Japanese Energy Efficient Technologies

World Energy Outlook
It is well appreciated that energy consumption has been increasing in the regions such as Asia where
economic development has been rapidly progressing recently. According to the data publicized by
the bp statistics 2020 (see Fig.1 and Fig.2), this tendency has been recognized especially in the Asia
pacific area (including China and India). And the prediction is that this trend will continue generally
in future as well even with the COVID-19 situation. As a result, it is of great concern that increasing
CO2 emission levels, associated with the consumption of fossil fuels, would have a crucial impact on
climate change on a global scale.
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Fossil fuel sources like crude oil, coal, and natural gas still assume main roles as primary energy,
but it is apparent that these are causing CO2 emissions and will be exhausted in the future. Therefore
efficient use of energy is said to be an important measure in terms of securing sustainable economic
development by contributing to CO2 reduction, which is the same as measures of “introducing new
and renewable energies”.
Besides, since the SDGs (Sustainable Development Goals) were adopted by the UN (United
Nations) in 2015, its goals are common targets for the international society. And to these ends,
energy conservation is a fundamental element to achieve goal 7 (Affordable and Clean Energy), 13
(Climate Action), and other related goals, therefore it is very important to move forward with energy
conservation activities based on the global framework of the SDGs.

Energy Situation in Japan
In the 1970s, Japan experienced the oil crisis and not only its industries but also the commercial
and residential sectors suffered from soaring energy prices. However, subsequently, its government
and people have united their efforts to promote energy management activities. In addition, they
have vigorously worked toward developing technologies and have created devices, technologies,
and systems with high efficiency in the use of energy. In addition, investment incentives have been
actively provided in the country while the energy prices have been high. As a result, for about
15 years since 1973, the country has been able to dramatically more than double its GDP without
similarly increasing the energy consumption levels. Namely, its GDP has grown and is currently
2.6 times larger than that of 1973, nevertheless, the energy consumption has been restrained and the
current level remains 1.2 times larger than that of 1973. In particular, the energy consumption in the
industrial sector has fallen by 0.8 times (see Fig. 3).
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Fig. 3 Transition of Final Energy Consumption in Japan
Source: METI ANRE Energy White Paper 2020

When the situations above are clarified in terms of the transition of Japan’s GDP versus its primary
energy consumption, as presented in Fig. 4, more than 45 percent of improvement has been achieved
since the oil crisis, and energy saving efforts have continued in order to produce better results.
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Source: METI ANRE Energy White Paper 2020

Energy-Efficiency Analysis General
Rates of Energy efficiency (Energy consumption / GDP) for various countries are compared as
shown in Fig. 5 and Japan ranks at the top level in the world. It is possible to say that the higher
energy saving levels have been achieved thanks to prevailing higher energy efficient technologies,
not only in industrial but also commercial and residential sectors.
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One of the remarkable things in the field of energy appliances is that Japan has introduced the so
called “Top Runner Program” and succeeded to improve energy efficiency for various equipment.
The “Top Runner Program” was introduced in 1998. The purpose of the policy was to improve
energy efficiency for the areas of transportation (vehicles) and home appliances by revising Energy
Conservation Law. The efficiency target is set to be exceeded within a given number of years (310 years; depending on situations and categories) based on the most efficient product model.
Originally, 11 categories of products (passenger vehicles, air conditioners, electric refrigerators,
lighting equipment, TV sets, etc.) were nominated and gradually more categories were added. As of
now, 32 categories are covered including thermal insulating materials, insulation sashes and multilayered glazing for home and building.
The categories are selected based on the following criteria.
1. Many products used for daily life.
2. High energy consumption products.
3. Need to increase energy efficiency.
When the categorized products achieve their target efficiency, top runner labels are issued and
allowed to be shown on these products based on the law, so that customers purchase them more. It
is a driving force for the producing companies to develop new products with higher efficiency.
It is analyzed that the efficiencies of passenger vehicles, air conditioners, and electric refrigerators
have been improved over 20% by the Top Runner Program.
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Energy Efficiency Topics in Industrial Sector: Effective Utilization of Thermal Energy
In the industrial sector, a variety of efficient technologies have been developed for effective utilization
of thermal energy, such as cogeneration, recovery of waste thermal energy, high efficiency furnaces,
high efficiency boilers, and facilities for the effective use of steam. In industrial processes consuming
fuel and thermal energy, the amount of wasted energy is high, so that much energy saving effect can
be realized by technologies for reducing wasted thermal energy or technologies for recovering waste
thermal energy. Also, those technologies usually have a positive effect, that is, a cleaner environment.
By the above, rapid progress has been made in the implementation of those technologies. Those can
be applied not only for a newly built plant, but also for renovation of existing processes.
The features of cogeneration and its prevalence in Japan are shown in Fig. 7&8.
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Energy Efficiency Topics in Commercial and Residential Sectors
As described in Fig. 4, Japanese energy consumption has rapidly increased since the latter half of
the 1980s in the commercial and residential sectors for such reasons as the people’s improved lives
as well as commercial activities deployed in new sectors. The “Top Runner Program” has greatly
contributed to the reduction of energy consumption in these sectors as highly energy efficient home
electric appliances and office devices have been developed and supplied to the domestic market.
Thanks to their effects, the growth of energy consumption in these sectors has been restrained for
about the last 15 years.
One of the most important technologies in these sectors is the highly developed technology of
thermal transfer for heating, cooling and refrigerating. It is sometimes called “heat-pump” because
it transfers heat energy. Japan has greatly developed highly efficient thermal transfer technology,
and has applied it to air conditioners, refrigerators, water heaters, and other devices. This has been
developed by way of combining not only thermal transfer technology but also highly efficient control
technology based on inverter technology and environmental parameters including temperature.
And this has prevailed widely in Japan.
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Fig. 9 Average Electricity Consumption of Air-Conditioner and Other Home Appliances
Source: METI ANRE Energy White Paper 2020
Note:
Air conditioner; Wall mounted cooling and heating units with cooling capacity of 2.8kW-class model.
Simple average values for representative model of energy conserving-type products
Refrigerator; 400 liter type (average of 401-500 liters). Yearly electricity consumption (measuring method was changed in
2015 (JIS))
LED TV; 32 inch type, Yearly electricity consumption

Fig. 10 Comparison of Energy Efficiency (COP) Values of Air Conditioners Between Countries
Source: “Energy Conservation Policies of Japan”, METI/ANRE

In Japan, as far as air conditioner (all season type: cooling and heating) is concerned, COP
(Coefficient of Performance) is one of the scales for measuring efficiency of the products and APF
(Annual Performance Factor) is also used as another measure for it. Both COP and APF indicate
the values of cooling/heating capacity (kW) per 1 kW of power consumption. But the latter takes
into account power consumption at rated time as well as load conditions such as buildings where
air conditioners are used, outside air temperature while cooling or heating, and efficiency of air
conditioner depending on the differing capacities of inverter devices. It means it is possible to
evaluate energy consumption performance regardless of utilization. APF is being introduced to
foreign countries as a common scale for measuring efficiency.
It would be possible to expect the following effects if a certain number of air conditioners for home
use (COP = about 3) would be replaced with Japanese products (COP = more than 6).
<An estimate example>
Number of air conditioners: 5 million
Number of hours of using the air cooling function: 8 hours/ day × 300 days/ year
The air cooling capacity of the air conditioner: 3kW class
The COP of currently used product and power consumption: COP = 3; power consumption = 1.0 kW
The Japanese product’s COP and power consumption: COP = 6; power consumption = 0.5 kW
Calculation based on the above data shows that the following energy saving could be achieved:
(1.0 - 0.5) kW/unit × 5,000,000 units = 2,500,000 kW····························· (1)
2,500,000 kW × 8 hours × 300 days/year = 6 billion kWh/year············ (2)
The amount of (2) corresponds to about 1,720,000 tons of crude oil equivalent of energy saving and
about 5,280,000 tons of CO2 equivalent of emission reduction.

Energy Efficiency Topics in Commercial and Residential Sectors : Zero Energy
Building (ZEB)
Regarding the area of worldwide energy consumption, buildings are huge energy consumers,
especially in urban areas. So, we need to pay attention to the energy consumption of buildings.
Besides, we should consider the lifespan of buildings. Buildings have long lifespans such as 40 -100
years or more. If we build a building this year, we will use that building even in the year 2050. We
should consider this right now for the future.

Before 2015, there were some Zero Energy Buildings in Japan, but most of them were still experiments
or demonstration cases.
At the end of 2015, the Definition of ZEB and future measures were revealed by the ZEB Roadmap
Examination Committee sponsored by Ministry of Economic, Trade and Industry (METI).
The ZEB (Net Zero Energy Building) is receiving a lot of attention because it can minimize indoor
energy consumption and also address emergency situations during a disaster.
The Japanese government (Japan’s Strategic Energy Plan adopted at the Cabinet Council in April
2014) established the following goals to realize and promote ZEBs:
Realize ZEBs in newly constructed public buildings by 2020
Realize ZEBs in newly constructed public and private buildings on average by 2030
To achieve the above goals, the ZEB Roadmap Examination Committee, which is composed of
scholars, experts, and professionals from developers, architects, and general contractors, has been
established to examine (1) the definition and evaluation method of ZEBs, (2) the feasibility, and (3)
measures to promote ZEBs.
While a few advanced companies promote ZEBs, it is difficult for consumers to compare and evaluate
ZEBs as the definition differs by company. If an unrealistic definition or goal is adopted due to
physical restrictions related to usage or scale, professionals in the industry may lose motivation.
The goal is to achieve net zero energy consumption by creating energy (e.g., via solar power) while
fulfilling higher than 50% energy saving (ZEB Ready).
However, the evaluation method should take into account that high-rise and large-scale buildings
have limited rooftop areas, and consequently, limited energy production capabilities.
So, the ZEB Roadmap Examination Committee has developed additional definitions for ZEB as
below:

If energy savings of at least
50% is achieved, ZEB Ready is granted.
75% is achieved, the Nearly ZEB status is granted.
100% or more is achieved, the (net) ZEB status is granted.

In order to promote ZEB in ASEAN countries, ECCJ and its alliance companies have been conducting
ZEB training programs, workshops, and seminars.
ZEB training programs in Tokyo had been conducted 3 times for 8 ASEAN countries invited by
METI during 2017 - 2019.
The workshops and seminars have been held in the Philippines, Malaysia and Thailand by the
cooperation of each government sector and Japanese companies.
ZEB Ready Award has been added to ASEAN Energy Awards since 2019 for promoting ZEB among
the ASEAN members states.
Now is the time for promoting ZEB in every country and reducing CO2 emissions drastically to
mitigate climate change.

Roadmap for Worldwide Utilization
Highly developed technologies for energy efficiency and renewable energy can produce a great
advantage in saving energy. Currently, international efforts and activities are being made for
prevailing energy efficient and renewable energy technologies. The purpose of this book is the
dissemination of highly developed technologies for energy efficiency and renewable energy by
showing Japanese products & technologies of higher energy efficiency and renewable energy, and
by providing explanations, features and effects of those products & technologies. The products and
technologies are listed under ten sectors: “Factory”, “Industries”, “Office, Building”, “Residence”,
“Construction, Transportation & Logistic”, “Power Generation & Distribution”, “Renewable
Energy & Storage Battery”, “Energy Solution Service”, “Top Tens”, and “BPs (Best Practices)”.
Also, it is noted that all technologies in this book are environmentally friendly by reducing energy
consumption and by sometimes improving the environment directly, and that Japanese technologies
in this book are also characterized as having “quality” and “durability”, which give lifetime impacts
in energy efficiency. This book also presents information on the contact points, which helps the

study of feasibility and planning for adaption. In addition, there are companies and associations
referred to in this book, which have the capability of integrated realization by using the technologies
in this book, or which have the capability of providing consultation on overall planning for energy
consumption reduction, basic designs of various plants or renovating for energy efficiency and
renewable energy related to industrial estates. If this book becomes fully utilized as a strong support
for the dissemination and application of highly developed technologies for energy efficiency and
renewable energy in the world, it would have served its purpose.
(Written by JASE-W)

