The Business Case for Electrical Energy Efficiency in Japan

Executive Summary

There is a strong, profit-based business case for investing in more energy-efficient
products and designs. Energy efficiency, however, often is viewed as something that
businesses and individuals should do as good citizens. The reality is that using energy
inefficiently is like walking past money on the ground -- money that could be put to far
better use than paying electricity bills. Investing in energy efficiency creates economic
value.

A significant percentage of the electricity used in industry could be saved through
projects that pay for themselves in three years or less, with all of the energy savings
beyond the break-even point representing pure profit. The resulting energy savings would
help protect human health and the environment; increase the profitability,
competitiveness, and growth of the industries involved; create jobs; and benefit the
national economy.

If the business case for energy efficiency is so strong, one would expect market forces to
ensure that companies and households operate at optimal levels of energy use. But the
market does not always act perfectly. Purchasing decisions are often made on the basis of
first cost (the sticker price of an appliance or piece of equipment) rather than lifetime
operating and maintenance costs. Consumers and corporate purchasing departments may
lack information to make wise energy decisions, and company managers may be focused
on other priorities.

These and other barriers can be corrected or compensated for with the right set of public
policies. This paper presents an array of proven policies that are available for
governments interested in promoting the development and adoption of energy-efficient
technologies. The policy options range from standards and codes to labels, voluntary
programs, informational campaigns and financial support programs. A carefully crafted
suite of policies, phased and targeted to overcome the particular hurdles that each
technology faces at different stages, can help promote energy efficiency and improve
both the economy and the environment.



Introduction

Japan has developed an industrial system that features the world's highest energy
consumption efficiency, thanks to progress resulting from the "Law Concerning the
Rational Use of Energy" (Energy Conservation Law), enacted in 1979, which provided a
legal basis for energy conservation activities, as well as strengthening and promoting
assistance policies.

Japan's energy consumption expanded rapidly along with economic development
following the Second World War. In fiscal year 2000, Japan's energy consumption was
approximately nine times greater than in fiscal 1955, and twice that in 1970, just prior to
the oil crisis. On the other hand, Japan has almost no domestic energy resources, and the
country relies on overseas energy sources for the bulk of its needs. Therefore, Japan's
energy supply structure is characterized by an intrinsic fragility.
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1. Energy Conservation

2. Diversification of imported energy supply sources and strengthening relations with
the main producing countries

3. Diversification of energy sources such as the use of the domestically produced energy

4. Securing of energy stockpiles.

As a result of these measures, oil’s share of Japan's primary energy supply has declined
from approximately 77% at the time of the oil crisis to about 50% in recent years, and is
projected to fall to 45% in 2010. Meanwhile, the percentage of energy provided by
natural gas and nuclear power has increased (see Figure 1).



1 The Benefits of Electrical Energy Efficiency

Improving energy efficiency implies using less energy to do the same amount of work.
Two simple concepts support the case for improving energy efficiency: 1) energy costs
money, and 2) most electricity-producing technologies lead to environmental
pollution. Electrical energy efficiency offers valuable benefits for the economy, balance
of trade, individual businesses and households, jobs, and the environment. This paper
describes those benefits, and suggests policies and technologies that could be used to help
the nation realize them as it moves toward economically optimal levels of energy
consumption.

1.1 Economic benefits

Investing in electrical energy efficiency is a low-risk, high-payback strategy to promote
economic growth and competitiveness.
Using energy inefficiently might be

Figure 2. Energy consumption per GDP (2001)

compared to a tax collected but never
deployed to benefit anyone. In other
words, it is a loss, and energy losses create
a drag on business profits and household
savings. Although energy consumption in
Japan is relatively much lower than in the
United States and EU, energy costs are
much greater because of various taxes and
distribution costs (see Figures 2 and 3).
Thus, even a small percentage
improvement in energy efficiency
nationwide could free substantial amounts
of money for more productive purposes.

Enhancing energy efficiency typically,
though not always, requires an investment
in improved, retrofitted, or redesigned
equipment. However, the savings in
electricity can quickly repay the initial
investment within several months or years.
Beyond that point, net savings will
continue to flow.

For consumers, these savings may lead to
increased financial security, reduced debt,
and more money available for other
purposes. For businesses, the effects are
even more dynamic, as higher profits can

build on themselves. Higher margins allow for lower prices and/or increased investments
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in plant, equipment, and marketing, all of which promote sales growth. More rapid
growth, in combination with higher profits, will tend to increase shareholder value.
Higher shareholder value is likely to attract greater attention from the investment
community, thus making it possible to raise additional capital at lower cost.

Electrical energy efficiency, viewed as an investment, compares very favorably with
other investments, such as increasing power generating capacity to meet demand.

Consider the following:

e Electrical energy efficiency improvements can provide a better rate of return than

many other investments.

e Investments in energy efficiency carry minimal risk.

e Energy efficiency can enhance the reliability of electric systems by reducing peak
demand and thus helping ensure an adequate power supply®. Furthermore,
energy-efficient equipment is often more reliable than the standard equipment it

replaces.

e Energy efficiency improvements are typically cost effective, cheaper, faster, and
easier to implement compared with energy supply options, such as building new
power plants. Energy saved through enhanced efficiency is, or has the potential to
be, an important means of meeting growing energy demand.

1.1.1. Electricity savings improve the bottom line for industries and households

Businesses and households save directly when they reduce their use of electricity (see
Figure 4). For households in Japan, electricity costs about 2 percent of total housing

expenditures. Some of the most
electricity-intensive industries in
Japan, such as the paper and iron
industries, spend an average of 5-
7% of their total costs on
electricity.

Energy costs consume a
significant percentage of
business and household budgets.
And, because spending on
electricity is substantial
compared with household
savings and business profits,
even modest reductions in
electricity use can have a large
effect on the bottom line.

Figure 4. Electricity Expenditure in Households
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! For example, peak shifting functions for personal computers
(http://www.toshiba.co.jp/tech/review/2004/01/59 01pdf/a06.pdf) or peak load controllers for ice storage

air-conditioning (http://www.chuden.co.jp/torikumi/study/library/news/pdf/list076/N07611.pdf).
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1.1.2 Electricity savings benefit the national economy

Improving electrical energy efficiency enhances the competitiveness of the national
economy by reducing the costs of Japanese businesses and releasing funds for re-
investment. Lower production costs also reduce inflationary pressures, allowing more
scope for expansionary monetary policy, while the increased tax revenues stemming from

higher profits do the same for fiscal policy.

In addition, energy efficiency contributes to the national economy through reductions in
peak demand for power. To the extent that capital is not needed for investments in new
generation or transmission capacity, it will be free to flow to other productive uses.
Reduced power demand resulting from increased energy efficiency also lowers the risk of
brownouts and blackouts at times of peak demand. If a blackout similar to the two days
of rolling blackouts in California hit the Tokyo Electric Power distribution area in Japan,
about $10 billion would be lost, mainly in leisure facilities, hospitals or supermarkets?
Avoiding such highly disruptive events can help stabilize the business climate, which
again will promote growth. A growing economy may result in lower unemployment, with
governmental budgets benefiting from higher taxes and lower social welfare spending.

Reducing electricity use through energy efficiency can lead to a number of indirect
economic benefits as well. For example, cleaner air and other environmental
improvements associated with energy efficiency can result in economic feedbacks such
as better health for workers, lower absenteeism, higher productivity, and lower health

care costs.

In the past, national energy consumption tended to change in lockstep with economic
growth. In recent decades, however, the picture has become more complex. In Japan, the
economy’s energy intensity fell by 20%, from 46 BTU/Yen of GDP in 1980 to 37
BTU/Yen in 1990. By 2003, it had risen again by 3%, to 38 BTU/Yen®. This trend
demonstrates that economic growth does not necessarily lead to higher energy use.

However, if prices are low and policies are not
supportive, energy intensity can rise again.

1.1.3 Cost savings are demonstrated in the
real world

Dozens of case studies show that investing in
energy-saving technologies can provide
substantial energy savings, which in turn pay
for the investments within a few years or less.
For example, the Energy Audit in Factories
program is an audit service for small and mid-

2 http://criepi.dcc.co.jp/speech/2004forum02. pdf
® US Energy Information Administration,

Energy Efficiency in Action: Energy Efficiency
Upgrades Enhance Industrial Productivity

* ASMO, the world’s largest manufacturer of
compact automotive motors, has implemented
energy-saving projects throughout its
manufacturing processes.

* This project was selected as an energy-saving best
practice by the Energy Conservation Center, Japan
in 2002.

« In cutting processes, ASMO saved 1,879 kWh per
month and improved productivity by 20%.

* In thermal processes, ASMO saved 2,517 kWh
per month and improved productivity by 80%.

Source: The Energy Conservation Center of Japan
(http://www.eccj.or.jp/succase/02/c/c_50.html)

http://www.eia.doe.gov/emeu/international/energyconsumption.html. Data converted from dollars to Yen

using an exchange rate of 120 Yen/dollar.




size factories. Approximately 5,600 cases of energy audit services have since been
conducted in factories around Japan. The program showed an average energy savings rate
of 7.4%, with some factories have achieving substantial cost-savings (e.g. 35 million Yen
per year at a textile factory.

1.1.4 Energy efficiency can enhance industrial productivity

Policies to promote energy efficiency within individual businesses can boost productivity
significantly. The Energy Conservation Center of Japan selects “Best Practices in Energy
Saving” in factories and buildings every year, many of which demonstrate productivity
enhancements as well.”

1.1.5 Energy efficiency can contribute to job creation and retention

Improving electrical energy efficiency on a large scale can create and retain jobs. For
example, an improvement in energy efficiency can divert dollars from electricity
generation — a highly capital-intensive industry — to more labor-intensive industries. The
Japan Society of Industrial Machinery Manufacturers (JSIM) estimated that, as compared
with 1998, about 400,000 additional environmental jobs will be created by 2010, which
includes various jobs related to energy-efficiency. The reduced operating expenses
associated with optimizing energy efficiency may also help businesses maintain
competitive prices, in turn helping them retain jobs in Japan.

1.2 Energy efficiency can improve human health and the environment

Electrical energy efficiency can reduce the risk of damage to human health and the
environment from the burning of fossil fuels used to produce electricity. The combustion
of fossil fuels releases carbon dioxide (CO,), oxides of nitrogen (NOy), particulate matter
(PM), and mercury. The burning of fuels containing sulphur also leads to emissions of
sulfur dioxide (SO,).

Electric power plants are, in aggregate, among the largest sources of these pollutants.
They emit about 30% of Japanese CO2, about 17% of Nox, and about 7% of SO2. In
2003, Japanese power plants (11 large companies) released more than 400 million metric
tons of CO2, along with 0.1 million metric tons of SO2, and 0.15 million metric tons of
Nox.

The risks to health and the environment from these pollutants are described briefly below.

1.2.1 Carbon dioxide

CO; concentrations in the air are now almost a third again as high as they were 200 years
ago. Like other so-called “greenhouse gases,” CO, traps heat that would otherwise radiate
out to space. Many scientists are concerned that the rise in CO, and other greenhouse gas

* http://www.eccj.or.jp/bigaward/index.html



concentrations may affect the global climate. The Earth’s average temperature rose
almost a degree Celsius (1.8°F) in the last hundred years, and the United Nations
Intergovernmental Panel on Climate Change has concluded that most of the warming
observed over the last 50 years is attributable to human activities.” While not everyone
agrees, the weight of current evidence suggests that unchecked increases in greenhouse

gases could lead to further warming of several degrees in this century.®’

term, a warmer climate may lead to rising sea

Over the long
levels, increases in the frequency and

severity of extreme weather events, risks to human health, and a range of ecological
impacts. Any analysis of such effects is beyond the scope of this paper.

1.2.2 Air Pollutants

Emissions of SO2, NOx, and particulate
matter are regulated under the Air
Pollution Control Law and the
Environmental Quality Standard (based on
the Basic Environmental Law?®) to set
permissible levels of these pollutants in
the atmosphere. These pollutants can
cause a variety of adverse health effects,
such as the exacerbation of asthma and
bronchitis. Studies have shown that these
effects may be serious enough in some
cases to lead to hospitalization or even
death. Children are especially vulnerable
to air pollutants, in part because they
breathe more air relative to their body size
than adults do.

Figure 5. International Comparison of SOx and NOx
emission intensity (thermal power station average)
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These air pollutants also have environmental impacts. For example, sulfate and nitrate
droplets and particles formed in the atmosphere from SO, and NOy emissions lead to
reduced visibility in scenic areas and cause acidic deposition (*acid rain”), which eats
into paint and stone, damages foliage and stunts plant growth, and can harm some species
of fish. Nitrogen deposited from the atmosphere in lakes and estuaries can also act as
fertilizer for algae, which can then deplete oxygen from the water.

In Japan, thermal power plants are taking various measures to prevent air pollution.
These include fuel measures (such as using better quality fuel), facility measures (such as
installing flue gas denitrification/desulfurization facilities and electric dust precipitating
systems), and operational measures (such as implementing rigorous combustion

® Climate Change 2001: Synthesis Report, Summary for Policy Makers, Intergovernmental Panel on
Climate Change (IPCC)’s Third Assessment, http://www.ipcc.ch/pub/un/syreng/spm.pdf, September 2001

® Climate Change 2001 (IPCC) concludes that the globe's average temperature is expected to increase by
1.4 to 5.8 degrees Celsius (2.5 to 10 degrees Fahrenheit) by the year 2100.

7w

Global Warning: Bulletins from a Warmer World,” National Geographic, September 2004.

http://magma.nationalgeographic.com/ngm/0409/featurel/index.html.

® http://law.e-gov.go.jp/htmldata/HO5/HOSHO091.html
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controls). As a result, Japan’s thermal power plants continue to maintain the world’s

lowest emission levels (see Figure 5).

1.2.3 Hazardous Air Pollutants

Electric power plants that burn fossil fuels

emit several types of hazardous air

pollutants, of which mercury is the most
important. Mercury in the environment can

be converted by bacteria into
methylmercury, a neurotoxin. Children

exposed in the womb to methylmercury may
develop attention problems, poor language
skills, impaired fine motor function, and

poor verbal memory. Exposure to
methylmercury can also affect the

cardiovascular, immune, and reproductive -

systems. As mentioned in the previous

Figure 6. Designated energy management
factories
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section, the fuel and facility measures taken by thermal power plants have contributed to
the reduction in mercury emissions in Japan. In 2000, coal-fired power plants in Japan
emitted 0.638 tons per year of mercury, which was lower than the comparable emission
rate in the United States and United Kingdom.®

2 Energy Conservation and
Efficiency in Japan
Since the oil crises, Japan has
achieved the highest level of energy
efficiency in the world through the
efforts of the public and the
government. However, the weakness
of Japan’s energy supply structure
remains unchanged, and the level of
dependency on Middle East crude oil
is higher than at the time of the oil
crises. With increasing energy
consumption in commercial,
residential and transportation sectors
in recent years, the promotion of
energy efficiency measures in the
future is essential.

Figure 7. Energy consumption by designated energy
management factories
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2.1 Energy conservation law

As mentioned above, after the turmoil of the energy crises of the 1970s, Japan enacted
the “Law Concerning the Rational Use of Energy” (Energy Conservation Law) in 1979.
This Law provided a legal basis for energy conservation activities.

Under the Energy Conservation Law, the Government designated large, energy-intensive
industrial facilities as “energy management factories.” There are approximately 4,000
Type | and 7,000 Type Il energy management factories, which account for the majority of
Japan’s industrial energy consumption (see Figures 6 and 7).

Both Type | and Type Il Factories are required to report their annual energy
consumptions to the Agency for Natural Resources and Energy (ANRE). They are also
expected to reduce their energy intensity by 1% annually.

Figure 8. Changes of energy consuming coefficients in
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2.3 Climate Change

At the Third Conference of the Parties to the United Nations Framework Convention on
Climate Change (COP3), the Kyoto Protocol (Treaty) was adopted. Under the terms of
the Kyoto Protocol, Japan has promised to reduce its emissions of greenhouse gases by
6% by 2010 from 1990 emission levels. In order to fulfill its obligations, Japan is
reviewing a variety of options, with energy conservation playing a central role.

According to the Government’s new plan for meeting its Kyoto Protocol obligations, it is
necessary to reduce GHG emissions from energy use by 59 Mt of CO,/y by 2010. The
plan includes a mixture of concrete objectives as well as desired outcomes. However, the
industrial, residential, and commercial/institutional sectors must take measures to reduce
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“Nippon Keidanren”, the largest economic organization in Japan, has developed a
“Keidanren Voluntary Action Plan on the Environment,” which includes seven

Figure 10. International Comparisons of Energy Efficiency
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SOURCE: Keidanren, Japan (http://www.keidanren.or.jp/japanese/policy/2004/091/gaiyo_all.pdf)

additional industries, bringing the final number of participants in the voluntary plans up
to 36 industries and 137 organizations. The plan is considered the most important
measure to reduce GHG emissions from the industrial sector in the Government’s new
plan for meeting its Kyoto Protocol obligations.

Many of the industrial associations are making notable progress toward their targets.

However, it is not proving easy to achieve an 8.6% reduction of CO, emissions, which is
the goal for the industrial sector.
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In terms of specific measures to reduce CO2 emissions, many industries have placed
their primary emphasis on improving the efficiency of energy use, in terms of level
of energy input per unit of output. These measures include innovations relating to
operational control, including energy conservation in offices, making improvements in
equipment and processes, and a significant investment in research and development.
Other industries cite the effective use of waste heat, electricity generation using waste
material, co-generation, using new forms of energy, and fuel switching as measures to
improve energy efficiency. In the electric power industry, the increased use of nuclear
power has been cited, as well as the enhancement of its own fuel conversion efficiency.

Figure 11. CO2 Emissions (Sony) Figure 12. Change of Device Energy
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Other industries note the importance of reassessing products at the design stage, as called
for by the Life Cycle Assessment (LCA), contributing to energy conservation through
international cooperation, and the promotion of reforestation.

In addition to their direct emissions,

some companies calculate the CO2 Figure 13. CO2 Emissions in Commercial/Institutional and
Residential Sectors
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CO2 emissions in both the | source: MoE, Japan

residential and
commercial/institutional sectors have been increasing, reflecting life style changes, an
increase in the number of households, an increase in the floor space of homes and
businesses, and longer business hours (e.g., 24 hour stores). Both sectors have seen their
CO2 emissions increase by more than 30% since 1990 (see Figure 13).
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3 Government’s role in promoting electrical energy efficiency

Despite ample evidence that energy efficiency saves money, market forces alone have
been slow to lead the Japanese economy to reach optimal levels of energy efficiency.
Energy efficiency faces a number of barriers, such as the tendency of consumers and
commercial purchasers to base purchases on first cost (the purchase price) rather than the
total cost of ownership, lack of coordination between company staff responsible for
equipment purchases and those responsible for paying electric bills, a lack of information
about the costs and benefits of energy-efficient products, a disconnect between energy
use and its environmental and security-related consequences, and economic distortions
from tax breaks and other subsidies. Under circumstances like these, some changes in
policy would be appropriate and desirable.

Government can use the general policy approaches described here to encourage
improvements in electrical energy efficiency. This section also describes more specific
policies that government should consider to promote particular energy-efficient
technologies.

3.1 General policy approaches for encouraging energy efficiency

3.1.1 Government purchasing policy

Government should promote energy efficiency and support energy-efficient
technologies through its own purchasing policies and practices.

Reducing governmental energy use saves taxpayer dollars, and government purchasing
can create economies of scale for new energy-efficient technologies. Because the
government is a large purchaser of energy-related products, it can influence private-sector
manufacturing and design decisions. The Government of Japan has issued a number of
directives regarding the energy efficiency of government operations.

The Action Plan for Greenhouse Gas Emission Reduction in Government Operations was
approved by the Cabinet on July 19, 2002. The Action Plan, which was formulated
pursuant to the Climate Change Policy Law (Law No. 117 of 1998) and the Basic Policy
on Measures to Tackle Global Warming (Cabinet Decision of April 9, 1999), aim to
reduce the total amount of greenhouse gases emitted from government operations by 7%
by FY 2006 (using FY 2001 as the base year)

12



. Table 1. Numerical target in the execution plan
As shown in Table 1, the
government set a target of a Target ind209t?1 Unit Result indZOQtSh
10% reduction in electricity o " e
Consumption per unit area, GHG emission 7% reduction t-CO2 | 0.1% increase
which is not being achieved. || el | Y5¢ BY | g506 or less GJ 2.7% increase
The Japanese government’s Paper use Not increase t 0.5% decrease
electricity consumption has Flectriclly.  Per | 9096 or less KWhim? | 2.5% increase
continued to rise since 2001 fuel use  of
when the government energy supply | Notincrease GJ 0.4% decrease
introduced a reportin P
n . P 9 - water — SUpply | 404 oy Jess M¥m® | 6.0% increase
SyStem: it reached 1.8 billion l\;\?:s?gr = 75% or less t 17.3% decrease

- 0 B 0
kWh in FYZOO?’: Fuel use by Burnable waste 60% or less t 8.0% decrease
the government in FY2003 * Plan period: 2005 2006
: SOURCE: MoE, Japan
\lljvas 6’5|36_’29|7 GJ’b\;VhI_Ch has (http://www.env.go.jp/press/press.php3?serial=5942)
een relatively stable since

2002.

To improve energy efficiency, the government has switched its purchases of computers,
appliances, lighting, and vending machines to more efficient models. Starting in the
Summer of 2005, the Ministry of the Environment initiated a new nation-wide campaign
to encourage people to maintain indoor temperatures at 28 in summer and 20 in
winter. The campaign uses the slogan "Team minus 6%" and activities called "CoolBiz"
in summer and "WarmBiz" in winter, and is producing good results. In addition, public
buildings are planning to purchase a greater percentage of their electricity from low-CO2
sources.

3.1.2 Tax incentives and financing

The government should consider supporting energy efficient technologies directly
by implementing policies that encourage investments in high-efficiency products
and equipment. Examples may include tax credits and accelerated depreciation for
energy-efficient equipment. The Japanese government provides tax incentives and
financing to accelerate the introduction of energy efficient technologies and equipment in
the industrial and commercial sector. Many municipalities in Japan offer subsidy
measures such as low-interest financing for purchases of energy-efficient appliances and
renewable energy sources.

3.1.21  Tax Policy

One of options considered by Japan to reduce CO2 emissions is an environment tax.

This case study takes no position, but in principle, favors incentive mechanisms to
accelerate market transformation.

The introduction of an environment tax was an active discussion topic in 2004. The

Ministry of the Environment (MOE) has examined the introduction of the tax, using
several scenarios under discussion in recent years (refer to Table 2).
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In the proposal by MOE in 2004, about
80% of the environment tax revenue (340
Billion JPY) would be used for global
warming measures. The Ministry expected
to use the majority of the funds for energy
conservation technology development and
the purchase of energy conservation
equipment. The rest of the revenue would
be used to create jobs, reduce social
insurance premiums, and so on. Other
energy taxes might need to be adjusted as
well.

After internal discussion, the Government
deferred introduction of the environment
tax. The evaluation continues at the
Ministry of the Environment and the
Government Tax Commission.

3.1.2.2  Financing

Table 2. Environment tax proposals by MOE

Prop. In 2004

Prop. In 2003

2,400 JPY/ t-C
# Domestic electricity
0.25JPY/kWh

3,400 JPY/t-C
# Gasoline 2 JPY/L
# Additional cost is

VEREE # Gasoline 1.52 JPY/L 5,500 JPY/yr per
# Additional cost is 3,000 household
JPY/yr per household
Tax revenue * | 490 Billion JPY 950 Billion JPY

Purpose for
revenue

# Purchase promotion of energy conservation

equipment
# Forest maintenance
# Promotion green traffic etc..

52 Million t-CO2/yr

22 Million t-CO2/yr
reduction

Effect * reduction 5 .
(4% compared with 1990) gzggogzompared il
Impact * 0.01% fall in GDP 0.06% fall in GDP

* MOE estimates

SOURCE: MoE, Japan
Prop. In 2003 (http://www.env.go.jp/policy/tax/pdf/mat_01.pdf)
Prop. In 2004 (http://www.env.go.jp/policy/tax/041105/all.pdf)

The Japanese Government operates several subsidy systems for CO2 reduction and
energy conservation projects. The New Energy and Industrial Technology Development
Organization (NEDO™) is one of the national organizations that implement the subsidy
systems, and it also supports the energy conservation programs executed by local
authorities. They can receive subsidies from NEDO for a part of the equipment expense
In 2004, 114 projects were supported by
NEDO. The energy conservation effect expected by these projects is 7,200 TOE/yr.

needed in the energy conservation projects.

The energy conservation techniques used in these projects include:

Electronic ballasts
Inverter control of pumps and fans

High efficiency transformers

Geothermal heat pumps.

Building Energy Management Systems (BEMS)

3.2 Minimum efficiency standards and labeling

Conversion of the existing signal lights to light emitting diodes (LEDS)

Governments should consider imposing minimum energy performance standards
(MEPS) to ensure that natural turnover and new construction will result in the

spread of energy-efficient technologies.

1% http://www.nedo.go.jp/english/index.html




The Government’s Kyoto implementation plan for the residential and commercial/
institutional sectors focus on the following major elements:

1) Energy efficiency of machinery and equipment: 45% of goal
2) Energy efficiency in housing and office buildings: 43% of goal
3) Home and Building Energy Management Systems: 12% of goal

3.2.1 Energy efficiency of machinery and equipment: 45% of goal

Currently, the most popular energy
performance standard worldwide is
the Minimum Energy Performance
Standard (MEPS). Under the MEPS
approach, a minimum energy
efficiency value is established that
all products must exceed. At first
glance, the system appears extremely
easy to understand. However, to
establish MEPS, the economic
validity of the standard values must
be established with great care. For
example, in the US, which employs
the MEPS system, several different
points of view regarding economic
fairness are evaluated, including
life cycle assessments (LCA),
before standard values are
established. Because of the
complexity of these analyses, long
periods of time and substantial
coordination with manufacturers
are required to establish standards
(see Figure 14).

In Japan, as a key component of
the energy conservation program

Figure 14. Difference between Top Runner and MEPS
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« MEPS basically regulates a product individually in terms of energy efficiency.

MEPS

Source: The Energy Conservation Center, Japan
(www.iea.org/textbase/work/2004/shanghai/Okamoto.PDF)

Figure 15. Examples of Energy Savings Label Display Graphics
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SOURCE: The Energy Conservation Center, Japan
(http://www.eccj.or.jp/top_runner/chapter5_2.html)

for the residential, commercial and transportation sectors, the Top Runner Standard was
introduced to advance energy efficiency of machinery and equipment in 1999.** This Top
Runner System starts with the product with the highest energy efficiency on the market at
the time of the standard establishment process and sets standard values by evaluating
potential further efficiency improvements. Naturally, target standard values are extremely
high. The Energy Conservation Law has established a labeling system for Top Runner

1 This law was enacted in 1998 and took effect in 1999.
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equipment so that buyers can obtain information about the energy consumption efficiency
of machinery and equipment at the time of purchase (see Figure 15).

Although the prices of products that exceed standard values are inevitably higher than
earlier products, the government is promoting (and people are accepting) that the life-
cycle costs of Top Runner equipment are significantly lower than that of older products.

In the Kyoto implementation plan, Top Runner is projected to prevent about 29 million
tons of CO2 by 2010, which amounts to 3% of the Japanese GHG emission target for

2010.
Figure 16. Ratio of Newly-built Buildings/Homes that

Clear Energy-Saving Standard 1999

100%

3.2.2 Energy efficiency in housing
and office buildings: 43% of
goal

Building energy codes set energy
efficiency criteria for a building’s
ceilings, walls, floors, and foundations,
as well as its mechanical, lighting, and
power systems. Energy efficiency in
housing and office buildings mainly
depends on the insulation performance
of windows and walls. Although new N
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commercial buildings (equal to or larger
than 2,000 m2) and homes. These standards help slow the growth of building-related
energy consumption. As shown in Figure 16, the target for standards compliance is 80%
for newly built commercial buildings and 50% for newly built homes in 2006 and 2008
respectively.

In the Kyoto implementation plan, the Japanese government projects that energy codes
will save $5.3 billion per year while avoiding annual 34.0 million metric tons of CO2
emissions by 2010.

3.2.3 HEMS (Home Energy Management Systems) and BEMS (Building Energy
Management Systems): 12% of goal.

These management systems offer energy-saving in homes and office buildings without
sacrificing comfort or other energy services by optimizing the control of air conditioning
and lighting (see Figure 17). Subsidies have been provided since 2002 to accelerate the
introduction of HEMS in the residential sector. In the commercial sector, which has seen
energy demand grow, the energy saving law was revised to introduce self-management of
energy in office buildings that is equivalent to the regulations for factories.
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Field tests of HEMS have _
demonstrated a 9% reduction of | Figure 17. HEMS
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SOURCE: Tokyo Electric Power Company Sustainability Report 2003
(http://www.tepco.co.jp/en/env-com/environment/index-e.html)

3.3 Education and training

Imperfect information can be a major cause of the market’s failure to invest in energy
efficiency, as end-users often are not aware of all the benefits of energy-efficient
alternatives. Therefore, governments should provide information to raise awareness,
create alternatives, overcome “business as usual” practices, and create a culture of
energy efficiency. Several well-known examples exist in Japan, such as the Energy
Saving Label affixed to most household appliances (see Figure 15) and the ENERGY
STAR label on commercial and residential products. There are many energy efficiency
applications, however, where a simple point-of-purchase decision is not possible, such as
the control system for an industrial plant. In these situations, government can provide
expert advice and software, and support training and certification by professional
societies and states.

3.4 R&D

Government should consider increasing its support to the private and public sectors
for research and development of energy-efficient technologies.

In July 2000, Agency for Natural Resources and Energy developed the “Energy
Conservation Technology Strategy” which established its agenda for investment in
demand-side R&D.

The Strategy established the following R&D priorities:
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. Multiple Sectors: power electronics such as SiC; highly efficient electrothermal
conversion systems; ultra-low thermal conductive insulation materials using nano-
scale control.

. Industrial Sector: liquefied natural gas (LNG) thermal systems.

. Commercial/Residential Sector: next-generation energy efficient plasma display
panels (PDPs); highly efficient white LED; triple-effect high-performance
absorption-type hot water systems.

. Transportation Sector: lightweight automotives using aluminum alloy, carbon
nanofiber, etc.; diesel engine using Homogeneous Charge Compression-Ignition
Combustion system.

4 Promoting specific energy-efficient technologies

A number of technologies show great promise for cost-effectively improving the
efficiency of electricity use in Japan. Energy-efficient technologies are investigated both

for the electricity consumption
during operation and also
during “sleep” or “standby”

Table 3. Top Runner Standards for Appliances

Target Year Base Year Target

states. For the former’ the Top Air Conditioner 2007 1997 63%
v 2003 1997 16%

Runner Standards have been set iR ro0s 1907 ot
up and for the latter three Light 2005 1997 59%
industrial associations have set Sl isilne 2 L2y 2t
I t t tS Computer 2005 1997 83%
volun ary arge ' Magnetic Disk 2005 1997 78%
Refrigerator 2004 1999 30%

Although the Top Runner
Standards are the centerpiece of
Japan’s efforts to improve the
energy efficiency of specific
technologies, they are not the
only tool available to

Heater

Gas CookingProducts
Hot Water Supply System
Electric Toilet Seat
Vending Machine

Transformer

2006
2006
2006
2006
2005
2006/2007

2000
2000
2000
2000
2000
2000

1.4% (Gas) and 3.8% (Oil)
13.9%

4.1% (Gas) and 3.5% (Oil)
10%
33.9%
30.3%

governmental policymakers. In addition to the voluntary Top Runner standards, the
Minister of Economy, Trade and Industry can recommend that a manufacturer improve
the performance of a product. If the manufacturer fails to follow the recommendation,
the Minister can publicize the failure and compel the manufacturer to make
improvements. Thus, even though a MEPS is not established for each technology, the
Minister’s ability to recommend improvements works as a deterrent to the continued
production of inferior products, and, thus far, no manufacturer has failed to follow the

Minister’s recommendations.

4.1 Top Runner Target Product Standards

Table 3 presents the Top Runner Standard for various kinds of machinery and equipment.

Japan's energy conservation policies are considered by an "Advisory Committee for
Natural Resources and Energy". For the Top Runner Standard, deliberations are
conducted by the Energy Efficiency Standards Subcommittee. A June 2005 meeting
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discussed energy efficiency targets based on Top Runner standards for electrical rice-
cookers, LCD/plasma TVs and DVD recorders.

4.2 Electric Rice-Cookers

Electric rice-cookers have been improved to enhance the flavor of the cooked rice, not to
improve energy efficiency. There is still room for energy efficiency improvement,
especially in insulation efficiency. The Top Runner standard established an 11.1%
improvement in efficiency by 2008 compared with 2003 levels.

4.3 Televisions

Liquid crystal displays (LCD), PDPs, and organic electroluminescent displays (OELD)
were just emerging as new products when the Top Runner targets for televisions were
established, but have since taken a large market share. By 2030, it is expected that flat
TV sets will replace most of the existing stock of cathode-ray tube (CRT) TVs. New
standards for these advanced display devices are being developed and will be enforced
starting in summer or autumn 2005.

. LCD TVs will reduce energy consumption by one-third compared with a CRT TV
set.

. Next-Generation PDP TV sets will reduce the energy consumption of a typical
PDP TV set by two-thirds.

. Orgar;ic ELD TV sets will reduce the energy consumption of LCD TV sets by
half.!

Technological development for liquid crystal display TV (LCD TV) and plasma TV has
focused thus far on development of products with better pictures, flatter screens and

longer life. Some manufacturers have developed energy-saving technologies, but there is
still considerable room for improvement.

The new Top Runner standard for LCD Figure 18. Display type for each size

TVs and plasma TVs are expected to yield e e O
A . .. LCD :‘,}—

a 15.3% improvement in efficiency by | S— [—— =

2008 compared to 2004 levels. !

4.4 DVD Recorders

Improvements in DVD recorder design have focused principally on increasing product
convenience. Some manufacturers have developed energy-saving technologies, but as
with televisions, there is still room for energy efficiency improvement.

The new Top Runner standard for DVD recorders is expected to yield a 22.4%
improvement in energy efficiency by 2008 compared to 2004.

12 Ministry of the Environment, Japan
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4.5 Air Conditioners and Heat Pumps

By achieving the Top Runner target, METI estimates that energy efficiency will be
improved by about 63% for heat pumps and by about 14% for air conditioners compared
to 1997.

4.6 Lighting

The Top Runner Standard for lighting applies to fluorescent lights. MET]I estimates that
implementation of the Top Runner standard will improve energy efficiency by about
16.6% compared to 1997.

In addition to fluorescent lights, the Government’s new plan for achieving its Kyoto
Protocol targets calls for achieving additional GHG reductions of approximately 3.4 Mt-
CO2 by increasing the use of LED lighting. For a given light output, the energy
consumption of LED lighting is 20% less than that of fluorescent light and 80% less than
that of an incandescent lamp. To achieve this reduction target, about 10% of all lighting
(8.8% of fluorescent lights and 13.7% of incandescent lamps) will need to be replaced.

4.7 Refrigerators

MET]I estimates that implementation of the Top Runner standard for electric refrigerators
and freezers will improve energy efficiency by about 30% compared to 1998 levels by
2004,

4.8 Transformers

MET] estimates that implementation of the Top Runner standard for transformers with
primary voltage between 600-7000 volts will improve energy efficiency by about 30.3%
compared to 1989 levels by 2006 (oil-filled transformers) and 2007 (dry-type
transformers).

4.9 Motors

Motors account for 60-70% of electricity use in Japanese factories™. Although variable
speed drives are gaining wider acceptance, higher efficiency motors have not penetrated
the market to the level expected'®. Motors themselves are not included in the Top
Runner Standards, although many motor-driven appliances are covered.

4.10 Distributed Generation

3 Hitachi Industrial Equipment Systems (2005) (http://www.hitachi-
ies.co.jp/voltage/pdf/2005/200509 9.pdf)
4 JEMA (2000) (http://www.jema-net.or.jp/Japanese/ denki/2000/de-0010/de-07.pdf)
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To minimize the risk of costly disruptions in electricity supply, many businesses install
small-scale or “distributed” power generators. Distributed generation can help businesses
save money by providing an alternative to the grid during periods of peak demand, when
electricity is most expensive. Distributed generation also can strengthen the transmission
and distribution grid by reducing congestion in “load pockets,” areas where physical
constraints on transmission and distribution make it difficult for utilities to meet
electricity demand.

Although some distributed power technologies may exacerbate air pollution, others can
benefit the environment. Solar panels and small-scale wind turbines, for example, are far
cleaner than conventional fuel sources and can reduce greenhouse gases and criteria air
pollutants significantly. Combined Heat and Power (CHP) systems that use waste heat
from electricity production for space heating, cooling, or industrial processes are another
environmentally preferable source of distributed power, reaching overall efficiencies of
50 to 70 percent.

To promote distributed generation, governments should consider removing barriers to the
interconnection of distributed generators to the power grid, consider offering grants or
other financial incentives to help offset the cost of clean distributed units, and
establishing net metering laws, which allow individuals and businesses to get credit from
their utility for excess power that they generate and supply back to the grid. Clean
distributed generation can also be encouraged if pollution-control agencies adopt output-
based emissions standards, defined in terms of tons of pollution emitted per unit of power
produced, for distributed generation.

4.11 Transportation

All-electric vehicles can reduce local air pollution and greenhouse gas emissions,
especially in regions where coal and oil are not important components of the electricity
generation mix. Although electric vehicles are more fuel-efficient than conventional
vehicles, their higher first cost is a barrier when consumers are considering purchasing
them. Governments can encourage the wider use of electric vehicles through tax credits,
accelerated depreciation, consumer education, and the purchase of electric vehicles for
government fleets.

4.12 Standby Electricity Consumption

Three industrial associations have committed to the following voluntary targets for
standby electricity consumption:

. Appliances which must use electricity during standby (e.g., remote controls, or

devices with integrated clocks or timers): less than 1 W
. All other appliances: 0 W if possible
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The Government’s new plan for meeting its Kyoto Protocol targets (2005) contains GHG
reductions of 1.5 Mt-CO2 from improvement in stand-by power consumption. About
13% of that reduction is expected to come from TV sets and DVD players.

4.13 Future Products

To broaden the impact of Top Runner, additional products will be added to the covered
list and existing standards will continue to be tightened. New Top Runner standards may
cover car air-conditioners, stoves, gas water heater machines, oil burning water heaters
and boilers, and gas cooking appliances.
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Appendix: The role of copper in energy efficiency

Introduction

Copper is the first metal to have been used by the human race. Copper’s unigque
properties make it an important contributor to enhancing the energy efficiency of
appliances, motors, and hundreds of other commercial, industrial and residential devices.

How copper’s fundamental characteristics make it a contributor to greater
efficiency

Heat transfer vs. other materials: Copper has an exceptionally high coefficient of heat
transfer. For a given shape of material with a given temperature difference across it,
copper will transfer over twice as much heat as aluminum, seven times as much heat as
cast iron, eight to nine times as much as steel and over 20 times as much as stainless
steel. In fact, the only metal with a higher ability to transfer heat is silver, which is about
5% better, but costs around 60 times as much (2004 prices).

Electrical resistance vs. other materials: Copper has an exceptionally high electrical
conductivity, which is a property closely-related to thermal conductivity. Copper
conducts electricity at a rate around 60% better than that of aluminum, 5 times the rate of
iron, 10 times that of steel and 18 times that of titanium. As with thermal conductivity,
the only metal which can beat it is silver, by about 5%. Copper is therefore the preferred
choice where high electrical conductivity is needed, and especially where this must be
combined with compactness and affordability.

Substituting copper for other materials yields lower losses in some applications: In many
applications, space can be extremely limited. Here copper can be a very useful metal due
to its volume-efficient thermal and electrical conductivity. Although some other metals
may deliver better performance per unit of weight, copper has tremendous advantages
when space is limited. This can include applications in electric motors, electronic circuits
and hybrid electric vehicle power transmission components.

Using more copper (without reducing use of other materials) yields lower losses in other
applications: Increasing the amount of copper in some applications can improve
efficiency, even if the amount of other materials is not changed. A good example of this
is in high efficiency motors (HEMs). A low-efficiency motor will use the minimum
amount of copper to keep costs down. The motor will still function well, but will lose
some energy as the copper conductors are not at the optimum size to minimize resistive
current losses. Increasing the thickness of the conductors will cost-effectively save
energy for the motor user. HEMSs cost more to purchase up front than old designs, but
motor buyers can recoup the incremental cost many times over through reduced
electricity bills.
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