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With the price of oil hovering at $60 a barrel
on world markets and scholars predicting that
worldwide oil reserves will dwindle, our society
is quickly recognizing that the whole world runs
on oil. We are indeed an oil civilization: we rely
on oil for our food, plastics, pharmaceutical
products, and clothes, as well as for our trans—
portation, power, heat, and electricity.

A noted energy scholar, Jeremy Rifkin,” indi-
cated in an article appearing in the Boston
Globe (October 13, 2005) that President George

Bush and his team “do not understand the

enormity of the energy crisis facing the United
States and the World” and suggested that the
President “should download the just published
European Union Green Paper on Energy
Efficiency” to lay out a roadmap for cushioning
the cost shock of rising oil prices (Rifkin, 2005).
The EU commission study says the average EU
household could save between $240 — $1,200 per
year in cost—saving energy efficient practices,
thus offsetting much of the increased price of
oil (EC, 2005).

1) Rifkin is author of “The Hydrogen Economy: The Creation of the World Wide Energy Web and the Redistribution of Power on Earth” and
Principal Advisor to the European Union Parliamentary Leadership Group for Renewable Energy and a Hydrogen Economy.
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Even without escalating oil prices, there are
other significant reasons for pushing toward a
re—invigorated energy efficiency programs. The
cost—effective savings of energy means the
enhancement in energy sustainability, eco—
nomic development, environmental sustain—
ability, equitable empowerment, and energy

security, or E:

Energy Sustainability
*Decreased dependence on fossil fuel
imports from third countries;
* Strong foundation for a sustainable future,
bridging efficiency to a solar economy
(Scheer, 2004).

Economic Development
* Reduced costs for the economy, boosting
the economy and creating new jobs:”
* Reduction in fossil fuel prices;”
* Enhanced trade opportunity driving from
the development and introduction of new
energy—efficiency technologies:

* Positive multiplier effect from domestic

efficiency investment,”

Environmental Sustainability

* Greater environmental health, especially
promoting climate sustainability;

* Reduction in air pollution and improvement
of human health;

* Improved water sustainability through
reduced water needs at the point of power
production” and reduced water consump-

tion at the point of consumer demand.

Equitable Empowerment

* Significant savings on household energy
bills, having a direct impact on the quality
of life of all citizens, especially in develop—
ing countries:

* Reconciliation of exploding energy demand
of the developing world, particularly in
China and India (EC, 2005).”

Energy Security
* Promotion of the security of energy sup—
plies (Wiser et, 2005):

2) The United States used 10 percent of its GNP to pay the national fuel bill as compared with Japan's only 4 percent. The difference of $200 bil—
lion gives the average Japanese product an automatic cost advantage of about 5 percent in the U.S, market,
3) The National Renewable Energy Laboratory recently concluded that this price reduction effect can be significant as much —as 2% for each 1%

of demand displaced (Wiser et al., 2005).

4) According to the Minnesota Energy Agency, a dollar spent on electricity, petroleum products or natural gas has a net local multiplier effect of
$1.69, $0.55, or $0.59, respectively. A dollar spent on home energy conservation has a net economic effect of $2.21.

5) In the United States, the amount of fresh water withdrawn for electricity production is more than twice as much as the water used for resi—

dential, commercial, and industrial purposes (Garman, 2005).

6) An even more aggressive policy for technical efficiency ought to be pursued in developing countries, but it would be neither ethical, nor equi—

table to argue for restriction in overall energy growth in these countries. The onus should be on Europe, U.S., and other rich countries to

change path.

5 )




* Reduction in energy imports from socio—
politically vulnerable regions:
* A risk management strategy for energy

suppliers (Rickerson et al, 2005).

Even though energy efficiency is imperative
for E°, a large proportion of energy continues to
be wasted, whether by inefficient equipment or
through lack of awareness of energy users.
Improved energy efficiency implies both a better
use of energy through improvements in energy
efficiency and energy savings through changes
in behavior. Energy efficiency essentially
depends on the technologies used. Improving
energy efficiency means using the best tech—
nologies to consume less, whether at the point
of production (supply—side efficiency) or at the

final consumption (demand-side efficiency).
1. Supply-Side Efficiency

A hard energy path “relies on rapid expansion
of high technologies to increase supplies of ener—
gy, especially in the form of electricity” (Lovins,
1976: 65). The pursuit of the hard path involves
immense inefficiencies. Two—thirds of the energy
in coal, oil, or natural gas is lost in the produc—

tion of electricity. Efficiency improvements in the

centralized power sector are needed while mak—
ing the transition to a solar economy with decen—

tralized power generation.

Power Efficiency

Energy ‘waste levels in the processes of
electricity generation are running at 66%, and
the transport of electricity involves losses of up
to 10% of the electricity produced (up to 2% by
transmission and 8% in distribution). The elec—
tric power sector possesses great potential for
efficiency improvements.” In many cases, cost—
effective measures can be taken to significantly
reduce the inefficiency of the power sector. Old
inefficient plants could be taken off the market
and replaced with the more fuel—efficient com—
bined—cycle gas turbine (CCGT) technology with
a yield close to 60%.

Cogeneration

Cogeneration offers a substantial potential
gain in efficiency. Cogeneration technologies
can be developed for energy efficiency, fuel
flexibility, and the reduction of construction
costs. It is also important to explore and devel—
op cogeneration technologies that can increase
the use of renewable sources. It is estimated

that those district heating and cogeneration

7) At the point of energy supply, offering consumers the opportunity to opt for energy services could lead to price competition between energy

service suppliers/distributors, This will lead to a reduction in the quantity of energy consumed by these services, since the cost of the energy

would normally be a large part of the total cost of the service.



KOREA ENERGY ECONOMICS INSTITUTE

facilities, including industrial applications,
already existing, may save 3-4% in primary
energy use as compared with separate produc—
tion (EC, 2005).

Distributed Generation

The current investment needs in electricity
generation could be used to facilitate a shift in
electricity generation away from the big power
stations to cleaner, more efficiently distributed,
on—site generation. Alternative, renewable
energy sources can provide more efficient,
dependable power more appropriately matched
in scale and quality to their end uses. Because
the energy source is direct, as with solar power

heating a house, it is more efficient,
2. Demand-Side Efficiency

In case of the United States, the National
Association of Regulatory Utility Commissions
(NARUC) changed the rules of operation for
state utility commissions in 1979. Since that
time the ruling has encouraged companies to
close their supply—side oriented building pro—
gram and concentrate on generating negawatts
or reduced electricity consumption through
demand-side management programs. Utility

companies demonstrating improvements in the

efficiency of electricity use among their cus—
tomers can take a larger percentage of their

sales in profits.”

Energy efficiency improvements could benefit
both customers and utilities. Buying the most
efficient industrial equipment, new buildings, or
household appliances, customers receive elec—
tricity at lower rates. Then the utility sells the
surplus power to new customers, avoiding the
costly investment necessary to expand produc—

tion capacity with new generating stations.

Many efficiency measures can be taken at
regional and local levels, close to the citizen.
Action on energy efficiency will produce all its
potential gains domestically because operations
to be undertaken at national levels are reflected
locally. Energy efficiency potentials by major
end—use sectors, such as buildings, domestic
appliances, industry, and road transport, are
briefly described below.

Buildings

Providing and promoting energy efficient
buildings in cities, significant energy savings
can be obtained. The energy performance of
buildings can be improved when they are being

renovated. The biggest opportunity is in cou—

8) Utility demand-side management (DSM) programs have been downsized after electricity restructuring in the United States, but targeted DSM,
or demand response programs, allow utilities to avoid upgrading needs of sub—stations in certain service areas.
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pling measures for energy efficiency improve—
ment with retrofitting. With cost—effective
gains, the building sector alone could create full
time jobs for highly qualified personnel and for
the building profession in general. Such
employment is mostly created in places where

the changes to buildings have to be made.

Domestic Appliances

Major improvements could be made with a
combination of measures taken to inform the
consumer on minimum efficiency levels (includ—
ing requirements for econ—design)” and by vol—
untary agreements. Also, special measures need
to address the concerns over the stand—by
function. Electricity used in stand—by mode can
reach between 5 and 10% of total electricity
consumption in the residential sector.
Technologies must be developed to limit these

losses.

Industrial Factories
Driven by economic incentives, it is to be
expected that industry will make additional sig—

nificant improvements in its processes and the

machines it uses (e.g., electric motors, com-
pressors). In the European Community, a large
number of voluntary agreements in industrial
sectors (e.g., the paper industry, the horticul-
tural sector and the chemical industry) have
already been taken. Such voluntary agreements
by industry reinforce energy—efficiency mea—
sures (EC, 2005).

Road Transport

Increased R&D programs are needed in the
development of electric vehicles, in testing
those running on alternative fuels such as nat—
ural gas, and in advancing longer—term
prospects for technologies such as fuel cells and
hydrogen. As a demand-—side program, a vehicle
labeling system can be used for information on
not only fuel consumption but also CO: emis—
sions of new cars. Intelligent transport systems
such as navigation technologies” and conges—
tion charging can be also adopted to increase
the safety and energy efficiency. Friction” and
pressure” of tires need to be properly checked

to save significant amounts of energy.

9) One of the aims of eco—design is to apply requirements for energy efficiency while avoiding negative consequences on the environment or in

other stages in the life cycle of the appliances.

10) The satellite navigation system will offer reliable and precise positioning systems for vehicles, offering traffic flow optimization in road

transport. It will make it easier to put road—charging systems in place without causing long queues at entry points to the charging zones,

11) Friction between tires and the road accounts for up to 20% of a vehicle's consumption, Properly performing tires can reduce the latter by 5%

and sales of such tires should be encouraged not only on new cars but also for subsequent replacements (EC, 2005).

12) Better pressure checks also lead to lower consumption. Estimates suggest that between 45 and 70% of vehicles are driven with at least one

tire below the prescribed pressure, which causes 4% over—consumption, One option would be to consider a voluntary agreement with industry

to install tire pressure sensors on the dashboard of cars (EC, 2005).

11



3. Energy Efficiency in EU and South
Korea

European Union

Energy efficiency in EU is discussed in Doing
More with Less: Green Paper on Energy
Efficiency (in short, “The Green Paper’) pub—
lished by European Commission in 2005, The
Green Paper is based on the studies conducted
by numerous organizations in Europe, including
Wuppertal Institute (2005), Green Business
Letter (2005), WWF (2005), UNDP (2000 and
2004), and European Council for an Energy
Efficient Economy Proceedings (2005).

The Green Paper intends to encourage more
widespread use of new technology to improve
energy efficiency and stimulate a change in

European consumer behavior. The 25 member

states of the European Union (EU-25) currently
consume around 1,725 Mtoe (million tons of oil
equivalent) of energy per year, with a high price
tag of EUR 500 hillion ($600 billion), or more
than EUR 1,000 ($1,200) per person per year.

Of this EUR 500 billion, about one half (EUR
240 billion) falls on the trade bill of the EU.
Even though Europe's energy intensity, the
ratio of GDP to energy consumption, is approx—
imately 50% less than that of the U.S., a large
proportion of energy continues to be wasted,
whether by inefficient equipment or through a
lack of awareness of energy users. The enor—
mous loss of capital could be put to other uses,
including developing new energy—efficient

practices, technologies and investments,

If the current trend continues, gross energy

demand is projected to increase by 10% by 2020,

(Table 1) Cost-Effective Energy Saving Potentials by End-Use Sector in EU

2020 2020
Potential savings in Mtoe Rigorous implementation Implementation of
of adopted measures additional measures

Buildings: heating/cooling 41 70
Electrical appliances 15 35
Industry 16 30
Transport 45 90
CHP 40 60
Other energy transformation, etc. 33 75
Total energy savings 190 360

Source: European Commission. 2005. Doing More with Less: Green Paper on energy efficiency. p. 31.
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reaching 1,900 Mtoe in 2020, compared with
1,725 Mtoe in 2005. These predictions are made
under the assumption of an average GDP
growth rate of 2.4% per year. According to the
Green Paper, the EU could achieve a reduction
of the energy consumption by 20% compared to
the projections for 2020 on a cost—effective
basis. Table 1 gives a general indication of the
potential cost—effective savings of 360 Mtoe in

2020, equivalent to a 20% energy savings.

The cost—effective savings shown in the
Green Paper represent a picture of the oppor—
tunities to explore. A concrete action plan
should be established at EU Community,
national, regional, and local levels and at the
level of industry, of financial institutions, and
of individual consumers to harness the identi—-
fied potential energy—efficiency savings. The
EU Community intends to propose a practical

action plan for implementing beginning in 2006.

South Korea®
In 1997, South Korea established the National

Committee for Energy Conservation (NCEC) to
improve implementation of energy efficiency
and congervation policies for each energy—using
sector. This means that an elementary policy
structure to promote energy efficiency and con—
servation exists and can be marshaled for an
efficient energy future. However, an objective
evaluation found that the country's initiatives
are no match for the forces of rapid growth in
energy use and the concomitant waste, pollu—
tion and mounting social risks that dominate
the energy picture. South Korea's energy inten—
sity is 200—300% higher than that in Germany

and Japan. More must be done.

The JISEEF team" adopted a ‘bottom—up
modeling approach, which employs engineering
and economic estimates of energy savings,
emissions and costs of different technologies, to
assess the potential for energy efficiency. The
JISEEF team turned to international databases
prepared by U.S. and Japanese research orga—
nizations, while ensuring its applicability to

South Korean circumstances.” Two important

13) Energy efficiency in South Korea is discussed in the book Energy Revolution: 21" Century Energy and Environmental Strategy (authored by

J. Byrne and Y-D. Wang et al) published in 2004 by Maeil Business Newspaper.
14) The Joint Institute for a Sustainable Energy and Environmental Future (JISEEF), created by the sponsorship of the W. Alton Jones
Foundation, is composed of a highly respected international research team organized by the Center for Energy and Environmental Policy

(CEEP) with South Korea's foremost experts in the energy and environmental fields led by the Research Institute for Energy, Environment
and Economy (RIEEE) of Kyungpook National University, the Environmental Planning Institute (EPI) of Seoul National University, and the
Citizens' Institute for Environmental Studies (CIES) of the Korea Federation of Environmental Movements,

15) The database was subjected to validation by energy experts in South Korea, including members of KEEIL This database is in a spreadsheet

format, in which row entries have energy efficiency technologies, and column entries contain energy and economic savings information,

including percentage energy savings, incremental costs (to install and operate the improved technology), cost of conserved energy and pay—

back period.

13
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factors justify the use of international data
sets: market competitiveness and international

policy trends.

The JISSEF team adopted the 1999 results of
the KEEI/MOCIE model as the benchmark for
its analyses (MOCIE/KEEI, 1999). This choice
was dictated by our desire to evaluate sustain—
able energy options against the South Korean
government's official business—as—usual (BAU)
forecast for energy and CO: to the target year
2020. According to BAU projections, primary
energy consumption will reach 332 Mtoe in
2020, or 1.7 times higher than that of 2000 (191
Mtoe). CO: emissions from the energy sector are
projected to increase during the period of 2000—
2020, from 104 million tons of carbon (MTC) in
2000 to 204 MTC in 2020,

The JISEEF team focused on specific tech—
nologies in each end—use sector as part of its
construction of the JISEEF Scenario analysis.
These technology categories were selected for
two reasons. they are significant sources of
energy consumption and detailed data are
available on current technology stocks."” The
technology categories targeted in JISEEF for
efficiency improvements in each sector are list—

ed below:

Industrial Sector: Heat Recovery Upgrades
Space Conditioning Upgrades
Boiler and Steam Efficiency Upgrades
Motor Drive Efficiency Upgrades
Fuel Switching
Enhanced Cogeneration
Lighting Upgrades

Operation & Maintenance Upgrades

Transport Sector: Passenger Car Fuel Efficiency
Upgrades
Light and Heavy Truck Fuel Efficiency
Upgrades
Bus Fuel Efficiency Upgrades
Rail, Air and Marine Transport Efficiency
Upgrades

Introduction of Alternative Fuel Vehicles

Commercial Sector: Commercial Space Conditioning
Efficiency Upgrades
High—Efficiency Commercial Lighting
High—Efficiency Motor
Building Shell Upgrades

Residential Sector: Residential Space Conditioning
Efficiency Upgrades
High—Efficiency Residential Lighting
High—-Efficiency Residential Refrigeration

16) In some instances, data limitations prevented the team from exploring energy efficiency improvements that have been found in studies of
other countries to be significant (e.g., high—efficiency windows and doors, wall and roofing materials, and efficient building design strate—

gies).

14\




Fuel Switching for Water Heating
Housing Shell Upgrades

Modeled after the recently published U.S.
national study by the Inter—Laboratory
Working Group (IWG, 1998, 2000), the JISEEF

team prepared three policy strategies for cap—

turing the efficiency potentials identified in

each end use sector: a Full Implementation
Scenario in which all identified cost—effective,
technically feasible savings are realized; a
Major Policy Commitment Strategy which would
seek to realize 65% of the identified energy and

CO: savings under the Full Implementation

(Table 2) Summary of Primary Energy Savings and CQO. Emission Reductions
in 2020 for the JISEEF Scenario by End Use Sector

(Unit: MTOE, MTC)

Industrial Savings

* Final Energy
* CO;

Transportation Savings

* Final Energy
* CO:

Residential Savings

* Final Energy
* CO:

Commercial Savings

* Final Energy
* CO;

Reduced Electricity Lossesa

* Energy Conversion
* CO:

TOTAL SAVINGS

* Primary Energy
* CO:

32.1(25.0% ) 20.8 (16.3% | )
19.1(25.2% |) 12.4 (16.4% | )
16.5 (28.1% | ) 10.7 (18.2% |)
13.3(28.0%|) 8.6 (18.2% | )
14.7 (33.8% |) 9.6 (22.0% )
9.6 (34.5% | ) 6.2 (22.5% )
9.8 (35.8% ) 6.4 (23.3% )
5.7 (35.3% | ) 3.7(22.9% )
22.3 (28.7% ) 14.6 (18.7% )
11.2 (28.7% | ) 7.3018.7% )
95.4 (28.7% | ) 62.1(18.7% |)
58.9 (28.8% |) 38.2 (18.7% | )

Note : a Denotes avoided energy losses and CO2emissions from conversion due to end—use energy savings.
Source : John Byrne and Young-Doo Wang et al. 2004. Energy Revolution: 2f" Century Energy and Environmental

Strategy. Seoul: Maeil Business Newspaper.
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Scenario; and a Modest Policy Commitment
Strategy which would capture 35% of identified

savings of the Full Implementation Scenario.

A summary of energy and CO. savings from
energy efficiency improvements is shown below
by energy sector (see Table 2). Most significant
savings are from the industrial sector, followed
by the electricity sector. Total savings in pri—
mary energy use and in CO. emissions from full
implementation (a 100% implementation) are
95.4 MTOE and 58.9 MTC, respectively. A Major
Policy Commitment Strategy (a 65% implemen—
tation) is expected to achieve a 19% savings in
primary energy use and a 19% reduction in CO:

emissions,

The total investment cost for JISEEF effi—
ciency upgrades under the Major Policy
Commitment Strategy (65% implementation
scenario) amounts to 3.4 trillion won ($2.8 bil—
lion), and the avoided CO. emissions are 38.2
MTC, yielding a marginal cost of approximately
86 thousand won ($72) per avoided ton of car—
bon. The net benefits to the South Korean
economy would be 33.4 trillion won ($27.8 bil-
lion) in 2020, This is probably a conservative
estimate because the uncertainties associated
with petroleum prices, CO: abatement costs and
multiplier effects are likely to favor higher ben—

efit values (Byrne and Wang et al, 2004),
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4. The Paradox of Efficiency

The pursuit of efficiency has been the one
consistent and bipartisan cornerstone of
national energy policy since the 1970s, but
energy efficiency potentials have not been fully
explored mainly due to lack of strong policy
interventions. But increased price of fossil
fuels, vulnerable security of energy supply,
economic competitiveness, climate change and
atmospheric pollution all make nations serious—
ly reconsider energy efficiency as an inevitable

instrument for a sustainable future,

As shown in both the European (2005) and
South Korean (2004) studies, with rigorous pol—
icy interventions each could achieve around
20% energy savings in 2020. Viewed in terms of
the relatively lower level of energy intensity in
South Korea and specifically in the case of EU,
such magnitude of savings is enormous. But
some scholars are critically negative about the
huge potential of energy efficiency. For them,
efficiency raises demand, and waste of energy is
virtue (Huber and Mills, 2005).

Wilhite and Norgard (2004) argue in their
article published in Energy Policy that equating
efficiency with reduction is a self—deception in
energy policy. They assert that the policy and

research at the center of the discourse on ener—




gy sustainability suffer from a self—deception,
which revolves around the equation of ‘effi—
ciency with ‘reduction.” According to them, the
perception of a de—coupling between energy
consumption and GDP is erroneous contention,
Energy consumption, no matter how efficient,
is positively linked to economic activities, in the
sense that growth in activities pushes energy

consumption upward.

More efficient use of energy could actually lead
to higher energy consumption by making the
economy grow faster due to the increased growth
in activities, This is the so—called rebound effect
and, according to Wilhite and Norgard, its effect
is probably less than 20% of the savings from the
efficient technology. According to them, energy
consumption, no matter how efficient, is posi—
tively linked to economic activities, pushing

energy consumption upwards,

Huber and Mills (2005) have made a similar,
but stronger criticism in their book The
Bottomless Well. Efficiency may curtail demand
in the short term, but its long—term impact is
just the opposite. The more efficient we become,
the more we built, and the more energy we
consume overall, Efficiency has come, and

demand has risen apace.” More efficient almost

invariably means faster, and faster almost
invariably means a higher burn rate, and more
miles traveled, and more energy consumption
overall (Huber and Mills, 2005).

The new technologies are efficient because
they are quick, compact, light, and responsive,
opening up new vistas of energy consumption
that weren't possible before, Huber and Mills
quote that “the Internet has the funny effect of
increasing the amount of travel —people using it
discover places to go and people they want to
meet.” Electricity initially supplied to power
Edison's new bulb was soon tapped to power
electric motors, then compressors in refrigera—
tors, then air conditioners, and then micro—
processors,

The American Council for Energy Efficient
Economy (ACEEE) also expresses a concern over
limited private investment in efficiency. Besides
market and institutional barriers, more funda—
mental factor that keeps efficiency investment
small has to do with the two trends in the U.S.
economy: falling energy intensity and rising
incomes (ACEEE, 2004). Falling intensity means
we use less energy per unit of economic activi—
ty, making us less motivated to invest in energy
savings. When people have more discretionary
income to spend on the energy services, this

income elasticity of demand factor tends to

17) While production, transmission and end-use technologies have all improved in efficiency, total energy use in the OECD countries has contin—

ued to increase, simply because growth in economic activities ate up the efficiency gains (Wilhite and Norgard, 2004).
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work against efficiency.

As a matter of fact, there is significant dif-
ference between actual energy used to provide
energy services (such as lighting, heating,
refrigerating, etc.) and the level of energy effi—
ciency that can be provided in a cost—effective
way for the same services (Levine et al, 1996;
Weber, 1997). A relevant question is how to
close the energy efficiency gap and rebound
effect to achieve the identified potential of
energy savings. It is important to identify the
bottlenecks presently preventing these cost—
effective efficiencies from being captured and
then identify options to overcome these bottle—

necks,
5. Efficiency and Conservation

The bottlenecks can be addressed through a

combination of technological efficiency and
behavioral conservation. Focusing only on
technological efficiency, the warning of energy
paradox by Huber and Mills (2005) could be
realized: the more efficient the technology
becomes, the more energy society consumes.
With a combination of behavioral conservation,
the efficiency gap will be reduced and the
rebound effect will be minimized, thereby
achieving absolute reduction of energy con-—
sumption, Efficiency and conservation are
sometimes interchangeably used, but there are
differences between the two (Rubin, 2004):
Technological efficiency alone is not able to
offset continued growth in energy services to
the extent that deep reductions in energy use
might. The full direct savings from more effi—
cient technology could be realized if the goal
were to provide for people a certain sufficient

amount of energy services, and then level off

(Table 3) Differences between Efficiency and Conservation:

Improved Efficiency

Conservation

More miles per gallon of gasoline

Driving less: using fewer total gallons

More lumens per watt

Less artificial lighting

Occurs only while using energy

Occurs while not using energy

Suggests no change in lifestyle

Questions need for end uses

Provided mostly by specialists

Provided mostly by end users

Dependent on energy suppliers

Creates independence from suppliers

Mostly technical

Mostly behavioral

Promotes growth

Promotes sustainability

Source: Compiled from Andrew Rudin. 2004. “Efficiency and Conservation.” Energy & Environment 15(6).

18 )




(Wilhite and Norgard, 2004). A reduction in
energy use will only come about by reining in
the demand for energy services (e.g., indoor

comfort, illumination, mobility).

A new policy paradigm is needed for Europe
and South Korea, one that aims at combining
efficiency of technology with sufficiency in
energy services to reduce energy use by 20% in
2020. This is the reason for why technological
efficiency and behavioral conservation need to
integrate together in combination with rigorous
policy interventions. Energy efficiency gaps are
a market failure and we need to examine ener—
gy efficiency policies that have been used to

overcome these market failures.

6. Actions Recommended

A national energy efficiency program can be
successful if it has strong government backing
and funding, works collaboratively with the
private sector and other institutions, and
focuses on technological improvement, public
awareness, and market development. Policy
interventions help to remove barriers inhibiting

adoption and thereby increase sales of new

technologies, which in turn results in unit cost
reductions. This creates a positive feedback loop

that can enable rapid market growth.”

There is no single silver bullet for overcoming
the barriers to efficiency (Geller, 2004). Many
policy initiatives are needed to overcome the
barriers to a more energy efficient future."
High levels of energy savings through efficiency
improvement have been achieved in both
industrialized and developing countries,
demonstrating that any nation can overcome
the barriers inhibiting clean energy develop—
ment through well-designed and well-imple—
mented policy initiatives. To increase the avail—
ability and deployment of energy efficiency
technologies and to level off the growth rate of
energy demand, the following policy options

should be considered,

Efficiency Action Plan

Establishing annual energy—efficiency action
plans and monitoring performance at the
national level is important in order to learn
from successes and mistakes and to ensure the
rapid spread of best practice throughout the

nation.” Local energy agencies could dissemi-

18) The market transformation program could offer manufacturers a multi-million dollar reward for producing that is significantly more effi-

cient than products on the market, A well-known example is the Golden Carrot Program for efficient refrigerators and clothes washers,

19) The combination of utility programs, appliance efficiency standards, and building energy codes has a significant impact on overall energy use
in California during the past 25 years. California cut its electricity use per unit of economic output by nearly 30 percent from 1977 to 1999,

compared to relatively constant electricity intensity in the other 49 states (Geller, 2004).
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nate best practices, even to the general public.
The recent consensus report from the U.S,
National Commission on Energy Policy, which
forcefully addresses demand-side policies, may
be a positive starting point for a renewed dia—

logue on energy efficiency.,

Information

Energy saving in the overall sense derives
from a change in consumer behavior so that
strong and sustained public awareness cam—
paigns are needed. Through leveling programs,
training, and energy audits, consumers are
informed about the relative energy efficiency of
different products. In the United States, the
Energy Star® program has been very successful:
savings of about 42 billion kWh per year have
been worth about $3 billion in reduced energy
bills (EPA, 2001). Information tends to be more
effective when it is combined with other policies
regarding financing, pricing, incentives, volun—

tary agreements, or regulations (Geller, 2004),

R&D Support

Several promising end—use technologies still
require R&D support. A number of concerns
such as an increased share of renewable energy,

the efficiency of fossil fuel-based power pro—

duction, more efficient electricity networks, and
vehicle efficiency can only be alleviated through
efficient R&D activities in connection with other
regulatory and market—based measures.
Government funded R&D is justified on the
basis that the private sector usually underin—
vests in R&D from a societal perspective.
Collaboration with research institutes and the
private sector, and international cooperation
could not only promote successful commercial—
ization and market penetration, but also share
costs and risks of innovative efficiency tech—

nologies.

Tariff

A progressive electricity tariff for households
penalizes over—consumption without burdening
low—income families. One of the unexpected
consequences of progressive tariffs observed in
Japan in the late 1980s was that these tariffs
made people choose not only to buy more effi-
cient electrical appliances, but also to buy fewer
appliances. A similar but more stringent
instrument is the introduction of quotas, based
on energy consumption targets. Amounts con—
sumed in excess of the allocated quota would
increase dramatically in cost, in which sense

the policy resembles progressive tariffs. Tariffs

20) Forming national energy efficiency (and renewable energy) center is critically important to carry out the wide range of activities, including

assistance to private firms, demonstration of energy—efficient technologies, provision of energy management training, dissemination of
information, and support for policy reform, South Korea has sound energy infrastructure, including the Korea Energy Management
Corporation (KEMCO), the Korea Energy Economics Institute (KEED, and the Korea Institute of Energy & Resources (KIER).
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are also adopted in trade policies in which
favorable treatment is negotiated for goods on
the basis of their energy efficiency performance
as proposed in WTO context by the European
Commission in February 2005 (EC, 2005),

White Certificate

White certificate systems oblige suppliers or
distributors to undertake energy—efficiency
measures for final users. These systems have
been partially implemented in Italy and the
United Kingdom, are under preparation in
France, and are being considered in the
Netherlands (EC, 2005). Such certificates can be
exchanged and traded. If the contracted parties
cannot submit their allocated share of certifi—
cates, they can be required to pay fines that
may exceed the estimated market value. By the
introduction of this system in the tertiary and
services sector, savings of 156% can be obtained
at zero cost (EC, 2005).

Financing

Financing at attractive interest rates can
help to diffuse and build markets for energy
efficiency and renewable energy technologies.
Other financing mechanisms can include a
clean energy fund acquired from public benefit

charges and financial arrangement by energy

service companies, Some nations create an
energy conservation fund through a small tax
on the sales of petroleum products. In the
United States, 18 states operate public benefits
funds for efficiency. Energy service companies
(ESCOs) provide financing, technology, instal—
lation, and performance guarantee for busi—
nesses or public agencies, thereby playing an
important role in bridging the gap between dif—
ferent actors on the energy and technology

supply side and among energy consumers.”

Tax Incentives

Taxation can be either incentive or disincen—
tive to energy consumers and suppliers.
Taxation can be designed to ensure that the
polluter really pays. Clean vehicles can be even
de—taxed. Tax incentives are used for the range
of energy—efficient technologies and products
such as energy efficient new homes, high effi—
ciency heating and cooling products, high—effi—
ciency water heaters and furnace fans, high—
efficiency systems that generate both heat and
power (CHP), and advanced technology vehicles,
including hybrid and fuel cell passenger vehi—
cles. Using new or improved financing instru—
ments to give incentives to both companies and
households to introduce cost—effective

improvements.

21) Energy service companies (ESCOs) need policy support in the form of help for the dissemination of their activities, quality standards, and

access to finance, as they are still in their infancy.
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Pricing

Energy prices would have to rise to very high
levels to cause enough pain to motivate major
new efficiency investments. But, letting prices
rise further risks serious economic damage. We
can pursue vigorous energy efficiency policies
to bring demand growth back into a sustainable
range, This would help bring down energy
prices in the next few years, boost the economy,
and reduce air pollution and greenhouse gas
emissions (ACEEE, 2004). The experience of
London since introducing ‘congestion charging
in 2003 has been that fuel consumption has
gone down by 20% and CO. emissions by 19% in
the charging zone (EC, 2005).

Codes and Standards

Minimum efficiency standards for buildings
and appliances are a viable policy, and often
simpler and less bureaucratic to implement.
Efficiency performance standards for utilities
and stronger fuel economy standards for vehi—
cles can be used. Better building energy codes
for new and renovated buildings need to be
adopted.

The U.S. National Appliance Energy
Conservation Act of 1987 established national
efficiency standards for several appliances and
required the DOE to issue other standards and
to update all standards at defined intervals. The

U.S. experience demonstrates the importance of
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updating efficiency standards and codes period—
ically as technologies evolve and older stan—

dards become outdated.

Voluntary Agreements

Government and the private sector can have
voluntary agreements to improve energy effi—
ciency, With the automotive industry voluntary
agreement, the EU aims to reach an average
COx emission figure of 120g/km for all new pas—
senger cars marketed. This translates into a
reduction of fuel consumption of around 25%
compared to 1998 (EC, 2005). In the
Netherlands, over two—thirds of energy—inten—
sive industries had signed a voluntary agree—
ment as of 2000, It is estimated that the bench—
marking program will reduce industrial energy
use in the Netherlands by 5 to 15 percent by
2012, The voluntary program included both
“carrots’ and “sticks,” promoting a high level of

participation and compliance.

Public Procurement

Bulk purchases by government authorities or
the private sector stimulate the introduction
and successful market development of high—
efficiency technologies. U.S. federal agencies
are required to purchase Energy Star” products,
leading to widespread production of energy
efficient equipment such as personal comput—

ers. In Sweden, the purchase of 46,000 ballasts




dropped the cost of high—frequency ballasts
significantly and increased market share to 70
percent, generating the economic benefits about
20 times the cost (Neij, 2001). Government pro—
curement can also be utilized to purchase ener—
gy services, renewable energy technologies or

fuel cells.

Utility DSM Programs

Regulators at national or state levels might
promote utility DSM programs. Utility restruc—
turing and the continuation of DSM programs
need not be incompatible, Utility programs that
are in the public interest should be continued.
The data so far suggest that utility DSM pro—
grams, when evaluated using measured data,
can be cost—effective, Utility DSM is a means of
opening up large markets for better energy
technology, which will benefit energy users.”
Promotion of lower consumption at peak times
and in times of shortage could be considered
through the targeted DSM or demand response
programs in certain utility service areas, there—
by postponing potential capacity additions and
possibly improving the reliability of the elec—

tricity system.,

Market Obligations
Market obligations are a form of mandatory

agreement in which utilities or energy agencies

are required to achieve a specified level of
energy savings through energy efficiency or
renewable programs (Geller, 2004). This
approach establishes savings rather than
spending targets. The systems benefit charge
approach is used to stimulate energy efficiency
in the United States. Market obligations are
more popular for supplying or purchasing a
specific amount of electricity from renewable
energy sources, commonly known as a
Renewable Portfolio Standard (RPS). Renewable
Portfolio and Energy Efficiency Standards are
now under consideration by the U.S. Congress
(ACEEE, 2006).

Integrated Planning

Integrated planning techniques can be used
to provide energy services as cost—effectively by
identifying the mix of supply— and demand-—
side resources at the lowest cost while including
consideration of environmental and health con—
cerns. Energy efficiency is treated as a resource
on par with supply—side options in this
approach. Integrated planning can also be
applied to land use and transportation. Finding
solutions for the growing problems caused by
city center congestion is important in the face
of the deterioration in the quality of life that
this problem causes, and which goes hand—in—

hand with a truly enormous waste of energy.”

22) Green Lights program is a good example funded through utility DSM programs,
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More efficient urban design and greater reliance
on public transportation can be found in many
cities, including Curitiba, Brazil and Freiburg,

Germany.

Energy Restructuring

The opening up of energy markets has had a
positive effect on energy efficiency and elec—
tricity prices.”” Competitive pressure has driven
electricity companies to produce in the most
efficiency way, particularly through technology
investments, (e.g., combined—cycle gas tur—
bines). The experience in the United Kingdom
shows that restructuring and increased compe—
tition in the power and fuels sectors can be
compatible with environmental protection and
declining CO; emissions. The UK. government
took specific actions, including cutting subsidies
for coal mining, adopting stronger emissions
standards, and promoting combined heat and
power systems, to achieve the positive environ—
mental results in conjunction with energy sector
restructuring (EC, 2005).

7. Concluding Remarks

With today's most advanced technology, it is

certainly possible to save around 20% of energy
consumption as shown in the cases of EU and
South Korea. Energy conservation is without
doubt the quickest, most effective and most
cost—effective manner for reducing greenhouse
gas emissions, as well as improving air quality,
particularly in densely populated areas. An
effective energy—efficiency policy could also
make a major contribution to nation's competi-
tiveness and employment. By enacting tough
energy conservation programs across European
society, the European member states could have
a net savings of 60 billion euros ($72 billion) per
year (EC, 2005).

According to estimations made by the
German Council for Sustainable Development,
more than 2,000 full-time jobs could be created
for each Mtoe that will be saved as a result of
measures and/or investments specifically taken
to improve energy efficiency as compared to
investing in energy production (EC, 2005). It
should be noted that this figure does not
include jobs created as a result of increased
exports of energy efficiency technologies, but
does include job losses due to the lower demand

of energy.”

23) Cities can introduce restricted access to central areas for polluting and high fuel-consuming vehicles, either by tolls or actual prohibition,
24) The opening up of markets has had an impact on electricity prices. Hence, for large industrial users, electricity prices fell in real terms by an

average of 10-15% between 1995 and 2005 (EC, 2005).

25) EU studies show that with cost—effective gains, conservatively estimated at more than 70 Mtoe, the residential sector alone could create at
least 250,000 full time jobs, equivalent to 3,570 jobs per Mtoe saved (EC, 2005).
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Critics raise questions about the very exis—
tence of such win—win situations in which soci—
ety can progress to protect the environment and
continue to expand economic production
through cleaner, more efficient technologies
(Humphrey et al, 2002). They argue that if
opportunities for increased energy efficiency
and economic profit exist in tandem, corporate
managers probably already seized them. Other
critics ingist that gains made through techno-—
logical improvements do little to address the
core issues of ever— growing energy demand
and the rebound effect of efficiency (Huber and
Mills, 2005; Wilhite and Norgard, 2004),

By combining technical efficiency and
behavioral conservation, the rebound effect of
energy savings can be minimized, and the tar—
geted potential energy savings can be achieved
through vigorous policy interventions identi—
fied above. One way to lower energy consump—
tion would be to convert the increase in pro—
ductivity into fewer working hours and to
invest the savings from lower energy bills in
even less energy intensive energy services
(Wilhite and Norgard, 2004). This can be
observed in France: despite some increase in
recent years, oil use is still 10% lower today

than it was three decades ago and its energy

intensity is 30% lower than in 1973 (EC, 2005).

Energy efficiency is an issue in the interest of
all countries and should be integrated into their
global strategy for climate change and security
of energy supply. With exploding energy
demand in particular in China and India, energy
efficiency must be one of the key policies to try
to reconcile the increased energy needs of the
developing world to power growth and improve
living conditions for their citizens and combat
global warming (EC, 2005). The developed world
needs to set an example in this respect, leading
to the development of new policies, cooperation
and technologies that can assist the developing

world to address this challenge.”

While government, industry, and consumers
will have to spend some money up front to
usher in literally thousands of energy efficient
“best practices,” the investment will boost the
economy by creating millions of new jobs.
Moreover, the cost savings of improved energy
efficiency will mean more money will be freed
up to invest in other forms of sustainable eco—
nomic development. But it is not easy to
explore new directions especially because ener—
gy policy in almost every country is nested in a

national political agenda, which equates ‘more

26) For the developing part of the world, the use of more efficient technology will through the rebound effect tend to speed up development
towards satisfying basic needs, leaving more for economic and social development,
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with progress.

It is incumbent on energy researchers and
policy makers to be active agents in that
change. Our society need not be a spectator on
the sidelines as its destiny in the 21" century is
shaped. We can, and we hope will, seize this

opportunity for energy efficient leadership.
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(B 2) ME2A2tS &=5t oi5l1E AR
1) 7tz0| &&ots 42

A} W= A A2 A

1.1 S A€l $60.00 79%E 4 $60.10

7.1 A5 e $62.00 79%E WE $62.10

=0l - +$2.00

A S2EHE = AE7HE - Aol = $62.00 - $2.00 = $60.00

2) 7tz0| sttt AL

Az} e xR A MEEAA

11 o A<l $60.00 79E w4 $60.10

7.1 Af $56.00 T9E M= $56.10

+9 - -$4.00

A S2EHE = AE71E + AEEA = $56.00 + $4.00 = $60.00
2 i) ZAAT} sl WO R SAAEAE v o) o]FolRt AlE &0, SUE £YE=
NN FUS EFY] TAHE Hots AAAL A YR 2EHES A AR ARTHA SR A
2kl Jolgk = 9t} A& B, AEE Ul 1 7] A9 ol &8l
glof sk= - TLEAIRONAN TS ERFS @ G Dol Ao 2A Pl st 2EEA
Al A A maesal, AeS ARFEt Q= - u] (procurement hedging)®] -5 AAlstaL ‘RAE} Y
g ol ciju]sto] TAYFFAGONA FUST EFS ol AR 1Y 1Y A 5 670E T Y7E
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et oo Aol Bl ZpAsetl o
afo] IAAFEACHS mal Aolrk, SAAEAA
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HolH 792 ABARkS s Tet 674o]
A AR S} e oge 2o 7
814, o] 9ol ABEALOIA WE 2229 o]
o1& FEA NN Frl7l Aol A7kt Ao
= Wi 609 el Teal) E Aol g, 23]
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) B0 S AR 9 A Aol A= ¥ (1998)7) & 98(2000)2 L

sp7] vfict,

61



(® 3) st 280t oialld Al

1) 72{0] ABste 22
Az} AEEAA SAEAA
11 T A% $60.00 T9E $60 Fvl5 $1.00
7.1 Af MY $62.00 T9E $60 ZolE $3.00
o] - +$2.00
A S2EuE = dE7H - $A4019) = $62.00 - $2.00 = $60.00

2) 7Ho] sfatets 32

At dEZAA GRS

L1 7o A $60.00 T9E $ =iz $1.00
7.1 4 $56.00 (28R A} 7))
&9] - -$1.00
A 2GS = E7H + FHE4 = $56.00 + $1.00 = $57.00

a3t A2 7149 Sl BAGlo] A-A s =He Aloltt, 71 Pt wiEd 49 U
7} AL widd 60932 "= Aol & 3 011% At % wins :&71 oPﬂ FJEP OIEH iﬁ:‘s
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3 045 AR

1) 7t2i0l 453t 32
Azt dAEx2A SHAEZA A
T9E $60 =i $1.00
11 o A8 $60.00 oé - UH; 6100
E 7:
T9E $60 ZHE $3.00
7.1 A4 e $62.00 (ﬁ i 2
7:1:! L
29] - +$2.00 + $1.00 = +$3.00
SHA S2EHE = JE571E - 4019 = $62.00 - $3.00 = $59.00
2) 7tA0| stetst= 42
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KOREA ENERGY ECONOMICS INSTITUTE
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KOREA ENERGY ECONOMICS INSTITUTE

(& 6) 72l 2|9 Bt X HIIE(H?!: $/HE)

1 22,52 22,45 22,40 22,44 22,49 2250 22,50 2250 22,50 22,47 2243 2242 2243 2244

3 22,57 2244 2230 2241 2253 2259 2261 2265 22,63 2254 2245 2242 2243 2242
6 22,83 22,47 2218 2237 2258 22,73 2290 2310 23.03 22.89 22,74 22.64 2253 22.38
9 23,52 22,73 22,06 2233 22,63 2290 2326 23.65 2352 2333 2312 2292 2265 2234
12 24,34 23,09 2195 2229 2267 2312 23.66 2422 24.04 2381 2354 2320 2276 2231

CO djw] Hshe
1 - =030 -0.51 -0.34 -0.14 -0.07 -0.07 -0.07 -0.09 -0.22 -0.39 -0.42 -0.38 -0.34
3 - -057 -116 -0.67 -0.13 013 021 038 027 -0.09 -051 -0.65 -0.62 -0.66
6 - -155 -2.85 -199 -109 -0.42 0.33 122 091 029 -037 -0.80 -132 -196
9 - -335 -6.21 -506 -3.80 -2.63 -L11 053 001 -0.80 -171 -2.54 -3.71 -5.01

12 - =515 -9.83 -8.44 -6.89 -504 -281 -050 -124 -2.19 -3.30 -471 -6.50 -8.37

=)o) F2UA

1 7.00 696 694 690 686 687 691 694 694 698 702 701 698 6.95
3 699 676 684 673 663 664 671 679 682 691 698 697 692 6.88
6 6.82 603 668 651 637 634 637 647 654 667 675 673 675 6.78
9 6,53 508 652 631 612 600 599 6.07 618 633 642 646 656 6.69
12 610 415 636 612 589 569 558 557 573 590 600 615 636 @ 6.59

CO ti¥] W3k
1 - -122 -167 -292 -401 -3.64 -272 -18%8 -174 -0.62 036 011 -0.73 -146
3 - -6.62 -4.27 -7.43 -10.18 -9.88 -7.91 -562 -482 -235 -0.36 -0.72 -196 -3.10
6 - —2177 -4.06 -884 -12.77 -13.68 -12.64 -9.85 -7.91 -424 -216 -2.50 -2.00 -1.03
9 - -39.65 -0.50 -6.82 -12.35 -15.54 -16.09 -13.73 -10.60 -6.11 -3.43 -2.23 0.78 476

12 - -53.69 857 052 -6.78 -12.97 -16.50 -16.59 -11.96 -6.55 -3.24 157 851 16.64




($/0bl;

(A 7) el Hlw @ Mo HaeBd($/HE)

2450 1
2400
2350 r
23.00

2250 r

WCo 22.52 22.57 22.83 28,82 24,34
aci 22.45 22,44 2247 22.73 23.09

(a8 8) eiH2fE Hlw : MEile BEHRKS/HIE)

H$/bbl

I
2]
KE
I

3 6
7.00 5.99 5.82 5.3
£.96 576 5.03 5.08
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H$/bbl

=
]

=
kH
H

£
3>
g
AL
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LH$/bbl.)

2450
24.00
23.50
23.00 f | ]
22.50
22.00
21.50
21.00
20.50

1 3 B 9 12
WSO 22.40 22,30 2218 22.06 21.95
msi2 22.44 22.41 22.37 22.33 22.29
msi4 22.49 22,53 22.56 22.63 22.67
Osi6 22.50 22.59 22.73 22.90 23.12
0sis 22.50 2261 22,90 23.26 23.66
ms20 22.50 22.65 23.10 23.65 24.22

(O3 10) H™Mad Hiw - SN0 EEHAKS/bbl)

800 r
700
800 T T -
500 f
400
300 t
200
1.00 |
0.00

1 3 6 9 12
ms10 6.94 6.84 6.68 6.52 6.36
msi? £.90 6.73 6.51 6.31 612
msi4 6.86 6.63 6.37 6.12 5.89
osie 6.87 664 6.34 6.00 569
osis 6.91 6.71 6.37 5.99 5.58
ms20 £.94 £.79 6.47 6.07 5.57




G 1) HH2RE Hlw - Zatls HEET$/bbl)

($/0bl

]
Hi
<
il
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24,50
24,00
23,50 I
23.00 [ ]
22 50
20,00
2150
21.00

i 3 B 9 12
WKID 22,50 22,63 23.03 23.52 24.04
mK12 22,47 22,54 22,89 23.33 23.81
mK14 22.43 22.45 22.74 23.12 23.54
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A5 14094.99
=3 2217 0.544
24 S 0466 ooy
el 30.330 | 2o 0.0461  Jjpe
38 0.005 0.8%
STS £87 0.004 :
7|et 0.001
=i EYAAHE 0.828 | &AW
AuE E3t A= 0.670| S5 0.189 £10
% L AW E 1.0 1.0

Tl AEAR A 2FHL e MRS

B 7|E7129] Aul= 3iE BRE] glen A7l

ol= 17742 257501 $th20014 71",

4) A 716558 U A #e] 3 (2004.6) 3 AU A A ATF-A(20050S F23 A
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SAEA S A R oA HoF TS &
got7] fle 2 Aol AR 243t 23 (bot—
tom—up optimization model)?] MARKAL®] A%
2t MARKAL(MARKet Allocation) o7 &
o 3o T AR A HEFRE FEA
7= AR89 ofluA] AARSE Aeshs ol
MARKALS 54 A¥4% 2&(dynamic linear
programming model) & 2] F-E13 o] 8
e

Aol Bl ETE AREE AL glom ul-ge)
T 71 FA], D RA S} ARRlE, e}
A 5= iﬂo}ﬂ Aot Alfros= Y dd =
w3, Fof, LHEH vl Tk A
ok %O] ‘21‘3} 2ol A AA =)= $=(decision vari-
= & UAY $E 9 U ARG
Eil 7—.}%— 7letd7E, dAsls, 7H7E, 87

F

& 99 A et dujgE Y 2 F, L¥ed
S SOl
MARKALOIA = 8.9} g50] dAshs oA

% 7140 7‘%'@5]‘1] wheba] 7t Zjste] #E 7k A
slo] A|A®] $FA7}A|(marginal system value)2} &
215H et MARKALOA & E4347} v §ari

Ao 7] ol Z- AlekxAoll= A4 (dual
variable)7t 2A5HA| & 71204 o
WS 2714 (shadow price)’ .2 A 2Jshal &’l‘:}.
%, A7 L g At tﬂd xﬂ \_9] —?~ 62}
(righthand—side) 3+ 3t &9

A 7S BATS=0] B4

Aste] AL Zoletn & 4= gl
2. 71% oA A28 74 24

AA| oA ARE 71 ofUA] AIARI A8
A= g2t 2t} =8 (demand)= AHIE AJAFFO]
AHEET A3Heommodity) oA oA YL HE
G9E B-CH ol9joll A, Agaas, 234 :i_r
ofzl HEeto]o], A& A, AEE ARFIAl
EZRheF 22 oY A & etefo] Qlrt, AspFof Al
% S9AY AHIE Bk opuzl A3 A3 A
A, T, S, e, &84 5ol e
QL AEAL oJABIEHA(COy) 7 o]0 BTt
SAARE FYEE AoE 7Hglon 2 A
ER L-‘?——L‘jv:% IHSHA] oRob7] el Mg o
2 7Pg3c}, SR E glom wket
A oy %(energy source)2 =00 2 3ty
E A A = HEE Blesto] A
= AL o] M-S ufjsial gl ot i Aol A]
L il

25lA] o¥ok7] Y2ell S(sinksh=

=3
=g
B4,

ru>"

5) MARKALS 19794 9] 7 E]|o] @a)717] IEA2] ETSAP(Energy Technology Systems Analysis Programme of <J3) X] &%

Fof2)3 glom @A) 500] M=t olAFel Al AMEETL Qlek
region model) 5
6) MARKAL 30| 23t B} A3 8-
7) AR AL RS vk Qi AFlo|ut 2n|R} @ AIARR7L A Al
Lox

3] St AHg =l 7

SR TR o] Apslo] glom ofeat u}okﬂ 02 MARKAL Ramilyela #2193 516}
& oA AT ACEL, 2005)% H2T A

S WA 49 B A2 A
Slek. 3, TAIE Aol A4 AAZAE AR WA s 72

74 (competitive market price)& -8

A0 2 HOJShe %97 olof AgEct
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(H 4) AHEMA

7|E OlAX| AIAR(RES)| T+ 24

THERA N &=
T AHIE Ak A
ofliA] Y, fA, B-C, A, A3, Afaax Hetolo| ALE Af, Agg A=
Azt =4 AHIE, 297, A3A, A3, JEA, 24, MM, 8, Aes], oA
LY9Ed | 247HA(COo)
oA 22 ER R s %i%
=9 AL 233 BE AR 49
Ad71E | 2 old Aol it =l Ad71e
Aezle | AR Sl
7% HE7ls | AR Sl
7H71E | AME AzeAE Vs
Fo7E | A A
& A ol
gl= Aoz 7Pgsich 3. A=
e pYse AR 7ML 92 ARHA &
7] gzell 71 (technology)z-ollAl H2H7]< (conver— 2 Ao B 717k 200195 204197}
sion technology)®|t ¥12+7]& (transform technol- A 4080]H 40WL 97§9] F:7Hperiod) 2.2 H3ty]
gy} AHEA] S AeE TPt BE ouA] AL ZF ke 5d ©9lE E3Eo] gl ovA] -8

U 2yt

3t A 7]% (resource technology)

Aoz 7H37] fiize]l 2+ o Ao
U
(import resource technology)= A 2J%| AJHIE A|
2349 7+ 7142 77| (process technology)=
ofErt, 7] A] AlAE 2o EEA7E A
£]917] whzell 4871 (demand technology)> &4
82 ok 7 o & 7SI ulaka] 71&o)= AYT)E
I} 7h7 )R EAsHs A0 & 7HgRiT)

o =4 oe MR 71 SeUAE 2 9V
2ol o= 3t F7 85 A AHlL Fo2
ARERITE SRR 7]e 2 ¢l BAll ofsf e 87t
49 4 Y Aol AW, & Al g AMEA
Ao17] hho]l AHE 419 o] o E e Al
E RS o vA AujL 8 R ARSHES Fek
2 E4oM AL s P (MARKALRE @Y
A9 (single region)& 33kl 7] wieel 2 ol

8) o2 51l AHIE 1E A4 0,08TOEQ| od#|7} A8 7

3 AHIE AL 202 BT AME PAA12] oA du] YIS wskA) ghchel A

HE bl ofgt ofufA] axujgol A 349 4 ek HR oJuA] -8 YA E 582 ARGE B9 AME TS Al 4 glek,
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(E 5) AHE MAZF MI(HE)
2001 | 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041
ARE A 58,040 | 59,593 | 64,322 | 68,725 | 70,266 | 70,869 | 71,477 | 72,086 | 72,695
- ZEUE 51,250 | 51,846 | 55317 | 59,104 | 59,726 | 60,239 | 61,020 | 61,273 | 61,791
- &P aAHE 6,790 | 7747 | 9,005 | 9,622 | 10,540 | 10,630 | 10,722 | 10,813 | 10,904
7 200192 AR
YA AH|A 284 AHIE AbQfo] AJAket AJHIE APAL AAle FAR 71

o] A4
w02 Aojich AE ko] AMEARIS] $7}
72} et 71440 BAE 27 B Aolets 714
oA AMEARI] $IHAE

B AR B %, A 3
Q9] B I] $APHIG AUE QA ASE B
she w4102 ol 2ol Hrk AMEAIS) Brbh
A A AR 78 Al

=
(m
£
N
>,
G
lo
>
=
(m
S~
>,

FIMAG ARIE YAtk 1990 5-E 200397
O] 717t Bt AHIE AYAL/EI7HA] Lk (15.9E/ 9
DS ARSI R 3t &9 AJHE APARRF ul
2 AE7FEC] gt oJ3) 203099l 15%°] °1& A
©2 713t o)9} T2 Ago] ofshd $-eljuet
O] AHE YA 20419744 AB+t 0.56% 7+t
0= At

oA WEFE AFAAATS] A TS
s

(@4
o
(@)
=
Q
=B
~
=
(0)¢]
|o
U
)
2
o)
=
=2

PP, g A5} Fetolol= dfet FUe H
AGE A8t A ARAFR) 24714 wjE A
+ @A IPCCY -2l A drbd o2 Aojg 7]
o] 217] WiFof] WBCSD(World Business Council for
Sustainable Development)ol|A] A|HIEAR] 9] 2417}
2 HiEA SR Haskal Sl wEAeE A8,
pet coke 7H8& B-C§ 7149 85-90%%, EH-S
7,000Kcal/E& A3 om Hepolo] 7H4S E1 1
H(mn$0.2413/PJ) & AL -8 7HA
- 33 7HA T FUEHA| A 85| 2 gt

Ha7HA e AHMERS Y HFAAES Q18581
A3 B oF 4 5009 F A= 4,000-5,0009/
B), 97+ 20,0009, ZENHE AHE SAE| T
= 7HAE 50,0009, 32 AME 7H Al 22
HE AHESL} FU3E 715 A-§3h. myof 4-8-5]
£ A& 10olH 7HAL 20019 EH7HA (|
e 1,3269/29 H8) 0= it

.]

A=A
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(# 6) OLX[HE 2471A LY, tEA H 71

Hreias HhE Al 7t
ZHB-CH) (kcal/D) 9,900 | (HE/PJ) 21.1 (mn$/PJ) 5.64
35 (kcal/l) 9,200 | (HE/PJ) 20.2 (mn$/PJ) 12.62
Hoegas (kcal/l) 10,800 | (HE/PJ) 27.5 (mn$/PJ) 4.79
LA H (kcal/D) 10,000 | (HE/PJ) 21.8 (mn$/PJ) 4.37
AeH(H-3) (kcal/kg) 6,600 | (HE/PJ) 25.8 (mn$/PJ) 1.48
FIAA (kcal/kg) 6,500 | (HE/PJ) 29.5 (mn$/PJ) 1.48
A9 (kcal/kwh) 860 | (HE/PJ) 34.1 (mn$/PJ) 16.14
Eto]o] (kcal/kg) 7,500 | (AE/PJ) 23.2 (mn$/PJ) 0.231
A2 : O|HAR[ZRIBE UXIRE 2AIIA HiE 25 EHE AlLEM, 2005, 7
4, Ay e A% 7IEs B4 e AR, oAd 2 245 oA
+= gk AA(solar lime kiln) 22 48 WY
2 dFode 7Y Ave|eE dAFed ©of - | ZHd(advanced burner tip for kiln), A|HERA
25k Alue] = SAZRA 5 AR gigto® &g oA Bl A (polycom roller mill), TEY
7Fsst 735 A Aol (horo mill) ¥ 188 E37|(high performance
7% Aue] L (baseline)s= 247k QR o] ¢l separator)7} A17|&= R o BRI =9t
LAY vk AgEe) Em 7lEdEel 20010 & AWE Hlg S Ao se A
SR AMEAR] S 7|&Ado] AT 717H2001- EQ] HIE-Z 20214 O] ATA = 14% 4] 18%= AYaF
2041l A& k= 7ol A dstar ok, &, 7] 2AskL 20219 o] Fofli= 15%A4 20%= AaF 274
THEY 7} 79 HiksEo] 202197k4] HAagk sk AluE ol o 7| EEHE AHES
10%% AR 714€ A7 Aluel ool AWl L2l AET} dAlshs 492 AR Ao
EARIOA] AMSEITL Qe TR0 71& o] 30 A YT} o] FEIF ATEA 7 E ofjufz] Mok

ol 50400] o 21 Glrhe Azt WA AN & 9J8) ERAMES) 1] hak 1AS £t
1970 ehel A=} 1990dt el 47|42 ShAE AL o]F FAsHE 498 A Autelez ST
Gtk A Zeshd geldel Ao g 4 4 ol

ek,

A71Ee Al e 712U el 20014 #A 3
oFgl A17]40] ARLEARo] E91E 4 ks 1S
HAIR B Alukel2oltt, st 17749] 4174504

AmolE 74 B =Y Ths A st 5 7j9f Al
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HEfo]of ARE- S| Alute] = H[Eto]of7} g
AHIE QA10%, 20%, 30%, 40% HADSH= AMa
Lofrt, FAR2 245749 NSP ZE00A divg
2:B|E)31 Q17] w2 Hetolol= 4/d37d ] NSP 73‘
SA frelES diAlshe Aoz 7Rt



(E7) B2

SAl o AR 7HS &5

HiE Al 7t 2k S BIAM| £2($/TC)
(HTC/PI) (mn$/PJ) ($10) ($100) ($200) A (5300 R
B-C& 21.1 5.64 0.211 2.11 4,22 6.33 112%
%A 20.2 12.62 0.202 2.02 4.04 6.06 48%
EEEERN 27.5 4,794 0.275 2.75 5.5 8.25 172%
ANg445 21.8 4,37 0.218 2.18 4,36 6.54 150%
g 34.1 16.14 0.341 3.41 6.82 10.23 63%
st 25.8 1.48 0.258 2.58 5.16 7.74 523%
EEES 29.5 1.48 0.295 2.95 5.9 8.85 598%
(& 8) O|HXIMl EpA| oK 714 A&
= 74 F2k St o XIM| £Z($/TOE)
Keal) | Gmos/PD | 610 | 6100 | 6200 1$300 o
B-C& 9,900 5.64 0.239 2.389 4.778 7.167 127%
T 9,200 12.62 0.239 2.389 4.778 7.167 57%
LEEERN 10,800 4.79 0.239 2.389 4.778 7.167 149%
AeEA5 10,000 4.37 0.239 2.389 4.778 7.167 164%
9 860 16.14 0.239 2.389 4,778 7.167 44%
f-olg 6,600 1.48 0.239 2.389 4,778 7.167 484%
EERS 6,500 1.48 0.239 2.389 4.778 7.167 484%

A 7 A 2 o ol o

(mn$10.2/PJo] 7}A AFS)olm theoml A

(mn$8.85/PJ), A4 A2(mn$8.25/P)) 02 H
o] Qitt. ot 7HA A 22 ofluA] ERfd &4

Tt dhE AL AR E ABUAY et 1A 4

S T 7 A oot o
ste A9E Y SoEe FUT0623%), ARAAA1T2%)e08 7t
A A o A 440 3 A0 e,

NIAA =) Aue] 2= 2011958 ol|A]

(TOE)Z $10-$1,000/TOES] oA A=
S-olt}, oAM= ofufR] AHlE
A] ] Y7} e 759

12 7

CECISE
oAX|7|7]1} o]

AlEl S Zx]/\];'l Aog

ol et 3 oA Al AU LE 712 o) Aelst

A Asst7] digel A UA (4t iAlE
2 dJAETh $300/TOES] oy A4S

2242 A

=
B3 45 7

10
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Aol 7V 2 HOoR st ovAle faR 23
2(484% “35)01 A2E Afek A
164%, 149%) B—c°(127%>€0§

9

A

% H2o] 7o) 45}
S| Al
=

=
Aahe 147 AU

 HEl2 W A A A ARl ew i,
V. OlL{x] ROt Y 2ATEA 2 EnhE

A A4t OéOJ RKAL& et
Zu 01]1;11] Z]oF zLxHEk

o]ﬂ_ﬁ‘-_}

= Zlo] g Ag Aol
Auel el a3k= el $300/TC, oUAA|
$300/TOE, #[etolo} A2l 30%, A=7H4 100%

e 7SR Aeshy| 2 ot

L oA Hof AAg

1) OflL{X] AH|ZF MY

ANHEAG S o ¥ A 4n= 20014 9
168.3PJ(4,039HTOR)NA 2|42 02 Z71817] A2
o] 2041409]) 205.2PJ(4,925HTOE) o] 0|22 &1

T 0.5% 57V A0 A, ofuA] 48l 717
Ao g AHE Au|xo] oJa) 2-9-5= Alo] & 24
nyo] EXojrt, Y] AuEE 200149
124.9PJ(2,995% TOE)o| A 20419 o &=
155.0PJ(3,7204TOE)o| 0|28 dBH 0.5%9] &&=
2 Z7He Aolm Mg AuERE 200149
24.4PJ(586 HTOE)°J A 2041 9l= 26.5PJ (6363
TOR)Z Z7}ete] A+ 0.2% 2713 Aoz A
o}, foleke] 4] HIFL 20019 9] 74.2%01A4 2041

(® 9) 7|ZELte] olHXIHE a2 HY(EHH : PJ)

2001 | 2006 | 2011 | 2016 2021 2026 | 2031 | 2036 2041
R 0 0 0 0.1 0.1 0.1 0.1 0.1 0.1
A 5.5 5.5 5.9 6.3 6 6 6.1 6.3 6.5
PN 4.3 4.3 4.6 4.9 5 5 5.1 5.2 5.4
g 124.8 124 | 1323 | 141.4 142.9 | 1441 146 | 150.4 155
FAA 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
%] 24.4 23.8 24.4 24.9 24.6 24.7 25.1 25.8 26.5
A8 4.8 5.2 5.5 5.9 6 6 6.1 6.3 6.5
A - 0.5 0.6 0.8 0.8 0.9 0.9 0.9 0.9 0.9
#eo]of 3.7 3.2 3.5 3.7 3.7 3.8 3.8 3.9 4
A 168.3 167 | 177.3 | 188.3 189.4 | 190.9 | 193.4 | 199.2 | 205.2
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doll=

75.5% 453t A N Mg Q] 4| H]
H9| 14.5%004 204190 12.9%Z Wola Ao
o}, whaha] 20419744 GodEre

22001

2) MNL2|2F OffLAX| ZoF FRHZE
A egollM A7le =Y Alue|ert 71 2 of

A oA Amle] WA HOF HAES 2 Qi ACR btk A7)

WY 815 ARl mhe) o = o UAR & EQA] oYA] AHlE 7]Ete] vlE| X1l 16.5%
Aol RS FAS Ao HAHrh Age 58 gEE AeE AWEHY oufx] Hof A
0 w2 HEES AT Ao o) 33.9PJB14HTORE)l| o5 A& wAETh o] oY
A AR P72 7| (ZES vuY JiA, E
(E 10y AlLt2[2Y oflfX] ZoF FRHZHTR @ PJ, %)
2006 | 2011 2016 | 2021 | 2026 | 2031 | 2036 | 2041
A7)e =-7HE -2.71 -75| -12.6| -17.5| -18.7| -24.7| -31.6| -33.9
&g -1.6%| -4.2%| -6.7%| -9.2%| -9.8% | —12.8% | -15.9% | —16.5%
SYIAHME-TF=57F 0.0 -175 -8.1| -10.4| -10.5| -10.7| -11.5| -12.4
&g 0.0%| -4.2%| -4.3%| -5.5%| -5.5%| -55%| -5.8%| -6.0%
ERAA| oA A -2 0.0 0.0 -0.1 -01| -0.1 0.0 0.0 -0.1
~EE 0.0%| 00%| -01%| -0.1%| -0.1%| 0.0% 0.0%| 0.0%
A3/ 9B - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
-EE 0.0%| 0.0% 0.0%| 0.0%| 0.0%| 0.0% 0.0%| 0.0%
A7NE A -1 0.0 -01 -0.1| -0.1| -01 0.0 0.0 -0.1
EE 0.0%| -01%| -0.1%| -0.1%| -0.1%| 0.0% 0.0%| 0.0%
(a8 3) K| £ MI L oflLfX| HoF RxHZ
ol4x| 22 2 ot =ixjzt
210.0
200.0 /-/./,/.
190.0 //., /
2 180.0
/ = J|Z=0t
170.0 o~ ATE =Y
%‘ o O A|HIE /
160.0
150.0
2001 2006 2011 2016 2021 2026 2031 2036 2041
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b 4Af)o] EJ5P7] uhzolet

S A= Ak o) SHhuls A ofuix A
o AAHE A1 6%e] o|F Aoz HAHL)
$300/TCS] BHeAIL: $300/TORS] of i A4] 3
o u1] 4oF FAIRkE mjnlgt 4:£(0.1%)0] 1AL 9]
o 2 74 A Akl e gelA A7t Aet
S o) ool 3 7)elahx) Lok vl
A2 ojojgh 520,190l ot 7)ofstn

It
1o
>
>.

)
I

N
Sh
I
o

5
e Aoz TAHEY. mebd AA 9] 9 ofjuA] 7}
2 S AL ol A] ool 7]ofsA] ek Eut of
Uzt AREAR o] ik Bl SR Ee R g Ao
ol
3) OllAX| HE Hof E
Ale =19 7 oA Aof Aol 7 2
TEEEE 7122 ofFoiAle uAle 4w
gholr 22 HEollA AT Aoz FAH,
ol FUE ARl 7 wil the o Re Aol B

o 51 ARk 232 4o Aolf
BERO| 1Y 57 0 §
ehta gl

AZle =49 B odA doF FA=HH 2

16. 5%)°] A7 5 AL 6. 7% v &
O 8 etk Yol diAlEle 7)o A7k bl

gﬁﬂ—r Zpolof| A HHAYsIAL Ql= AR HAHY &,

g W AMTA Ay
(advanced burner tip)¥} EfF&
lime kiln)o] 2A7kA v & A 427 }i
/PJ)Q] aH|gFRTH= 2A7EA by
BH25.8KE/P))9 AH|FEE B & 07 A7)
7] wjZo]ef,

S AHIE SHfA] o A] AHof HAfge e
94 oA ol A sk it S AlHE ;q];mﬂ
S9A2 E3h|Eo] 55%9 °|27] fEo] L&

T AMIE| Ha}H X1l 45%2] 257 tHxﬂEﬂﬂP?i
Aot & 4= Qlok, whebA 45%9] S9A AMEA
oﬂ 9]?‘ My\] AH] x4g1ko] HH\Hs}u{ ;q AH/\}Q
ZEWE AHE ARFAoA YAE]7] ufzel] ZE
e AHE A 2T AR BE oA oA
Zofo] WRAYgTEaL & 4= Qlrt,

ghA] Elolut oflu Al =9, TI=]al oy 7}
2 Hgh Al e W ol A] 7 e 7HERE Al
L] o025k of2f3t HAlptto] ouA| e a9
M)A YL ol Aoz o dEt, a=u ot

E ) A7l ZA| ofuix|E ®oF ZEE
2006 2011 2016 2021 2026 2031 2036 2041

B-C - - - - - - - -
e -1.1% =31% | -5.0% | -7.0% ~7.8% | -12.4% | -17.2% -17.9%

EEEN - - - - - - - -

A - - - - - - - -
A9 —0.4% -1.2% | -16% | -2.8% | -3.2% | -48% | -6.2% -7.9%
pet.coke 0.0% 0.0% 0.0% | -24.0% | —20.0% | -13.7% -3.8% -3.T%
Eto]o] 0.0% 0.0% 0.0% | -2.1% | -53% | -15.8% | -28.2% | —27.5%
A -1.6% -4.2% | -6.7% | -9.2% -9.8% | -12.8% | -15.9% -16.5%
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ge] BAaET $3009 ©AAE EO‘ﬂt— et wsl] 9k 24l
$300/TOES] AUANE Edske 3¢, 22lal 1 AAIEY 9 Qertd Al 7H HekE S
THAE IR QR BS B ‘SW A am] YA doF gl 2AVRA S WA o Qlo= A
g 202193} 202630 £%0.1%) #a2 E TE ol oA BAAY oz 72 5 Qv v Ws
YA€ ool WalE UehA] ohe Zle2 24 =0l Hetofof AR ) Bl ST AJHIE S
3 S

ek, ufebd] ol Autel o AU Aol A|RE 7149) wel g ofulx) Mok U 247
e n)AA Bk A0 AT X Mokl A& WAL 4 Urks FolA /1&el S

A3 710f81A] Fohe Aq7h ARl oot A|vg A 2R

2 ol BAAY et vledd sd2 A

S A2 A ARG diAlel] YRS mIAA X A ol s A BReH o= ANE 4

& #RE ohEf oA vl 7]ofskA] Rake Q7] dhell AAIE U Al7]E EYolLt HEfo]of B

202 Uit S AME SHE SN = e BYedoR
HEtoof ARg &) AUl e oA FofRks ANE o itk

AAke 7]ofsl= AluE| Lol Fefolo] AME=F Al7)4 Q) Alute] Qof BEAAI($300/TC)L} ofL A
o] FAst A 30%E AT A 2011 oF  A|($300/TOE)E FaFstal AH(B-C), Ak,
43.2PJ9] froaet Au|gFo] HEtolo|Z tiAE Aoz M| 7HF o] 47 100% A5 9 B, oflu]

AL, A, A7 s AR s Er Al =
A dim] 231 1.9%9) ofluiA] def WS 2l e

4) M71& ol Chet MK 2 7+ 45 Jat 702 e,
ShollA A ghaAlet UM B w7t A 7129 vlashE g 9l o AAle dRrt4
Aue| s 718¢E vl e 8l o5 Aue]  Ae2 Al7le Ede SANA vl Ao e
2.9 oA of a3tE A ols A7l AsAlle A SRR ”PXHE“’ =3 W&+
L A B F A EQolu A= 7H o DAL Al o7t 4 FeiA A=l ol
e AURlLE AVle E9folut dEtolo] ARg- B, AR7H A& B ouA éﬂ‘%‘:—‘ﬂ A2 =53] A

o =
S AUE Sojoh 22 of2] 7hx] AASTel s Aol WS BT 4 ek Ea olF Alfele
2 313ote] o] 45he] ofulx Hop ANFE AT H] 7k AMEAIS] WG Aol 1A GaRE uthE Aol

(B 12) Wlg =Y | AlLi2|E ol|XIEf F2KP, %)
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ZLHE 2 0]
HET S7HE(%)
1988 1990 1995 2000 2001 | 2004 (88-01) 1(00=02)
A, 2H|(HE) 25,641 | 20,979 | 5,485 4159 | 4,027 | 3,886 -13.3 -1.70
olekg 22,926 | 18,779 3,005 1,192 1,230 | 1,386 -20.1 3.84
uh g 2,407 1,983 2,421 2.850 | 2,689 | 2,356 1.41 -4.65
AL & 209 171 59 117 107 145 -4.72 5.5
557 EHS 99 46 0 0 0 0 - 0
B. AAHHE) 24,295 | 17,217 5,720 4,150 3,817 | 3,191 -13.7 -6.68
eg=(7h) 347 215 27 12 13 9 -24.5 -6.68
SEAE(Y) 62,259 | 38,101 | 11,735 8,207 | 7,169 | 5978 -35.1 -5.88
MS(E/F) 1.35 1.56 1.65 1.81 177 178 2.1 -
C. ALHE\) 10,774 8,013 8,492 10,774 | 10,576 | 8,894 - -6.53

X2 XIS AIEE,

H A A, ol eAE] $iste] B3 19964
e TolE A9 A 271, AR A4 2 g
Zofl w2jalgieh? et 20009 ol oAl A48
Zo] Z7lekal gik. %, ) AUALS 7245
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o] A9l Nk o} 3 A2 ofefe] A Higolc)
71 AP Qe SRR B 91T Aol
ARAE vz e 2

9o s G A R o] shA] S wegEol

A TR Heebx] o= oF Aet7h A3 202 dfel] AR EES FAlol aLegfjof sk oA A
QI A7} Q= HAsH ] A= thAl AEY A of GHshof gtk kA de 9wt A
RS 771 8RO A8oh= 3 A= 2 ARl sAAle] dgto g HAAEge| #EA
o =0 YA A FA, FHEAGAE, A A XS AR ORE FRIFTO RN ARha] A
o T ofe] TAIZE SAlOl Ao RN AR A et AT S o R SEY d A4, Ad
He2 3A S718 227} Qlet FETEe FASk= 71ofatelon, uEA g
53], A AT 2 Hgehin] Go& Qe A5 Agulof wet Aeii 2 gArde] & ARAES A7
L FHE 71 2 MAEY JHAXIY (J/E)
1997 1998 1999 2000 2001 2003 2004
74 49,580 57,010 65,560 | 65,560 | 65,560 72,280 | 77,751
E7HE%) (15.0) (15.0) (0.0) (0.0) (5.0) (5.7
7FAA A 63.761 59,647 52,971 49333 44,447 42,810 | 47,665
(F7H%) ' (-3.4) (=3.71 | (-28.5) (0.0) (-3.5) 1L3)
2) 20009712 A9 : Al ZAke], AR A AT, A A =R, D71 AEh 19999712 A : 5

[e)
SHAAE, ARkl AT 199671 A1 AR, SRS RA |20, 1995E7HA] A4 1 S
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T2 1988 1991 1996 2000 2001 2003 | 2004
7V ek AYATA 3,190 4,656 4,206 2,783 2,341 2,129 2.008
- B g | - 1,782 3,268 2,449 2,216 1,943 1,952
- 7& 3,190 2,874 938 334 125 186 260
Ak - #J3F A4 121 529 1,006 105 665 1,028 503
AdHA A - - 216 1,003 1,136 1,622 1.722
HA7|1H A Y 129 100 244 1,200 800 400 400
A 3,440 5,285 5,993 5,091 | 4,942 5,179 4,837
| XIZSEHTHS - woky)
=L
72 =
1?9%90 1991 [ 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 |2000| 2001| 2002|2003 |2004| 7
a2z
St 61,518 |29,882| 39,146| 53,310| 21,626| 14,654 6,132 3,067 1644 2,482 656 1005 50,197 4,539 4,141 293,999
B3R ‘
Aaa | 49.439 | 13915 15163 18,600 2,404 3,026 887 - | 593 - 19 4,915 729 - | 109,750
ez 9
AFElEH] £ - 10,190] 7,326/ 8,884) 7,269 6,821 12,884| 12,535| 14,470) 15,317 9,906| 12,354] 9,929| 11,156| 15,766| 159,309
A
] - == == === = | = | - |45.,533 36,210 16,986| 10,824| 109,553
A 110,957 53,987| 61,635 80,794| 31,299 24,501 19,903 15,602| 16,114 18,392| 10,562/ 58,971/101,251| 33,410 30,731} 672,611
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KOREA ENERGY ECONOMICS INSTITUTE

=L FHE g
2005 2006 2007 2008 2009 2010
scl(E2) 1,806 1,985 2,331 2,626 2,868 3,059
5¢2(10%) 1,806 1,909 2,092 9,148 2,099 1,975
QR Q (A) sc3(15%) 1,806 1,856 1,933 1,850 1.659 1,413
sc4(20%) 1,806 1,806 1,787 1,594 1,308 1,004
sch(25%) 1,806 1,758 1,655 1,375 1,031 711
S scl 9,356 2,356 9,361 9,356 9,733 9,857
sc2 2,356 2,356 2,356 2,356 2,356 2,356
AF-E48.0) 145 147 148 149 150 152
Dl:Ascl+Bsc2+C | 4,307 4,488 4.840 5,131 5,751 6,068
D2:Asc2+Bsc2+C| 4307 4,419 4,596 4.653 4,605 4,483
2459 D3:Asc3+Bsc2+C 4,307 4,359 4,437 4,355 4,165 3,921
DdiAscd+Bsc2+C| 4,307 4,309 4,991 4,099 3.814 3,512
D5:Asc5+Bsc2+C|  4.307 4,961 4159 3,880 3,537 3,219
Escl 9,861 9,843 9,931 3,039 3,093 3,194
AJAHE)
Esc2 2,861 2,753 2,753 2,753 2,753 2,753
F(scl) 7.448 5,803 3,894 1,801 -856 | —3.730
F(sc2) 7,448 5,879 4,214 2,600 1,088 -201
F(sc3) 7,448 5,932 4,426 3,110 2,038 1,311
F(scd) 7.448 5,982 4,622 3,562 9.841 9,523
Flsch) 7,448 6,030 4,802 3,961 3,517 3,492
LA A 3(F)
F(sc6) 7,448 5,713 3,626 1,247 -1,750 -5,065
F(scT) 7,448 5,789 3,946 2,046 194 -1,536
F(sc8) 7,448 5,842 4,158 2,556 1,144 -94
F(sc9) 7,448 5,892 4,354 3,008 1,947 1,188
F(sc10) 7,448 5,940 4,534 3,407 2,623 2,157
= MMEsct | EXRE 42 MM Esc2 1 B R |XIE ER
I Fscl : MAEsc! 71E, 542 DI HEA|
T Fsc2 : MitEsct 71E, 542 D2 HEA|
T Fsc3 : AAlEsct 7|F, £4-Q D3 MEA|
T Fscd : MAMEsct 71E, 342 D4 HEA|
KT Fsch : MAEsct 7IE, 342 D5 HEA|
T Fscb : MAESC2 7IE, 542 DI HEA|
T Fsc7 @ MAESc2 7|1, 542 D2 HEA|

T Fsc8 :
T Fsc9 :

MAESC2 7IZ,
MAMESC2 71E, &

42 D3 MEA|
542 D4 HEA|

T Fscl0 : MAMEsc2 71Z, "*_‘R D5 HEA|
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