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Abstract
This study aims to develop a database of low energy techniques for homes around the world,
for use in systematically evaluating the low energy home in each region, where climate, culture
and policy differ. First, a database was made for the purpose of the systemizing passive and
active techniques. Data were input according to seven chapters and 155 items, and 66 homes
in 17 nations have been recorded. Homes adopting super insulation, high airtightness and solar
energy utilization are common in the each country. The thermal insulation performance of
wall and window of the housing in Japan is somewhat inferior to that overseas. It was shown
that exhaust heat recovery is rarely adopted in Japan and that the underground thermal energy
utilization was seen in less than 10% of recorded homes. Second, recorded homes were categorized according to characteristics of adopted strategies, and the reduction rate of purchased
energy versus the purchased energy for a typical home was calculated. This revealed the
purchased energy reduction rate of homes with both solar heat utilization and photovoltaic
power generation to be very high.  2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
To achieve harmony with the environment, we must minimize energy consumption. It is desirable that this be accomplished through the use of renewable energy
resources and unused energy. Various techniques of passive, active and hybrid energy
efficiency technologies have been developed in Japan and other countries [1–7]. The
results of these have been published by the Florida Solar Energy Center of the University of Central Florida [1], Solar Heating and Cooling Programme of International
Energy Agency [2], the Centre for the Analysis and Dissemination of Demonstrated
Energy Technologies [3] and so forth.
However, low energy homes that adopt these techniques have not yet become
common, since few design procedures have been devised for combining various techniques. Also, each country has its own energy conservation policies, making it necessary to exchange information worldwide.
This study aims to develop a database of low energy techniques for homes around
the world, for use in systematically evaluating low energy homes in each region,
where climate, culture and policy differ. First, a database was made for the purpose
of systemizing passive and active techniques. Second, homes were categorized
according to characteristics of adopted strategies, and the reduction rate of purchased
energy versus the purchased energy of typical homes was calculated.

2. Database of low energy homes in the world
The database for systemizing passive and active techniques uses commercially
available software, “File Maker Pro Version 4” for both Windows and Macintosh.
Figure 1 shows the composition of this database. The database comprises items considered necessary and useful in realizing the low energy home. They include strategies for reducing environmental impact, techniques for utilizing the unused energy
and so forth. Data are input according to seven chapters and 155 items, and 66 homes

Fig. 1.

Composition of database of low energy homes.
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Table 1
Breakdown of low energy homes by region and country
Region

Number of homes

Country

House No.

Asia

30

Europe

23

North America

11

South America
Oceania
Total

1
1
66

Japan
China
Finland
Sweden
Norway
Denmark
Germany
UK
Netherlands
Austria
Switzerland
Belgium
Canada
USA
Mexico
Argentina
Australia

JPN-1 to 29
CHN-1
FIN-1 to 2
SWE-1 to 2
NOR-1
DNK-1 to 3
DEU-1 to 5
GBR-1 to 2
NLD-1 to 3
AUT-1
CHE-1 to 3
BEL-1
CAN-1 to 5
USA-1 to 5
MEX-1
ARG-1
AUS-1

in 17 nations have been recorded. In collecting data, the homes which could be
roughly categorized according to the above-mentioned 155 items were selected from
both domestic and overseas architectural magazines, papers, reports and so forth (i.e.
from [1–8]). The housing actually in use as residences and the advanced homes that
have introduced the innovative techniques were recorded. Table 1 shows the number
of low energy homes by region and country. Data collection focused mainly on
Japan, Europe and North America, developed nations where research on low energy
homes is active. Figure 2 classifies the homes by completion year. Most of the homes
were completed in the 1990s, with those completed in 1995 being the most numerous.

Fig. 2.

Completion year of low energy homes.
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3. Analyses of regional characteristics
3.1. Adopted strategies
For the purpose of reducing the environmental impact and the energy consumption,
various strategies such as super thermal insulation, high airtightness, solar collectors,
rainwater utilization and so forth have been adopted in low energy homes. Chapter
1 of the database is design guidelines of low energy homes. In this chapter, all
adopted techniques have been classified into energy saving strategies including super
thermal insulation, high airtightness, etc.; natural renewable energy utilization; rain
water utilization and so forth. Figure 3 shows various strategies adopted for low
energy homes. Super thermal insulation, high airtightness, solar energy utilization,
solar shading, etc. are adopted in almost half of the recorded homes in each region.
An exhaust heat recovery system is rarely adopted in Japan, whereas it could be
seen in large numbers of overseas homes. This is because the technique of recovering
heat from the exhaust air through the ventilation is widespread in Europe and North
America. Homes utilizing underground thermal energy numbered only six. Recently,

Fig. 3.

Strategies adopted for low energy homes.
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the US Federal Government has been trying to promote the popularization of a
ground source heat pump in order to reduce emissions of greenhouse gasses [9].
Present survey results show that cooperation has not been forthcoming from the
housing and air conditioning industries.
3.2. Thermal insulation
Figures 4 and 5 show the overall heat transfer coefficient of external walls and
of windows, respectively. The overall heat transfer coefficient of external walls is
0.3 to 0.5 W/(m2 K) in Japan, whereas it is around 0.2 W/(m2 K) overseas. The
thermal insulation material is 400 mm thick for the homes in Germany whose overall
heat transfer coefficient is the smallest. The thermal insulation performance of windows varies even overseas. The overall heat transfer coefficient of windows ranges
between 0.8 and 1.5 W/(m2 K) in Europe, and between 1.0 and 2.0 W/(m2 K) in
North America. In Japan, it is around 2.0 W/(m2 K). The home with the smallest
overall heat transfer coefficient of windows is in Germany. Quadruple-glazed, krypton-filled windows with low-emissive coating are used in this home. The thermal
insulation performance of homes in Japan seems to be lower than overseas, since
the climate is comparatively mild.
3.3. Energy conservation
Figures 6 and 7 show annual purchased total energy consumption for low energy
homes and the reduction rate versus purchased total energy of typical homes. In Fig.
7, recorded homes were classified into six categories:

Fig. 4.

Overall heat transfer coefficient of external walls.

326

Y. Hamada et al. / Renewable Energy 28 (2003) 321–328

Fig. 5.

Fig. 6.

Overall heat transfer coefficient of windows.

Annual consumption of purchased energy for low energy homes.
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Fig. 7.
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Annual purchased energy reduction rate vs. typical home.

A, a home for which only super thermal insulation and airtight construction
were adopted;
B, a super insulated and airtight home with a passive solar design or passive cooling;
C, a super insulated and airtight home with solar collectors;
D, a super insulated and airtight home with a photovoltaic system;
E, a super insulated and airtight home with both solar collectors and a photovoltaic
system; and
F, a super insulated and airtight home with other strategies.
The design phase of a low energy home focuses on reducing the heating and
cooling load (categories A and B). The adoption of innovative techniques should be
carried out in the next step. Homes with both solar collectors and photovoltaic power
generation (category E) afford the greatest purchased energy reduction rate. The
average value in category E is 75.3%.

4. Conclusions
This paper described the database of low energy techniques for homes around
the world. The following results were obtained through analyses and evaluation of
regional characteristics.
1. A database for systemizing passive and active techniques was made. Data were
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input according to seven chapters and 155 items, and 66 homes in 17 nations
were recorded.
2. Homes with super insulation, high airtightness and solar energy utilization are
common in each country. The thermal insulation performance of wall and window
of homes in Japan is slightly inferior to that overseas. It was shown that the
adoption of the exhaust heat recovery was rare in Japan and that the underground
thermal energy utilization occurred in less than 10% of recorded homes.
3. Recorded homes were categorized according to characteristics of adopted strategies, and the purchased energy reduction rate to a typical home was calculated.
Homes with both solar collectors and photovoltaic power generation afford the
greatest purchased energy reduction rate. The average was 75.3%.
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