, 2004; Ranney, J. W. and Mann, L. K., Biomass and Bioenergy, 6(3), 221-228, 1994.)
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introduction of 4.8 GW from PV by 2010 and 102 GW by 2030. The latter target corresponds to about
10% of total electricity demand. To achieve this goal, it is necessary to reduce the power generation cost
to about 7 yen/kWh which corresponds to the wholesale cost of electricity.

2.6.3.3 Wind Energy

Introduction of wind power generation systems is progressing rapidly in areas with good wind
conditions. The total capacity of around 700 MW was achieved in FY2003 and the target for 2010is 3 GW.

2.6.3.4 Fuel Cells

High priority is also placed on the development of fuel cells. Aiming at the early introduction of fuel
cell vehicles, much effort is being done in R&D.

2.6.3.5 Biomass

Biomass energy has a huge potential as future renewable energy source because of its variety and many
different applications. A new initiative called “Biomass Japan” was established in 2002 by six ministries
to realize a sustainable society by comprehensively utilizing various biomass products as
energy resources.

2.6.3.6 Geothermal Energy

Although not included in “new energy,” 19 geothermal power plants with more than 530 MW total
capacity are under operation in Japan. Geothermal resources can become competitive with fossil fuel
power generation in the long run, but it will be necessary to reduce the development cost and to
introduce various measures to