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Foreword to English version

Building Research Institute and National Institute for Land and Infrastructure Management pub-
lished the design guidelines for Japanese practitioners, who aim at substantial energy saving for resi-
dential buildings (detached houses) in mild climate regions (June 2005) and hot humid climate re-
gions (August 2010). The guidelines were developed on the basis of the research outputs, especially
experimental validation and prudent application of simulation programs, by the above-mentioned re-

search institutes.

In Asia and Oceania regions, there are many countries, which have hot humid regions and are grow-
ing rapidly in population and economy. The fact means that energy consumption and resultant CO2
emission due to the use of houses and other kinds of buildings is increasing and there is a need to help
practitioners and various decision makers with much more reliable information on how to design
residential buildings. This is the reason why Building Research Institute decided to publish this Eng-
lish version of the design guidelines for energy-saving detached houses in hot humid regions, which
was originally published in Japanese by Building Research Institute and National Institute for Land

and Infrastructure Management.

As mentioned in the design guidelines, the optimized solution for a best possible energy saving
house depends on its design conditions, such as detailed characteristics of the climate, surrounding
outdoor conditions, lifestyle of the residents, economical aspect of building components and delivered
energy and so on.Therefore, though the framework of this design guidelines and qualitative explana-
tion can be universal, the detailed quantitative information should be carefully interpreted and applied

to the situation other than Japanese ones.

I hope the English version of the design guidelines, entitled “Design Guidelines for Low Energy
Housing with Validated Effectiveness; Hot Humid Region Edition”, will be utilized by practitioners and
various decision makers when they aim at finding practical and economically feasible solutions for

energy-saving houses in their countries.

0 0 0000000000000

Shuzo Murakami, Chief Executive
Building Research Institute

Incorporated Administrative Agency, Japan






Foreword

Japan aims to reduce CO, emissions by 80% compared to the emissions in 1990 by 2050 as a long-
term goal in order to achieve a low-carbon society. In order to achieve this long-term goal, it is essen-
tial to make efforts toward controlling CO, emissions due to residential and commercial buildings
through the promotion of energy conservation. Meanwhile, in terms of health promotion and im-
provement in convenience and comfort, houses in Japan still need improvement and quality enhance-
ment. Therefore, it can be said that the establishment and spread of more rational building technology
is in demand in order to solve the two tasks, energy conservation and quality enhancement, at the
same time.

In June, 2005, the National Institute for Land and Infrastructure Management (NILIM) and the
Building Research Institute (BRI) published the Design Guidelines for Low Energy Housing with
Validated Effectiveness: House Design to Achieve 50% Reduction in Energy Consumption as a result
of housing technology development research conducted between 2001 and 2004. After that, as energy-
efficient technology development research, the National Institute for Land and Infrastructure Man-
agement has been conducting a research project named “Research on promoting technologies for
improving energy efficiency of residential buildings (2005 — 2007)” and the Building Research Insti-
tute has also been implementing “Research on validated technologies for enhancing the energy per-
formance in buildings and methods of application to existing stocks (2006— 2008)”. This book, which
contains the guidelines for hot and humid climate, was developed as one of the results of those re-
search projects and summarizes the design technologies for low energy housing with validated ef-
fectiveness in hot and humid regions of Japan. The framework for evaluating energy performance was
developed mainly by the NILIM, and energy-saving elemental technologies were validated and pre-
scribed mainly by the BRI.

In the research and development, the “Low Energy Housing with Validated Effectiveness Develop-
ment Committee” (Chairperson: Professor Yuzo Sakamoto, Graduate School of the University of To-
kyo; Adviser: Professor Emeritus Kiyonori Miisho, Shibaura Institute of Technology), a study group
in which experts from the fields of industry, universities and government were requested to partici-
pate, was established within the Institute of Building Environment and Energy Conservation. This
committee has implemented measures for developing technology while seeking expertise and a wide
range of knowledge from outside.

Lastly, we would like to sincerely pay our respects to the many researchers and engineers from re-
search institutes, universities and companies, who were involved in the planning and writing of these
guidelines, local practitioners who cooperated in the research on hot humid regions, and other people
concerned for their efforts and cooperation. At the same time, we hope that these guidelines will help
deepen the understanding of those readers involved in housing construction and contribute to the

improvement in the energy efficiency, convenience and comfort of Japanese housing in the future.

0 0 OO0000Ime000

Kenji Takai, Deputy Director General

National Institute for Land and Infrastructure Management
Shuzo Murakami, Chief Executive

Building Research Institute

Incorporated Administrative Agency, Japan



Introduction

Objectives and Composition of the Design Guidelinestrn 008
Chapter 1
Low Energy Housing with Validated Electiveness and Energy Conservation oo Q11
1.1 What is Low Energy Housing with Validated Effectiveness? corrrrrrrrrrrrrrrrrrnQl12
1.2 Actual Situation of Energy Consumption during Occupancy and Tasks o014
1.3 Indoor Environment Performance that Low Energy Housing with Validated Effectiveness Aims for 015
14 Climate and Housing Characteristics in Hot Humid Regions o016
Chapter 2
Design Process of Low Energy Housing with Validated ECectiveness and Outline of Elemental Technologiesc= 019
2.1 Design Flow of Low Energy Housing with Validated Effectiveness crrrrrrrrrrrirrin020
2.2 Outline of Elemental Technologies [T T T CC T 0 22
2.2.1  List of Elemental Technologies and Methods [T TC T T 0022
2.2.2  Uses of Energy to be Reduced o DD DD LD 024
2.3 Outline of Design Procedures T 026
2.3.1  Understanding Design Requirements of Low Energy Housing with Validated Effectiveness 026
2.3.2  Setting Target Design Model of Low Energy Housing with Validated Effectiveness o029
2.3.3  Basic Items to be Considered for Designing Low Energy Housing with Validated Effectiveness 034
2.3.4  Examining Application of Elemental Technologies oo r o i o i 036
2.3.5  Feasibility Study OO 036
2.4 Energy Efficiency Indication Method [ 037
2.4.1  Meaning of Levels o O A D D o 037
2.4.2  Energy Saving Effects and Levels of Elemental Technologies Corrrrrrrrrrrrrrrrrrrr 038
Chapter 3
Natural Energy Application Technology (Elemental Technology Application Method 1) ™ 039
3.1 Use and Control of Wind o DD T 040
3.1.1  Purpose and Key Points of Wind Utilization CoO IO C DDA LA CC LT 040
3.1.2  Energy Conservation Target Levels for Wind Utilization oo 0411
3.1.3  Steps for Examining Wind Utilization Technology i i m T LT L CL LT 049
3.14  Wind Utilization Methods I I A i 050
3.1.5  Considerations for Planning and Designing Openings OO IO T T O O O 0060
3.1.6 Method for Calculating Cooling Energy Reduction Rate by Roomrrrrrrrirrir 064
3.2 Daylight Utilization (Sunlight Utilization 1) OO 0 66
3.2.1  Purpose and Key Points of Daylight Utilization Cor i o066
3.2.2  Energy Conservation Target Levels for Daylight Utilization CCoOrCm i i it 066
3.2.3  Steps for Examining Daylight Utilization Technology and Prerequisites 069

Design Guidelines for Low Energy Housing with Validated Effectiveness: Hot Humid Region Edition

Table of Contents



3.2.4  Daylight Utilization Methods CoO D 072
3.3 Photovoltaic Power Generation (Sunlight Utilization 2) o) 84
3.3.1  Purpose and Key Points of Photovoltaic Power Generation [T I T 0084
3.3.2  Energy Conservation Target Levels for Photovoltaic Power Generationtrrrrrrrrrrrrrrrirriri084
3.3.3  Photovoltaic Power Generation I I OO O L 085
3.34  Test Calculation of Photovoltaic Power Generation Costs CCTTIII I I T T 088
3.4 Solar Radiation Heat Utilization (Solar Heat Utilization 1) for Zone V)90
3.4.1 Purpose and Key Points of Solar Radiation Heat Utilization o090
3.4.2  Energy Conservation Target Levels for Solar Radiation Heat Utilization corrrrrrrrm091
3.4.3  Steps for Examining Solar Radiation Heat Utilization Technology Corrrrrrrrrrr 95
3.4.4  Solar Radiation Heat Utilization Methods I I I A O 096
3.4.5 Estimating Effects of Adopting Solar Radiation Heat Utilization Methods ol 00
8.5 Solar Water Heating (Solar Heat Utilization 2) CCrrmm o m OO ]1 02
815.1  Purpose and Key Points of Solar Water Heating CCCTI I T T DAL LT L0102
815.2  Energy Conservation Target Levels for Solar Water Heating crormrmrmr i 10104
815.3  Steps for Examining Solar Water Heating and Prerequisites Corrm i m i i ro105
815.4  Solar Water Heating Methods 0 O O I o106
815.5  Solar Water Heating Planning and Considerations for Use 0O i O 0116
815.6  Explanation of Solar Water Heating Systems CCCTI T T T T C DD 18
Chapter 4
Heat Control Technology of Building Envelopes (Elemental Technology Application Method 2)mm123
4.1 Insulated Building Envelope Planning for Zone V CCLIIIIII I I LI T] 24
4.1.1  Purpose and Key Points of Insulated Building Envelope Planning CCCII I I T I I IITIITTIT] 24
4.1.2 Energy Conservation Target Levels for Insulated Building Envelope Planning trrrrrrrrrrrr] 28
4.1.3  Steps for Examining Insulated Building Envelope Planning and Setting Target Levels o129
4.1.4 Examining Insulation Planning 0o 1 32
4.1.5 Examining Insulation Technology o AL T34
4.1.6  Examples of Insulation Planning CoOCm i DD LC L CC T 55
a.2 Solar Shading Methods for Zone VI [ OO OO OO OO O O O] 64
#12.1  Purpose and Key Points of Solar Shading Corr i A S DD L LD T 0164
4.2.2  Energy Conservation Target Levels for Solar Shading Schemes ool 64
4.2.3  Steps for Examining Solar Shading Technology and Confirmation of Site Conditions trrrm174
4.2.4  Solar Shading Methods [T T T T T T T 1 77
4.3 Solar Shading Methods for Zone V IO ] 88




4.3.1 Purpose and Key Points of Solar Shading 0o o o T 0 188
43.2  Energy Conservation Target Levels for Solar Shading Schemes T 190
4.3.3  Steps for Examining Solar Shading Technology and Setting Target Levels mrrrrrrrrrrn 195
434  Solar Shading Methods oI I A A 197
Chapter 5
Energy-elcient Equipment Technology (Elemental Technology Application Method 3) ™207
5.1 Cooling System Planning for Zone VI oI 208
5.1.1  Purpose and Key Points of Cooling System Planning CCrrmm im0 208
5.1.2  Energy Conservation Target Levels for Cooling System Planning o 209
5.1.3  Steps for Considering Cooling System Planning and Factors for Selecting Cooling Systemm210
bl1.4  Energy Saving Methods in Cooling System Planning (o iDL 211
O 5.1.5 Selecting Auxiliary Heater oo DD 215
5.2 Heating and Cooling System Planning for Zone V IO ii2 16
5.2.1  Purpose and Key Points of Heating and Cooling System Planning corrmrrrrrrrrr o216
5.2.2  Energy Conservation Target Levels for Heating and Cooling System Planning 217
5.2.3  Steps for Considering Heating and Cooling System Planning OO AT 1 224
5.2.4  Energy Saving Methods in Heating and Cooling System Planning crrrrrrrrrrrrrrrrrrrrrirrn 230
5.2.5  Selecting Auxiliary Heater 0O O O T 243
5.3 Ventilation System Planning I T IO CA O DO n244
B13.1  Purpose and Key Points of Ventilation System Planning (oI A OO OO0 244
B13.2  Energy Conservation Target Levels for Ventilation System Planning CoOTmmm i iiiiirn 245
B13.3  Steps for Considering Ventilation System Planning [ IO IO OO0 246
Bl3.4  Energy Saving Methods in Ventilation System Planning oo mm A A COC T T 249
B13.5  Considerations for Ventilation System Planning and Designing (LTI I I I IO 257
5.4 Domestic Hot Water System Planning (T T T 0264
5l4.1  Purpose and Key Points of Domestic Water Heating System Planning 0 iiin 264
bl4.2  Energy Conservation Target Levels for Domestic Hot Water System Planning (rrrrririmirn 265
514.3  Steps for Considering Domestic Hot Water System Planning and Requirements for Selecting System Type 0267
0 54.4  Energy Saving Methods in Domestic Hot Water System Planning Corrrrmri i ni271
5.9] Lighting System Planning 0D DD T2 88
Bl5.1  Purpose and Key Points of Lighting System Planning CCrrCm AT CAC AT LT D 288
bl5.2  Energy Conservation Target Levels for Lighting System Planning oo 289
515.3  Steps for Considering Lighting System Planning Coorrmmm e e e 290
O 5.54  Energy Saving Methods in Lighting System Planning CorCmrmm i m i e 291




5.6

Adopting High-efficiency Consumer Electronics T 3 10

516.1  Key Points for Adopting or Replacing High-efficiency Consumer Electronics crrrrrrrrrrrii 310
516.2  Energy Conservation Target Levels for Adopting High-efficiency Consumer Electronicstmm310
516.3  Characteristics of Consumer Electronics and Points of Caution for Usage trrrrrrrrrrm316
O 5.6.4 Estimating Running Cost of Adopting High-efficiency Consumer Electronics trrrrrrrrin320
5.71] Treatment and Efficient Use of Water and Kitchen Waste trrrrrrrrrrrrrrrrrri i 322
B17.1  Purpose and Key Points of Treatment and Efficient Use of Water and Kitchen Waste o322
b17.2  Target Levels and Methods for Treatment and Efficient Use of Water and Kitchen Wastem323
B17.3  Steps for Considering Treatment and Efficient Use Technology for Water and Kitchen Waste mm325
Bl7.4  Methods of Treatment and Efficient Use for Water and Kitchen Wasterrrrrrrrrrrrrrim 326
O 5.7.5 Estimating Effects of Using Water Saving Devices DT T T LT 0 335
Chapter 6
Bnergy Saving Elect Evaluation and its Utilization in Design orrrmm 337
6.10 Energy Saving Effect Using Elemental Technologies and Calculation Method 1338
611.1  Summary of Energy Saving Effect Using Elemental Technologies o338
611.2  Given Conditions Related to Determination of Energy Saving Effect corrrrrrrrrrrrrrrTn343
611.3  Basis for Determination of Energy Saving Effect Corrmmm i m i Co O 350
0 6.1.4  Methods of Calculating Energy Consumption, CO, Emissions, and Costs i 352
6.2] Evaluation of Energy Performance, Global Warming Impact, and Cost through Application of Elemental Technologies 10354
612.1  Evaluation Results in Zone VI OO OO O T 354
6.2.2  Evaluation Results in Zone V 0 I T 0 360
6.33 Energy Consumption Estimation Methods and Design Calculation Examples (1m367
613.1  Overview of Energy Consumption Estimation Methods OO I I T T 367
613.2  Energy Consumption Estimation Methods and Design Calculation Examples in Zone VIoTo368
6.3.3  Energy Consumption Estimation Methods and Design Calculation Examples in Zone Vo376
Appendix T O OO O 383
Appendix 10 O Zone Classification Data Com T T T 384
Appendix 20 O Color Images of Illustrations that Appear in Black and White oo 390
Appendix 300 O Weather Data O D O O T O 392
0O Appendix 40 O List of References 0TI IO O T T 396
Index OO O T O O O O O OO 398

DiStOfAuthorS\IIHHHHIIIIIIIIIIHH\HHIIIIIIIIIIIH\H\HIIIIIIIIIIIH\HHHIIIIIIIIIIHHHHIIIIIIIIIIIH\402




Introduction
Objectives and Composition of the
Design Guidelines
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* Se€' Appendix 1: Zone
Classification Data”

on p.384 for the zone
classification based on
the energy conservation
standard. Zone VI
belongs to Okinawa and
Zone V extends to mainly
South Kyushu and the
Pacific coast west of
Tokyo.

Low energy housing with validated effectiveness (LEHVE) is housing that uses as much natural energy
as possible under the given conditions such as site characteristics and family forms, and is able to reduce en-
ergy consumption (CO. emissions) during occupancy by half compared to housing that was common around
2000, while increasing liveability and convenience (See Chapter 1). Therefore, when designing LEHVE two
types of technologies are required: one that makes the most of the potential of nature, such as solar energy
and wind, and utilizes it; and the other in which equipment technology is carefully selected, designed and
installed, as typified by cooling and heating systems and domestic hot water systems, from the perspective
of energy performance.

This document provides practical technical information for designing LEHVE to professionals working
at construction and architect offices who are directly engaged in making houses, i.e. general housing archi-
tects who are not specialized in environment and equipment planning. It also aims to propagate and promote
LEHVE by having these architects utilize this document. For that purpose, this document covers versatile
technologies which can be made practical as a priority and explains the method for designing and applying
such technologies in a specific, easy and straightforward fashion. It also evaluates the energy saving effects

and cost effectiveness achieved by using these technologies.

0i0 buioonionibiiuibdnbiibbibooiuoid boorooo

Methods for designing and applying individual technologies that are effective for designing LEHVE
(hereinafter referred to as “elemental technologies”) are diverse and vary depending on design prereg-
uisites such as regional and site conditions where the house is being built, the way the house is built and
construction methods, and way of living.

In 2005, as the first step to propagate and promote LEHVE, we focused on elemental technologies related
to detached wooden houses in relatively mild regions (Zone IV in the zone classification according to the en-
ergy conservation standard) and summarized them in the design guidelines. The present document targets
the hot humid regions south of Zone V and discusses the elemental technologies related to houses designed

under the following conditions.

0 Construction region:l  0000000I000000000I0000CIONIDCONONNICODO000000I0I0COIO000DE0000000IDO000n
1000000000O00000ODOOMDO0Nb000000m

0 Housing construction:] 0010000000000
[ Construction methods:100I0000000000000000000000000000000I00
I [00000000000000000000O0m00IDCID0I0b00IDO0IN00000D00ND 0N 0000000

A diverse and wide range of elemental technologies are involved even under these specific conditions.
However, in cases such as where site shapes and sizes as well as forms of the housing are unusual, it may
be difficult to apply some elemental technologies, and if this is the case architects are required to exercise
their own ingenuity for planning.

Moreover, some elemental technologies covered in this document are applicable to multi-family residen-

tial buildings or for house renovation.

Oofooiooioomooo O000I000000I0000I000O000I00N000000010000I0000000ei000t00000O0I0n0000
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This document is composed of the following six chapters:

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Low Energy Housing with Validated Electiveness and Energy Conservation
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The ideal of the low energy housing with validated
ellectiveness (LEHVE) is self-sullciency that does not
receive energy required for living from others. It aims
to reduce energy consumption thereby controlling CO,
emissions while maintaining the quality

of the indoor environment.

Chapter 1 :
Low Energy Housing with Validated
Effectiveness and Energy Conservation



Chapter 1

Low Energy Housing with
Validated Effectiveness and
Energy Conservation

1.1 Whatis Low Energy Housing with Validated Effectiveness?

As part of efforts to improve sanitary conditions, measures have been implemented to develop
environment-friendly housing technology in Japan since the Meiji period (1868-1912) when even the causes
of many diseases were unknown. For example, various efforts have been made to achieve houses that
provide coolness in summer and warmth in winter, bright rooms, high-quality water and other functions
such as being able to use hot water freely. Time passed, and in the 1970’s, there was rising concern that the
impact of society on the environment could not be ignored. Since the 1980’s, man-made climate change such
as global warming have been recognized as international issues. The Kyoto Protocol was created in 1997
and came into effect internationally in 2005. While the first commitment period of the Kyoto Protocol started
in January 2008, proactive actions have been taken such as the review of Japan’s Kyoto Protocol Target
Achievement Plan and the international measures regarding the framework of steps taken after the Kyoto

Protocol.

Since the 1990’s, in the housing field, measures have been promoted to tackle the issue of environmental
friendliness at different stages; construction, occupancy and demolition. Furthermore, recently, technology
used for traditional housing in Japan has been re-evaluated, and methods for indoor climate control, which
enable the realization of housing that is cool in summer and warm in winter, have been discussed in order
to deal with the Japanese hot, humid climate with high solar radiation. Low energy housing with validated

effectiveness (LEHVE) can be positioned as one such effort.

The ideal of LEHVE is to achieve housing with an established self-contained energy reception and
consumption system that does not receive energy required for living from others. However, while
considering this as a long-term goal, we firstly aim to develop and spread technology which contributes to
the reduction of CO, emissions from the standpoint of housing by the deadline around 2010 adopted by the
Kyoto Protocol.

0 Based on this, we define LEHVE as follows.

Low energy housing with validated effectiveness is housing that uses as much natural
energy as possible according to the way of living and housing site conditions, such as
climate and site characteristics, while increasing the standards of livability and convenience
by carefully designing and selecting buildings, equipment and appliances. Thereby, such
housing is able to reduce energy consumption (CO, emissions) during occupancy by up to
50% compared to housing that was common around 2000, and it will be able to be put to

practical use by 2010.

In addition, various technologies used for LEHVE explained in this document are not the technologies
that will be feasible in some distant future but the ones that are already in practical use and commercialized.
They are mainly economical, highly valid and accessible technologies that should be updated and improved

over time.

O International Trends and Elorts Made by Japan Regarding Global Environmental Issues

In the late 20th century, supplying a large amount of energy became possible thanks to low-priced
oil and artificial environmental technology, as typified by heating and cooling technology, spread rapidly.
However, the corresponding increase in energy consumption caused an increase in greenhouse gas
emissions, which became recognized as the cause of environmental impact including global warming.
Since the 1970’s, the following measures have been implemented to reduce environmental impact

Oofooiooioomooo O000I000000I0000I000O000I00N000000010000I0000000ei000t00000O0I0n0000




“ The Limits to Growth” by the Club of Rome presented the necessity for a change from
1972 growth to equilibrium.
Declaration of the United Nations Conference on the Human Environment (Stockholm
Declaration) was adopted.

1978  Specific measures for energy conservation accelerated due to soaring oil prices caused by oil
onward crisis.

Energy Conservation Law (Act on the Rational Use of Energy) took ellect in Japan.
1979 Various standards for promoting the energy conservation for housing and other buildings were
established.

1988 World Meteorological Organization (WMO) and United Nations Environment Programme (UNEP)
Intergovernmental Panel on Climate Change (IPCC)

Earth Summit was held.
1992 United Nations Framework Convention on Climate Change was adopted in order to control the
emissions of greenhouse gas such as CO..

Kyoto Protocol was created.
1997 Japan set target values for reducing greenhouse gas emissions by 6%, compared to those in
1990, by around 2010.

Outline for Promotion Elects to Prevent Global Warming
2002 Japan declared target values for reducing greenhouse gas emissions in the private sector by
2%, by around 2010.

2005 Kyoto Protocol came into elect as 143 countries, which hold approximately 62% of the CO,
emissions caused by developed countries, ratified it.

The Prime Minister Abe proposed Cool Earth 50 (Beautiful Star 50).

A long-term goal to reduce greenhouse gas in the entire world by half by 2050 was proposed.
2007 The 13th Conference of Parties (COP 13) of the United Nations Framework Convention on

Climate Change was held in Bali, Indonesia.

It was decided that the framework after the first commitment period of the Kyoto Protocol

would be adopted with consent by 2009.

2008 The first commitment period of the Kyoto Protocol started as of January 1.

e Change in CO, Emissions in Japan

We will look at the change in CO, emissions in Japan by sector (Fig. 1). The increase in CO, emissions
in the private sector (caused by energy consumption by businesses and homes) is remarkable. For
example, the CO, emissions from the household energy consumption sector increased by 36.4% between
1990 and 2005. This shows that an approximately 22% reduction must be achieved during the first
commitment period in order to control the emissions within the range of an 8.5% to 10.9% increase’,
which is the goal set for the sector in question in the Kyoto Protocol Target Achievement Plan.

[Million-ton CO.]
Sector(] Increase in emissions in 2005
500 T] (against the base year set by the Kyoto Protocol)

450 WW*\* Industrial sector (factories, etc.): 482 million tons

— 452 million tons (reduced by 6.1%)

400

350 |
300

Transportation: 217 million tons

250 |- - 257 million tons (increased by 18.1%)
Businesses and others: 164 million tons
— 239 million tons (increased by 45.4%)

200 Home: 127 million tons

m — 174 million tons (increased by 36.4%)
150 |

100 Power plants, etc.: 68 million tons

- 79 million tons (increased by 16.5%)
s | WW Industrial processes: 62 million tons
- 54 million tons (reduced by 13.5%)

Waste: 23 million tons
- 37 million tons (increased by 61.7%)

o . . . . . . . . . . . . . . . .
89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 [Year]
(Base year)

Fig. 10 Change in CO, emissions in each sector between 1990 and 2005

e Research Project on Low Energy Housing with Validated ECectiveness

The National Institute for Land and Infrastructure Management and the Building Research Institute
implemented a research and development project on low energy housing with validated effectiveness for
four years starting 2001. In June 2005, its results were summarized in the “Design Guidelines for Low
Energy Housing with Validated Effectiveness” for detached houses in warm regions and are utilized by
many people in the field. The project was followed by a subsequent project in and after 2005, which led to
the creation of these guidelines for detached houses in hot humid regions.

What is Low Energy Housing

with Validated Electiveness?

11

O The Kyoto Protocol
Target Achievement
Plan created in March
2005 was revised in
March 2008. Regarding
the household sector, it
is stated in the revision
that the goal is to reduce
rate of increase for CO,
emissions by the year
2010 from the current
level to an 8.5 - 10.9%
increase compared to the
year 1990.




Chapter 1

Low Energy Housing with
Validated Effectiveness and
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Glossary: GJ

GJ is pronounced as
gigajoule”, and joule
(J) is a unit of energy
amount. Since giga
means one billion, 1 GJ
is 1 billion joules

1.2 Actual Situation of Energy Consumption

during Occupancy and Tasks

The actual situation of energy consumption during occupancy of housing is shown roughly in Fig. 2.
Weather conditions are reflected in the situation. In Hokkaido and the Tohoku district, heating energy
consumption is high. In warm regions in Honshu and Kyushu, the ratio of domestic hot water energy and

cooling energy tends to be high.

Fig.2 140
Actual situation of
energy consumption in
housing: Comparison of
detached houses in 120
eight urban regions

m Electricity including lighting

= Cooking 100
Domestic hot water
0 Cooling
= Heating
80
60
a0 | [ e PR

. 20
Annual primary energy
consumption
[0 GJ per housel

Kyoto Fukuoka Naha

Sendai

Sapporo Niigata Tokyo Nagoya

Fig. 3 shows the results of detailed analysis of the composition of energy consumption at detached
houses in hot humid regions. In Naha located in Zone VI, its annual total consumption is: “16% for cooling”, “5%
for ventilation”, “21% for domestic hot water”, “20% for lighting”, “32% for consumer electronics” and “7% for
cooking” (0% for heating). In Kagoshima located in Zone V, the Fig. shows “8% for cooling”, “7% for heating”,
“5% for ventilation”, “28% for domestic hot water”, “17% for lighting”, “29% for consumer electronics” and “6%
for cooking”. As for the breakdown of consumer electronics, you can see that the ratios of refrigerators and
televisions are high in both regions.

In order to achieve a great energy conservation effect as a whole, implementing a measure for a single

use only is not sufficient. It is necessary to take measures for various uses of energy.

. Cooking 6.6%
Life-related consumer
electronics 3.0%
Information entertainment
consumer electronics 3.5%
Washing machine
0.9%

Hot water heated

toilet seat 3.0%
Consumer
electronics 32.1%

Cooling 15.5%

Ventilation
4.7%

Television 10.1%

Refrigerator 11.6%

Domestic hot
water 20.7%
Lighting 20.4%

In the case of reinforced concrete house in Naha
Total primary energy consumption per year: 66.6 GJ

Fig. 3

Ratio of annual primary
energy consumption
at detached houses

in hot humid regions

Cooking 6.4%
Life-related consumer
electronics 3.0%
Information entertainment
consumer electronics 3.4%
Washing machine 0.9%
Hot water heated Ventilation
toilet seat 3.2% 4.5%

Cooling 8.3%

heating 7.3%

Consumer
electronics 29.0%

Television 9.8%
Refrigerator 8.79

Domestic hot
water 28.0%

Lighting 16.5%

In the case of wooden house in Kagoshima
Total primary energy consumption per year: 68.6 GJ
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1.3 Indoor Environment Performance that

Low Energy Housing with Validated Effectiveness Aims for

While the goal of LEHVE is to reduce energy consumption during occupancy, we cannot forget that it
should aim for creating a pleasant environment where occupants can feel “comfortable” at the same time.
The quality of the environment that feels “comfortable” varies depending on the occupant’s living history,
age and preferences. In addition, environmental quality that the same occupant seeks may be different
depending on the housing site conditions. In other words, the “comfortable” environment that each
occupant seeks is unique yet changes. Therefore, the complete removal of physiological stress (physiological
unpleasantness caused by the gap between the quality that an occupant seeks and the actual quality), such
as coldness, heat and darkness, is not necessarily the ultimate goal of LEHVE.

How much an occupant seeks environmental quality varies. Some occupants’ standards are flexible
and they tolerate changes, while others have high standards and seek stability. Naturally, occupants have
freedom to select the environment they seek. LEHVE secures such freedom for each occupant and accepts
a wide range of ideas, aiming to realize the housing equipped with environmental quality suitable for the
occupant.

Instead of relying only on machinery and equipment as well as commercial energy, LEHVE offers
architectural ingenuity and natural energy application as preconditions. This is precisely why LEHVE does
not always offer excessive standards for comfort by ignoring the occupant’s request. Instead, it values the
active attitudes that occupants have toward creating environment. To achieve this, LEHVE is required to
provide specifications and architectural arrangements that will accommodate the occupant’s creative ideas
and measures. It is important to creatively design LEHVE in a way that allows the occupant to operate and
adjust the following as he or she likes: finely-tuned operation of heating and cooling devices according to
room temperature and outside air temperature; opening and closing of windows according to wind; adjusting
solar radiation by installing solar shading devices; and turning on and off lighting fixtures according to

places and actions.

Actual Situation of Energy
Consumption during Occupancy and Tasks ~*

Indoor Envitonment Performance
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1.4 Climate and Housing Characteristics in Hot Humid Regions

1.4.100 O Target Hot Humid Regions and Climate Characteristics

This document targets the following two regions. Zone VI is Okinawa Prefecture including the minor
islands, and Zone V is the region along the Pacific coast west of Tokyo such as Southern Kyushu and
the south of Shikoku (Table 1). The list of municipalities for each region is in “Supplement 1: Zone
Classification Materials” (p.384).

The climate of each Zone varies, but general characteristics are described below (Table 2).

e Zone VI belongs to subtropical marine climate. It is hot and humid there with small temperature
differences throughout the year. It is warm even in winter with a temperature around 16°C, and the
temperature rarely falls below 10°C. In summer, on the other hand, it is rare for the temperature to
significantly exceed 30°C. Although relative humidity is high, you may even feel cool thanks to high wind
speed. In this region which gets hit by typhoons frequently, wind is strong throughout the year and rainfall
is relatively high even when it is not the rainy season. Because this region is located at low latitudes, solar
altitude is high with strong UV rays reaching the ground.

e Zone V covers a wide area. It is warm and humid throughout the year with high rainfall. In the rainy
season and the typhoon season, concentrated heavy rain and extremely gusty winds occur in some areas.

In general, sunshine hours are long in this region with high global solar radiation.

Table 10 Main hot humid regions

Okinawa (Okinawa Island and approximately 160 large and small islands including Miyako
Island, Ishigaki Island, etc.)

Zone VI

Zone V

(16 prefectures)

Kagoshima (excluding the north mountain area)
Miyazaki (excluding the west mountain area)
Oita (part of the southwest coastal area)
Kumamoto (the southwest plain area,
large and small islands)
Nagasaki (part of the east area, excluding
Tsushima and Iki islands)
Fukuoka (part of Fukuoka City)
Kochi (most of the south coastal area)
Ehime (part of the west coastal area)

Tokushima (part of the southwest coastal area)
Yamaguchi (Shimonoseki City)
Wakayama

(part of the south area and west area)
Mie (part of the south coastal area)
Shizuoka (south area of Izu Peninsula)
Tokyo (lzu Islands, Ogasawara Islands)
Chiba (Choshi City)
Ibaraki (Hasaki-machi)

Table 20 Weather data of major cities in hot humid regions (normal values)

Major cities Temperature Precipitation Relative Wind Most frequent Sunshine Global solar
! amount humidity speed wind direction hours radiation
Annual (mm) (%) (m/s) through the (@) (MJ/m?)
average Annual total Annual Annual year Annual total Average
(January) average average (August)
Zone VI Naha 22.7 2036.9 75 5.8 North- 1820.9 13.9
016.6e0 northeast
(Southeast)
Miyako 233 2019.3 79 4.8 North- 17685 14.6
Island 017.70 northeast
(South)
Ishigaki 24.0 2061.0 77 4.7 North- 1852.6 15.0
Island 018.30 northeast
(South-southwest)
Zone V Kagoshima 18.3 2279.0 71 34 Northwest 1918.9 IS
08.30 (Northeast)
Miyazaki 17.2 2457.0 75 3.2 Northwest 2108.4 13.9
07.e0 (Northwest)
Kochi 16.6 2627.0 68 1.8 West 2120.1 14.0
06.10 (West)
Zone IV Tokyo 15.9 1466.7 63 B North- 1847.2 11.6
(Reference) 05.80 northwest
(South)
[J Created based on Japan Meteorological Agency’s website
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1.4.200 00 Characteristics of Housing in Hot Humid Regions

The statistics of housing built in hot humid regions show that trends in terms of structure and
construction differ between Zone VI and Zone V (Table 3).

e In Zone VI (Okinawa Prefecture), multi-family residential buildings account for more than half of the
total number of housing, slightly exceeding the number of detached houses. As for the detached houses,
more than 80% of them are reinforced concrete houses. While the ratios of one-story houses and two-story
houses are almost the same, two-story houses have been on the increase in recent years. In addition,
average total floor area is around 110 m’.

e According to the data on the three Prefectures (Kagoshima, Miyazaki, and Kochi) in Zone V, detached
houses account for 70% of the total number of housing. Among them, more than 90% are wooden houses.
As for the number of stories, ratios are different in each prefecture. However, the ratio of houses with
two or more stories has been increasing in recent years, accounting for 50% in Kagoshima and Miyazaki
Prefectures and more than 80% in Kochi Prefecture. In addition, the average total floor area is between 100
m” and over 110 m”,

Table 30 Construction and structure of housing in hot humid regions

Climate and Housing

Characteristics in Hot Humid Regions ~*

1.4

Total number

Region/Prefecture

Construction (%)

Structure of detached
Number of stories (%)

of houses house (%)
(household) petached Multi-family Fire-retardant Reinforced/ One-storied Two stories
house residential wood Steel framed house or more
building Wood concrete
Zone VI Okinawa 465,000 45.9 50.3 13.7 824 48.6 51.4
345 | e3s | 44 | 891 | 356 | 644
Zone V Kagoshima | 699,700 729 24.0 92.8 53 68.8 31.2
's99 | 385 | 900 |60  |539 | 461
Miyazaki 435,300 727 24.0 95.7 27 62.1 37.9
‘614 | 379 | 930 |42 | 490 | 510
Kochi 318,400 70.7 25.1 92.7 4.0 25.2 74.8
's57 | 412 | 889 |56 | 147 | 853

[ Created based on the data on 2003 housing/land statistical research by Statistics Bureau, Ministry of Internal Affairs and
Communications

[ The upper rows show overall ratios and the lower rows show ratios of houses built between 1999 and 2003.

0 The number of stories for detached houses is that of the reinforced/steel framed concrete houses for Zone VI and wooden houses
for Zone V.

Fig. 5

Average residential
area in Naha City,
Okinawa

Based on what has been described above, this document targets reinforced concrete house in Zone VI
and wooden house in Zone V. Energy consumed during occupancy varies between houses in Zone VI and
those in Zone V. With regard to elemental technologies effective in designing LEHVE, some are described in
separate chapters for each region and others can be described in the same chapter for both regions without

any problems. We will describe the details in Chapter 3 onward.







Natural energy utilization, building envelope performance and
system ellciency should be taken into account when aiming to
design LEHVE. Architects are required to proficiently combine
these three elements according to the given design conditions
including the building site and lifestyle of occupants,

enhancing these elements rather than impairing them.

Chapter 2

Design Process of Low Energy Housing
with Validated Effectiveness and Outline of
Elemental Technologies
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2.1 Design Flow of Low Energy Housing with Validated Effectiveness

In order to “reduce energy consumption during occupancy” and “create a comfortable indoor environ-
ment”, which is the goal of low energy housing with validated effectiveness (LEHVE), it is necessary to com-
bine “architectural techniques” through the use of natural energy and heat control of building envelopes with
“mechanical techniques” by introducing high-efficiency mechanical systems, according to the characteristics
of the home to be designed. It is important for architects to reach an appropriate and comprehensive design
solution by combining different methods and to proceed with design work by taking into consideration the
priorities of items to be studied and the context of design procedures. Fig. 1 illustrates the design procedures
for LEHVE as well as the essential stages and items to be studied in order to reduce as many design changes

as possible and achieve the goal of LEHVE.

The design procedures of LEHVE are based on the standard design procedures for housing. This docu-

ment views the standard design procedures for housing in four stages: “understanding given conditions and

» o«

requirements”, “setting design goals and principles”, “developing design models”, and “analyzing design
models and verifying their effectiveness”. Fig. 1 presents the design flow of LEHVE according to these four
stages, including the design and details to be studied for LEHVE and specific items to be studied.

The outline of the design procedures for LEHVE is explained below:

¢ Procedure 10 Understanding design requirements of LEHVE (i. Understanding given conditions and requirements)
This stage focuses on and identifies the “possibility of natural energy utilization at the building site”
and “lifestyle orientation” which determines the feasible characteristics of LEHVE among the given de-
sign conditions.

¢ Procedure 200 Setting target design model for LEHVE (ii. Setting design goals and principles)
Based on Procedure 1, this stage sets the target design model for LEHVE. It is effective to study the
possibility of applying elemental technologies and their levels in relation to the target design model. See
Section 2.3.2 on p.029 for the types of houses that are considered typical target design models.

¢ Procedure 30 Basic items to be considered for designing LEHVE (iii. Developing design models - 1)
This stage refers to the early planning and design stage, such as building layout planning, floor plan-
ning, sectional and elevation planning, and examines the basic items to be considered for designing
LEHVE. Please confirm and examine these basic items listed in Section 2.3.3 on p.034 prior to deter-
mining design specifics.

¢ Procedure 400 Examining the application of elemental technologies (iii. Developing design models - 2)
This stage studies in detail the application of elemental technologies, which determine the specifics of
LEHVE, and integrates the design model. As shown in Table 1, this document covers 13 elemental tech-
nologies related to the thermal, air, light and other environmental planning fields, which are classified
into the three categories of “natural energy application technology”, “heat control technology of building
envelopes”, and “energy-efficient equipment technology”.

Table 10 Elemental technologies discussed in this document

Field of thermal environment Field of air environment Field of light environment
Natural energy application Technology that replaces Use of solar radiation heat  Use/control of wind Daylight utilization
technology fuel energy with natural (Solar heat utilization 1) (Sunlight utilization 1)
energy such as wind, solar Solar water heating Photovoltaic power generation
heat, sunlight (Solar heat utilization 2) (Sunlight utilization 2)
Heat control technology of Technology that controls heat transfer and Insulated building enve-
building envelopes maintains an appropriate indoor environment lope planning
using architectural solutions for building enve- Solar shading method
lopes including insulation and solar shading
Energy-el] cient equipment Technology that uses select Cooling/heating system Ventilation system plan- Lighting system plan- Introduction of high-eClciency
technology energy ellcient equipment planning ning ning consumer electronics
and systems, reduces en- Domestic hot water sys- Treatment and ellcient use
ergy, and increases comfort tem planning of water and kitchen waste
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The prerequisite of LEHVE is to make optimum use of the natural potential of the building site. It is
recommended to first examine the ‘“natural energy application technology” and “heat control technology

of building envelopes” as the priority before studying the ‘“energy-efficient equipment technology”. In
order to create a “pleasant” indoor environment while reducing energy consumption, it is important to

select elemental technologies that meet the design conditions from the various ones available, as well as
to properly combine those technologies.

¢ Procedure 5 Feasibility study (iv. Analyzing design models and verifying their effectiveness)
This stage verifies the energy consumption (CO: emission) and cost of the design model that has been
studied.
If the goal has not been achieved, go back to Procedure 2 and re-examine the design model. 2.1 Design Flow of Low Energy Housing 21

with Validated ECectiveness (LEHVE)

Standard design procedures for housing Design and details to be studied for LEHVE Specific items to be studied

1. Understanding design
requirements of LEHVE

. 1) lIdentifying the possibility *Possibility of use of wind
Understanding of using natural energy <Possibility of use of sunlight
given conditions at the building site *Possibility of use of solar heat
and requirements

2) ldentifying the lifestyle eLevel of dedication to natural living at home
orientation «Level of dedication to a stable indoor environment

2. Setting target design model

Setting design for LEHVE
o goals and princi-
. ples Setting types of houses according to the goals I——| «Priority of applying elemental technologies
3. Basic items to be considered «ltems to be considered for increasing housing durability
: € for designing LEHVE «ltems to be considered for applying elemental technologies
: - e
. design models 9
-Use of wind a
: 1) Examining natural ener- «Daylight utilization (Sunlight utilization 1) 3
. Layout planning gy application technol- =Photovoltaic power generation (Sunlight utilization 2) T
: _ ogy Use of solar radiation heat (Solar heat utilization 1) (V)* q
: Floor planning «Solar water heating (Solar heat utilization 2) w
. Sectional planning — 5
: 0
: Elevation planning — «Insulated building envelope planning (V)* ]
: ——> 2) Examining h_ea; control tech- *Solar shading method (VI/V)* T
: Component planning nology of building envelopes ;
. Equipment planning 7 Cooling system planning (V1)*/Heating system planning (V)*
*Ventilation system planning 9
. 3) Examining energy- <Domestic hot water system planning 2
: «— efficient equipment «Lighting system planning 2
. technology «Introduction of high-efficiency consumer electronics o
. «Treatment and efficient use of water and kitchen waste
. 5. Feasibility study
. Analyzing design 1) Verification of energy efficien- *Energy consumption 9
models and veri- cy and global warming impact *CO. emission 2
: fying their effec- g
. tiveness elniti o
: 2) Cost verification I—— Inltlal_ cost
: *Running cost

Design completion * !n Zor_\es Vland V, some items and details on elemental technologies to be applied will vary due to the differences
in regional characteristics.
Applicable to Zone VI only: cooling system planning; applicable to Zone V only: use of solar radiation heat, insulated
building envelope planning, heating and cooling system planning; details are different between Zones VI and V:
Fig. 10 Design flow of low energy solar shading method. Other elemental technologies are applicable to both zones.
housing with validated
effectiveness
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2.2 Outline of Elemental Technologies

4 N )

01 Use and control of wind (3.1) 02 Daylight utilization (Sunlight
utilization 1) (3.2)

L
-

:O_

A
M

T

=

Method 1  Securing the opening area for the cross

ventilation route Method 1 Direct daylight utilization method (day-
Method 2 Positioning the opening area according lighting method)
to the prevailing wind direction Method 2 Indirect daylight utilization method (day-
\ Method 3 Use of high windows J \ light guiding method)

@ N (o

03 Photovoltaic power generation 04 Solar radiation heat utilization
(Sunlight utilization 2) (3.3) (Solar heat utilization 1) (3.4)
L,
Y 2 AL
2@: 03

2 N

)
—
(Covers whether or not to install a photovoltaic power Method 1  Method for insulating openings
generation system and its capacity, etc. Methods have Method 2 Method for collecting heat from openings
\ not been specified.) J k Method 3 Heat storage method J

N A

@ N\ Key

05 Solar water heating (Solar heat

utilization 2) (3.5) ( ) ) )
NP Elemental technologies ellective for
:O: both Zones VI and V
A

Elemental technologies
elective for Zone VI

Elemental technologies
elJective for Zone V

—

Numbers in parentheses refer to the section
numbers in Chapters 3 and 5 in which the

Method 1  Securing heat collection area, etc. elemental technologies are explained.

Method 2 Proper connection to the auxiliary heat source
\ Method 3  Adoption of energy-efficient circulating pump J

2.2.1 List of Elemental Technologies and Methods

There are 13 elemental technologies covered in this document for designing LEHVE: five types of “natural
energy application technology”; two types of “heat control technology of building envelopes”; and six types
of “energy-efficient equipment technology”. Please note that some items and details of elemental technolo-
gies to be applied vary in the hot humid zones VI and V due to the differences in regional characteristics.

Recommended design methods (hereinafter referred to as “methods”) that offer energy saving effects are
specified for the elemental technologies. (Methods are not specified for some elemental technologies.)
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(06

Insulated building envelope
planning (Zone V) (4.1)

2 N

1)
Ay

—

(It covers the insulation material thickness, opening
specifications, airflow blocking for junction areas,
condensation control, etc. Methods have not been

Qpecified.)

~

J

(o

_

Method 1

Method 2

7-1 Solar shading method (Zone
V) (4.2)

07-2 Solar shading method (Zone\

V) (4.3)

Solar shading method using outside
shading device

Solar shading method using building
envelope

Method 1
Method 2
Method 3
Method 4

Solar shading method of opening areas
Solar shading method of roofs

Solar shading method of exterior walls
Other solar shading methods

J

K

08-1 Cooling system planning
(Zone VI) (5.1)

it

Method 1  Introduction of high-efficiency air-
conditioner

Method 2 Adoption of electric and ceiling fans

\_

08-2 Heating and cooling system

~

planning (Zone V) (5.2)

Type 10 Individual heating and cooling
Type 20 Gas/oil hot water heating

Type 30 Forced flue (FF) heating

Type 40 Duct central heating and cooling

J

s

N

~

09 Ventilation system planning
(5.3)

~
N
e L

-

Type 10 Duct ventilation system

[JMethod 1 Reduction of pressure loss of ducts, etc.
O Method 2 Introduction of high-efficiency devices
Type 20 Through-the-wall ventilation system

O Method 1 Proper combination of fan and outside air

terminal j

~

10 Domestic hot water system
planning (5.4)

Method 1
Method 2

Solar heat utilization

Introduction of high-efficiency water
heater

Energy saving design/construction
methods, etc., for each component of

Method 3

domestic hot water system

N

J

~

1

N

~

1 Lighting system planning (5.5)

Method 1
Method 2

Method using devices

Method by lighting operation and
control

Method by design

Method 3

/

~

12 Introduction of high-efficiency
consumer electronics (5.6)

(Covers high-efficiency prime consumer electronics
and priority consumer electronics, etc. Methods have
not been specified.)

N

J

~

13 Treatment and efficient use of

Method 1
Method 2
Method 3
Method 4

KMethod 5

~

water and kitchen waste (5.7)

Use of water saving devices

Adoption of rainwater and wastewater reuse system
Adoption of rainwater seepage pit, etc.
Adoption of advanced wastewater treatment technology

Adoption of efficient kitchen waste disposal technologu
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2.2.2 Uses of Energy to be Reduced

1.0 Uses of energy to be reduced by means of elemental technologies

This document classifies uses of energy that are consumed by occupants of a house into eight categories,
which are cooling, heating, ventilation, domestic hot water, lighting, home electronics, cooking and water.
The table below shows the uses of energy that can be reduced by using elemental technologies, and factors
such as cooling and heating energy are influenced by multiple elemental technologies (Table 2).

Table 20 Relationship between uses of energy at houses and elemental technologies

Elemental technologies Uses of energy to be reduced (marked with a circle)

Cooling Heating Ventilation Eg{“ﬁ:ttiei Lighting :Igg]t?fonics Cooking Water
1) Use/control of wind o o
2) Daylight utilization o

3) Photovoltaic power generation

4) Use of solar radiation heat (V) o
5) Solar water heating o
6) Insulated building envelope planning (V) o o

7) Solar shading method (VI/V) o
8) Cooling system (VI)/

Heating and cooling system planning (V)
9) Ventilation system planning o
10) Domestic hot water system planning o
11) Lighting system planning o
12) Introduction of high-efficiency

consumer electronics o

13) Treatment and efficient use

of water and kitchen waste o

The following section focuses on the cooling, heating, domestic hot water and lighting energy and ex-

plains its relation with the elemental technologies.

1) Cooling energy
Related elemental technologies: Use and control of wind, insulated building envelope planning, solar
shading method, cooling system/heating and cooling system planning
(cooling)
¢ In order to maintain a cool indoor environment without relying solely on the cooling system in the sum-
mer and in-between seasons, it is critical to achieve both cross ventilation and solar shading (including
insulated building envelope planning for Zone V). These are all related to the provision of windows,
overhangs and other features. When using accessories for solar shading the windows such as louvers
and curtains, it is necessary to arrange them so that they will not hinder cross ventilation. On the other
hand, it is possible not only to shade solar radiation but also to protect windows from heavy wind and
rain by choosing the right sizes and shapes of overhangs and side walls (See Sections 3.1, 4.2 and
4.3).

2) Heating energy
Related elemental technologies: Use of solar radiation heat, insulated building envelope planning, heat-
ing and cooling system planning (heating)

* Energy that can be reduced by using solar radiation heat and planning the heating system is largely af-
fected by the insulation level. In order to control the heating load by effectively using the solar radiation
heat obtained indoors from windows in winter, it is necessary to increase the insulation performance of
the openings, in particular, to reduce heat loss from the windows (See Sections 3.4 and 4.1).

* Low insulation levels lead to a significant temperature difference between the heated and unheated
rooms and require a long heating operation time for maintaining a certain room temperature. In par-
ticular, if the lifestyle requires an extensive, long-hour heating operation system, as represented by a
central heating system, it is critical to reduce running costs by enhancing the insulation level (See Sec-
tions 4.1 and 5.2).
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3) Domestic hot water energy
Related elemental technologies: solar water heating, domestic hot water system planning

Solar water heating and domestic hot water system planning involve different domestic hot water system
heat sources. The former uses solar heat and the latter uses gas, oil or electricity as a heat source.
When solar water heating is used, its planning generally incorporates a water heater as an auxiliary heat
source. It is necessary to consider which combination of solar water heating system to be used and

auxiliary heat source type is appropriate (See Sections 3.5 and 5.4).

4) Lighting energy

Related elemental technologies: daylight utilization, lighting system planning

It is desirable to make an integrated examination of the daylight utilization and lighting system planning,
which are related to lighting energy consumption. For example, if you want to actively introduce daylight
utilization, use light fixtures with controlled lighting in the specific areas so that the lighting can be easily
switched on and off during the daytime according to the availability of natural daylight. This will further
increase the effect of lighting energy reduction (See Sections 3.2 and 5.5).

2.0 Interaction of elemental technologies

Some elemental technologies are influenced by other elemental technologies and show different energy
efficiencies when they are evaluated alone. In order to fully demonstrate the anticipated energy efficiency, it
is necessary to examine individual elemental technologies as well as reviewing them as a group.

For example, even under the same living and environmental conditions, the cooling energy reduction
effect obtained by the “use and control of wind” varies depending on the level of solar shading measures
and the fluctuations of the internal heat generation caused by the use of lighting systems and devices as
well as home electronics.

The influence of one elemental technology on the energy efficiency of another elemental technology is re-
ferred to as “interaction” in this document. Interactions are classified into synergic action, which increases
the effect, and antagonistic action, which decreases the effect, in relation to other elemental technologies.

When estimating the overall energy efficiency of a house, we need to consider these interactions so that
we can evaluate the energy saving effect more accurately.

Outline of Elemental Technologies 2.2
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2.3 Outline of Design Procedures

2.3.1 Understanding Design Requirements of Low Energy Housing with Validated Effectiveness

1.0 Possibility of natural energy utilization at the building site

The target design model of LEHVE varies depending on how much of nature’s potential, such as solar
heat and light energy and wind, can be utilized at building site. For this reason, architects need to confirm
the local weather conditions and site conditions (building density and other surrounding conditions of the
building site) and identify the possibility of natural energy utilization.

When discussing the overall natural potential the building site possesses, two points can be understood;
a suburban location in which natural energy can be relatively easily utilized and an urban location in which
natural energy can be utilized with some effort or is hard to utilize (Table 3).

Based on these points, specific site conditions need to be evaluated, particularly when adopting natural
energy application technology (See Table 5 on p.027).

Table 30 Classification of location and possibility of natural energy utilization

Classification of location Possibility of natural energy utilization

Suburban location Building site in which natural energy can be easily utilized
O It is desirable to actively adopt natural energy application technology as
its expected elects are high.

Building site in which natural energy can be utilized with some elJort
U Design ingenuity is required for adopting natural energy application tech-
nology.

Building site in which natural energy is hard to utilize
0 EDects of adopting natural energy application technology are considered
Urban location low.

The following outlines the influences of weather and site conditions.

1) Influences of weather conditions
There is a relationship between the possibility of wind utilization and the outside wind characteristics
in in-between seasons and summer, between the possibility of sunlight utilization and the solar radia-
tion level, and between the possibility of solar heat utilization and the solar radiation level and outside
air temperature particularly in winter. These relationships are summarized below according to each
elemental technology with natural energy application (Table 4).

Table 40 Factors influencing possibility of natural energy utilization 1 (Weather conditions)

Elemental technologies Major influential factors Common influences

Use/control of wind Outside wind speed The higher the outside wind speed, the greater the pos-
sibility of wind utilization.

Outside wind Outside wind direction varies widely, but wind can be ef-

direction fectively utilized by taking into account the relationship
between the direction which is frequently windward during
the day or night and the openings.

Photovoltaic power Annual solar The higher the solar radiation level, the higher the pho-
generation radiation level tovoltaic power generation level (However, regional diler-
ences are not very significant in Japan).

Use of solar radiation  Solar radiation level The higher the solar radiation level and outside air tempera-
heat in winter ture in winter, the greater the possibility of utilizing solar
Outside air tempera- radiation heat.
ture in winter
(PSP classification)

Solar water heating Solar radiation level The higher the solar radiation level in general, the higher
Outside air temperature the outside air temperature in winter and the lower the
in winter snowfall and snow cover, the greater the possibility of so-
Snowfall and snow lar heat utilization for water heating (However, dillerences
cover within the hot humid region are small).

Chapter 3 explains the details of how weather conditions influence each elemental technology and how
to understand weather conditions.
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2) Influences of site conditions

Major factors that influence site conditions include the density of buildings around the building site,

height of adjacent buildings, and noise and other factors that impair the environment of the building

site. These influential factors are categorized by elemental technologies related to natural energy ap-

plication as shown in the table below (Table 5). Since it is desirable to quantitatively evaluate these site

conditions when verifying the energy saving effects of applied elemental technology, simple evaluation

methods are recommended for some elemental technologies (See Chapter 3 for details).

Moreover, in the hot humid region where solar shading is particularly important in the summer and

in-between seasons, buildings around the building site may be effective for solar shading. The “solar
shading method” in Zone VI takes into account the solar shading effect of buildings around the building

site when evaluating the site conditions.

Table 50 Factors influencing possibility of natural energy utilization 2 (Site conditions)

Elemental technologies Major influential factors

Use/control of wind Building density around

the site

Daylight utilization Level of obstruction of

sunlight

Photovoltaic power Level of obstruction of

generation sunlight

Use of solar

radiation heat sunlight

Solar water heating Level of obstruction
of sunlight (mainly on

the roof)
Solar shading Building density around
method the site
(reference)

Level of obstruction of

Common influences

The lower the density of buildings
around the building site, the higher
the possibility of wind utilization.

The smaller the influence of the
shade caused by buildings around
the building site, the higher the pos-
sibility of daylight utilization.

The smaller the influence of the
shade caused by the topography
of the building site and buildings
around the building site, the larger
the amount of photovoltaic power
generation.

The smaller the influence of the
shade caused by buildings around
the building site in winter, the high-
er the possibility of utilizing solar
radiation heat.

The smaller the influence of build-
ings that obstruct solar radiation
mainly on the roof, the higher the
possibility of solar heat utilization
for water heating.

The higher the density of buildings
around the building site, the higher
the solar shading ellect expected
from this.

Evaluation index
(Classification of location
for evaluation, etc.)

Building coverage ra-
tio of adjacent area
(Locations 1 - 2)

(Locations 1 - 3)

Sunshine hours in
winter
(Locations 1 - 3)

Horizontal distance from
surrounding buildings
(Locations 1 - 3)

* Zone VI

* The locations in the evaluation index column indicate that natural energy utilization is easier in the order of Locations 1, 2 and 3

(with 3 as easiest).

Chapter 3 explains the details of how site conditions influence each elemental technology.

Outline of Design Procedures 2.3
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2. Lifestyle orientation

The target design model of LEHVE varies according to how much the occupants are involved with na-
ture in their everyday life as well as how they value environmental stability. Therefore, it is necessary to
understand their awareness of natural energy utilization and equipment technology introduction in their
lifestyle.

This section focuses on the “level of dedication to natural living” as the awareness of natural energy
utilization and the “level of dedication to a stable indoor environment free of unpleasantness” as the aware-
ness of equipment introduction. As shown in Table 6, these two types of awareness are classified into three

levels.
LIRS (tems to be confirmed Description Level of awarenes
Items to be confirmed
regarding lifestyle Level of dedication to Level of awareness of enjoying the High
orientation natural living changing environment such as Moderate

strong /weak wind, moderate cold- Low
ness/hotness, and brightness/
darkness

Level of dedication to a Level of seeking a stable indoor High

stable indoor environ- environment that is free of unpleas- Moderate
ment free of unpleas- antness or physiological stress, Low
antness such as hotness, coldness and dark-

ness, as much as possible

By combining the level of dedication to natural living and level of dedication to an indoor environment,
we can identify the lifestyle orientation of the occupants. Here are three possible typical types of lifestyle
orientation for reference (Table 7).

a) Traditional nature-oriented lifestyle: ...... Values the enjoyment of the changing environment and
optimizes the utilization of natural energy.

b) Nature-oriented lifestyle: ..................... Utilizes energy efficient equipment while utilizing natural
energy.

c) Machine-oriented lifestyle: .................. Seeks a stable indoor environment and uses energy saving

equipment as a priority.

Table 70 Classification of lifestyle orientation

Level of
dedication to
natural
living .
High Moderate Low
Level of e
dedication to
a stable indoor
) e00000000cccccdocs,
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o o
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232

Set the target design models of LEHVE after identifying the “possibility of natural energy utilization at the

Setting Target Design Model of Low Energy Housing with Validated Effectiveness

building site” and “lifestyle orientation” shown in Section 2.3.1.

There are three possible typical housing types for the target design models of LEHVE, Types I, II and III,
as illustrated in the design example in Table 8 and the following pages. These types of housing correspond
to the three lifestyle orientation types and are listed for reference purposes. Since which elemental technolo-
gies should be used as a priority will depend on the housing type, architects can effectively set the target
design model by referring to these types and consider the priority of elemental technology application when

examining specific architectural techniques.

We can assume various housing models within the three housing types. Set the appropriate target design

model according to the site conditions and the way of living.

Table 80 Target design models of LEHVE (typical types) and examples of elemental technology application

Design requirements of LEHVE

Possibility of natural Lifestyle orientation
energy utilization at
the building site

Suburban location Traditional
nature-oriented
lifestyle

Housing type |

Location in which
natural energy can be
relatively easily utilized

House that mainly
uses natural energy
Optimizing the utiliza- RGRCINelolani{elgs

tion of natural energy

Nature-orientedigleliS aleBRaY/J[-30|
lifestyle
House that uses natu-
ral energy as well as
equipment to achieve

Utilizing energy
efficient equipment
while utilizing natural

comfort
energy
Machine- Housing type Il
oriented
. House that mainl
lifestyle v

uses equipment to

. i achieve comfort
Using energy saving

equipment as a priority
Urban location

Location in which natu-
ral energy can be uti-
lized with some effort
(or is hard to utilize)

Priority of elemental technology application: O high, © moderate, 0 low

Examples of elemental technology application

Classification of
elemental tech-

Natural energy application
technology

Priority of appli- Overview

Make maximum use of wind, daylight, etc.

Take sufficient architectural measures to control
the indoor environment according to hotness,
coldness, etc.

Heat control technology
of building envelope

Take sufficient measures to prevent penetration of solar
radiation heat and install insulation to maintain constant
temperatures according to regional climate characteris-
tics, etc., in an effort to reduce cooling and heating loads.

Energy-efficient equip-
ment technology

Natural energy application
technology

Introduce mechanical measures such as cooling and
heating systems and lighting systems as needed.
Introduce as much energy-efficient equipment as
possible.

Use as much wind and daylight as possible through design
ingenuity, etc.

Take as many architectural measures as possible to control
the indoor environment according to hotness, coldness, etc.

Heat control technology
of building envelope

Take sufficient measures to prevent penetration of solar
radiation heat and install insulation to maintain constant
temperatures according to regional climate characteris-
tics, etc., in an effort to reduce cooling and heating loads.

Energy-efficient equip-
ment technology

Natural energy application
technology

Use mechanical measures such as cooling and heat-
ing systems and lighting systems to control the indoor
environment.

Introduce as much energy-efficient equipment as possible.

Use as much wind and daylight as possible as an
auxiliary energy source.

Heat control technology
of building envelope

Take sufficient measures to prevent penetration of solar
radiation heat and install insulation to maintain constant
temperatures according to regional climate characteris-
tics, etc., in an effort to reduce cooling and heating loads.

Energy-efficient equip-
ment technology

Use mechanical measures such as cooling and
heating systems and lighting systems as a priority
to control the indoor environment.

Actively introduce energy-efficient equipment.

Outline of Design Procedures 2.3




Design example of LEHVE (reinforced concrete house) in Zone VI

m Housing type | Traditional nature-oriented lifestyle

Example of house and lifestyle

A single-storey house for a four-person
family built on a large suburban site.

It has a wide frontage and an open layout
with a series of rooms surrounding the
living and dining rooms at the center.
Amahaji (semi-outdoor space with a deep
overhang) is installed along the south east
corner of the house.

The bathroom, washing room and laundry
area are located on the west side where it
has a cloth drying area built with blocks
with decorative openings to increase the
solar shading effect.

The outdoor spot garden is in the shaded
area, contributing to improved cross ven-
tilation and heat exhaust of the rooms
facing it.

¢ Lot area: 432.0 m? (4,650.0 ft*)

* Building area: 185.5 m? (1,996.7 ft*)

¢ Total floor area: 145.3 m? (1,564.0 ft?)

Ay

~ -
- ~

/7N

m Housing type Il Nature-oriented lifestyle

Example of house and lifestyle

A two-storey house for a four-person fam-
ily built on a relatively small, yet long ur-
ban site stretching south and north.

It has an open structure with a central
void space surrounded by rooms. A high
window is installed in the upper area of
the void space to release indoor air for
better cross ventilation. The void space
also secures the privacy of each room.
The bathroom, laundry area, washing
room and cloth drying area are located on
the west side to increase the solar shad-
ing effect.

¢ Lot area: 215.6 m? (2,320.7 ft*)

¢ Building area: 102.3 m? (1,101.1 ft?)
 Total floor area: 147.8 m? (1,590.9 ft?)

Ay

~ -
- ~

/TN

7l

Natural energy utilization

Heat control
technology of
building envelope

Energy-elcient
equipment

m Conceptual section rendering

Natural energy utilization

Heat control
technology of
building envelope

Energy-elcient
equipment

m Conceptual section rendering
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Design example of LEHVE (wooden house) in Zone V
m Housing type | Traditional nature-oriented lifestyle

Example of house and lifestyle Natural energy utilization
A single-storey house built on a large sub-
urban site in a medium-sized city.

It has an open layout with a series of NV
Heat control technology of

1
rooms surrounding the living and dining pUS \ Energy-elicient
1

rooms at the center. It is designed to ef- bullding envelope equipment
ficiently utilize wind and solar radiation
heat.

The deck and long overhangs on the south
east corner are intended to increase the
solar shading effect in summer.

0 Lot area: 274.5 m? (2,954.7 ft?)

[ Building area: 94.8 m? (1,020.4 ft?)

[ Total floor area: 73.7 m? (793.3 ft?)

m Conceptual section rendering

m Housing type Il Nature-oriented lifestyle

. Natural energy utilization
Example of house and lifestyle

A two-storey house for a four-person fam-

ily built on a relatively large site close to S
2 Y- . )
a city. % : s ““ Heat control technology of Energy-ellcient
buildi | i t
The terrace on the first and second floors, - X uiding enveope equipmen

a family room located in the shared area
in front of each room, and sliding doors
are designed to promote wind in summer
and solar heat gain and its active utiliza-
tion in winter. The skylight on the north
side of the roof facilitates daylight utiliza-
tion.

¢ Lot area: 210.0 m? (2,260.4 ft?)

¢ Building area: 77.8 m? (837.4 ft?)

« Total floor area: 128.3 m? (1,381.0 ft*)

m Conceptual section rendering

m Housing type Il Machine-oriented lifestyle

Natural energy utilization

Example of house and lifestyle

A two-storey house for a four-person fam-
. . . . v/

ily built on a relatively large urban site. ~ 3 Y Heat control technology of
The second floor living room and high win- ant P

v . .
\ LAY building envelope equipment

Energy-ellcient

dows are designed to promote as much as
possible the utilization of the wind in sum-
mer and solar radiation heat and daylight
in winter.

Rooms on the first floor are intended to
control and maintain the indoor thermal
environment using equipment during the
night.

¢ Lot area: 135.0 m? (1,453.1 ft?)

¢ Building area: 71.2 m? (766.39 ft*)
 Total floor area: 122.1 m? (1,314.3 ft?)

m Conceptual section rendering
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Chapter 2
Design Process of Low
Energy Housing with

2.3.3 Basic Items to be Considered for Designing Low Energy Housing with Validated Effectiveness

1.0 Items to be considered for increasing housing durability

The hot humid region faces harsh natural environmental conditions such as high temperature and
humidity, frequent typhoons, etc. In order to maintain long-term livability of housing in this region, it is
essential to take countermeasures for the challenges brought by Mother Nature including heavy wind and
rain, termites and salt damage. LEHVE aims to maintain long-term comfort and energy efficiency. Its fun-
damental principle is to plan for ensuring long-term livability and durability of housing by taking proper
countermeasures to cope with these challenges.

The following shows examples of the possible factors influencing the durability of housing which are
related to the natural environmental conditions of the hot humid region and their countermeasures for

Validated Effectiveness and
Outline of Elemental
Technologies

reference purposes (Table 9).

Influential factors ~ Description

Heavy wind The region faces frequent typhoons
and rain which often bring extremely heavy wind
and rain.
This may cause deterioration and water
damage to the exterior of the house and
broken windows due to flying objects.

Termites It is a warm humid region where termites
are prevalent.

Salt damage Places near the beach are influenced
by the sea breeze throughout the year.
During the typhoon season, seawater
is fanned by a strong wind and mixed
in the air.
This can result in salt damage, causing
the concrete envelope to crack or break
away. Additionally, metal products used
outside, such as sashes, railings and
outside units, tend to rust.

UV light Because of being located in the low lati-
tude, the solar altitude is high and the
UV light is intense.
As such, paint work on the exterior fin-
ish, water proofing, sealants and other
materials tend to deteriorate.

Table 90 Factors influencing housing durability and countermeasures

Examples of countermeasures

.

Install deep eaves, overhangs and flash-
ing.

Use water-tight materials on the exterior
openings.

Install storm doors, shutters or window
bars on the exterior openings.

Make sure that roofing materials are se-
curely fastened and fixed to the roof.

Bolt equipment frames to the envelope
and securely fasten the main unit to the
frame.

Install an evergreen hedge and plant trees
(Choose varieties that are resistant to
salt damage).

Maintain good cross ventilation in the
crawl space, attic, etc., to avoid retention
of heat and humidity.

Place the right inspection spots in the
crawl space, attic, etc., for easy inspec-
tion.

Ensure the concrete envelope and con-
crete slabs on earth or scarcement are
cast as a single structure to prevent
cracks and gaps.

Use lumber of termite resistant species.
Apply preservative and termite repellent
to all the wooden components such as
the timber frame.

Moisture control in the crawl space (adop-
tion of slab on grade foundation or soil
treatment, insulated foundation construc-
tion, etc.)

Finish the concrete surface with a paint,
tiles, etc.

Make sure that there is a sullcient thick-
ness of concrete covering.

Lay concrete with a low water-cement
ratio to ensure solidity.

Apply surface treatment to metal com-
ponents to increase corrosion resistance
(hot dip galvanizing, etc.).

Apply weatherproof coating to metal com-
ponents to increase corrosion resistance
(fluorocarbon resin coating, etc.).
Rigorously inspect metal products. If rust
is found remove it as early as possible and
apply rust-proofing.

After typhoons have passed, wash the
exterior walls and metal components with
water.

Regularly reapply the coating of the exte-
rior finish.

Cover the waterproofing material with top
coating or a concrete or other protective
layer.

Apply coating to the surface of the seal-
ant and replace it regularly.
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2.0 Items to be considered for applying elemental technologies

Lack of consideration in the early planning and design stage may lead to difficulty in applying elemental
technologies or prevent the expected effects even if elemental technologies are applied. To avoid this, it is
necessary to pay attention to the relationship between the planning and design items to be examined and
the elemental technologies discussed in this document in the relatively early planning and design stage.
Although there are various items to be examined in each stage of planning and design examination, the
table below explains examples of major items to be discussed related to the layout, floor, sectional and
component planning (material/specifications planning) and their relevance to the elemental technologies
for reference purposes (Table 10).

Table 100 Relationship between planning and design items to be examined and elemental technologies

Type of Items to be examined Elemental technology
lanning/ :
AL Use/  Daylight Photo- Use of Solar Insu- Solar Energy-
design " ) : ;
control utili-  voltaic solar water lated shading el cient
of wind zation gener- radiation heating building method ?e(gtlljnlglg]?ezt
ation heat envelope (Comm?)nl
planning applicahle)y Outline of Design Procedures 2.3
Layout Building position (distance from adjacent buildings, etc.) O O o O o O
planning -
Layout of major garden O o O
Design of outer perimeter of the site o o
Planting layout o o
Outside equipment spacing O
Floor Layout of major rooms O o o o o
planning _
Kitchen and bathroom layout o o o o
Layout/style of exterior openings O O O O
Layout/style of interior openings O o
Exterior wall perimeter (overhangs, exterior floors, etc.) o O o o O
Service yard layout o o
Sectional Basic layer composition o ©
planning .
Roof composition O O o
Ceiling composition o o o
Crawl space composition o
Position/height of exterior openings O O o o
Exterior wall perimeter (overhangs, exterior floors, etc.) o O o o O
Height of interior openings o
Component | Buiding envelope materials/construction methods o o O O
planning - -
(materials/ Roof materials/construction methods o o o o 0
specifica- | Exterior wall materials/construction methods o o |
tions) — - -
Specifications of exterior openings 0 ] ]
Interior materials o o
Exterior materials o o

Note: O Particularly highly related, o Highly related
Items to be examined include those which are considered to be related to elemental technologies.
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Glossary:

Feasibility study

It refers to the process
of verifying in advance
the effectiveness

and feasibility of the
elemental technologies
adopted.

234 Examining Application of Elemental Technologies

As described above, it is considered desirable to examine the priority of the elemental technologies and
decide the possibility and level of application after conceiving the target design model of LEHVE based on
the site conditions and lifestyle orientations. Moreover, when deciding to adopt a certain elemental technol-
ogy, it is necessary to verify both initial and running costs in addition to energy saving effects.

Details of the 13 elemental technologies are explained respectively in Chapters 3 to 5. The key informa-
tion is as follows:

* Purposes of elemental technology application and key points for design

» Energy saving effects of applied elemental technologies and how to achieve them

» Steps for examining elemental technology application

» Specific methods and details for applying elemental technologies

2.35 Feasibility Study

It is beneficial to estimate the overall energy saving effects and costs of the house once the design work
of LEHVE has progressed and the adoption of elemental technologies has been finalized to some extent.

It is difficult to set a general calculation method for energy saving effects and costs, however, Chapter 6
of this document evaluates under certain given conditions the energy efficiency (reduction level of primary
energy consumption), global warming impact (CO. emissions reductions), and costs (initial and running
costs) for reference purposes (See Sections 6.1 and 6.2).

Chapter 6 also shows simplified estimation methods for energy consumption based on this evaluation re-
sult. Use this information for estimating the energy consumption of LEHVE you design (See Section 6.3).

If the energy consumption reduction target has not been reached after completing the estimation, it is
necessary to review the design (reexamine the details of elemental technology application) to the extent
possible under given design conditions.
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2.4 Energy Efficiency Indication Method

2.4.1 Meaning of Levels

Several energy conservation target levels (hereinafter referred to as the “level”) are set for elemental

technologies to show the differences in the level of energy saving measures.

O Level O or design details not discussed in this document refer to the conventional design method (refer-
ence level of energy efficiency) that does not reach the standard of LEHVE.

[ Level 1 or higher refers to the design details suitable for LEHVE. Countermeasures are set for each el-
emental technology according to the target level. The higher the number of the level, the higher the level

of measures, indicating that higher energy saving effects can be achieved.

The relationship between the uses of energy consumed during occupancy and the elemental technologies
that can reduce them is shown in Table 2 of Section 2.2.2 on p.024. The explanation section of elemen-
tal technologies in Chapters 3 - 5 sets target levels and clearly illustrates the measures (e.g. methods)
for achieving each level. It also shows how much energy saving effect (reduction ratio of primary energy
consumption) can be expected using specific values regarding the uses of energy that can be reduced by

implementing the measures for each level.
If the target design model of LEHVE is set and the priority of applying elemental technologies is consid-

ered, it is possible to efficiently increase energy efficiency by introducing the high level methods to the high
priority elemental technologies.

2.4.2 Energy Saving Effects and Levels of Elemental Technologies

The uses of energy that can be reduced by applying elemental technologies and their energy saving effects

and levels are summarized in Tables 11 and 12. See each section of Chapters 3 - 5 for details.

Table 110 Energy saving effects and levels of elemental technologies (Zone VI, reinforced concrete house)

Elemental technology

Uses of energy
to be reduced

Energy saving elJects and levels

Natural energy | Use/control of wind Cooling 4 - 12% reduction (Levels 1 - 3)

application tech- ] L L .

nology Daylight utilization Lighting 2 - 10% reduction (Levels 1 - 3)
Photovoltaic power generation | Electricity 33.7 - 45.0 GJ reduction (Levels 1 - 2)

Solar water heating

Domestic hot
water

10 - 70% or higher reduction (Levels 1 - 4)

Heat control technology

o Solar shading method | Cooling 10 - 30% reduction (Levels 1 - 4)
of building envelopes
Energy-efficient Cooling system planning | Coolin Individual cooling 10 - 35% reduction
equipment tech- 9 sy P 9 9 (Levels 1 - 3)
nology L .
Duct ventilation 30 - 50% reduction
(Levels 1 - 2)
Ventilation system planning | Ventilation —  [------rrrmrmrmsssm s

Through-the-wall ventilation 20% reduction
(Level 1)

Domestic hot water
system planning

Domestic hot
water

10 - 40% or higher reduction (Levels 1 - 4)

waste

Lighting system planning | Lighting 30 - 50% (Levels 1 - 3)
Introduction of high- Consumer
ellciency consumer . 20 - 40% reduction (Levels 1 - 2)

: electronics
electronics
Treatment and elJcient . . .

—_ 0,

use of water and kitchen | Water Water saving device 10 - 40% reduction

(Levels 1 - 2)

Energy ECciency Indication Method 2.4

Outline of Design Procedures 2.3




Chapter 2

Design Process of Low
Energy Housing with
Validated Effectiveness and
Outline of Elemental
Technologies

Table 120 Energy saving effects and levels of elemental technologies (Zone V, wooden house)

Elemental technology

application
technology

Natural energy

Uses of energy

to be reduced

Energy saving ellects and levels

Use/control of wind Cooling 5 - 18% reduction (Levels 1 - 3)
Daylight utilization Lighting 2 - 10% reduction (Levels 1 - 3)
Photovqltalc power Electricity 32.7 - 43.6 GJ reduction (Levels 1 - 2)
generation

Use of solar radiation Heating 5 - 35% reduction (Levels 1 - 4)

heat

Solar water heating

Domestic hot
water

10 - 70% or higher reduction (Levels 1 - 4)

Heat control

technology of

Insulated building

Partial intermittent heating 20 - 55% reduc-
tion (Levels 1 - 4)

planning

buildin ; Heating [
< envelope planning Whole-building continuous heating 40 - 70%
envelopes K
reduction (Levels 1 - 4)
Solar shading method | Cooling 15 - 45% reduction (Levels 1 - 3)
Energy-el] cient Individual cooling 5 - 35% reduction
equipment tech- ] (Levels 1 - 4)
nology Cooling [ T T
Central cooling 25 - 40% reduction
Heating and cooling (Levels 1 -2)
system planning Individual heating 5 - 30% reduction
(Levels 1 - 4)
L 1= T= L 0T
Central heating 20 - 45% reduction
(Levels 1 - 2)
Duct ventilation 30 - 50% reduction
S (Levels 1 - 2)
Ventilation system Ventilation

Through-the-wall ventilation 20% reduction
(Level 1)

Domestic hot water
system planning

Domestic hot
water

10 - 40% or higher reduction (Levels 1 - 4)

Lighting system

X Lighting 30 - 50% reduction (Levels 1 - 3)
planning
Introduction of Consumer
high-eOciency . 20 - 40% reduction (Levels 1 - 2)

. electronics
consumer electronics
Treatment and . . .
. Water saving device 10 - 40% reduction

elJcient use of water | Water ater saving e 10 0% reductio

and kitchen waste

(Levels 1 - 2)

There are various regional characteristics and types of houses in Zones VI and V, and a universal method

for calculating the overall energy efficiency of housing has yet to be established. For this reason, this docu-

ment calculates energy consumption using specific regions, family structures and housing conditions that

are considered generic. Based on the calculation results, it illustrates energy saving effects and their esti-

mation methods. Therefore, the values of energy saving effects shown in this document should be treated as

a reference only. The energy consumption calculation was performed using the prerequisites of a detached
reinforced concrete house in the suburb of Naha City, Okinawa for Zone VI and a detached wooden house
in the suburb of Kagoshima City, Kagoshima for Zone V, in addition to a four-person family with standard
lifestyle for both zones (Details will be explained in Chapter 6).

Methods described in this document and their energy saving effects are endorsed by reliable evaluation

methods and validation experiments. Nevertheless, the development of method for more accurately estimat-

ing energy saving effects will continue to be a critical task.
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In hot humid regions which are generally very hot in summer,

a diversity of climatic and environmental conditions are found
particularly between suburbs and cities, and between coastal
and inland areas. The fundamental of LEHVE is to maximize
and make the most elJcient use of natural energy such as cool

winds, daylight and winter sun at individual building sites.

Chapter 3 :
Natural Energy Application Technology
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3.100 Use and Control of Wind

Wind utilization is a technology that aims to reduce
cooling energy consumption and improve comfort, by
actively introducing outdoor air into the building through
cross ventilation when weather conditions are effective
for improving thermal sensation such as during summer

nights and in-between seasons. In order to effectively

take in wind, it is necessary to skillfully integrate both
methods for contriving building shapes and floor plan

with methods for contriving window shapes and opening

and closing operations of windows.
However, installing openings for wind utilization may
lead to negative consequences in terms of security, noise
and wind resistance. It is important to plan so that the security and comfort of the house will be maintained.
Furthermore, by combining methods for controlling internal heat generation through use of high-efficien-

cy consumer electronics and methods for solar shading, we can achieve higher energy saving effects.

3.1.1 Purpose and Key Points of Wind Utilization

[ Wind utilization is a technology that aims to realize a pleasant indoor thermal environment and reduce
cooling energy consumption without relying too much on air conditioning through active introduction of
outdoor air into the building and heat exhaust to the outside during the summer (particularly nighttime)
and in-between seasons.

[ Possibility of wind utilization largely depends on the region in which the house is built and the surround-
ing environment of the house. For locations with open surroundings, the layout planning of openings
based on the prevailing wind direction (wind direction which is peculiar to the region, season and time of
day) is especially effective. On the other hand, as the surroundings become more crowded, the outside
wind speed becomes lower due to the surrounding buildings, resulting in unstable wind direction. Land-
scaping such as trees and fences surrounding the house may also affect the wind flow around the house.
In a highly dense residential area where it is difficult to position the openings based on the wind direc-
tion, it is effective to secure a large opening area, position openings that enable multiple cross ventilation
routes and use high windows.

[0 An “entrance” and “exit” for the air is required in order to effectively introduce outside air into the build-
ing. Openings in the exterior walls in more than two different directions more effectively utilize wind. If
openings in the exterior walls are only available in one direction, you can secure the “entrance” and “exit”
of wind by installing openings in the exterior walls in the adjacent space via openings in the partition walls
(e.g. transom windows and sliding doors).

[ The use of landscaping ingenuity to block solar radiation, such as planting trees around the house, can
keep down the temperature of wind introduced into the room. Such solar shading controls the reflected
solar radiation and the heat radiation from the heated ground surface and inhibits the heat from entering
through openings, etc.

[0 Wind utilization technology consists of methods for contriving building shapes and floor plans and land-
scaping planning, as well as methods for contriving the positions, shapes, and opening and closing op-
erations of the openings.

[ The prerequisite of this technology is that the occupants appropriately open the openings. That is why we
also need to exercise ingenuity to encourage the opening and closing of the openings. For example, we
must make security measures so that the occupants can feel safe to leave the openings open.

[ It is necessary to use opening parts with high wind resistance in preparation for storms. Even if there is
heavy wind, wind utilization may be still possible by controlling and adjusting the wind.
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3.1.2 Energy Conservation Target Levels for Wind Utilization

1.0 Definition of target levels

O Energy conservation target levels by wind utilization refer to the following levels 1 to 3. These levels indi-
cate the reduction rates of energy consumed by cooling systems are indicated for Zones VI and V.
[ The target levels provided for Zone VI are based on the reinforced concrete house and for Zone V are based

on the wooden house.

[0 Zone VI U Zone V
Level 0 1 : Cooling energy increase rate Approx. 4% Approx. 6%
Level 0 : Cooling energy reduction rate 0 None 0 None
Level 1 : Cooling energy reduction rate Approx. 4% Approx. 5%
Level 2 : Cooling energy reduction rate Approx. 9% Approx. 12%
Level 3 : Cooling energy reduction rate Approx. 12% Approx. 18%

[0 The typical cooling energy consumption in 2000 was 10.3 GJ (approximately 16% of total energy con-
sumption) for Zone VI and 5.7 GJ (approximately 8% of total energy consumption) for Zone V (See Section
6.1 on p.339).

0 Level -1 refers to the case of “not utilizing wind at all without opening windows” and Level O refers to the
case of “occupants opening the windows only when they are at home without design ingenuity in wind
utilization”.

[0 The cooling energy reduction rate by wind utilization is set using the air change rate of the house that is
obtained through wind utilization as an index. The above-mentioned energy reduction rates are the values
obtained assuming a similar air change rate in each room. If the air change rate significantly varies be-
tween rooms, set the target level based on the air change rate of the living room and other major rooms
(where cooling energy consumption is the largest). Meanwhile, Section 3.1.6 Calculation Method for
Cooling Energy Reduction Rate by Room on p.064 explains a more accurate method for calculating the
energy reduction rate which reflects the differences in the air change rates by room.

Use and Control of Wind

3.1
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2.0 Requirements for achieving target levels

1)J Zone classification
[ As the cooling energy reduction rate by wind utilization differs between Zone VI and Zone YV, it is neces-
sary to confirm the applicable zone classification first.
0 For the zone classification, check it in Appendix 1: Zone Classification Data on p.384.

2)0 Weather conditions (outside wind direction and speed)

[0 Weather conditions of the construction site, such as temperature, humidity, wind speed and direction,
influence the possibility of wind utilization, but the outside wind direction and speed is particularly
important. The outside wind direction and speed usually changes according to the season and time of
day and have regional characteristics.

[0 The amount of cross ventilation allowed into the room is directly influenced by the outside wind speed.
There is a tendency for the outside wind speed and the air change rate (i.e. amount of cross ventilation)
to be proportional with one another.

0 For building sites with open surroundings, the outside wind direction is of particular importance as the
installation of openings in the prevailing wind direction secures an airflow rate. Even in a highly dense
residential area, the effectiveness of cross ventilation varies depending on the position of high windows
in the outside wind direction if high windows (e.g. top side windows) are used as the cross ventilation

route.

0 Outside wind speed in hot humid regions

Key Point U The table below shows the average outside wind speed of four representative cities
in Zones VI and V in the summer for waking hours, sleeping hours and the entire
day.

[ The outside wind speed varies according to the height from the ground. The wind
speed shown in the table has been converted to the value at 6.5 m above the
ground (equivalent to the eaves height of a two-storied house).

Table:0 Average outside wind City Average outside wind speed [m/s]
speed in major cities

00 000 (une - September) Waking hours | Sleeping hours Entire day

0 0000 Waking hours: 7:00 - 22:00

[0 0000 Sleeping hours: 23:00 - 6:00 Naha 35 28 33
Kagoshima 2.2 1.6 2.0
Miyazaki 25 1.6 2.2
Kochi 1.6 1.1 1.5

* The average outside wind speed includes the wind speed of typhoons, but their
influence on the average value is considered minor.

* Created based on the expanded AMeDAS weather data (for 20 years) from
Expanded AMeDAS Weather Data 1981 - 2000 issued by the Architectural
Institute of Japan (published in 2005).
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0 Outside wind direction in hot humid regions

Key Point [0 The table below shows the trend of outside wind direction of four representative
cities in Zones VI and V during the summer. The frequency of becoming windward
and leeward is shown by direction of the exterior wall (16 directions) and by time

of day (waking hours and sleeping hours).
[ The trends of these cities is shown below:

0 a. Naha: Openings facing east to south have a high frequency of becoming
windward both night and day.
O b. Kagoshima: As the prevailing wind direction is unclear during waking hours,

the direction of the openings is hardly influential. During the sleep-
ing hours, openings facing west-northwest to north to northeast

become windward.
O c. Miyazaki:  Both the east and west sides may become windward during waking
hours. The west to north side becomes windward during sleeping

hours.

O d. Kochi: The exterior wall facing east to south often becomes windward dur-
ing waking hours. The direction of southwest to north-northwest
dominates the windward side during sleeping hours.

O Itis considered effective to place a room in which occupants spend time during the Use and Control of Wind 31

day (e.g. living room) in the direction which frequently becomes windward during
waking hours and locate a bedroom in the direction which frequently becomes
windward during sleeping hours.

U The weather station is usually built in an area with open surroundings representa-
tive of the region. However, if the topography around the building site is peculiar,

the wind direction does not necessary correspond to that of the nearest weather
station. If this is the case, it is necessary to gather closer observational data or
check the wind direction on the site.

Table: Frequency of becoming windward and leeward by direction in major cities (June - September)

a. Naha
Direction of exterior wall North no’mgﬂ Northeast miar;ﬂ East 505315;51 Southeast sou‘;ﬁ;ast South suu‘t’f‘wj\}vest Southwest som:a}ést West no‘xﬁ\fvtést Northwest no’;‘tohr\:vtst
Windward | waking hours | x O O o o O ] O 5] o o o i x x x
Sleeping hours| ~ x O O o O O O O O o o O x x x x
Leeward | \aking hours | [ o ° o u] x x x x ] ° ° ]
Sleeping hours| [ o o O x x x x x O o O 0

b. Kagoshima

Direction of exterior wall North nor\ll'tnheast Northeast northeast East 505315;25( Southeast so?ﬁﬁétst South soughwest Southwest scuthwest West noﬂﬁ\?\/te-st Northwest northwest
Windward | waking hours | 00 O n} 0 ° o o o ° 0 0 o o o o )
Sleeping hours| [0 O o O O x x X x x x O o O O O
Leeward | aking hours | © 0 0 o o o o O 0 O O O o o o o
Sleeping hours| ~ x X x O o O a [} O o o O O x X x
c. Miyazaki
Direction of exterior wall North no'\i?r:g;-st Northeast HDE:;\SEES( East soEtheast Southeast sosu?ﬁéha-st South soﬁgﬁxgst Southwest so‘ﬁha/est West no\xhwest Northwest no’;lthr\}gst
Windward| waking hours | 00 0 o 0 u] o o 0 x u} 0 o o o 0 O
Sleeping hours| o x x x x x x x x x ] O O O O u]
Leeward | waking hours | x O O o o o u] O u] O o O o o o O
Sleeping hours| ~ x x O O o O o O o x x x x x x x
d. Kochi
Direction of exterior wall North no’mgﬂ Northeast nurthseast East 505315;51 Southeast soi‘iﬁ;';st South suﬁ‘t’f‘wj\}\gst Southwest suuthsvest West no‘:\{ﬁ\f\;st Northwest northw&t
Windward | waking hours | x x O O o O ] O o O O O O O O x
Sleeping hours| ~ x x x x x x x x x x o u] 0 [u] u} o
Leeward Waking hours | © O O O o O O x x x O O o ] O O
Sleeping hours|  x x o O O O O o x x x x x x x x

Key: Frequency of the exterior wall direction to become windward and leeward; O : Over 40%, o : 30 - 40%, [J: 20 - 30%, x : under 20%
* Created based on the expanded AMeDAS weather data (for 20 years) from Expanded AMeDAS Weather Data 1981 - 2000 issued by
the Architectural Institute of Japan (published in 2005).
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Comment e Publication of weather data

You can refer to the LEHVE’s website (http:// Expanded AMeDAS Weather Data 1981 — 2000

www.jjj-design.org) for the weather data information issued by the Architectural Institute of Japan (pub-
(for 842 locations in Japan) that has been compiled lished in 2005, http://www.metds.co.jp/). For
for studying wind utilization methods. In addition to how to use the data and the data creation methods
the tables shown above for these locations (average employed , check “How to use this data” and “Data
outside wind speed, frequency of becoming wind- creation method” Sections in the PDF file.
ward and leeward by direction), the website also [J Permission has been obtained from the Research

provides tables showing temperature, relative Committee on Environment Engineering of the

Glossary: Weather datall
Weather data can be
checked using the Chron-
ological Scientific Tables
(National  Astronomical
Observatory of Japan,
Ministry of Education,
Culture, Sports, Science
and Technology) and the
Japan Meteorological
Agency’s website (http://
WWW.jma.go.jp).

humidity, wind speed, and wind direction (wind Architectural Institute of Japan and Meteorological

rose). Take the following into consideration when Data System Co., Ltd to publish the weather data
using this information: on the above-mentioned website only. Please
[J The weather data is available in pdf format. refrain from reproducing this information or
[J The weather data is created based on the expand-

ed AMeDAS weather data (for 20 years) from

employing it for uses other than the design meth-

ods described in this document.

Fig.O Data available on the website (part of Naha)

North North

North-northwest North-northwest

North-northeast North-northeast

Northwest Northeast Northwest Northeast

. . N East: East-
West-northwest X 4 \ north | =Apr West- north
A east |=—May| north east
west
Jun
West East Ul | west East
—Aug
= Sep
’ . S East: ——Oct East:
West-southwest N N * < south West- south
A ) . east |==Nov | south \ N . east
ERTRR I - K west . YA -
Southwest Southeast Southwest Southeast

South-southwest South-southwest

South-southeast South-southeast
South South

Wind rose on monthly basis(Waking hours) Wind rose on monthly basis(Sleeping hours)

Monthly weather data table

ey vay | S October November
Waking hours ~ Sleeping hours [Waking hours Sleeping hours| Waking hours  Sleeping hours|Waking hours  Sleeping hours [Waking hours ~ Sleeping hours| Waking ping hours|Waking hours  Sleeping hours |Waking hours Sleeping hours|
Average temperature (°C) 21.9 203 245 227 27.3 266 294 275 291 27.3 28.0 26.3 256 239 22.4 21.0
Average relative humiity (%) 75 81 77 84 81 89 76 85 77 85 74 81 70 77 67 73
Average wind speed (m/s) 34 28 34 2.7 37 30 34 2.7 36 3.0 34 2.7 35 28 36 3.1
First North East E outheast | Southeast Southeast East  North-northeast| North-northeast North-northeast | North-tortheast - North-northeast
§ direction| 11% 12% 13% 12% 20% 18% 13% 16% 12% 15% 13% 14% 25% 31% 24% 29%
; Second Northnortheast |E: theast South South East Eastsoutheast| North Eastsoutheast| North Northeast [Northeast Northeast
3 |direction| 10% 12% 10% 12% 15% 16% 1% 13% 12% 13% 1% 12% 14% 19% 19% 23%
% Third Northeast |Soutf-southwest East | South Soutf-southeast| Soutisouthwest Southsoutheast [Eastsoutheast East [ Southeast Northeast | Northeast Eastnortheast | North  Eastnortheast|
2 |direction| 10% 11% 9% 10% 11% 1% 11% 12% 1% 8% 10% 11% 14% 11% 13% 10%

[0 The wind rose in the upper figure shows the frequency of becoming windward by wind direction and allows
you to see which direction the wind comes from on a monthly basis by waking and sleeping hours. The lower
table shows the monthly data on temperature, relative humidity, wind speed, and wind direction by waking

and sleeping hours.

3) Site conditions (building density around the site)[

[ The possibility of wind utilization significantly depends on how crowded the area surrounding the con-
struction site is.

0 For a location that has open surroundings, such as a suburb, it is easy to maintain the wind pressure
difference (driving force of cross ventilation) that acts on the building, which is effective for wind utiliza-
tion. On the other hand, for a highly dense residential area in the city, it is difficult to utilize wind as
the outside wind speed declines due to the surrounding buildings, which causes the wind pressure
difference to decrease.
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0 Generally, how the wind pressure acts on the building is evaluated by the wind pressure coefficient. In

this section, we classify the site conditions (building density around the site) into the following two

categories according to the differences in the wind pressure coefficient characteristics.

Location 1: Urban location (building coverage ratio of adjacent area = over 20%)

Location 2: Suburban location (building coverage ratio of adjacent area = 20% or below)

U An average residential area is classified as Location 1. Location 2 is supposed to be a suburban location

with 20% or below of the building coverage ratio of adjacent area (ratio of total building area of the

buildings in the adjacent area (surroundings) to the relevant adjacent area (dimensions)) within a 50

m diameter surrounding the planned building. For definition and calculation of the building coverage

ratio of adjacent area, see the Key Point on the next page.

Key Point

O Characteristics of wind pressure coefficient

Since the wind pressure coefficient varies significantly depending on the shapes
and surrounding conditions of the house, accurate estimation is difficult, particu-
larly in dense residential areas.

If the building density around the site is low (in the case of Location 2), the wind
pressure coefficient varies significantly depending on the direction of the building
in relation to the wind direction. If the wall is facing perpendicular to the wind di-
rection, the surface which the wind hits generates a positive pressure and the re-
maining surfaces generates a negative pressure (Fig. a). Since the ease of main-
taining cross ventilation depends on the wind pressure coefficient difference, it is
not always necessary to install two openings in opposite walls in the case of Fig.
a.

If there is a wall tilting the building is at an angle of 45° to the wind direction, the
two surfaces walls which the wind hits generate a positive pressure and the re-
maining surfaces generate a negative pressure (Fig. b). In the case of Fig. b, al-
though the wind pressure on the windward side decreases by nearly 60 — 70% of
Fig. a, it is easy to install effective openings for cross ventilation because the wind
pressure coefficient difference between the windward and leeward side is not sig-
nificantly different from that of Fig. a.

In the case of a residential area with high building density (i.e. Location 1), the
influence of the outside wind is small and the wind pressure coefficient decreases.
The airflow around the building becomes complex and the wind pressure on the
wall at the downstream end may become positive. The wind pressure coefficient
difference obtained is approximately 0.05 - 0.1.

The wind pressure coefficient is also influenced by trees, fences and other land-
scaping. Even if the site has a low building density (in the case of Location 2), the
wind pressure coefficient difference obtained is usually small if there are dense
trees on the windward side that block the wind.

0o.3o0o.1

Fig. all Wind pressure coefficient on the wall per-
pendicular to the prevailing wind direction
000 (in the case of low surrounding density)

Wind direction

go.1o0o
0o.4000.2 fo.4000.2
Building 0o.3000.1 Building
+0.20+0.4 +0.20+0.4
+0.50 +0.6
Figure refers to wind

pressure coellcient
(+: positive pressure;
[J: negative pressure)

Wind direction

Fig. b0 Wind pressure coefficient on the wall tiltinga
building at an angle of 45° to the prevailing
wind direction

000 (in the case of low surrounding density)

Glossary: Wind pressure
coefficient

Wind pressure coefficient
refers to the ratio of the
pressure that acts on the
building surface to the
wind’ s own pressure
(dynamic pressure). It is
used for estimation of the
wind pressure (driving
force of cross ventilation)
that acts on the building.
For example, a wind
pressure coefficient of
0.5 means that a half of
the pressure acts as a
pressure that pushes the
building surface.
Generally, the wind pres-
sure is positive on the
windward side and nega-
tive on the leeward side.
Cross ventilation can be
easily achieved by install-
ing two openings at loca-
tions where there is a
major difference in the
positive and negative
pressures (wind pressure
coefficient difference).
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Key Point

O

0

0 What is building coverage ratio of adjacent area?

The “building coverage ratio of adjacent area” is an indicator that has been defined
in this document to judge the density around the site which is related to the pos-
sibility of wind utilization. It has been modified and adapted from the “building
coverage ratio” used in the Building Standard Law of Japan. While the building
coverage ratio stipulated in the Building Standard Law refers to the “ratio of the
building area of the building to the site area”, the building coverage ratio of adja-
cent area refers to the “ratio of the total building area of the buildings in a certain
adjacent area (surroundings) to the relevant adjacent area (dimensions)” in the
surrounding area of the construction site that is assumed to influence the wind
pressure which acts on the building . The adjacent area (dimensions) includes an
area of roads, parks, waterways and elements outside the site at which the building
is constructed, and the building area includes surrounding buildings in addition
to the building area of the planned building. Considering the influences on the
possibility of wind utilization, this design method defines an area 50 m in diameter
surrounding the planned building as the area to be calculated as the relevant ad-
jacent area (dimensions).

The following shows how to obtain the “building coverage ratio of adjacent area”:

(1)0 Draw a circle with 50 m diameter (25 m radius) around the construction site
on the residential map according to the reduced scale.

(2)0 Make a rough estimate of the building area from the outlines of buildings that
exist inside the circle drawn in (1) and calculate the total value (For buildings
that are partially within this circle, only the portion within the circle is includ-
ed).

(3)00 Add the building area (assumed value can be used) of the planned building
to the value obtained in (2). This value is regarded as the building area of the
buildings in the adjacent area (surroundings) for obtaining the “building cover-
age ratio of adjacent area.

(4)0 Determine the ratio of the area obtained in (3) to the adjacent area (dimen-
sions) (1963.5 m2). This value is the “building coverage ratio of adjacent

area”.

[— Bldg. 1 Bldg. 2 Bldg. 3
136 81
Bldg. 4 Planned Bldg. 5
building
68
28 106
Planned building site
<5,
Road 7
0,
s
\ 7/ /
Bldg. 6\_|5 Bldg. 7 Bldg. 8 83 22 Bidg, 9
\ 87,
q 4 Bldg. 6 56,
Bldg. 5-5 \
L

* Figures in the diagram refer to the area (m?) to be calculated for buildings in the adjacent area (surroundings). * Figures in the diagram refer to the area (m?) to be calculated for buildings in the adjacent area (surroundings)

Building area of buildings in adjacent area (surroundings)
000000000000= building area of Bldgs. 1 to 9 + building area of planned building 000000000000 = building area of Bldgs.-1 to -6 + building area of planned building
000000000000=(24+136+81+68+106+5+87+83+22) + 128 000000000000=(18+58+7+96+4+56) + 146

Ooooopgooooo0=740m?
Adjacent area (dimensions) = 1963.5 m
Building coverage ratio of adjacent area

00000 = building area of buildings in adjacent area (surroundings) /

000000 adjacent area (dimensions)
00O000=740/1963.50
0o0o0oo0O0=0.3769

2

00000=37.7% > 20% (therefore, Location 1)
Fia. a0 Example of residential area in urban location (Location 1) Fig. b0 Example of residential area in suburban location (Location 2)

Building area of buildings in adjacent area (surroundings)

0Ooo0ooo000o0o0oO0oo=385m?

Adjacent area (dimensions) = 1963.5 m?

Building coverage ratio of adjacent area

0000 O = building area of buildings in adjacent area (surroundings) / adjacent area (dimensions)
00000=385/1963.50

Oo00oo0oOd=0.1961

00000=19.6% 0 20% (therefore, Location 2)

Fig.O Calculation example of building coverage ratio of adjacent area in a residential area

o 0 1o D0000000I000000

0000aa

00010000I000O00I00N0000001010000I0000000ei000t000000ObI0n0000




4)0 Lifestyle orientation of occupants and use of rooms
[ Cooling energy consumption varies depending on how the occupants like to utilize wind and cooling

systems. The different uses of wind and cooling systems according to the use of rooms in the house also

affect cooling energy consumption.

O For that reason, it is desirable to confirm and examine the use of wind and cooling systems in the
rooms that are used mainly during the day (e.g. living and dining rooms) and the rooms that are used

mainly at night (e.g. master bedrooms and children’s rooms ). This enables one to estimate the air

change rate and examine the cooling energy consumption (See Section 3.1.6 on p.064).

5)0 Wind utilization method

[ The following is a list of wind utilization methods discussed in this document, which are expected to

provide energy saving effects:

Method 1: Securing opening area on cross

ventilation route

la: Combination of small opening areas

1b: Combination of large opening areas

Method 2: Opening layout according to

prevailing wind direction

Method 3: Use of high windows

3a: Combination of small opening areas

3b: Combination of large opening areas

e For wind utilization, it is necessary to install a combination of openings which serve as the “entrance”

and the “exit”. Methods 1 and 3 are designed to examine the opening area of the room into which wind

is introduced and are classified into a and b according to the size of the opening area.

Method 2 increases the effect of wind utilization by taking full advantage of the prevailing wind direc-

tion, and is only applicable to Location 2 (suburban location).
Section 3.1.4 Wind Utilization Methods explains the details of each method.

Comment e Night ventilation and cold storage

The fundamental idea of passive solar heating is to
introduce the solar radiation heat during a winter
day into the house and store heat so that a heating
effect can be obtained throughout the night. The
area used for heat storage is an interior component
with a large heat capacity and is called a heat storage
component. Conversely, in summer, a large amount
of ventilation is performed during the night when
the temperature is low to cool down the building so
that a cooling effect can be obtained during the hot
daytime hours the next day. In Japan, probably
because of the traditional prevalence of wooden
houses with small heat capacity, cross ventilation is
the most well known method for achieving a cooling
sensation using wind. Cross ventilation can also pro-
vide an intentional cold storage effect and this effect
is larger in regions with greater daily temperature
range .

How about in the hot and humid regions?
Generally, it is believed to be difficult to obtain cold

storage effects in the hot humid regions as the daily

temperature range is smaller, and even if it is possi-
ble, condensation on the surface of the heat storage
component is a concern. However, this does not
mean there is no cold storage effect and we can pre-
vent condensation damage by using appropriate
materials or taking preventive measures for the sur-
face of the heat storage component. In fact, we can
experience the cold storage effect in brick buildings
in South East Asia and cold storage is well estab-
lished in these buildings as they do not cause con-
densation damage.

In Okinawa, the number of concrete houses has
rapidly increased after World War II. Can we obtain a
cooling effect by utilizing its heat capacity? To
achieve this, we must fully shade the concrete build-
ing envelope so that it does not receive solar radia-
tion. There are an increasing number of cases in
which night ventilation and cold storage are inten-
tionally combined in the design and it will not be
long before this becomes an established design

method for the LEHVE in the hot humid regions.

Use and Control of Wind

3.1




3.00 How to achieve target levels

[ The energy conservation target levels for wind utilization are set using the air change rate of the house
that is obtained through wind utilization as an index. The corresponding relationship between the target
levels and the air change rate is as shown in Table 1.

Table 10 Corresponding relationship between the target levels of wind utilization and the air change rate
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Target level

Energy saving effect

(Cooling energy reduction

Zone VI

Air change rate of house

Glossary: Air change rate
A value that expresses
the number of times the
indoor air is exchanged
with the outdoor air per
hour. This value is calcu-
lated by the amount of
ventilation (amount of
cross ventilation) divided
by the volume of the
room, and the units are
measured in air changes
per hour (ACH).0 OO

Glossary: Difference be-
tween ventilation and
cross ventilation
Ventilation and cross
ventilation are the same
in terms of introducing
outdoor air into the room,
but are clearly different in
the amount of air intro-
duced (air change rate).
The aim of ventilation is
to improve the indoor air
environment and  ex-
change the air at the rate
of 0.5 ACH throughout
the year. In the meantime,
cross ventilation  ex-
changes the air at the
late of at least 2 ACH
and aims to contain room
temperature  increases
and reduce cooling con-
sumption energy. Section
5.3 Ventilation System
Planning explains ventila-
tion.

Level O 1 Approx. 4% increase Approx. 6% increase O ACH

Level O No reduction No reduction At least 2 ACH
Level 1 Approx. 4% Approx. 5% At least 5 ACH
Level 2 Approx. 9% Approx. 12% At least 10 ACH
Level 3 Approx. 12% Approx. 18% At least 20 ACH

[0 The air change rate of a house is generally determined by the wind utilization methods adopted and out-
side wind speed. The air change rate changes according to the site conditions even under the same
method and outside wind speed. Table 2 shows the air change rate obtained from a combination of dif-
ferent methods and outside wind speeds.

0 For the outside wind speed, search the weather data of the construction site (or its vicinity) on the website
(See Comment on p.044) and obtain the full-day mean wind speed (at 6.5 m from the ground). In the
case of estimating the air change rate by room according to Section 3.1.6 Calculation Method for Cooling
Energy Reduction Rate by Room on p.064, see the mean outside wind speed during the time of day when
the room is mainly used (waking or sleeping hours). When checking the air change rate, as shown in
Table 2, the outside wind speed should be studied in three phases; below 1 m/s, 1 - 1.9 m/s, and 2

m/s or above.

Table 2 Air change rate obtained in the combination of wind utilization methods and outside wind speed
(1) Location 1

Method Outside wind speed

Below 1 m/s 1-19m/s 2 m/s or above
Method 1a or 3a 2 ACH 5 ACH 8 ACH
Method 1b or 3b 3 ACH 10 ACH 17 ACH

(2) Location 2
Outside wind speed

2 m/s or above

Below 1 m/s

Method 1a or 3a 3 ACH 10 ACH 17 ACH
Method 1a + 2 or
Method 3a + 2 or 3b S ALk 15 ACH 25 ACH
Method 1b or 3b 7 ACH 20 ACH 33 ACH
Method 1b + 2 or
Method 3b + 2 10 ACH 30 ACH 50 ACH

* Calculation of air change rate was performed based on a room with the ceiling height of 2.4 m.

[ In the case of Location 1 with an outside wind speed of below 1 m/s or Location 2 with an outside wind
speed of below 1 m/s adopting Method 1a or 3a (combination of small opening areas), the expected air
change rate is small and cooling energy reduction cannot be anticipated (Level 0). In order to reduce
cooling energy, it is necessary to examine the adoption of other methods (in the case of Location 2) and
the application of other elemental technologies.

0 At Location 2, an extremely high air change rate can be achieved through certain methods. If the air
change rate is in the order of tens of air changes per hour , the airflow velocity near the window may in-
stantaneously exceed 1 m/s.
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3.1.3 Steps for Examining Wind Utilization Technology

0 As a prerequisite of examining methods, it is necessary to check the zone classification, weather condi-

tions and site conditions. The possibility of wind utilization is examined by confirming the outside wind
speed and prevailing wind direction at the construction site during the wind utilization period as well as

the conditions such as the topography related to local winds in the surrounding area and density around
the site.

0 Next examine the adoption of wind utilization methods.

0 For security, noise control and wind resistance, examine them equally in all types of houses regardless of
the location.

Step 10 Checking weather conditions, site conditions, lifestyle orientation of occupants, etc.

1) Check zone classification (Zone VI, Zone V)

2) Check weather conditions (outside wind speed and direction)
3) Check site conditions (building density around the site)

4) Check lifestyle orientation of occupants and use of rooms

d

Step 200 Examining the securing of opening areas in the cross ventilation route (Method 1) U el ol @rnaiing 3.1

1) Examine the installation of cross ventilation routes and openings
2) Examine openings in the exterior wall

3) Examine openings in the partition wall

O

Step 30 Examining the securing of wind pressure coefficient difference

1) Examine the position of openings according to the prevailing wind direction (Method 2): Location 2 only

2) Examine the use of high windows such as top side windows (Method 3)

g

Step 40 Considerations for security, heavy wind and rain, noise, etc.

1) Examine security measures
2) Examine measures for heavy wind and rain

3) Examine noise control measures
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3.14 Wind Utilization Methods

8 o W W O

1. Cross ventilation route and opening area

In order to effectively introduce outside air into the building, we need to install openings, which serve as
the “entrances” and “exits” for the air, in the walls in more than two different directions. Method 1 involves
the following two techniques for installing two openings and cross ventilation routes (Fig. 1).

Cross ventilation route (1) in Fig. 1 is a technique for ensuring cross ventilation by installing an opening
in two exterior walls facing different directions in a room. If an opening can only be placed in one of the
exterior walls of the room, consider cross ventilation route (2). This technique ensures cross ventilation by
installing an opening in the exterior wall of the adjacent space which shares the same opening in the parti-
tion wall with the room.

Fig. 10 How to secure a cross ventila-
tion route

Opening 2 Opening 2

(Adjacent space)

m Target room with cross ventilation route (1)

m Target room with cross ventilation route (2) Opening in a partition wall

Opening 2

Target room with cross ventilation route (1) (Rooms A and C)

Target room with cross ventilation route (2) (Room B)

1
1

Opening 1

Opening 1

Cross ventilation
route (1)

Cross ventilation
route (2)

Cross ventilation
route (1)

The larger the opening area on cross ventilation routes (1) and (2), the greater the expected amount of
cross ventilation (air change rate) as well as the energy saving effect, in general.

Requirements for the opening area on cross ventilation routes (1) and (2) needed for Method 1 are clas-
sified into two levels, respectively (Table 3). Method 1a is intended for a small opening area and Method 1b
is for an opening area twice as large as the opening area of Method 1a.

Table 30 Requirements for opening area on cross ventilation route (Method 1)
Method

Ratio of opening area to floor area

Opening 1

Opening in a partition wall

Opening 2
Method 1a

(Combination of small
opening areas)
Method 1b

(Combination of large
opening areas)

Cross ventilation route (1) | atleast 1/35 | — at least 1/35

Cross ventilation route (2) | atleast 1/20 at least 1/50 at least 1/20

Cross ventilation route (1) | atleast 1/17 | — at least 1/17

Cross ventilation route (2) | atleast 1/10 at least 1/25 at least 1/10

Although it is desirable to use the net floor area of the relevant room as the floor area shown in Table 3,
you can use the floor area measured from the center line of the wall to simplify the calculation. In both
cases of cross ventilation routes (1) and (2), the floor area of the target room should be examined.

The opening area refers to an area that can be open for cross ventilation for a certain period of time (an
area calculated from the inside dimensions of the open area). If there are multiple openings in the same
direction in the exterior wall, all the opening areas can be (included) added together as a single opening in
the calculation. In addition to securing the proper opening area, it is necessary to ensure the security of the
openings during the night (Section 3.1.5 explains security measures).

o0 01
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Comment e  Method for judging Method 1 by calculating the combined effective opening area in the cross ventilation route

Requirements of the opening area shown in Table 3 are based on the assumption that openings 1 and 2 in the

exterior wall have the same area. If the area of the two openings in the cross ventilation route is unequal and the

area of either opening does not satisfy the requirements in Table 3, the table below can be used to calculate

whether or not requirements of Method 1 are met (When examining cross ventilation route (1), keep the

Opening in a partition wall column blank).

Example of calculation and steps thereof

Step | Entry item and other factors | Opening 1 Opening in a partition wall | Opening 2
1 Width (m) aa aj az
2 Height (m) b1 bj b2
3 Discharge coellcient Ci Cj Cz
4 Elective opening area (mz) dy « c1x (a1x by) di « cix (arx bi) dz « c2%x (azx bz)
1 2 . .
5 (Effect\ve opening area) e — 1/d:2 €j < l/dI2 e, « 1/d,2
1 2 .
6 > (Efective opening area) f — extejte;
7 Combined elective opening area (m) | g — 1A/ f Use and Control of Wind 3.1
8 | Floor area (m’) h
9 Combined elective opening area / floorarea | i — g/h
10 Determination i20.006: Satisfies Method 3all i~0.006: Satisfies Method 3a
i>0.012: Satisfies Method 3b[] i>0.012: Satisfies Method 3b
Steps 1, 2:  Enter width and height of each opening. Note that inside dimensions of the actual opening, instead of sash
nominal dimensions, should be used for the width and height of the opening. Similar to the examination using
Table 3, if there are multiple openings in the same direction in the exterior wall it is possible to use their com-
bined area as a single effective opening area.
Step 3: Enter discharge coefficient (See p.054) of each opening. Although the discharge coefficient varies depending

on the angle of airflow and opening coverings, use the following as a reference.
Opening in a partition wall: approx. 0.6; double sliding window (with a screen): approx. 0.5; projected window,
inward/outward-opening window: approx. 0.3
Steps 4 - 7: Calculate using the formula in the column (shown on the right of the arrow)
Steps 8 - 9: Enter the floor area of the target room and obtain the ratio of the combined effective opening area to the floor
area.
Based on the calculated figures and value for determination (e.g. 0.01, 0.02), check which method (Method 1a,
1b, 3a or 3b) the opening satisfies.

Step 10:

Calculation example:[ Example of calculating cross ventilation route (2) of the 8-tatami-mat room (13.2 m?)

Opening 1: Double sliding window; sash inside size 1,650 mm (width) x 1,100 mm (height)
- If the overlap of the glazed sliding door is 70 mm, the opening size is 755 mm (width) x 1,100 mm
Opening in a partition wall: Trg1nesltg)tr1nt)\./vindow opening above the door to the hallway; inside size 800 mm (width) x 450 mm
Opening 2: 9:32;3 projected window (triple window); sash inside size 160 mm (width) x 1,300 (height)
Step | Entry item and other factors | Opening 1 Opening in a partition wall | Opening 2
1 Width (m) a0 000.755 qo0o0o.8 a;0000.1603
2 Height (m) b, 00011 b0 0 00.45 b.0001.3
3 Discharge coellcient c,.0000.5 ciDodoo.6 c.0000.3
4 | Eective opening area (m) S‘Zz&jsxx 53;25511)‘1) ?2; &C(IJ; X(T;_;xb;l5)) g‘zlgic(f;x E?ZE x?lg)
5 | (gl % e, « 1/d;2 ej — 1/di e: « 1/d»2
pening area 5.67 - 1/0.422 20.66 — 1/0.222 27.7 - 1/0.192
6 Z(Eﬁectiveu]m)a f-eitej+e.0 0000000000 OOOS54.03
7 Combined elective opening area (mz) g 1NfOOOOODODODODOOOODODODO 0.136
8 Floorarea(mz) hoooOooooooooooooooog 132
9 Combined eCective opening area / floorarea | i — g/h0 00 0000000000000 0.01
ii20.01: Satisfies Method 1all 0 0 000 - Satisfies Method 1a
L i~0.02: isfies Method 1.
10 | Determination i28.806:sgtaiisl:izs &tet?wid ga
i>0.012: Satisfies Method 3b




Controlling the indoor environment through landscape planning
[ The use of landscaping ingenuity to block solar radiation, such as planting shrubs
and trees around the house, can keep down the temperature of wind introduced

Key Point

into the room. This also controls the reflected solar radiation and the heat radia-
tion from the heated ground surface and inhibits the heat from entering through
windows and other means. On the other hand, if a tiled terrace or paved parking

lot that is exposed to solar radiation is facing a large window, deterioration of the

external thermal environment affects the indoor environment.
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Trees

Heated wind

Tiled terrace Paved:street

Lawn Pond

Fig. all Example of landscape planning that increases temperature Fig. b0 Example of landscape planning that keeps down temper-
of wind to be introduced ature of wind to be introduced

Comment e Size of opening and cross ventilation quality

tilation effects

[0 When planning two openings in one

Ventilation quality depends on the

Wind di i . . q
» Wind direction relationship of the size between the

“entrance” and “exit” of the wind. room, as long as both openings are

Windward opening < leeward opening
(1)Opening area and amount of cross

L u ventilation

[ The larger the opening area the

large enough you can obtain a large

amount of cross ventilation.

However, if there is a size differ-

Increased inlet velocity

higher the cross ventilation effect.
Nevertheless, halving the area of
one of the openings in the cross
ventilation route that passes

through multiple openings does not

ence in the two openings, the wind-
ward and leeward windows, the
indoor airflow patterns can change
depending on which is larger (Fig.
aand Fig. b).

mean the amount of cross ventila-
tion is reduced by half.

[0 Having either a couple of large

[0 When the windward opening is
Fig. a0l Cross ventilation with a small

windward opening area small, the inlet velocity increases

and a person standing in the wind

> Wind direction

Windward opening > leeward opening

I

[

opening areas or multiple openings
of equal area in total does not pro-
vide any significant difference in
cross ventilation effects. In short,
even if a large opening cannot be
installed, a similar amount of cross
ventilation can be obtained by
securing a similar opening area

with a combination of small open-

passage can feel very cool (Fig. a).
Careful attention needs to be paid,
as placing a bed near the small
windward opening can cause air-
flow to directly hit the occupants
during sleep, which may negatively
affect their health.

[J When the leeward opening is small,

it results in a decrease in the inlet

ings. velocity, but mild breeze (with gen-

Decreased inlet velocity tle airflow velocity) can be expected

Fig. bl Cross ventilation with a small (2)Difference in windward and lee- in the wide area of the room (Fig.
leeward opening area ward opening areas and cross ven- b).
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2.0 Planning openings in the exterior wall

It is important to install an opening area that effectively allows outside wind into the room while paying
attention to securing sunshine, view and privacy.

1)0 Securing exterior opening areas
It is necessary to secure two exterior openings in the cross ventilation route that satisfy the area re-
quirements for Method 1 shown in Table 3 on p.050. Examples of dimensions of the exterior opening
that satisfy the requirements are shown below for reference purposes (Table 4).

Table 40 Examples of dimensions of exterior openings that satisfy Method 1 requirements

Room size

Type of opening Area ratio

6 tatamimats(10 m?) 8 tatamiats(13 m?) 10 tfatamimats(16 m?) 12 tatamimats(20 m?) 15 fatami mats(25 m?)

1/35 Width: 0.26m | Width: 0.34m | Width: 0.43m | Width: 0.51m | Width: 0.64m
Waist-level
window 1/20 Width: 0.45m | Width: 0.6m | Width: 0.75m | Width: 0.9m | Width: 1.13m
(Height: 1.1 |1/17 Width: 0.53m | Width: 0.71m | Width: 0.88m | Width: 1.06m | Width: 1.32m
m)
1/10 Width: 0.9m Width: 1.2m Width: 1.5m Width: 1.8m Width: 2.25m
1/35 Width: 0.16m | Width: 0.21m | Width: 0.26m | Width: 0.31m | Width: 0.39m Use and Control of Wind 3.1
Patio door | 4,5 Width: 0.28m | Width: 0.37m | Width: 0.46m | Width: 0.55m | Width: 0.69m
(Height: 1.8 . . . . .
m) 1/17 Width: 0.32m | Width: 0.43m | Width: 0.54m | Width: 0.65m | Width: 0.81m
1/10 Width: 0.55m | Width: 0.73m | Width: 0.92m |Width: 1.1m | Width: 1.38m

* The width and height of the opening are inside dimensions.
The area ratio refers to a ratio of the opening area to the floor area of the room.

Windows you can use vary according to the required opening area. It is necessary in particular to
consider security aspects when planning openings. For example, if a 0.26 m wide opening is needed,
installing double windows with 0.13 m wide effective opening each on the same wall is acceptable and
this may be more advantageous for security reasons.

Pay attention to the following when selecting window sashes:

[0 When using a regular double sliding window sash, an openable area is less than the one side of the
glazed sliding door. Additionally, although it is necessary to install window bars for increased security,
if only a moderate level of security is required, a metal lock can be used to lock the sliding door frame
at the middle.

U Bottom-hinged inswinging windows and projected windows are suitable for securing a relatively small
opening area. However, it is possible to secure a large opening area by installing more than two win-
dows on the same wall.

Fig. 20 Example of secured open area with security considerations
Combination of a waist-level window and a small floor-level window. A wooden
window bar is installed for the small floor-level window (double sliding window).
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2)0 Planning opening coverings
Coverings are usually installed on the openings. It is necessary to recognize how much effect cover-

ings have on cross ventilation and take it into consideration when planning openings.

Key Point

Cross ventilation disturbance by window screens and shutters

» Changes in inflow due to the direction of incoming wind are shown using discharge

coefficient values (Fig.). The discharge coefficient is a value that indicates the ease
of passage of wind. As shown in the figure, the discharge coefficient that receives
wind from the front of the opening is 0.63 for “a. Double sliding window only”
whereas it is 0.55 for “b. Double sliding window + window screen”, indicating a
10 - 20% decrease with the use of window screens. It decreases a further 10 -

20% if blind shutters are also used as shown in c.

Using a window screen only during the daytime when the temperature is high to let
in ample wind and a window screen and a blind shutter at night is a rational way
in terms of efficient cross ventilation as well as security and privacy protection.

A combination of a window screen and a curtain significantly prevents cross venti-
lation as the curtain adheres closely to the window screen when wind flows out of
the window. Even with a sheer curtain, if it adheres closely to the window screen
the discharge coefficient decreases to approximately 0.2 (1/3 of normal condi-
tion). Bamboo and other blinds may also adhere to the window screen, depending
on the wind direction and speed, thus careful attention is required when using

them.

Glossary: Discharge coefficient
This refers to a ratio of [10 - 20% decrease] [10 - 20% decrease]
the effective area of é C
Cross ventll'atlon to the 0.63 055
actual opening area. For Inflovl0.6 0.5 Inflovz0.5 0.4 InfloviZO. 48 DOZD
example, as shown in Fig. ! ‘/ \. ; /

. Slat
a on the right, even when Outdoor 0.35 ~. o1 Outdoor 0.3 -~ 01 Outdoorn\

wind flows perpendicular
into the opening the dis-
charge coefficient is 0.63
and an effective area of
cross ventilation is ap-
proximately 60% of the
actual opening area. A
value obtained from multi-
plying a discharge coeffi-
cient with an actual open-
ing area is referred to as
an effective opening area,
which is an effective area
of cross ventilation.

Outflovﬁ 0.300.5

c. Double sliding window + window screen
O+ blind shutter
O (slat angle of 30°)

a. Double sliding window only b. Double sliding window + window screen

Fig.O Easing passage of wind through combination of opening coverings

Comment e Wind introducing effects of side walls and other means

If there is an airflow parallel to the wall surface in the

space between the house and the adjacent building, plac- —
ing a fence, plants and a side wall will increase the wind
pressure in that area and introduce wind into the room.
If this is the case, it is important to install a fence and
other elements that are large enough for the opening,

and the height and width of the fence and other elements

. Wind
need to be equal to or greater than that of the opening. dilgcﬂon
¢
The figure shows a calculation example using a side wall \
to introduce wind into the room, which results in an \ﬁ A

Outflow

approximately 2.5-fold amount of cross ventilation com- ‘i
opening

pared to no side wall. Fig.O Introducing wind into a room with a side wall
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2.0 Planning opening in a partition wall

Even if an “entrance” and “exit” for the wind has been installed, sufficient cross ventilation cannot be
achieved unless there is a passage of wind in the house. To realize this, it is necessary to use an open con-
cept floor plan with as few partition walls as possible and choose the right interior fittings and fixtures.

1)0 Area of opening in a partition wall
In the case of cross ventilation route (2), it requires openings in the partition wall in the cross venti-
lation route that satisfy the area requirements for Method 1 shown in Table 3 on p.050. Examples of
dimensions of the interior opening that satisfy the requirements are shown below for reference pur-
poses (Table 5).

Table 50 Examples of dimensions for interior openings that satisfy Method 1 requirements

Type of opening Area IReEm S

L et e wre FEHIE 6 tatamimats(10 m?) 8 fatamimats(13 m?) 10 fafamimats(16 m?) 12 tatamimats(20 m?) 15 fatamimats(25 m?)
Opening 1/50 W: 0.11m W: 0.15m W: 0.18m W: 0.22m W: 0.28m
equivalent to

?ﬁg{ght 18m) | 1/25 | w:022m | w:020m | W:0.37m | W:0.44m | W:0.55m
Transom window | 1/50 H: 0.25m H: 0.33m H: 0.41m H: 0.5m H: 0.62m
opening above

d

(Width: 08 my | 1/25 | H:05m H: 0.66m H: 0.83m H: 0.99m H: 1.24m

* The width and height of the opening are inside dimensions.
The area ratio refers to a ratio of the opening area to the floor area of the room.

[ The easiest way to ensure cross ventilation by an opening in the partition wall is to leave the door open.
However, as this makes it difficult to protect privacy and the door may close due to a sudden gust of
wind, it may be difficult to leave the door open to ensure appropriate cross ventilation. Therefore, in
this section, standard doors lacking any of the appropriate measures for cross ventilation are not re-
garded as openings in the partition wall in the cross ventilation route (2). The prerequisite is to exercise
ingenuity for ensuring cross ventilation such as adopting a sliding door shown below (Fig. 3) and install-
ing a door stopper (Fig. 6).

0 For openings other than the openings in the partition wall in the cross ventilation route, it is important
to ensure that they can be opened as needed using such ingenuity to increase the cross ventilation
performance of the room.

2)0 Adoption of sliding doors
Compared to single swing doors, sliding doors make effective fixtures for cross ventilation as not only
do they prevent movement from being hindered when open, but also the extent to which they are open
can be freely adjusted. Furthermore, installing a sliding door that is as high as the ceiling allows for a
movable partition wall-like fixture with high flexibility, thereby achieving an open space (Fig. 3).

Fig. 3
Example of sliding door
(effective opening area: approx. 1.3 m?)

Use and Control of Wind
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3)0J Adoption of transom windows
A Japanese traditional ranma transom is an excellent tool for ensuring air flow while providing a clear
visual division. This idea can be fully applied to modern houses (Fig. 4). Single swing fixtures with top-
mounted transom windows are now available on the market.

Fig. 4

Example of transom windows
(effective opening area:
approx. 0.1 m?)

4)0 Adoption of lattice doors
Depending on the spacing of the lattice, lattice doors can block other people’s gaze to some extent as

well as being effective for cross ventilation. By combining lattice doors with wooden and other types of
sliding doors that do not let air through, it is possible to reduce heating load in winter as well as achieve
active cross ventilation in summer (Fig. 5).

/—Sliding door (wooden door)

RN

Lattice door

24

Fig. 5
Example of lattice door
(effective opening area: approx. 0.4 m?)

5)0 Adoption of door with opening
If a sliding door cannot be used and a hinged door has to be installed, as is the case for a hallway,
bathroom or washing room, and if it is difficult to leave the door open, it is effective to adopt a door that
has an opening which can be opened and closed such as a double hang window.

6)0 Installation of door stopper
When installing a hinged door in the hallway, bathroom or washing room, the use of a door stopper
(Fig. 6) allows the door to be left open for cross ventilation. It is recommended to select a door stopper
that does not extrude from the floor to avoid hindering movement.

Fig. 6
Example of door stopper

oo oo
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At a site with open surroundings (Location 2: suburban location), installing openings on one side in the
prevailing wind direction (windward) ensures a significant wind pressure coefficient difference between the
inflow and outflow openings, which allows for a large amount of cross ventilation.

Method 2 has two requirements (Fig. 7). If the prevailing wind direction is known, the direction of one
side of the openings in the cross ventilation route must be within 45° of the prevailing wind direction. If it
needs to be determined from the table of Key Point Qutside wind direction in hot humid regions on p.043,
the frequency of the direction of one side of the openings in the cross ventilation route to become windward
must be at least 40% (indicated with [ in Table on p.043). Method 2 cannot be applied to Location 1 (ur-
ban location).

N\
¢ Prevailing wind direction
Opening b Opening ¢ , 45° [\ Opening b Opening ¢
(Other than ) ' (Other than 0)} ooao ooo
1
Prevailing wind (Adjacent space) ! (Adjacent spacg)
direction
Opening a OpDeEng a
ooo
Room RoomyB Room|C

Cross ventilation Cross ventilation Cross ventilation
route (1) route (2) route (1)

Cross ventilation route (1)

Pattern 1: Method 2 is applicable to Room A
[ : Frequency of direction of one side of openings in cross ventilation route to become windward is at least 40% (See Table on p.043)

Fig. 70 Patterns for achieving Method 2 requirements

Influence of housing density and wind direction on the wind pressure coefficient difference

¢ Based on the wind tunnel test results for different housing densities, the relation-
ship between the site conditions and the average wind pressure coefficient differ-
ence is summarized (Table). Assuming the linear cross ventilation route (opposite
openings) and the right-angled cross ventilation route (openings in the corners),
the table shows the average wind pressure coefficient difference in cases where the

Key Point

openings are on the windward side (i.e. there is an opening facing within 45° of
the prevailing wind direction) and where they are not.

e At sites with open surroundings (Location 2), an average wind pressure coefficient
difference of approximately 0.5 — 0.8 can be obtained if there is an opening on the
windward side. However, if there is no opening on the windward side, only ap-
proximately 0.1 - 0.4 of wind pressure coefficient difference can be anticipated.

e Meanwhile, at sites with high surrounding density (Location 1), the influence of
whether or not openings are on the windward side is small, and there is a wind
pressure coefficient difference of approximately 0.05 - 0.2 regardless of the direc-
tion of the openings.

Tablell Average wind pressure coefficient difference of each cross ventilation route obtained from wind tunnel test

Use and Control of Wind 3.1

* For verification of ener-
gy saving effects by wind
utilization in this docu-
ment, a wind pressure co-
efficient difference of
0.05 is used for Location
1, 0.5 for Location 2 with
openings on the windward
side, and 0.2 for Location
2 without openings on
the windward side

Assumed relationship of
cross ventilation routes
(et Vi) Value used
in this
examination
1st floor 2nd floor 1st floor 2nd floor
Site onditions Relationship of opening location and wind direction [EEECeeYgat=1) (corner) (opposite) | (opposite)
Location 1 In the case of windward opening 010014 0.0800.21 0.0800.15 0.0800.23 0.05
(Urban
location) In the case of no windward opening |  0.0500.07 0.0600.08 0.0800.13 0.0800.14 0.05
Location 2 In the case of windward opening 0.55 0.77 0.62 0.78 0.5
(Suburban
location) In the case of no windward opening 0.14 0.19 0.36 0.37 0.2
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1.0 Cross ventilation routes and opening area

The use of high windows (e.g. top side windows in the wall near the top of the building, skylights in the
roof) can ensure cross ventilation. In this case, openings in the exterior wall and high windows often serve
as the entrance and exit for wind, respectively. Method 3 discusses how to use the following two techniques
(Fig. 8).

[ Since high windows on the leeward side allow for a significant wind pressure coefficient difference, it is
effective to install them even if the area of the window is small. Furthermore, installing windows in a high
position can effectively ensure a stable amount of cross ventilation by taking advantage of the air density
difference caused by the inside and outside temperature difference. This is also effective from the per-
spective of security considerations at night.

~<—— High window V| «<— High window

Opening in a partition wall

Opening Opening

(Adjacent space)

Room under examination Room under examination
Cross ventilation route (1) Cross ventilation route (2)

* High window can be installed on the transverse wall.

Fig. 800 How to secure a cross ventilation route using a high window

Method 3 assumes high windows installed on the leeward side. If the prevailing wind direction is known,
the direction of the high windows must be within 45° of the leeward side of the prevailing wind direction.
If it needs to be determined from the table of Key Point Outside wind direction in hot humid regions on
p-043, the frequency of the direction of the high windows to face leeward must be at least 40% (indicated
with O in Table on p.043).

Similar to Method 1, the larger the opening area in cross ventilation routes (1) and (2), the greater the
expected amount of cross ventilation (air change rate) as well as the energy saving effect. Requirements for
the opening area in cross ventilation routes (1) and (2) needed for Method 3 are classified into two levels,
respectively (Table 6). Method 3a is intended for a small opening area and Method 3b is for an opening area
twice as large as the opening area of Method 3a. Method 3a and Method 1a have an equal expected amount
of cross ventilation (air change rate), as do Method 3b and Method 1b. Compared to the opening of Method
1 (See Table 3 on p.050), the use of high windows can achieve a similar effect with a small window area.

See Method 1 for other items that require careful attention. The opening area ratio in Table 6 is a value
calculated with an assumption that a high window is installed at the leeward side of the roof in a room with
a ceiling height of 2.4 m

Table 600 Requirements for opening area on cross ventilation route using high window (Method 3)

Ratio of opening area to floor area

Opening in exterior wall Opening in partition wall High window

Method 3a Cross ventilation route (1) | at least 1/35 — at least 1/80
(Combination of small opening areas) Cross ventilation route (2) | at least 1/20 at least 1/50 at least 1/70
Method 3b Cross ventilation route (1) | at least 1/17 — at least 1/40
(Combination of large opening areas) Cross ventilation route (2) | at least 1/10 at least 1/25 at least 1/35

Similar to Method 1, it is also possible for Method 3 to examine whether the opening satisfies Method 3a
or 3b based on the area of each opening. When making this judgment, replace the last judgment criteria in
the table on p.051 of Comment ¢ Method for judging Method 1 by calculating the combined effective open-
ing area in the cross ventilation route according to the following criteria:

0 0 0i20.006: Satisfies Method 3a

0 0 01i20.012: Satisfies Method 3b

o0 01
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It is necessary to secure high windows in the cross ventilation route that satisfy the area requirements of

Method 3 shown in Table 6. Examples of dimensions for high window that satisfy the requirements are
shown below for reference purposes (Table 7).

Table 70 Examples of opening dimensions for high windows that satisfy Method 1 requirements

Type of high Room size

window 6 tatamimats(10 m?) 8 tatamimats(13m?) 10 fatamimats(16 m?) 12 tatamimats(20 m?) 15 tatamimats(25 m?)
1/80 | W: 0.31m W: 0.41m W: 0.52m W: 0.62m W: 0.77m

Top side window 1/70 | W: 0.35m W: 0.47m W: 0.59m W: 0.71m W: 0.88m

(Height: 0.4 m) | 3,40 |w: 0.62m W: 0.83m W: 1.03m W: 1.24m W: 1.55m
1/35 |W: 0.71m W: 0.94m W: 1.18m W: 1.41m W: 1.77m
1/80 |W: 0.21m W: 0.28m W: 0.34m W: 0.41m W: 0.52m

Top side window 1/70 | W: 0.24m W: 0.31m W: 0.39m W: 0.47m W: 0.59m

(Height: 0.6 m) | 3,40 |w: 0.41m W: 0.55m W: 0.69m W: 0.83m W: 1.03m
1/35 |W: 0.47m W: 0.63m W: 0.79m W: 0.94m W: 1.18m
1/80 | 0.35x0.35 m |0.41x0.41 m |0.45x0.45m |0.5x0.5m 0.56x0.56 m

Skylight 1/70 |0.38x0.38 m |0.43x0.43 m |0.49%x0.49 m |0.53x0.53 m |0.59x0.59 m

(Square) 1/40 | 0.5x0.5 m 0.57x0.57 m |0.64x0.64m |0.7x0.7 m 0.79x0.79 m Use and Control of Wind E
1/35 |0.53x0.53 m |0.61x0.61 m |0.69x0.69 m |0.75x0.75m |0.84x0.84 m

* The width and height of the opening are inside dimensions.
The area ratio refers to a ratio of the opening area to the floor area of the room.

[ In the case of using a top side window, the opening can satisfy Method 3 as long as a relatively long
width is maintained even if the height is low.

[0 When a top side window or skylight is installed, excessive solar radiation enters into the room, which

may result in an increase in cooling energy consumption. In addition to studying the right direction and
angle of elevation of the top side window and skylight, it is necessary to take measures such as solar
shading considerations for the top side window and thorough solar shading of the skylight.

2.0 Planning high windows /Top side window

1)0 Installing top side windows and other means (in the case of

a roof with a pitch of 15° or greater)
Cross ventilation can be ensured by installing top side windows
and other means in the roof where the wind pressure coefficient is
negative (Fig. 9).
[ If the roof pitch is 15° or greater, there is a spot on the leeward side
of the building where the wind pressure is negative. Installing a )
window in this spot creates an effective opening for venting air. Wwind
U A wind tunnel test was performed on a house in a dense residential direction
area that has a top side window on the leeward side. The result
shows an approximately 0.15 of wind pressure coefficient differ- R —

ence between the wall and the top side window (approximately two-
to three-fold of the expected wind pressure coefficient from the Fig. 9

. Cross ventilation by top side window
cross ventilation route between the walls (Method 1)). (Roof pitch )(/)f 120 or greater)

2)0 Planning skylights and other means (in case of low pitch roof)
Installing skylights and other means in the roof where the wind pressure coefficient is negative can

ensure cross ventilation.
[ If the roof receives a sufficient amount of wind, outside air can be efficiently introduced into the room by
taking advantage of the blow-off force (negative pressure) generated on the roof. At Location 1 (urban
location), the blow-off force is small as the roof does not receive sufficient amount of wind. Nevertheless,

installing a skylight on the leeward side of the roof ensures approximately two- to three-fold (approxi-
mately 0.15) of the expected wind pressure coefficient from the cross ventilation route between the walls

(Method 1). A larger wind pressure coefficient difference (driving force of cross ventilation) means that
it can ensure the same amount of cross ventilation as Method 1 using a small area of high window.
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* Inside dimensions
The Joint Government
and Business Meeting on
the Promotion and Devel-
opment of High Perform-
ance Building Security
Components  considers
that openings through
which any blocks with the
following dimensions can-
not pass through are ef-
fective for preventing
home invasion regardless
of the structures and
specifications.
*« 400x250 mm rectangle
-a A 0.06 m?
« 400x300 mm ellipse
-o A0 0.06 m?
+« 350 mm diameter circle
-a A0 0.06 m?

3.1.5 Considerations for Planning and Designing Openings

Consideration has to be given to security and noise issues when leaving the windows open for cross ven-
tilation during the night. Openings require wind resistance and water tightness in preparation for rain-
storms. Moreover, when utilizing wind during heavy wind it is necessary to control and adjust it.

1.0 Security measures

[ It is necessary to select a window that provides high security performance during cross ventilation as well
as when closed (openable window with nighttime security).

[ The security performance of windows significantly varies depending on the sash structures (opening and
closing styles, locking mechanisms, window sizes, etc.), types of glazing, and the use of shutters and
window bars, etc.

0 Security should be ensured not only by windows but also by an overall security plan, such as combining
security systems and devices as well as planning landscape with security considerations.

Example of ventilating windows considered effective for security

[ There are various tactics of burglars; however this section lists examples of win-

Key Point

dows that are considered to provide effective security measures against “cat bur-
glars” who enter the house while hardly making noise using hands or a small
screwdriver and other tools, as well as against “destructive burglars” who break
the window to enter the house using tools.

0 Examples of windows with measures against cat burglars
(1) Window with stopperd O 0 0O 0O 0O O O (2) Window with window bar

This type of window is often hinged and is avail-
able in a wide range of products. The moving part
can be fixed so that the window stays slightly
open but cannot be opened from outside.

Fig. a

Example of verti-
cal projected win-
dow with stopper
(partial image)

Fig. b
Example of louver window
with window bar

(3) Ventilating storm door and window with
ventilating storm shutter

Some storm doors and shutters allow cross ventilation while being
closed. These products are used particularly with double sliding windows.

JL

Fig. c

Example of ventilating
shutter

The shutter section cannot

be pulled up from outside
during cross ventilation

(Electric type is more com- Fig. d o
mon) Example of ventilating
storm door

00 0ot
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OExamples of windows with measures against destructive burglars]
(1) Windows with security bars0 00 0 00O O 0O O (2) Slit windows

Compared to regular window bars, security bars are
designed so that they are more difficult to be destroyed.
These windows have enhanced security features; for
example, the screws are hidden, the bars are crossed for
increased strength or integrated into the sash.

Windows with small inside dimensions of the frame that
prevent people from going through provide high security.
These long and narrow windows also ensure the required
area of cross ventilation.

il

L

Fig. e
Example of combination of stainless window Fig. f
bar and double-hung window Example of slit vertical projected window

2. Measures for heavy wind and rain

[0 Wind pressure resistance, water tightness and rustproof performance are required for sashes to cope
with heavy wind and rain.

0 In Okinawa, where typhoons frequently hit and reinforced concrete houses are common, sashes for rein-
forced concrete buildings are usually used. Since sashes for reinforced concrete buildings are intended
for use on the upper floors of multi-family residential buildings as well, they have high wind pressure
resistance and water tightness compared to regular sashes for wooden houses (Fig. 10).

[ Select the thickness, types and area of the glazing for the sashes according to the required wind pressure
resistance. If the resistance is insufficient, such measures as installing middle sash bars and dividing the
opening into multiple sashes are required.

[ From the perspective of rustproof performance and durability, aluminum window components including
sashes, doors, window bars and shutters are commonly used. Additionally, glass fiber or resin mesh is
used for window screens.

[0 In Okinawa, there are some examples of exercising architectural ingenuity in preventing wind and rain
from entering the windows with poor water tightness. Fig. 11 shows the side walls that are placed on both
sides of the high window for blocking cross wind and preventing rain drops from entering.

Fig. 100 Cross section example of the sash lower frame

Fig. 110 Side walls installed on high win-
dow in the transverse wall

(The frame on the far left is equipped with reinforced board and flashing.)

Use and Control of Wind

Glossary: Destructive burglar
This section refers to in-
formation from the Joint
Government and Business
Meeting on the Promotion
and Development of High
Performance Building Se-
curity Components on the
website for the Japanese
National Policy Agency
(http://www.npa.go.jp/
safetylife/seianki26/top.
html).

Glossary: Measures aga-
inst destructive bur-
glars

These components are
certified as *“ building
security components
(for which use of the CP
sticker has been ap-
proved)” that are in-
cluded on the list of
building components
with high security per-
formance on the website
managed by the Japan
Crime Prevention Asso-
ciation (http://www.cp-
bohan.jp). If security per-
formance is a major
priority, it is advisable to
select the components
that have the CP (crime
prevention) sticker.

-

CP mark
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3.0 Noise control measures

[0 When using cross ventilation in the bedroom during the night, it is necessary to make cross ventilation
planning that introduces outside air directly into the bedroom. However, people are more sensitive about
outside noise at night and it is highly possible that it will be too noisy to sleep with windows open even
though this achieves cross ventilation. It is therefore necessary to exercise design ingenuity for openings
so that outside noise is reduced while leaving the windows open for cross ventilation.

[ Fig. 12 shows the average outdoor noise level in a residential area during the night and the recommend-
ed indoor noise level which takes into account the effect of noise on sleep. Even when the windows are

open, if the sound insulation performance (indoor and outdoor noise level difference) is approximately
Chapter 3 10 dB, it is possible to open windows during sleeping hours.

Natural Energy [J The noise level depends on whether the window is facing the noise source. If the noise source is known
Application Technology
(Elemental Technology

Application Method 1)

from the beginning of the design stage, it is possible to address the noise concern by using sound insulat-
ing fittings and fixtures or reducing the size of openings which face the source. The selection of single
swing windows that open on the opposite direction from the noise source (quiet direction) achieves a
higher sound insulating effect. (Fig. 13).

Frontal road
(noise source)

Outdoor Indoor
44 - 45 dB 35dB
(Average) 4 (Recommended)

Outward-swing window

Source: Environmental noise study result Jll Source: Indoor guidelines for noise impact
(Osaka Prefectural Government, 2000) (In consideration of ellects on sleep)

Single swing window

Single swing window ; X
J (right hinged)

(left hinged )

Fig. 12 Recommended indoor and outdoor noise level

]

: 2F

Fig. 130 Example of openings effective for sound insulation

Sound insulation performance of open windows

Key Point O The figure below illustrates the sound insulation performance of the single swing
window (width: 0.7 m, height: 1.3 m) based on the result of measuring the indoor
noise level of the sound generated from the two outside directions.

0 If the open width is 25 cm, the sound directly enters the room as shown with (1)
even though it still provides approximately 10 dB of sound insulation. On the
other hand, the result shows when the window serves as a wall blocking the sound
as shown with (2), the sound insulation increases by approximately 5 dB to 15
dB.

(1) Approx. 10 dB of
sound insulation

Outdoor

Fig. \ (2) Approx. 15 dB of
Sound insulation performance of single \\ sound insulation
swing window by opening direction
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Comment e Cautionary advice on high air change rate

If the air change rate is in the order of tens of air
changes per hour and the indoor airflow velocity
increases, a significant amount of heat is removed
from the surface of the body, providing a cooling

sensation even when the air temperature is relatively

high. However, since this cools down the body too
much when sleeping and increases the risk of catch-
ing a cold, openings need to be controlled according

to the situation.

Comment e Window opening habits of occupants

Even if considerable design ingenuity has been
employed, cross ventilation cannot be obtained
unless occupants actually open the windows. It is
often the case that occupants do not open the win-
dows, particularly during summer nights even when
the outside air temperature decreases.

What is needed here is a system that informs
occupants when the outside air temperature
decreases. Compact outside air temperature ther-
mometers are available on the market, and we rec-
ommend that you use these thermometers to
encourage occupants to open the windows.

A simple way to do this is to stick a thermometer
on the window (Fig. a). Placing a thermometer on
the inside and outside of the window allows occu-
pants to see both room temperature and outside air
temperature. These thermometers typically cost
between 1,000 and 2,000 yen.

Some digital thermometers can simultaneously
measure the indoor and outdoor temperature by
installing an external sensor on an extended cord
from the indoor unit (Fig. b). One advantage of dig-
ital thermometers is that they catch people’s eyes
and are typically available between 3,000 and 5,000
yen.

Either type of thermometer requires careful atten-
tion to ensure that the temperature sensor (or the
main thermometer body) is protected from rain or

snow and is not exposed to direct sunlight.

For room
temperature

For outside air
temperature

Fig. all Use of thermometers

A couple of analog thermometers are placed on the inside
and outside of the window. The use of a thin outside air
temperature thermometer does not hinder the opening and
closing of window screens.

Temperature sensor

Outside un\

A\l

Inside unit

Fig. b0 Digital thermometer
A digital thermometer’ s sensor can be extended to the
outside.

Use and Control of Wind
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3.1.6 Calculation Method for Cooling Energy Reduction Rate by Room

Estimating an air change rate by room can calculate the cooling energy reduction rate more accurately.
This section explains the calculation method.

The calculation procedures are as follows:

(1) Determine the method to be used for the living and dining rooms (used mainly during waking hours),
master bedroom (used only during sleeping hours) and children’s room (used from the evening till the
morning), respectively, and estimate the air change rate based on Table 2 on p.048.

(2) Table a shows the cooling energy reduction (or increase) rate by room for each zone according to the
different air change rate. Determine the energy consumption ratio (a consumption ratio, where reference
energy consumption = 1.0) based on the cooling energy reduction (or increase) rate for each room given
in Table a.

0 The cooling energy reduction rate varies slightly depending on the room in which wind is being utilized.
This is due to the fact a room, which is more frequently used during hours when the outside air tempera-
ture is low (primarily during the night), achieves a higher wind utilization effect. Therefore, the cooling
energy reduction rate of master bedrooms, which are used mostly during the night, is estimated to be
higher than that of living, dining and children’s rooms.

(3) For a room without an air conditioner, check the energy consumption during the period of using an
electric fan according to Table b (Use O for energy consumption if electric fan is not used).

(4) Table c is a calculation table for the overall cooling energy reduction rate of the house. Calculate the
cooling energy consumption by multiplying the reference cooling energy consumption by the energy con-
sumption ratio obtained from Table a. For the period of using an electric fan, include the energy consump-
tion listed in Table b. The overall energy reduction rate can be determined from these calculations.

Table all Cooling energy reduction rate by room and air change rate

Air Zone VI Zone V

change

E:tce:H) Living/Dining | Master bedroom | Children’s room | Living/Dining | Master bedroom| Children’s room

o 4% increase 7% increase 3% increase 6% increase 16% increase | 5% increase
01.040 01.070 01.030 01.060 01.1e0 01.050

> No reduction | No reduction | No reduction | No reduction No reduction | No reduction
01.00 01.00 01.00 01.00 01.00 01.00

5 4% reduction | 7% reduction | 3% reduction |4% reduction |90 reduction |60 reduction
00.960 00.930 00.970 00.960 00.910 00.940

10 9% reduction | 15% reduction| 7% reduction | 10% reduc- 22% reduc- 12% reduc-
00.910 00.850 00.930 tiond 0.90 tion 0.780 tionJ 0.880

20 10% reduc- 22% reduc- 11% reduc- 16% reduc- 33% reduc- 18% reduc-
tionO 0.90 tion0d 0.780 tiond 0.890 tion0 0.840 tion0 0.670 tion0 0.820

* Figures in parentheses refer to energy consumption ratio.

m Conditions of study

[ Set cooling temperature: 28° C

0 Rated capacity of air conditioner: Living/Dining rooms 5 kW; master bedroom 2.8 kW; children’ s room 3.6 kW (Zone VI) / 2.2 kW x 2
units (Zone V)

[ Rated COP of air conditioner: Approx. 3
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Table b0 Primary energy consumption during the period of using an electric fan (Unit: GJ)

Zone VI Zone V
Air change
rate (ACH) Living/Dining | Master bedroom | Children’s room | Living/Dining | Master bedroom | Children’s room
0.57 0.26 0.41 041 0.15 0.53
0.52 0.23 0.36 0.38 0.13 0.47
0.47 0.19 0.31 0385 0.11 0.41
10 0.4 0.16 0.26 0.31 0.08 0.35
20 0.35 0.13 0.22 0.27 0.06 0.29
m Conditions of study
0 Power consumption of electric fan: 30 W (low setting; oscillation)

[0 The calculations assume that an electric fan is being used when an occupant is in the room, a temperature of 28° C or greater, and

that a cooling system is not being used.

0 Primary energy conversion factor: Electricity 9,760 (kJ/kWh; value based on the revised 2006 building energy conservation stand-

ard)

Table cl Calculation table of cooling energy reduction rate

Room

Living/Dining room

Master bedroom

Children’s room

Entire house

(1) Reference energy consumption (GJ)

6.1(VI), 34()

1.3(V)), 0.5(V)

2.9(V)), 1.8(V)

103(V), 5.7(V)

(2) Air change rate (ACH)

~Table 2

(3) Energy consumption rate

~Table a

(4) Cooling energy consumption (GJ) (1) x (3)
or Energy consumption during use of an
electric fan (GJ)

~Table b

(5) Reduction rate of entire house (%)(1 - (4) / (1) x 100)

* For reference energy consumption of (1), use the figures on the left for Zone VI and on the right for Zone V.
The reference energy consumption of (1) and the energy consumption during use of an electric fan (GJ) in Table b are indicated on a
primary energy (electricity) basis (Primary energy conversion factor: Electricity 9,760 (kJ/kWh; value based on the revised 2006 build-

ing energy conservation standard).

For a room without air conditioner, leave (3) blank and enter the energy consumption during the period of using an electric fan of (4)

according to Table b.

The reference value of (1) for Zone VI and the energy consumption during the period of using an electric fan in Table b refer to the value

for a children’ s room (shared by two children).

The reference value of (1) for Zone V and the energy consumption during the period of using an electric fan in Table b refer to the total

value for two children’ s rooms.

O Calculation examplel
0 Conditions of calculation Zone: Zone VI

Air change rate: Living and dining rooms 10 ACH; master bedroom 5 ACH; children’ s room 10 ACH
Air conditioner is not installed in the children’ s room

0 Calculation results

Cooling energy reduction rate for entire house: Approximately 31%

Room
Entire house
Living/Dining room | Master bedroom | Children’s room
(1) Reference energy consumption (GJ) 34v) || 13w osv) | [ 29w 18v) |[ 103(v],57(v)
(2) Air change rate (ACH) ~Table 2 10 5 10
(3) Energy consumption rate ~Table a 0.91 0.93 ~ (No air conditioner)
(4) Cooling energy consumption (GJ) (1) x (3)
or Energy consumption during use of an 5.6 1.2 0.26 7.1
electric fan (GJ) ~Table b
(5) Reduction rate of entire house (%)(1 - (4) / (1) x 100) 31%

Use and Control of Wind

3.1
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3.2 Daylight Utilization[ (sunlight Utilization 1)

Daylight utilization planning is a technology that aims
to secure light during the day and achieve a reduction in
lighting energy consumption as well as increased com-
fort by skillfully introducing sunlight into a building. It
can be largely classified into the daylighting method
and the daylight guiding method.

Daylight utilization requires a well-planned scheme to

maintain a good balance with solar shading, particularly

AR R R RN

in the summer. Moreover, since openings for cross ven-

tilation may be an effective in daylighting, comprehen-

sive planning is crucial for daylight utilization planning.

321 Purpose and Key Points of Daylight Utilization

In a hot humid region (Zone VI), daylight utilization is hardly taken into consideration, particularly in the
summer when solar shading is of the most significance, and lighting energy tends to increase. However, the
skillful introduction of daytime brightness into the room reduces unnecessary use of lighting, thereby ena-
bling a reduction in lighting energy consumption.

As seen in indoor light environments that employ intense daylight in such regions as Zone VI, there is a
stark contrast in lighting between an opening and the inside of a room. When the lighting contrast is too
strong, the result is daytime lighting, a situation in which unnecessary lighting is used due to dark indoor
conditions despite sufficient daylighting.

Skillful sun control, which regulates the brightness coming from openings, can decrease the stark contrast
in lighting inside the room and achieve visual comfort as well as reduced use of lighting, while implement-
ing solar shading.

The daylight utilization technology consists of the daylighting method, which directly introduces the bright-
ness of openings into the room, and the daylight guiding method, which is an indirect approach involving
reflection from the windows into the room. In Zone VI, a critical aspect of the daylighting method is control-
ling the introduction of daylight into the room (sun control) rather than securing daylight, and for the day-

light guiding method, it is very important to effectively use controlled daylight as much as possible.

322 Energy Conservation Target Levels for Daylight Utilization

1.0 Definition of target levels

» Energy conservation target levels for daylight utilization are divided into the following levels 1 to 3. These

levels indicate the necessity of artificial lighting, i.e. the reduction rate of the energy consumption of a light-

ing system.
Level 0 O Cooling energy reduction [ None
Level 1 O Cooling energy reduction rate(] Approx. 2-3%
Level 2 O Cooling energy reduction ratelJ Approx. 5%
Level 3 O Cooling energy reduction ratel] Approx. 10%

» The typical lighting energy consumption in 2000 was 13.6 GJ (approximately 20% of total energy consump-

o0 01
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tion) for Zone VI, and 11.3 GJ (approximately 17% of total energy consumption) for Zone V (See Section 6.1
on p.339).

« Energy conservation target levels for daylight utilization can be achieved by combining the site conditions

and indoor daylighting conditions of a house.

2.0 Requirements for achieving target levels

1)0 Site conditions

» The possibility of sunlight utilization varies depending on conditions around the building site, such as

whether there is a building that prevents sunlight from entering the house that is being built. This also

determines which method is effective for energy conservation. It is effective to review the site conditions

using the following three categories (See Section 2.3.1 Understanding Design Requirements of Low En-

ergy Housing with Validated Effectiveness on p.026).

Location 1 O High-density, high-rise location in which sunlight is hard to utilize

Location 2 [0 High-density location in which sunlight can be utilized with ingenuity

Location 3 [0 Suburban location in which sunlight can be easily utilized

» At sites such as those in Location 1 which is surrounded by high-rise buildings and sunlight hours are

Daylight Utilization

extremely short (dense, high-rise location), as well as Location 2 which is a narrow urban site with short

distances between the adjacent buildings (dense location), daylight utilization can sometimes be difficult.

Nevertheless, selecting a method that suits the site conditions achieves energy saving effects to some

extent.

Glossary: Senior's/

children’s rooms
This refers to a room in
which occupants spend
long hours during the
day.

2)00 Daylighting conditions
» Table 1 shows the indoor daylighting conditions of a house using Condition 0 (equivalent to the Building
Standard Law of Japan) to Condition 3 as a guideline by considering the necessity of daylight in habitable
rooms (used for extended periods of time) and non-habitable rooms (not used for extended periods of

time).

Table 10 Guideline for daylighting conditions

Living/dining Senior’ s/chil- Other habitable | Novaitae  (Kitchen, hallway,
f entrance, washing
rooms dren’ s rooms rooms rooms room, bathroom, toilet)

Daylighting condition O (equiva-
lent to the Building Standard Law)

Mono-directional
daylighting

Mono-directional
daylighting

Mono-directional
daylighting

Daylighting condition 1

Bi-directional
daylighting

Mono-directional
daylighting

Mono-directional
daylighting

Daylighting condition 2

Bi-directional
daylighting

Bi-directional
daylighting

Mono-directional
daylighting

Daylighting condition 3

Bi-directional
daylighting

Bi-directional
daylighting

Mono-directional
daylighting

Mono-directional daylight-
ing for all

* Mono- or bi-directional daylighting shown in Table 1 refers to the number of daylight utilization methods

adopted. Daylight utilization methods discussed in this document (see Table 3 on p.068) are classified

into methods that can be regarded and methods that cannot be regarded as daylighting surface.

Cases in which daylighting is implemented according to (1) Planning
positions and shapes of openings shown in Method 1: Direct daylight
Methods that can be |utilization methods (daylighting methods)*
regarded as daylighting

surface

Cases in which daylight guiding is implemented according to (1) Design inge-
nuity with spatial structures such as transom windows and light wells shown
in Method 2: Indirect daylight utilization methods (daylight guiding methods)

Methods that cannot be
regarded as daylighting
surface

Other methods

* Although skylights are not evaluated as the daylighting surface for Zone VI due to solar shading considerations, they can be
included in the daylighting surface evaluation if either they are installed on the north side of the house or if a sun control device
is installed.

 Details of each method are explained in 3.2.4 Daylight Utilization Methods.




3.0 How to achieve target levels

1)J How to achieve target levels
» The relationship between the energy conservation target levels for daylight utilization and the daylight-
ing conditions by location is shown in Table 2.
» Level 0, the reference level, refers to a house located in a dense area surrounded by high-rise buildings

(Location 1) with the level of daylight utilization that barely meets the Building Standard Law of Japan.

Chapter 3 Table 2 Target levels for daylight utilization and how to achieve them
Natural Energy
Application Technology Target level Energy s effec_t Daylighting conditions (application of methods)
(Elemental Technology (Lighting energy reduction rate) . . :
Application Method 1) Location 1 Location 2 Location 3
Daylighting condi-
tion O
(equivalent to the
Lol © Building Standard Law) |~ B
[J Mono-directional daylighting
O Floor area x 1/7
_ Daylighting condi- | Daylighting condi- | Daylighting condi-
Lavel o (RIS 2 S tion 3 tion 2 tion 1
Daylighting condi- | Daylighting condi-
Level 2 Approx. 5% — tion 3 tion 2
Daylighting condi-
Level 3 Approx. 10% — — tion 3

» The lighting energy estimated here includes energy during the night. Therefore, if we consider the light-
ing energy during the day only, we can expect more significant reduction effects.

» At a suburban site in Location 3, daylight utilization equivalent to Level 1 can be achieved without special
design ingenuity. However, if sunlight utilization is difficult on a dense site in Location 1 or 2 it is neces-

sary to actively consider methods for introducing daylight.

2)0 Types of daylight utilization method and light environment characteristics

» Daylight utilization methods discussed in this document are aimed at not only introducing more light into
the room but also increasing the uniformity of the indoor light, i.e. illuminance of the areas where light is
hard to reach, in addition to reducing the contrast in lighting. Table 3 shows the degree of effectiveness
in terms of an increased amount of guided light, enhanced light uniformity, and reduced contrast in light-

ing when each method is used.

Table 30 Light environment characteristics of daylight utilization methods

Details of methods Increased Enhanced Reduced
amount of light uniformity trastin lighting
Method 1 | Direct day- (1)Positions | Side window | Direction o o o
light utiliza- and shapes
tion methods of openings Shape O o O
(daylighting .
methods) Height o o °
Top side window o O o
(Skylight: Zone V only) OoO ooo ooo
(2)Sun control | Bamhoo blind, screen, paper sliding door, curtain O O O
devices
Louver, blind* o o m}
Overhang, awning* O O o
Method 2 | Indirect day- | (1)Spatial TransomU window, etc. o O O
light utiliza- structures |
tion methods Light well o O o
(daylight ) )
guiding meth- | (2)Reflection on fin- 0 o °
ods) ished surfaces
(3)Devices Horizontal reflector, etc. o o O
(Light duct, etc.: Zone V only) ooo ooo Oo O

[ : Effective, o : Effective depending on plan, [0 : Not very effective
* Sun control devices including louvers and overhangs can be also used as daylight guiding method.
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3.23 Steps for Examining Daylight Utilization Technology and Prerequisites

1.0 Steps for examining daylight utilization technology

e Confirmation of the site conditions and sunlight conditions is an important prerequisite for examining
daylight utilization methods.

* Next, direct daylight utilization methods (daylighting methods) can be examined. During this step, it is
important to also consider factors such as future changes in the surrounding environment and the possibil-
ity of partial sale of the site.

¢ At the same time, indirect daylight utilization methods (daylight guiding methods) that suit the daylighting

methods should also be examined.

Step 10 Confirming site and sunlight conditions

1) Study the seasonal site and sunlight conditions from a floor planning perspec-
tive and consider a location that will continue to ensure sunlight in the future.

2) Study the seasonal site and sunlight conditions from a sectional planning perspec-
tive and consider a framework of the three-dimensional building shape, including
the number of stories, that will continue to ensure sunlight in the future.

g

Step 20 Examining direct daylight utilization methods (daylighting methods) — Method 1

1) Examine the positions and shapes of openings that enable daylighting. Thoroughly
consider the relationship between the daylight utilization and the wind utilization.

2) Examine the sun control systems around the openings. Thoroughly consider
the relationship between the daylight utilization and the solar shading.

a
Step 30 Examining indirect daylight utilization methods (daylight guiding methods) - Method 2

1) Examine daylight guiding methods according to the spatial structures and
daylighting methods.

2) Make the daylight guiding plan feasible for the entire space as much as possible
by fully examining the spatial connection, use of partition walls and their types.

O

Step 40 Identifying areas lacking daylight and incorporating this into lighting systems

1) Identify the areas lacking light during the day and incorporating Section 5.5
Lighting System Planning.

Identifying areas lacking
daylight and incorporating
this into lighting systems

Daylight Utilization

(Skylight: Zone V only)

Examining direct daylight utilization / Examining indirect daylight utilization
methods (daylighting methods) \E Examining sun Contro” methods (daylight guiding methods)

Fig. 10 Overview of daylight utilization technology
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Three-dimensional shade check

2.0 Prerequisites (site and sunlight conditions) and points to note for planning

1)0 Points to note for floor planning based on site conditions

First, perform a floor plan check for outline planning.

How surrounding buildings and other objects cast a shadow over the site can be studied using a sun
shadow diagram. For season, closely examine when the shortest sunshine hours (winter solstice) are in
winter when sunlight needs to be secured, in addition to when the longest sunshine hours (summer sol-
stice) are in summer (Fig. 2 and Fig. 3). Since the position of the sun and shadows caused by it varies in
the morning, noon and afternoon, checking it carefully by the hour leads to a pleasant and bright indoor

environment. If there is a possibility of buildings being developed around the site in the future, it is im-
portant to predict the situation.

16|

- P

2

Naha

Fig. 20 Sun shadow diagram (bungalow) at winter solstice (December 21)

s 91011 122%1 115 6
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Naha
Fig. 30 Sun shadow diagram (bungalow) at summer solstice (June 21)

Tokyo (reference)

Once the position and time of day at which sunlight is secured are identified, use ingenuity in floor plan

layouts from long-term perspectives, such as which time of the day sunlight is required and the lifestyle
of occupants.

2)0 Points to note for sectional planning based on site conditions

Next, perform a three-dimensional shade check for specific planning.

For example, the solar altitude in the due south position for Naha should be treated as 40.4° at the
winter solstice, 87.3° at the summer solstice, and 64° at the spring and fall equinox. The seasonal solar
altitude and state of shadows caused by it can indicate the extent of floor area covered in shadow by the
buildings on the south of the house through the south-facing windows on the first floor. It also enables

consideration for the window positions and opening shapes (described later in this section), thereby al-
lowing a more specific, three-dimensional spatial image (Fig. 4).

Summer solstice
Spring and fall equino><I LY
ALV

- - -
- ~
- -1
~
.

Winter solstice | 1 , “;5%
.
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1
1

1
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. 1

1

N =) North
. N
\

Fig. 4

(Solar altitude in Naha)

Oofooiooioomooo

O000I000000I0000I000O000I00N000000010000I0000000ei000t00000O0I0n0000




Differences in indoor illuminance due to site conditions

A floor illuminance distribution simulation was conducted on the first floor assuming

Key Point the existence of a two-storey building on the south, a building site in which the space

between adjacent buildings is narrow in one case and wide in another (Fig. a and Fig.

b), as well as the existence of two-storey buildings surrounding the site (Fig. c). Re-

sults show the possibility of receiving direct daylighting from the opening is high when

the space between buildings is wide.

Target room
(1st floor)
1 3ml all
,,,,,, 6mibLl v
Adjacent blg.
(Twoistory)
Adjacent blg.
(Two-story)
Fig. a Fig. b
,,,,,,,,,,,,,,,,,,,,, Floor illuminance distribution with Floor illuminance distribution with ) o
narrow space between buildings wide space between buildings (6 Daylight Utilization
@ m m)
Conditions a, b of space between buildings on south = Conditions (Naha)
Adjacent building: Two-storey
08 mx 8 mx 6 m (height)
N Target room: South-facing first floor
04 mx 4 mx 2.5 m (ceiling height)
T Window dimensions: 200 cm x 200 cm
[ (patio door)
Season and time: Spring and fall
Adjacent blg. Adjacent blg. equinox; noon
(Two-story) [3m Target| 3m | (Two-story)
N 00m <> llluminance (Ix) level
(Lst floor)
3m
Adjacent blg. Adjacent blg. Adjacent blg.
(Two-story) (Two-story) (Two-story)
Conditions c of surrounding buildings cJ Fig. ¢ . o .
Floor illuminance distribution with

surrounding buildings (3 m)

Comment e s lighting energy consumption in hot humid region highest in Japan?

As the hot humid region is located in the capital cities of all 47 prefectures. Despite the

south of Japan, people tend to think the lighting short sunshine hours, the solar radiation level

energy consumption is low because of its long is high and people tend to close curtains or
sunshine hours. However, sunshine hours are blinds and use lighting in an effort to ensure
actually short because of the high precipitation solar shading and reduce cooling load in the
level, and the lighting energy consumption is summer. Furthermore, it is considered that the
very high compared to other regions in Japan. lighting energy consumption is very high
For example, in Naha, the number of sunshine because shutters and other coverings are used

hours was 1,621 in 2006, ranking 12th in for openings to protect them from typhoons.

terms of the short sunshine hours among the
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324 Daylight Utilization Methods

Method 1:[0 Direct daylight utilization methods (daylighting methods)

 Although daylighting from openings is the first stage of the daylight utilization methods, effects of daylight-
ing vary depending on the location of the openings. Appropriate daylighting methods need to be selected
for planning according to the site conditions and living space characteristics.

At the same time, wind utilization should be considered.

» Even when the positions and shapes of openings have been determined, daylighting through openings
alone leads to problems such as solar radiation heat directly entering the room and direct sunlight being too
bright, which significantly impair the comfort of occupants. To avoid these problems, solar shading and sun

control should be planned together so that an appropriate level of daylight is achieved.

1.0 Planning positions and shapes of openings

1)0 Planning side windows
Average side windows installed in the exterior walls have a simple window structure and it is also easy
to install flashing to these windows. Although often overlooked, another great advantage of side windows
is their ease of opening and closing as well as cleaning.
From the perspective of daylight utilization, it is important to be aware of the following characteristics
of openings.
(1)The higher the position of the window, the further the light reaches in the room and the greater the
uniformity of the indoor illuminance.
(2)The higher the position of the window, the easier the protection of privacy and the greater the ten-
dency of opening curtains, etc.
(3)The higher the position of the window, the further it is from the center of the visual field and the easi-

er the glare reduction.

Differences in indoor brightness due to window height

« This section shows, as a reference, the indoor floor illuminance of a room with win-

Key Point dows that are the same shape but are installed at a different height.

 In general, the higher the window position, the greater the illuminance uniformity.
As shown in Fig. a, the light reaches further into the room. This increases the illumi-
nance at the back of the room as well as the illuminance uniformity of the entire
room. Other advantages of high windows are that they are less prone to be influ-
enced by the surroundings and that they can reduce glare. However, these windows
receive direct solar radiation and require the use of sun control devices as described
later in this section.

Ve /

o m Conditions (Naha)

Target room: South-facing first floor
04 mx4mx25m (ceiling height)

. . . . . Window dimensions: 200 cm x 100 cm
] a: Height to window b: Height to win- Season and time: Spring

sill 150 cm _l dowsillOcm oy pa equinox; noon

llluminance (Ix) level

* This chapter shows the
verification results of
brightness characteris-
tics using a simulation
software called “Inspirer”.

o

Fig. all Floor illuminance distribution with high window

Fig. b0 Floor illuminance distribution with low window
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2)0 Planning top side windows

If the space between buildings is narrow and the possibility of daylighting from side windows is ex-
tremely low, or if there is a north-facing room that requires more light, it is effective to plan efficient
daylighting using top side windows. As mentioned previously, windows that are located high enable effi-
cient daylighting for the back of the room to increase illuminance and uniformity, and provide other ad-
vantages such as improved ventilation performance. The way in which maintenance is to be performed
should be taken in to account when using top side windows. Careful consideration is required not only in
cleaning and inspecting these windows but also in using the sun control devices mentioned hereafter,

especially because solar shading is essential for south-facing top side windows in the summer.
Differences in indoor brightness between side windows and top side windows

» The differences in the indoor floor illuminance distribution and the luminance distri-

Key Point

bution, which represent the condition of light in the entire room (perception of

light), are shown below as a reference.
» Top side windows brighten the ceiling and walls at the back of the room that were

darker with side windows.

m Conditions (Naha)
Target room: —
[ South-facing first floor
04mx4mx25-35m | _'I
0 (ceiling height)

Window dimensions:
0200 cm x 100 cm

Season and time:
0 Spring and fall equinox; noon

Illuminance (Ix) level

Floor illuminance distribution Floor illuminance distribution

Luminance (cd/m’) level
2000

1000

100

Condition of indoor light
(Luminance distribution)

Condition of indoor light
(Luminance distribution)

Fig. b0 Indoor brightness with
top side window

Fig. all Indoor brightness with
side window

lluminance (Ix) level

An amount of light that
reaches a particular point
(incident light). The unit
of illuminance is lux (Ix).

Luminance

An amount of light that
represents the bright-
ness on a surface seen
from a particular direc-
tion.

The unit of luminance is
the candela per square
meter (cd/m2).

Daylight Utilization
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2. Planning sun control devices

Introducing daylight into the room leads to a tremendous reduction in lighting energy consumption in Zone
VI. However, since solar shading is important in order to reduce cooling load, particularly in the summer (see
Section 4.2 Solar Shading Methods for Zone VI), there is a need for ensuring both indoor brightness and solar
shading.

A device that blocks direct sunlight is generally known as “solar shading device”. Considering the light in
addition to the heat, it is required to install a device not only for shading to block the heat but also for adjusting
the brightness, that is, a “sun control device”.

This section discusses the characteristics of sun control devices that are installed outside (Table 4) and in-

side (Table 5) including how they relate to solar shading effects. Furthermore, using overhangs and blocks

Table 40 Characteristics of sun control devices 1 (installed outside)

Horizontal louver

MO [ A [J198y8 Buipeys Jejos 0 v OybiH

Direction/season/time
View

Direct light diffusion
Remark

Appropriate for southeast to south to
south west and high solar altitude.
Varies depending on the blade spac-
ing and angle.

Hardly any

Blade setting according to the pur-
pose is important. Direct sunlight
reflected on the top of blades enters
the ceiling, brightening the room.

Horizontal blind
Direction/season/time
View

Direct light diffusion
Remark

Works for all directions.

Varies depending on the blade spac-
ing and angle.

Slight, depending on the blade angle.
Appropriate adjustment according to
the outside conditions and purpose is
important. Possible to guide the light
reflected on the blades to the ceiling.

Bamboo blind
Direction/season/time
View

Direct light diffusion
Remark

Appropriate for east and west and low
solar altitude.

Not very good

Yes

Inexpensive and easy to install. Visual
effects of natural material.

Roller blind
Direction/season/time

View
Direct light diffusion

Remark

Appropriate for east and west and low
solar altitude.

Not very good, although depends on
the material.

Very high, although depends on the
material.

Effective for blocking the view from
outside. Appropriate for creating a
soft light environment.

Overhang
Direction/season/time
View

Direct light diffusion
Remark

Appropriate for south and high solar
altitude.

Good

None

Inappropriate for blocking the after-
noon sun as direct sunlight easily
enters when the solar altitude is low.

Awning
Direction/season/time

View
Direct light diffusion

Remark

Appropriate for any directions except
north.

Good

Hardly any, although depends on the
material.

Works even when the solar altitude is
low unlike the fixed overhang. Some
materials allow diffuse transmission
of direct sunlight.

oo oo
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with decorative openings as examples, it explains the methods for reducing the contrast in lighting between

openings and surroundings using sun control devices to prevent the room from looking dark.

Regarding the ease of adjusting the light environment, auxiliary devices installed inside such as indoor

horizontal blinds have superior performance. On the other hand, outside devices provide a higher solar shad-

ing effect and overhangs and blocks with decorative openings are more effective, considering their ability to

protect against heavy wind and rain.

It is necessary to understand the characteristics of each sun control device and select the one that suits the

period of use, direction to be installed and purpose.

Table 50 Characteristics of sun control devices 2 (installed inside)

[ ——

O

]
MOT <« 1088 Buipeys Jejos » ybiH

Horizontal blind
Direction/season/time
View

Direct light diffusion
Remark

Works for all directions.

Varies depending on the blade spac-
ing and angle.

Slight, depending on the blade angle.
Appropriate adjustment according to
the outside conditions and purpose is
important. Easy to adjust the blade
angle, roll up, etc.

Paper sliding door

Direction/season/time
View
Direct light diffusion

Remark

Appropriate for low solar altitude.

Not good

Very high, although slightly varies
depending on the material.

Effective for blocking the view into the
building, but hard to see the outside
environment. Can create a soft light
environment.

Daylight Utilization

Roller blind
Direction/season/time

View
Direct light diffusion

Remark

Appropriate for east and west and low
solar altitude.

Not very good, although depends on
the material.

Very high, although depends on the
material.

Effective for blocking the view from outside.
Appropriate for creating a soft light environ-
ment. Easy to roll up and down for adjustment.

Sheer curtain

Direction/season/time
View

Direct light diffusion
Remark

Appropriate for low solar altitude.
Depends on the material.

Depends on the material.

Material selection is important accord-
ing to the purpose, such as whether
the priority is on the view or glare con-
trol.

Vertical blind
Direction/season/time
View

Direct light diffusion
Remark

Works for all directions.

Varies depending on the blade spac-
ing and angle.

Slight, depending on the blade angle.
Appropriate when direct sunlight
enters the room with an angle against
the window.

None

Direction/season/time
View

Direct light diffusion
Remark

Good
None

® Some photos in Tables 4
and 5 are available in
color in Appendix 2 on
p.390.




1)0 Sun control effect of overhangs
Overhangs often used in hot humid regions have a different solar shading effect depending on the
depth. The sun control effect also depends on the overhang depth. However, unlike solar shading, this

effect varies depending on the perception of light.

Differences in indoor light condition due to depth of overhangs

e The luminance distribution diagrams representing the condition of indoor light

Key Point

Chapter 3 indicate the differences in effects of overhangs.

Natural Energy

o  Fig. aand Fig. b show the differences in perception of light from the south-facing opening at
Application Technology

(Elemental Technology noon according to the depth of the overhang. Since the solar altitude is high, the deep over-
Application Method 1) hang of Fig. b creates a large shady area and the glare (contrast) of the opening is small.
0 a]
/ a  Fig. c and Fig. d show the differences in perception of light from the east-facing

opening at 9:00 a.m. according to the depth of the overhang. Since the solar alti-
q tude is lower than that of noon, the sun shines on the floor, but the deep overhang

of Fig. d can reduce the glare (contrast) by decreasing the glare area.

Deep overhang Shallow overhang

Luminance (cd/m’) level Luminance (cd/m’) level
m Conditions (Naha) 2000 2000
0 Target room: 1000 1000
0 O South-facing first floor (a, b);
east-facing first floor (c, d)
004 mx4mx25m (ceiling height)
0 Window dimensions:
00200 cm x 200 cm
[0 Overhang depth:
0080 cm (a, c); 150 cm (b, d)
0 Season and time:
[ O Spring and fall equinox at
noon (a, b); 9:00 a.m. (c, d)
Fig. a0l Shallow overhang (South-facing opening, noon) Light on side and opening directions (luminance distribution)
Luminance (cd/m ) level Luminance (cd/m ) level
_ ilm ﬂ i
Fig. b0 Deep overhang (South-facing opening, noon) Light on side and opening directions (luminance distribution)
Luminance (cd/m) level Luminance ( cd/m) level
1000 1000
100
1
Fig. cO Shallow overhang (East-facing opening, 9:00 a.m.) Light on side and opening directions (luminance distribution)
Luminance (cd/m ) level Luminance (cd/m ) level
- ilm " i
Fig. dO0 Deep overhang (East-facing opening, 9:00 a.m.) Light on side and opening directions (luminance distribution)
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2)0 Sun control effect of blocks with decorative openings

Blocks with decorative openings are frequently used in Zone VI in order to help protect against heavy

wind and provide aesthetic landscaping. Although these blocks also work as an effective solar shading

device against the afternoon sun, a combined use with overhangs can achieve a significant effect in terms

of sun control.

Indoor light condition provided by blocks with decorative openings

Key Point » The luminance distribution diagrams expressing the condition of indoor light be-

low shows the effect of blocks with decorative openings.

» Fig. a and Fig. b show the differences in perception of light from the west-facing

opening at 3:00 p.m. with or without blocks with decorative openings.

O
/ » In Fig. a, which has an overhang but none of these blocks, the afternoon sun di-
rectly shines into the room and the opening and wide area of the floor seem too
1 bright. Even though a sufficient amount of daylight is actually secured, the room
EEi seems relatively dark.
. » In Fig. b, which has both an overhang and blocks with decorative openings, the
afternoon sun is softened by the sun control effect of the blocks and the amount Daylight Utilization
of daylight is limited. However, as the contrast in lighting is reduced the back of
the room does not seem very dark. * Hiding one of the fig-
« In short, blocks with decorative openings effectively prevent the back of the room tree (e = o [l )
makes the effect of con-
from looking dark by securely blocking solar radiation including the afternoon trast in lighting between
the opening and the room
sun. )
easier to see
Luminance (cd/m?) level
Fig. a

Indoor light condition with-
out blocks with decorative
openings (luminance distri-
bution)

Luminance (cd/m2) level

Luminance (cd/m’) level
2000

1000

Fig. b 0
Indoor light condition with
blocks with decorative

openings (luminance distri- e b e
bution)
Luminance (cd/m2) level 1

L1t
(e
\
E

m Conditions (Naha)

[0 Target room: West-facing first floor 4 m x 4 m x 2.5 m (ceiling height)

0 Window dimensions: 200 cm x 200 cm

0 Size of decorative openings of blocks: 16 cm x 16 cm x 15 cm (thickness)
[0 Overhang depth: 150 cm

0 Blocks with decorative openings/overhang width: 4 m

[ Reflectance: Ground 0.2; back of overhang/blocks with decorative openings 0.3;
0 O ceiling 0.7; wall 0.5; floor 0.3

[0 Season and time: Spring and fall equinox; 3:00 p.m.
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Comment e The principle of Airuandon which means unnecessary lighting during the day

There is a term hiruandon (literally, a paper
shade lamp in daylight) in Japanese. This is a
famous reference to the outer guise of Oishi
Kuranosuke, who was the leader of forty-seven
masterless samurai whose story is the national
epic of Japan . It is used to ridicule someone
who is dull or useless, such as “You are like a
paper shade lamp in broad daylight”. Why is
hiruandon (daytime lighting) useless? That is
because the daylight is bright and a paper
shade lamp is completely ineffective and waste-
ful. But think about this: the same amount of
light is coming from the paper shade lamp

regardless of day or night. Why is the same
amount of light effective at night but not in the
daytime?

Fig.O Simultaneous contrast of brightness

The reason for this is that the effectiveness of
light depends on its relationship with the sur-
roundings as well as the amount of light. There
is hardly any light around the paper shade
lamp at night, but a large amount of light exists
during the day. The above figure represents the
condition of a paper shade lamp at night and in
the daytime. The light emitted from the paper
shade lamp is shown in gray, the surrounding
light at night is in black and the surrounding

light in the daytime is in white. Please look
closely at this figure. Don’t the small gray
squares look different?

This figure expresses the “simultaneous con-
trast of brightness” phenomenon which is
determined by the contrast between the
“brightness” of a particular color and its sur-
roundings. In the case of light surrounding the
paper shade lamp, the difference between the
night and day is far greater than that of the
black and white area in the figure. Moreover,
since the area around the lamp is much larger
this effect is further heightened.

Taking this concept a step further, you can
see that this figure is the same as when looking
at the window from inside the room in terms of
perception of light (Photo 1). If there is no light
in the room, the window looks very bright and
dazzling. On the contrary, since the window is
very bright the area around the window looks
dark even though there is light in the room.

Because of this, we tend to turn on a paper
shade lamp, i.e. lighting, in order to add light to
the dark area even in the daytime (Photo 2).
This results in daytime lighting in which we
attempt to make the dark area look brighter but
it is actually waste of lighting considering the
presence of large amount of light.

The sun control and other daylight utilization
methods explained in this document reduce
the contrast in lighting. These methods are very
effective in preventing daytime lighting by keep-
ing the room from looking dark as well as in
reducing lighting energy in hot humid regions
where the sunlight is so intense that windows
look too bright.

Photo 10 Stark contrast in lighting between
window and inside of room

Photo 200 Example of how impression of darkness
created by contrast with windows can
result in use of daytime lighting
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Without transom window
(Winter solstice, noon)

0

/

Method 2:[] Indirect daylight utilization methods (daylight guiding methods)

By guiding the light received from an opening into the back of the room (daylight guiding), brightness and
other visual comforts can be increased. Even if there is a house that cannot achieve sufficient daylighting,
daylight guiding makes the optimum use of the light obtained by daylighting.

Daylight guiding methods consist of three methods: daylight guiding using spatial structures, reflection on
finished surfaces, and devices. The desirable priorities are that architectural daylight guiding using spatial
structures and interior finish are fully examined before adopting daylight guiding using devices to supple-
ment insufficient lighting.

¢ A combination of daylight guiding methods may further increase the effects.

1.0 Daylight guiding using spatial structures

Daylight guiding using spatial structures refers to the creation of a passage of light through ingenuity in the

floor and elevation planning.
1)0 Daylight guiding using transom windows and other means

A transom windows that is installed in the upper partition wall as a cross ventilation opening can also
guide light into the next room with poor daylighting conditions. As the lower area of the transom win-
dows is covered by the wall, which blocks a view, it can introduce light into the room while maintaining
an independent space. Moreover, in hot humid regions where the solar altitude is high, a daylight guiding
effect tends to be low and it is important to efficiently use the light reflected in the room which is dis-
cussed later in this section.

Daylight guiding using transom windows is also effective in designing exterior openings for non-habit-
able rooms that tend to be one step behind. Even when it is difficult to plan windows in all the non-habit-
able rooms such as washing rooms, toilets and bathrooms, sufficient daylighting in one of these rooms
and daylight guiding using transom windows in the surrounding spaces creates pleasant spaces with
natural lighting.

Similar to transom windows, an efficient use of glass blocks and glass screens in the partition wall
guides daylight into the entire space, achieving the same effects.

Daylight guiding effects of transom windows

Key P oint ¢ The difference in the condition of light in the north room and the floor illuminance
(including the south-facing room) with or without a transom window is shown below
for reference purposes.

e Although the indoor floor brightness is hardly different between the two rooms, ar-
eas in the ceiling and walls that are related to the perception of light look brighter

when there is a transom window.

Luminance (cd/m®) level

Fig. a

With transom window
(Winter solstice, noon)

/

0

2000
1000
100
10
1

Condition of light in north room (luminance distribution)

) r
Fig. b

O

Condition of light in north room (luminance distribution)

Daylight Utilization

m Conditions (Naha)

0 Target room:

0 0 North-south consecutive

rooms on the first floor

0 South room:

004 mx4 mx 2.5 m (ceiling height)

[0 South room window dimensions:

00200 cm x 200 cm (patio door)

O North room:

004 mx4mx 2.5 m (ceiling height)

[ North room window dimensions:

[0 0200 cm x 100 cm (waist-level window)

[ Dimensions of transom window
between north and south rooms:

00200 cm x 50 cm

[0 Season and time:

0 0 Winter solstice; noon

Illuminance (Ix) level

Floor illuminance distribution (left: south room; right: north room)

Floor illuminance distribution (left: south room; right: north room)
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2)0 Daylight guiding using light wells
Planning a light well to create a passage of light through from

the upper to the lower floor of the house can guide the light into
the lower floor (Fig. 5). The effect of the light well can be ob-
tained even in the staircase by taking into account the light I »

transmittance and reflectance of components.[J A light well is

A0 L

used in combination with top side windows and other means

(skylights are also possible in Zone V). Since it is not direct ‘

daylighting through top side windows and other means, a solar
Light well

shading effect can be expected to some extent. Fig. 50 Example of light well planning

2.0 Daylight guiding using reflection on finished surfaces: Reflection on outside surfaces, back of eaves and indoor surfaces

Daylight guiding using reflection on finished surfaces is a method used often in traditional Japanese build-
ings and can be effectively applied to modern houses. The fundamentals of this method are that light reflected
on the ground is reflected further on the back of eaves and ceiling around the openings in order to guide the
light into the back of the room. However, as the reflection of the light is strong and windows become too
bright in hot humid regions, thorough solar shading and sun control are prerequisites.

Fig. 6 is an actual example of effective light guiding which prevents solar radiation and glaring of the open-
ings by skillfully using the reflection on the outside surfaces as
well as on the finished surfaces such as the back of the overhang

and ceiling. Amahaji (semi-outdoor space with a deep overhang)

works to efficiently guide the indirect daylight into the room.
If it is desired to open windows for cross ventilation and view,
a combination of the outside surfaces with low reflectance and

indoor finished surfaces with high reflectance is an extremely

effective method for daylight guiding which makes the most of  Fig. 60 Daylight guiding using reflection on ground,

. . back of eaves and ceiling by means of amahaji
the reflection on finished surfaces.

Daylight guiding effect using outside surfaces with low reflectance and indoor finished surfaces with high reflectance

Key Point  The indoor light condition (luminance distribution) and floor illuminance distribu-
tion of the outside surfaces and indoor finished surfaces with different reflectances
are shown as a reference.

» When both the ground and indoor reflectance are low (Fig. a), the entire room looks
dark (low luminance distribution) and indoor light itself decreases (low illuminance
distribution). On the other hand, when the ground reflectance is low but the indoor
reflectance is high (Fig. b), the room seems bright (high luminance distribution)
while somewhat controlling the contrast with the opening in terms of perception of
light and the light reaches the back of the room (high illuminance distribution).

» When the ground reflectance is high but the indoor reflectance is low (Fig. ¢), the
contrast is the greatest and the window seems too bright (high luminance distribu-
tion), but the light does not reach as further into the room as Fig. b (low illuminance
distribution).

» When both the ground and indoor reflectance are high (Fig. d), the entire room
looks bright and the light fully reaches the back of the room (high illuminance dis-
tribution), but the entire room seems extremely bright and solar radiation is in-
tense.

» From the above, a combination of the outside surfaces with low reflectance and in-

door finished surfaces with high reflectance (Fig. b) is most effective.
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Luminance (cd/m’) level

Indoor light condition (luminance distribution) Floor illuminance distribution

Fig. all When both ground and indoor reflectance are low

Luminance (cd/m?) level

2000
1000
100
10

1

Indoor light condition (luminance distribution)

Floor illuminance distribution

Fig. b0 When ground reflectance is low but indoor reflectance is high

Floor illuminance distribution

Luminance (cd/m’) level

2000
1000
100
10

1

Indoor light condition (luminance distribution)

Fig. ¢ When ground reflectance is high but indoor reflectance is low

Luminance (cd/m?) level

i 3 2000
1000
100
10
1

Indoor light condition (luminance distribution)

Floor illuminance distribution

Fig. dO0O When both ground and indoor reflectance are high

lluminance (Ix) level

Daylight Utilization

m Conditions (Naha)

Target room: South-facing first floor

04 mx4 mx 25 m (ceiling height)

Window dimensions: 200 cm x 200 cm
Overhang depth: 150 cm

Season and time: Spring and fall equinox; noon

a. Reflectance (low - low)
Outside surface: 0.2; back of overhang: 0.2;
ceiling: 0.5; wall: 0.3; floor: 0.1

. Reflectance (low - high)
Outside surface: 0.2; back of overhang: 0.8;
ceiling: 0.9; wall: 0.7; floor: 0.5

. Reflectance (high - low)
Outside surface: 0.8; back of overhang: 0.2;
ceiling: 0.5; wall: 0.3; floor: 0.1

. Reflectance (high - high)
Outside surface: 0.8; back of overhang: 0.8;
ceiling: 0.9; wall: 0.7; floor: 0.5
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The table below shows the reflectance of major finishing materials (including outside surfaces) for refer-

ence purposes.

Reference
Table:O Reflectance of major finishing materials

Component  Finishing materials Reflectance (%) | Component Finishing materials Reflectance (%)
Ceillling and | Japanese cypress (new) 55065 Floor Tatami mat (new) 500 60
wal
Cedar (new) 300 50 Light-colored vinyl tile, Astile 40070
Colored lacquer, varnish 20040 Dark-colored vinyl tile, Astile 10020
Light-colored wallpaper, R -
typical fusuma paper. 400 70 Light-colored flooring 200 30
Dark-colored wallpaper, . .
typical fusuma paper 20040 Dark-colored flooring 10020
White plaster wall (new) 75085 ?utside sur- | White gravel 20040
ace
Typical white wall 55075 S{gxg' concrete, pavement | ;5 30
Earth wall top coat , typical
light-colored wall 400 60 Asphalt pavement 15020
Typical dark-colored wall 15025 Lawn (grass) 5015
Japanese sand wall (green
and other dark colors) 5015 Earth (wet earth) 307

3.0 Daylight guiding using devices

The daylight guiding using devices consists of two methods. The first method reflects the light at the upper
surface of a light shelf installed above the window and guides the light into the back of the room using the
reflection from the ceiling. The second method also utilizes the reflection from the ceiling in the same manner
by using sun control devices installed on windows (p.074) that have blades with a high reflecting effect (e.g.
louvers).(In Zone V, the use of mechanical devices, e.g. light ducts, is also effective as it guides the light into
the areas where the light normally does not reach (See p.083).)

It is desirable that the light shelf is installed at a higher position than the eye level in order to secure a view.
When designing a house with a low ceiling, it is necessary to incline the ceiling so that it is higher toward the
openings. Employing such techniques for an opening in a living room with a relatively high ceiling is efficient

as it enables a large opening above the light shelf.
Daylight guiding effects of light shelves

e The differences in the indoor light condition (luminance distribution) and floor illu-

Key Point

minance distribution with or without a light shelf are shown as a reference.

e When there is a light shelf, the upper surface of the light shelf and the ceiling have
a high reflectance and the entire room is very bright.

o Alight shelf is a type of overhang designed to guide direct sunlight to the ceiling. By
installing a window above the light shelf, the direct sunlight is reflected on the upper
surface of this overhang, entering the ceiling and expanding into the back of the
room. If there is no overhang, the direct sunlight enters only the floor near the win-
dow, causing a stark contrast in brightness with the back of the room. However, an
ordinary overhang blocks direct sunlight only and does not solve the contrast in
brightness between the near the window and the back of the room. Light shelves
can guide direct sunlight to the ceiling and brighten the back of the room, reducing
the contrast between the near the window and the back of the room and creating a

pleasant light environment.

Since light shelves increase the entry of solar radiation heat, it is required to adopt
proper solar shading in the summer, such as installing an overhang or blind to the

window above the light shelf.
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Luminance (cd/m’) level
2000

1000

Illuminance (Ix) level

Indoor light condition (luminance distribution) Floor illuminance distribution

Fig. a0l Without light shelf

m Conditions (Naha)

Target room: South-facing first floor
04 mx4mx 25 m (ceiling height)
Window dimensions:

[0 200 cm x 200 cm (patio door);
1200 cm x 50 cm (high window)
Light shelf depth: 150 cm
Reflectance: top of light shelf 0.8;
0 ceiling 0.9

Floor illuminance distribution Season and time:

[ Spring and fall equinox; noon

Indoor light condition (luminance distribution)

Fig. b0 With light shelf

Comment e Possibility of new daylight guiding methods including light ducts in hot humid region (Zone VI)

There are new daylight utilization methods for the areas where a daylighting path cannot be

secured, such as a light duct system which guides light into the building by combining a light collec-

tor with ducts made of high reflectance materials, and a method which guides light into the building
by combining a sun-tracking light collector and optical fibers. These methods are very effective when

a light path can be relatively flexibly designed and daylight cannot be utilized by other means. Photos
below are an example of daylight guiding for a hallway, where daylight is unavailable, and an exam-

ple of introducing daylight by vertically guiding it into a room with a side window.
However, a very high daylight guiding effect also means a high solar heat gain. In Zone VI, one of

the hot humid regions, it is necessary to decrease the area for collecting light, such as skylights, in

order to reduce solar radiation. Moreover, due to some cost related issues for small houses, daylight

guiding is not adopted except in some large-scale spaces, such as the light duct system seen in

Citizen’s Square within the Okinawa prefectur-

al government building.

Therefore, technologies which can secure a

wide radiating area and achieve sufficient

indoor light conditions using a small light col-

lecting area are required for Zone VI. If such

technologies are developed in the future, the

light duct system and other technologies will
also be useful in Zone VI.
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* Even though the defini-
tion of design life varies
among manufacturers,
90% of the nominal value
is guaranteed in many
cases.

3.3 Photovoltaic Power Generation (Sunlight Utilization 2)

Photovoltaic power generation is a system that sup-
plies the electricity consumed in a house by generating
electricity using sunlight during the day. Although this
requires electricity to be purchased during the night,
any surplus electricity produced during the day can be
sold. This improves the total power balance thereby en-

abling an extremely low running cost.

3.3.10 Purpose and Key Points of Photovoltaic Power Generation

» A type of photovoltaic power generation system used in houses is called a grid-connected power system
(which buys and sells electricity in connection with commercial electric power systems). The amount of
photovoltaic power generation largely varies depending on the weather and time of day, but it is possible to
purchase electricity during the night and sell it during the day so that running costs can be reduced.

» Photovoltaic power generation provides the largest amount of power generation during the daytime in the
summer when the load at power stations is the highest and sells the surplus electricity. This leads to a re-
duction of the load at power stations and contributes to the reduction of environmental impact from a macro
perspective.

« Since solar cells used in the photovoltaic power generation system do not have a driving part it does not
require any consumable supplies. The typical service life of solar cells is over 20 years for a power module
that has a surface protected by tempered glass, which is extremely long compared to other equipment and
devices.

» The amount of power generation depends on the site conditions, such as the duration of shady hours, and
careful consideration is required for planning.

 Various verification studies are currently being conducted regarding the age deterioration of the power
generation performance and efficiency of photovoltaic power generation systems (e.g. power conditioners
and power modules); however such a tendency has not been identified.

» Photovoltaic power generation system distributors generally set a design life of approximately 15 years for
power modules and approximately 10 years for power conditioners and provide approximately 10 years of

warranty for the entire system.

3.32 Energy Conservation Target Levels for Photovoltaic Power Generation
The energy conservation target levels for photovoltaic power generation refer to the following levels 1 and

2 and indicate the reduction in annual primary energy consumption per household.

Level 0 O No photovoltaic power generation

Level 1 [ Reduction in annual primary energy consumption; 33.7 GJ (approx. 3 kW of solar cell capacity)

Level 2 [ Reduction in annual primary energy consumption; 45.0 GJ (approx. 4 KW of solar cell capacity)

» The reduction here refers to the amount of photovoltaic power generation, i.e. the amount of power genera-

tion which corresponds to the capacities of solar cells (approximately 3 kW and 4 kW) that are assumed for

o0 01
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levels 1 and 2. However, with regular residential photovoltaic power generation systems, any surplus elec-

tricity generated during the day is sold and electricity is bought during the night.

e The reduction (amount of power generation) varies from region to region and the previously-mentioned

data are the values for Naha (photovoltaic panels with a tilt angle of 20°). See Table 1.

3.3.3 Photovoltaic Power Generation

1.0 Regional solar radiation level

The amount of sunlight (amount of solar radiation) influences the annual photovoltaic power generation. In

other words, compared to the Seto Inland Sea and Pacific side of Japan, which has a large number of sunny

days, the Sea of Japan side provides slightly lower power generation. It is said that, in areas such as Sapporo

in Hokkaido, where there is no rainy season, the power generation is higher than Tokyo.

However, the regional difference in the power generation is approximately 10%, which means photovoltaic

power generation can be adopted in any region in Japan. This is related to the fact that photovoltaic power

generation is not influenced by outside air temperature unlike solar heat utilization.

Fig. 1 shows normal values of the annual mean global solar radiation and Table 1 lists examples of annual

power generation in major cities (when a system with 3 kW and 4 kW of solar cell capacity is installed).

Table 10 Examples of annual power gener-
ation in major cities
(Unit: GJ; primary energy conversion value)

City 00 OO 0O Solar cell capacity
Ooooo0 TitangleDOOOO3kW 4 kW
Kochi 30° E5.3 471
Miyazaki 30° 34.9 46.5
Kagoshima  30° 327 43.6
Naha 30° 33.3 44.3
Naha 20° SN 45.0
Miyakojima 30° 34.0 45.3
Miyakojima 20° 347 46.3
I Ishigakijima  30° 33.6 44.8
M]J/m? per day .
" WRR scale Ishigakijima  20° 34.2 45.6
il S:%g Tokyo (reference) 30° 30.6 40.8
=Y mli-12
L /h mio-11 Sapporo (reference) 30° e 42.6
k & Weather office . . . :
&) Fourclement AVeDAS Note 1: Using the Residential Solar Power Generation
. - Simulation (June 2008) available on the
Kyocera’s website, the calculation was per-
formed for a system with a capacity of 3.15
kW under the conditions of the direction
] b M 1 (due south) and the tilt angle (30° or 20°),
o M which was translated into 3 kW and 4 kw
- 3 o based on a simple ratio conversion.
- g 13 il 2 L . Note 2: Figures in Table 1 are primary energy conver-
o . = sion values, and this can be converted to
. ® PR | ] LB power generation (secondary energy conver-
A . P sion values; unit: kWh) by using the following
T - formula:

1
1GJ0-g 76 MWh

1
u i/ b O-g7¢ * 1000kwh
— ﬂ,-f ] % 0 102.4kWh

For example, 33.7 GJ for Naha (20°) using a 3
kW solar cell can be converted as shown
below

- 1 33.7x 102.40 3450kWh

Fig. 10 Normal values of annual mean global solar radiation (1961 - 1990) (Unit: MJ/m? per day)
Source: The National Solar Radiation Data Map (of Japan), New Energy and Industrial Technology
Development Organization (NEDO), 1998
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2.0 Direction of installation and tilt angle

The sunlight utilization efficiency depends on the installation direction and tilt angle of photovoltaic panels
but it is also largely influenced by the latitude of the building site (Fig. 2, Table 2).

In Zone VI, the difference in utilization efficiency due to the direction of installation is not very significant.
For example, in Naha, where the utilization efficiency is 100% for the system installed in due south, the sun-
light utilization efficiency is 94 — 95% for east and west and approximately 88% for north installation (when the
tilt angle is 20° on a roof). Additionally, with regard to the difference in utilization efficiency due to the tilt
angle, the total annual power generation is predicted to become high with a tilt angle of approximately 20°
when the system is installed on the south side of the roof. Even when the system is installed on a leveled
surface (tilt angle of 0°), the decrease of power generation is estimated to be small.

On the contrary, in Zone V, there is a certain difference in power generation due to the direction of installa-
tion. For example, in Miyazaki, while the utilization efficiency is 100% for due south installation, it is approxi-
mately 82 — 85% for east and west and approximately 64% for north installation (when the tilt angle is 30° on a
roof). This difference in power generation due to the direction is more significant when the tilt angle is larger.
Moreover, regarding the difference in utilization efficiency due to the tilt angle, the efficiency becomes the
highest with a tilt angle of approximately 30° when the system is installed on the south side of the roof. When
this value is regarded as 100%, it is approximately 98% at a tilt angle of 20° and approximately 90% on a leveled

surface. This difference is not as significant as that of the direction.

As described above, attentions should be paid to the direction and tilt angle of the panels when installing
photovoltaic panels in high latitude regions. On the other hand, in low attitude regions, the roof pitch and di-
rection can be relatively flexibly designed, as long as a sharp tilt angle is avoided, and it may be possible to

install photovoltaic panels on the roof of preferred design.

West

9418200 North

8816400

South
1000

East
o5 8500

Direction of installation and sunlight utilization efficiency: Naha 20° (Miyazaki 30°)

- 15 ﬂloZDDQ?DD

-=l= e Bgsmugomm

Roof pitch and sunlight utilization efficiency: Naha - due south (Miyazaki - due south)

Fig. 20 Direction of installation and tilt angle of photovoltaic panels
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Table 20 Comparison of power generation by direction and tilt angle (Unit: %)

City Sunlight utilization efficiency by direction | Sunlight utilization efficiency by tilt angle (due south)
vpper Laml.Jde Due south | Due east | Due west | Duenorth | O° 15° 30° 45° 60° 90°
Lower: Longitude
Kochi 336 100 83 80 60 88 97 100 98 91 63
133.6
Miyazaki 319 100 85 82 64 90 97 100 97 88 60
Y 131.4
. 31.6
Kagoshima 130.6 100 84 83 66 91 97 100 97 88 59
Naha 262 100 95 94 88 98 102 100 93 83 52
1277
. " 24.8
Miyakojima 1253 100 95 95 90 98 102 100 94 81 49
. 24.3
Ishigakijima 100 94 97 90 98 102 100 92 81 48
124.2
35.7
Tokyo (reference) 139.8 100 79 79 57 88 97 100 98 91 64

* The table above shows the calculation results based on the expanded AMeDAS weather data (1981 - 2000) issued by the
Architectural Institute of Japan. The sunlight utilization efficiency by direction column shows the values calculated when the tilt angle
is 20° for Naha, 15° for Miyakojima and Ishigakijima, and 30° for other cities. The utilization efficiency by tilt angle column shows the
values calculated when the direction of installation is due south.

3.0 Local conditions

The outside brightness of the direct solar radiation on a sunny day is at least 15,000 lux, with 7,000 — 8,000
lux on a cloudy day and approximately 3,000 lux in the shade. Photovoltaic power generation is possible on
a cloudy day but is impossible in the shade. Therefore, power generation may be lower than the estimated
annual power generation shown in Table 1 on p.085 at sites with short sunshine hours, such as north-facing
slopes and mountainous areas. It is necessary to check the seasons and time of day when the site is covered
in shade and subtract the hours in which power generation is impossible.

Some sites such as mountainous areas are covered in shade in the morning and evening when the power
generation efficiency is not high, so the effect may not be significant. However, in the dense urban areas, it
is possible that high-rise buildings will be built in the adjacent area causing shade during hours when the
power generation efficiency is high. Therefore, future development plans for the surrounding area should

be also taken into consideration.

4.0 Cautionary advice on installing photovoltaic panels

When installing a photovoltaic panel on the roof in regions with heavy wind such as Okinawa, caution is
required to prevent damage caused by storms. Consider the use of photovoltaic panels integrated into the
roof or use ingenuity such as installing the panels flat on the deck roof. When using a frame, it is necessary
to securely attach it to the roof (building envelope) with anchors or other means as well as to tightly fasten
the main unit to the frame with bolts or other means. In regions where salt damage is a concern, rustproof-

ing of metal parts such as frames and bolts is essential.

Photovoltaic Power Generation 3.3
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* The solar cell capacity
of a system refers to a
total output of the solar
cell module calculated
according to the Japa-
nese Industrial Standards
(JI1S). The output during
actual use (generated
output) varies depending
on the solar radiation in-
tensity, installation condi-
tions (direction, installa-
tion angle, surrounding
environment), regional dif-
ferences, and tempera-
ture conditions. The maxi-
mum generated output is
70 - 80% of the solar cell
capacity due to loss
caused by increased tem-
perature and other fac-
tors.

3.34 Test Calculation of Photovoltaic Power Generation Costs

Under the following conditions, power generation simulation was performed and calculation was conducted
for Naha (Zone VI) and Miyazaki (Zone V) in order to determine the number of years it will take to recover

the initial costs of installation (Table 3, Fig. 3 and 4).

Table 30 Conditions of simulation

Solar cell capacity*: 3 kW (test calculation results fOJ or an installation area of
21.9 - 23.6 m2 at 3.15 kW converted to 3 kW)

Rated capacity of power conditioner: 4 kW

Solar radiation data: Naha in Okinawa Prefecture, Miyazaki in Miyazaki
Prefecture
Data Creation and Research on Solar Radiation, NEDO and
Japan Weather Association, March 1998

Module installation conditions: tilt angle; Naha 20°, Miyazaki 30°, angle of direc-

tion O° (due south)

1) Loss due to increased element temperature (seasonal temperature loss):
10% (Dec. - Feb.); 15% (Mar. — May, Sep. — Nov.); 20% (Jun. - Aug.)

2) Loss rate due to wiring, soiled receiving surface, backflow preventing diode,
etc.: 5.35%

3) Temperature correction factor of installation method: 1.00 (pitched roof)

4) Power conversion efficiency of power conditioner: 94.5% (replacement cost
of the power conditioner is not included in this cost test calculation)

Prerequisites

Conditions of test
calculation

1)0 Test calculation results for Naha
The calculation for Naha indicates the estimated annual power generation to be 3,430 kWh (33.7 GJ).
The following shows the conversion of this amount into electricity costs (based on the unit price as of April
2009).
0 0O (1) 31.48 yen/kWh (hourly rate lighting service provided by the Okinawa Electric Power Company)
00000 3,430 kWh x 31.48 yen/kWh = 107,976 yen
00 (2) 27.15 yen/kWh (meter rate lighting service provided by the Okinawa Electric Power Company)
00000 3,430 kWh x 27.15 yen/kWh = 93,124 yen

Although not all the generated electricity is sold in reality, the calculation was performed to determine the
number of years it will take to pay back the installation costs assuming that all the generated electricity is sold
for simplification purposes.

If the installation cost is 2,753,000 yen (labor and material prices estimated under certain conditions; See
p.356), the following number of years is required to pay back the initial costs:

0 O (1) 2,753,000 yen / 107,976 yen = approximately 25.5 years (hourly rate lighting service provided by the Okinawa Electric Power Company)

[ [0 (2) 2,753,000 yen / 93,124 yen = approximately 29.6 years (meter rate lighting service provided by the Okinawa Electric Power Company)

2)0 Test calculation results for Miyazaki
The calculation for Miyazaki indicates the estimated annual power generation to be 3,546 kWh (34.9 GJ).
The following shows the conversion of this amount into electricity costs (based on the unit price as of April
2009).
0 [0 (1) 25.0 yen/kWh (Yoka Night 10 lighting service provided by the Okinawa Electric Power Company: rate for 80 kWh to 200 kWh)
00 0003,546 kWh x 25.0 yen/kWh = 88,650 yen
0 O (2) 25.0 yen/kWh (meter rate lighting service provided by the Kyushu Electric Power Company: rate for 120 kWh to 300 kWh)
00000 3,546 kWh x 25.0 yen/kWh = 88,650 yen

Although not all the generated electricity is sold in reality, the calculation was performed to determine the
number of years it will take to pay back the installation costs assuming that all the generated electricity is sold
for simplification purposes.

If the installation cost is 2,546,000 yen (labor and material prices estimated under certain conditions; See
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p.362), the following number of years is required to pay back the initial costs:
(1) 2,546,000 yen / 88,650 yen = approximately 28.7 years (Yoka Night 10 lighting service provided by the Okinawa Electric Power Company: rate for 80 kWh to 200 kWh)
(2) 2,546,000 yen / 88,650 yen = approximately 28.7 years (meter rate lighting service provided by the Kyushu Electric Power Company: rate for 120 kWh to 300 kWh)

The above simulation results suggest that initial costs can be paid back in 25 to 30 years depending on the
rate scheme; however electricity costs vary according to the year and electric power company, thus careful

attention is required.

Subsidies are available that help reduce the initial costs. For example, the Ministry of Economy, Trade and
Industry of Japan offers residential solar generation installation subsidies for fiscal year 2009 in accordance
with the Implementation Guidelines for Subsidy for Assisting Residential Solar Generation Installation. This
subsidy provides 70,000 yen per nominal output of a 1 kW solar cell module constituting an eligible photo-
voltaic power generation system that meets the requirements. There are also prefectural and municipal sub-
sidies programs that vary locally, and by combining these programs a further reduction in initial costs can be
achieved.

On February 24, 2009, the Ministry of Economy, Trade and Industry announced that it would introduce a
new program that imposes a mandatory obligation on electric power companies to purchase the surplus elec-
tricity generated by photovoltaic power systems at prices nearly double that of the current level. The details
including the electricity purchase price, commencing time and application period are to be determined, but if
this program were implemented in 2010 for 10 years, it is expected that the number of years required for pay-
ing back the initial costs mentioned above would significantly be reduced and the number of installations

would increase.

For example, if these subsidies and the electricity purchase program are applied in Naha and the annual
estimated power generation is converted into electricity cost, the payback time is approximately 20.6 years as
shown below, which is five to nine years less than the current level.

Current

0 3,430 kWh x 31.48 yen/kWh = 107,976 yen

When the electricity purchase price has doubled

0 3,430 kWh x 0.5 x 31.48 yen + 3,430 kWh x 0.5 x 50.00 yen = 139,738 yen

Payback time of initial costs

0 (2,753,000 yen 0 210,000 yen 00 1,397,000 yen) / 107,976 yen + 10 years = approximately 20.6 years

* The hourly rate lighting service provided by the Okinawa Electric Power Company is applied to the electricity consumed
at the house. The electricity selling price is set based on an assumption that half of the electricity produced by photo-
voltaic power generation is sold at double the electricity purchase price of the hourly rate lighting service for 10 years.

Photovoltaic Power Generation 3.3
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3.4 Solar Radiation Heat Utilization for Zone VI (solar Heat Utilization 1)

The basics of reducing heating energy are to de-
crease heat loss from buildings. Additionally, we can
also reduce heating load by increasing the heat gained
by buildings.

Solar radiation is the most significant cause of heat

gain, and solar houses are designed to actively posi-

tively proactively utilize solar heat in heating. Of these
solar heating plans, a method for obtaining natural heat-

ing effects using solar heat in buildings is called passive

solar heating. Among those houses, a method for ob-

taining natural heating effects mainly by envelope de-
sign is called passive solar heating. It is important to
design a house by maintaining the balance of the three
architectural techniques—heat collection, thermal insu-
lation of openings and heat storage—while taking into
account the regional climate characteristics and site
conditions. Solar heat utilization technology is not ap-

plicable to Zone IV, which is warm in winter.

34.1 Purpose and Key Points of Solar Radiation Heat Utilization

Utilization technology of solar radiation heat is effective in reducing heating energy consumption in winter.
Here, we will discuss architectural technology that obtains solar heat from openings and effectively utilizes it.
Solar heat radiation gain and utilization can be achieved using the three methods: increasing the amount of
heat gain (heat collection), controlling heat gain loss (insulation), and effectively utilizing heat gain while
preventing a decrease in room temperature (heat storage). It is vital to efficiently combine these methods
according to the regional climate characteristics and site conditions and minimize the room temperature
variation in an effort to maintain the heat balance of buildings.

Major components that obtain solar radiation heat are glass window openings. In order to increase solar
heat gain, it is necessary to make floor and opening planning based on the directions and sizes, such as
placing major openings on the south.

Glass windows are heat collection areas as well as significant heat loss areas in general. Expanding the heat
collection window area to increase solar heat gain results in the dilemma of increasing heat loss. Therefore,
the specification for the openings needs to consider the heat balance. Glazing has a high solar transmit-
tance and the greater the insulation performance of glazing and frames, the better heat balance.

In winter, most heat gain occurs during the day when solar radiation is available, and heat loss continues all
day. Generally, heat loss is lower during the day than at night when the outside air temperature decreases.
Therefore, in order to maintain stable room temperature, it is effective not only to retain the heat balance
all day but also to supplement the heat loss at night by receiving the heat gain that exceeds the heat loss
during the day. This requires heat storage technology that carries heat over from the day to the night.
Although solar radiation gain and utilization technology provides heating effects in winter, it is important to
plan opening areas that allow for both solar radiation gain and shading as we also need to consider the cool-
ing energy reduction effects using solar shading schemes in summer (See Section 4.3 Solar Shading Meth-

ods for Zone V on p.188 for solar shading).
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3.4.2 Energy Conservation Target Levels for Solar Radiation Heat Utilization

1.0 Definition of target levels

« Energy conservation target levels for solar radiation heat utilization are divided into the following levels 1

to 4 and indicate the reduction rate of energy consumed by heating systems.

Level 0 O Heating energy reduction rate None

Level 1 O Heating energy reduction rate Approx. 5%
Level 2 O Heating energy reduction rate Approx. 10%
Level 3 O Heating energy reduction rate Approx. 20%
Level 4 O Heating energy reduction rate Approx. 40%

e The typical heating energy consumption in 2000 was 5.0 GJ (approximately 7% of total energy consumption)
(See Section 6.1 on p.339).

* Any target level can be achieved by combining the regional climate characteristics, site conditions (influ-
ence of obstruction of sunlight), building direction (direction of opening serving as heat collection area),

and methods for utilizing solar radiation heat to be adopted.

2.0 Requirements for achieving target levels

1)0 Regional climate characteristics (Passive solar zone classification)

» Effectiveness of solar radiation heat gain and utilization is largely related to regional climate characteris-
tics. Here, we focus on solar radiation characteristics and coldness in winter among regional climate
characteristics. The passive solar zone classification (PSP) refers to the classification of regional solar
radiation characteristics based on solar radiation level and temperature in winter. This categorizes Japan
into five zones from Zone A to Zone E. Zones C to E, which have high solar radiation levels, belong to

Zone V. Zone V includes Zones C to E, which have high solar radiation levels.

Solar Radiation Heat
Utilization for Zone V

Zone A O Very cold region with low solar radiation level
Zone B O Cold region with low solar radiation level
Zone C [0 Cold region with high solar radiation level
Zone D [0 Region with high solar radiation level

Zone E O Warm region with high solar radiation level

« Passive solar zone classification map (PSP classification map) showing distribution of the PSP classification and

corresponding prefecture and municipality list are provided in Appendix 1 Zone Classification Data on p.384.

Passive Solar Potential (PSP)

e PSP refers to the ratio of the mean solar radiation levelheating degree days in Janu-
ary (sum of the difference between 18°C room temperature and mean outside air
temperature of days in which daily mean outside air temperature falls below 18°C)
to the heating degree daysmean solar radiation level in January (sum of the differ-
ence between 18°C room temperature and mean outside air temperature of days in
which daily mean outside air temperature falls below 18°C), and indicates the pos-
sibility of solar radiation utilization in the region.

« PSP is the highest in warm regions with less heating degree days and high solar
radiation and the lowest in cold regions with more heating degree days and low so-
lar radiation.

» Compared to the regional classification created based on heating degree days, PSP
classification is clearly influenced by solar radiation level. Zone V and pacific side of
Zone IV, which are classified in the 1999 energy conservation standard, are areas
with some of the highest solar radiation levels in the world and solar radiation can
be easily utilized for heating. In Zone A of the PSP classification, we cannot expect
much solar heat to be used for heating while solar heat utilization is highly effective
in Zone E.

Key Point

* The PSP classification
was changed with the
original five zones con-
solidated into three based
on the amendment of the
energy conservation
standard in April 2009.
However, in this docu-
ment we use the five
zones which conform to
the original standard that
was issued in 1999.
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® Measurement conditions

Measurement date: Winter solstice Maximum height: Approx. 7.4 m (eaves) 8 1
Measurement place: Kagoshima (Zone E) Eave height: Approx. 6.0 m (upper roof)

Measurement time: 8:00 - 17:00

Measurement height: Ground level + 1.5 m  Width x depth: :

) . . 10.32 m x 7.735 m (5.46 m for second floor) e 1y e e i e i S
Table: Sunshine hours at specific points B
Point  Recessdistance Sunshinehours  8h  9h  10h 11h 12h 13h 14h 15h 16h 17h 0S50 !
A 45 m Approx. 25 hrs.  @—e &  o—o ”7‘ —
: : ! : : rLean-to-foof | S— !
B 50m Approx. 45 hrs. : - : : ‘ :
1Upper roof !
Cl 55m Approx. 6.5 hrs. P e——e — 1 |
55m N S B SN !
c2 @mtowesy PPOXESHIS. ’ : : N Vo

c3 gﬁstorg!\st) Approx. 5.5 hrs.

* Lines indicate shady hours.

2)0 Site conditions (influence of obstruction of sunlight)

» Effectiveness of solar radiation heat gain and utilization is greatly linked to the influence of obstruction
of sunlight received by the building, i.e. sunshine hours of the planned building.

« If solar radiation is obstructed in winter because of tall buildings around the building site, it is difficult to
gain and utilize solar radiation. It is necessary to investigate prior to the design process any factors caus-
ing obstruction of sunlight to the planned building, such as objects blocking the sun, topography and
influences of trees.

« Here, we have divided the building site into the following three categories according to the influence of

obstruction of sunlight (Table 1).

Table 10 Site classification by influence of obstruction of sunlight

Guideline for sunshine hours

Classification | Degree of obstruction of sunlight . .
(winter solstice)

Site with large influence of obstruction of
Site 1 sunlight (approx. 50%) where solar radia-
tion heat utilization is difficult

Site with small influence of obstruction of
Site 2 sunlight (approx. 25%) where solar radiation
heat utilization is possible

Site with no influence of obstruction of sun-
Site 3 light (0%) where solar radiation heat utiliza- | Sunlight can be received all day
tion is easy

At least 3 hours (e.g. only 3 hours of
sunlight between 10:30 and 13:30)

At least 5 hours (e.g. 5 hours of sun-
light between 9:30 and 14:30)

* Degree of obstruction of sunlight (%) refers to a ratio of the solar radiation level that is blocked by buildings and other objects
and cannot be used to the solar radiation level that is not blocked by surrounding buildings and other objects and can be used
(total solar radiation) during a winter day (8:00 - 17:00).

« If the building site is applicable to Site 1 classification, hardly any heating effects can be expected even

when methods for utilizing solar radiation heat are adopted.

How to check sunshine hours

» Sunshine hours can be checked by taking the following steps after surveying the

Key Point position and height of surrounding buildings.

[ Create a sun shadow diagram (or sky diagram) using a sun-shadow simulation
tool.

[ Read sunshine hours at the point that is estimated as the major opening surface
position of the planned building using a sun shadow chart (sunshine curve meas-
urement scale).

» The central area of the height of the first floor opening (approximately 1.5 m from
the ground level) is considered appropriate for the height of the measuring point of
sunshine hours here.

e The diagram below is a sun shadow diagram of ground level plus 1.5 m in height at
winter solstice using a two-storey house as an example. It was confirmed that at least
5 hours of sunlight (equivalent to Site 2 classification) can be received at point (C)
which is set approximately 5.5 m in recess of the north lean-to roof of the house.

m Building conditions

Approx. 3.3 m (lean-to roof)

Roof plan

Fig.0 Example of sun shadow diagram of two-storey house
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3) Building direction (direction of opening serving as heat collection area)

» Effectiveness of solar radiation heat gain and utilization is largely related to the direction of opening
which serves as the heat collection area.

« Direction of opening* is effective in terms of heat collection, if it is within 30° east or west of due south,
regardless of the regional classification. If it exceeds 30° from due south the heat collected from the
opening drastically decreases.

 Therefore, the direction of opening aimed for heat collection must be within 30° of due south and the

following two categories within this range are used with due south as the baseline:

Direction 1 O Due south + 15°

Direction 2 g Due south + 30° (excluding range of Direction 1)

4) Methods for utilizing solar radiation heat
e This document covers the following methods for utilizing solar radiation heat that are effective in reduc-

ing heating energy.

Method 1 O Insulation method for openings (enhanced insulation performance of openings)

Method 2 [0 Method for collecting heat from openings (enlarged opening area for heat collection)

Method 3 [0 Heat storage method (use of heat storage material)

» Of the three methods, Method 2 is not very effective if used alone. On the other hand, Method 1 and
Method 3 are somewhat effective even when used alone, however a combination of these methods
achieve higher energy saving effects. In order to obtain energy saving effects, it is necessary to adopt

one of the following methods (or combinations).
[ Method 1
[0 Method 3
0 Method 1 + Method 2
0 Method 1 + Method 3
0 Method 1 + Method 2 + Method 3

» Details of each method will be explained in Section 3.4.4 Solar Radiation Heat Utilization Methods.

3.0 How to achieve target levels

« Energy conservation target levels for solar radiation heat utilization are determined by site conditions (in-
fluence of obstruction of sunlight), building direction, and the use of methods for utilizing solar radiation
heat.

e Tables 2 - 4 on p.094 show the correspondence between target levels and methods for each passive solar
zone classification. Methods that have energy saving effects and energy reduction rate vary depending on
the region.

¢ The heating energy reduction rate of each level is based on heating energy consumption in respective re-
gion. Even when the target level is the same, heating load is higher in Zone D of Table 3 and Zone C of
Table 4 than Zone E of Table 2.

« In order to achieve the target level for low energy housing with validated effectiveness (LEHVE), the fol-
lowing conditions a and b need to be satisfied in terms of housing insulation level and opening area for heat
collection:

a. Housing insulation level: at least Level 3 (equivalent to the 1999 energy conservation standard
(See Section 4.1 Insulated Building Envelope Planning for Zone V for details of insulation levels.)
0 O b. Opening area for heat collection: at least 10% ratio of opening area for heat collection to total floor area

(The direction of openings for heat collection must be within 30° east or west of due south.)

* “Direction of opening” re-
fers to the orientation of
the normal line from the
opening toward the out-
side (i.e. from the interior
to the exterior in a direc-
tion perpendicular to the
straight line connecting
both ends of the opening).

North
West East
-15°| 15°
Due south
Direction 1
North

West East

-30° 3
30_15° 15°

Due south

Direction 2

Solar Radiation Heat
Utilization for Zone V
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Table 200 Target levels for solar radiation heat utilization and how to achieve them (Zone E: Kagoshima)

Method to be adopted

Site 3: 0% obstruction of sunlight

Site 2. 25% obstruction of sunlight

Target level | ety edueton )
9 9y Direction 1 Direction 2 Direction 1 Direction 2
Due south + 15° | Due south + 30° | Due south + 15° | Due south + 30°
(excluding Direction 1) (excluding Direction 1)
Level 1 Approx. 5% Method 3 Methods 1 + 3
Level 2 Approx. 10% Method 3 Method 1 Methods 1 + 2 | Methods 1 +2 + 3
Method 1
+
Level 3 Approx. 20% Methods 1 + 2 Methods 1 + 2 Methods 1 +2 + 3
Methods 1 + 3
Methods 1 + 3
Level 4 Approx. 40% Methods 1 +2 + 3 | Methods 1 + 2 + 3

Table 30 Target levels for solar radiation heat utilization and how to achieve them (Zone D)

Method to be adopted

Site 3: 0% obstruction of sunlight

Site 2. 25% obstruction of sunlight

Energy saving effect
Target level heati ducti t
e Gy (i) Direction 1 Direction 2 Direction 1 Direction 2
Due south + 15° | Due south + 30° | Due south + 15° | Due south + 30°
(excluding Direction 1) (excluding Direction 1)
Method 1
O/ *
Level 1 Approx. 5% Methods 1 + 3 Methods 1 + 2
Level 2 Approx. 10%* Method 1 Method 1 Methods 1 + 2 + 3 | Methods 1 + 2 + 3
Methods 1 + 2
Level 3 Approx. 20%* m:zggz i : g Methods 1 + 3
Methods 1 +2 + 3
Level 4 Approx. 40%* Methods 1 +2 + 3

* Indicated values are based on Nagasaki and heating load is estimated to be 1.5 times higher than Kagoshima.

Table 40 Target levels for solar radiation heat utilization and how to achieve them (Zone C)

Target level

Energy

saving effect

(heating energy reduction rate)

Method to be adopted

Site 3: 0% obstruction of sunlight

Site 2. 25% obstruction of sunlight

Direction 1
Due south £ 15°

Direction 2
Due south + 30°
(excluding Direction 1)

Direction 1
Due south + 15°

Direction 2
Due south + 30°
(excluding Direction 1)

Method 1
Of*
Level 1 Approx. 5% Methods 1 + 3 Methods 1 + 2
Method 1 Methods 1 + 2
Of*
Level 2 Approx. 10% Method 1 Methods 1 + 3 | Methods 1+ 2 + 3 Methods 1 +2 + 3
Methods 1 + 2
Level 3 Approx. 20%* Methods 1 + 3 Methods 1 + 2

Methods 1 +2 + 3

Methods 1 +2 + 3

* Indicated values are based on Fukuoka (Hakata-ku) and heating load is estimated to be 1.6 times higher than Kagoshima.
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3.4.3 Steps for Examining Solar Radiation Heat Utilization Technology

Step 100 Checking and examining possibility of solar radiation heat gain and utilization

1) Check regional climate characteristics (passive solar zone classification)

2) Check site conditions (influence of obstruction of sunlight)
3) Check building direction (direction of opening serving as heat collection area)

v

Step 20 Checking and examining possibility of solar radiation heat gain and utilization

1) Ensuring housing insulation level (at least Level 3)

2) Ensuring opening area for heat collection (at least 10% of total floor area)

v

Step 30 Considering insulation method for openings (Method 1)

[0 Enhanced insulation performance of openings (e.g. adoption of low heat transmission coefficient)

v

Step 400 Method for collecting heat from openings (Method 2)

O Enlarged opening area for heat collection (at least 20% of total floor area)

v

Step 500 Heat storage method (Method 3)

[J Use of heat storage material (adoption of materials and construction methods that can provide heat capacity increase) ,_
Solar Radiation Heat

Utilization for Zone V
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344 Solar Radiation Heat Utilization Methods
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» The lower the heat loss from buildings, the lower the solar radiation heat that needs to be collected. There-
fore, if we can secure sufficient insulation performance the possibility of solar radiation utilization increas-
es.

« In order to reduce the heat loss from buildings, it is necessary to increase the level of insulated building
envelope planning for the entire building. In particular, insulation methods for openings that are at high risk

of being areas of significant heat loss are important.

1)0 Points to note when choosing materials for openings

0 Glazing specification

 (Glazing is required not only to minimize heat loss but also to increase heat gain. Because of this, it is
generally believed that it is effective to choose glazing that is high in insulation performance (low heat
transmission coefficient) as well as in solar transmittance.

O Frame specification

» In order to enhance insulation performance of window frames, it is also effective to make fittings and
fixtures using wood, resinvinyl or other less heat conductive materials that are high in insulation per-
formance.

» As air tightness of sashes affect heat loss from openings, it is desirable to use airtight sashes.

2)0 Insulation performance requirements for openings (heat transmission coefficient of openings)
» Table 5 shows heat transmission coefficients of openings and examples of opening specifications that are

required for adopting Method 1. All openings are considered here, in principle.

Table 50 Requirements for insulation performance of openings (Method 1)

Heat transmission coefficient of openings* Example of frames and glazing

2.91 (W/m20 K) or below * Wood or plastic sash + double glazing (A12)
O * Metal frame with thermal break + low-E double glazing (A12)

* For insulation performance (heat transmission coefficient) of openings, see Section 4.1 Insulated Building Envelope Planning for
Zone V on p.153.

Relationship between regional climate characteristics and glazing specification

« In terms of the relationship between glazing specification and regional climate char-

Key Point acteristics, it is generally desirable in many cases to choose double glazing that has
medium insulation performance and high solar transmittance in Zones D and E
where solar radiation level is high, and low-E double glazing that has high insulation
performance in Zones A and B where solar radiation level and outside air tempera-
ture are low.

» It is necessary to examine the specifications for glazing while considering solar
shading schemes in summer. Solar radiation should be controlled in both winter and
summer using solar shading schemes including overhangs, eaves, and curtains and
other window coverings, for example (See Section 4.3 Solar Shading Methods for
Zone V). However, if the curtain and other window coverings are open, energy sav-

ing effects through solar radiation heat utilization will further increase.
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Comment e Space structuring method in consideration of heat balance

By separating the heat collection space and It is also very effective to locate auxiliary

heat collection components from the living rooms, such as bathrooms, washing rooms or

space, it is easy to control the indoor heat bal- storage rooms, where thermal environmental

ance. A buffer space such as a roofed veranda performance is not as critical as that of the liv-

or sunroom is an example of separating the ing space, in the north as areas for preventing

heat collection space from the living space. cold air.

U0I00000I0 CooonirionioriomiouoniotooirooonoinoiiooioNoNtoiroirooroa

« Although openings lead to significant heat loss, south-facing openings often have a positive daily heat bal-

ance and it is effective to enlarge opening area that serves as a heat collection area. However, as this is re-

lated to the regional climate characteristics and glass window specifications, it is desirable to consider these

factors.

« Table 6 shows the required opening area for adopting Method 2. Here, we will discuss openings facing due

south +30° that can serve as heat collection area.

Table 600 Requirements for opening area for heat collection (Method 2) Solar Radiation Heat
Utilization for Zone V

Opening area for heat collection Remarks

At least 20% of total floor area « Applicable to openings facing due south + 30° that can serve
as heat collection area

* The opening area referred to here is based on “sash inside width x sash inside height” similar to when

calculating the effective daylighting area according to the Building Standard Law of Japan.

Relationship between regional climate characteristics and opening area

 In terms of the relationship between regional climate characteristics and opening

Key Point area, it is generally more effective to enlarge the opening area in Zones D and E

where solar radiation level is high. On the other hand, as the opening area becomes

larger, the heat balance tends to be unfavorable in Zone A where solar radiation

level is low.

Relationship between direction and size of opening

» Consideration for the direction of opening also influences the size of opening. If the

Key Point opening area is enlarged but the amount of solar radiation gain is low, heating load

will increase due to heat loss from the openings. Therefore, the larger the opening,

the more necessary it is to design the direction of the opening to be as close as pos-

sible to due south and adopt schemes to effectively obtain solar radiation. On the

other hand, the smaller the opening, the less influence the direction of the opening

has.
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Glossary: Heat capacity
This refers to the amount
of heat that is required to
raise the temperature of
the material by the unit
temperature.  Generally,
heat capacity of a uni-
form material can be ob-
tained from the multipli-
cation of specific heat
and volume or weight.

R A A

» Heat storage is technology which effectively maintains a stable room temperature. It prevents the overheat-
ing of the room by absorbing heat during the day and the decrease of room temperature by releasing the
absorbed and stored heat at night. Conversely, it stores cool air (cold storage) at night in summer and
provides cooling effects during the day.

» Building components that are effective in heat storage include floors, exterior walls, partition walls and
ceilings.

» Furniture, equipment and other living necessities are used in the house and the heat capacity of these ob-

jects also brings about heat storage effects.

1) Materials for heat storage components

 Itis appropriate to use the materials for heat storage components which have the following characteris-
tics:

O Having large heat capacity (volumetric specific heat);
[ Being heat conductive; and
O Quick heat absorption and emission from the surface.

» The most important characteristic of the above is the heat capacity. The larger the heat capacity of the
heat storage component, the more stable and less variable the room temperature. Although this is the
same as when heating is used, the room is less likely to be heated if materials with large heat capacity are
used. However, once the room is heated these materials keep the room from losing heat.

» The heat capacity can be obtained using the following formula:

Heat capacity (kJ/°C) = volume of heat storage component (m?)
0000000000 Ox volumetric specific heat of heat storage material (kJ/m3[] °C)

e The volumetric specific heat of major materials is shown in Table 7 for reference purposes.

Table 70 Volumetric specific heat and effective thickness of major materials

Material Effective thickness (m)* Volumetric specific heat (kJ/m30 °C)
Concrete Regular concrete 0.20 2013
Lightweight concrete 0.07 1871
Plastering material Mortar 0.12 2306
Lime plaster 0.13 1381
Plaster 0.07 2030
Wall clay 0.17 1327
Lumber Pine 0.03 1624
Cedar 0.03 783
Japanese cypress 0.03 933
Lauan 0.04 1034
Plywood 0.03 1113
Gypsum, etc. Plasterboard 0.06 854
Perlite board 0.06 820
Flexible board 0.12 1302
Wood wool cement board 0.06 615
Other Tile 0.12 2612
Rubber tile 0.11 1390
Linoleum 0.15 1959

* Materials have an "effective thickness" which can be considered as part of heat storage component. When calculating the vol-
ume of a material, if the actual thickness of the material is greater than the effective thickness, the maximum level we can
include in the calculation is the effective thickness. This indicates that heat storage effects of a material having a thickness
greater than the effective thickness are low. The more heat conductive the material, the greater the effective thickness.
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2)00 Requirements for heat storage components (heat capacity)

» Table 8 shows the heat capacity of heat storage components which is required for adopting Method 3.

Table 80 Requirements for heat storage components (Method 3)

Heat capacity of heat storage components

Use materials that are expected to have heat capacity increase of at least 170 (kJ3/°CO m?) for heat
storage components per unit floor area

« In the case of wooden houses, in order to satisfy the requirements shown in Table 8, for example, mud-

plastered walls are used for exterior and partition walls and slab on grade floors can be designed using

materials with large heat capacity. The calculation examples of using mud-plastered walls and slab on

grade floors as heat storage components are shown below for reference purposes:
Heat capacity = heat storage component area volume x volumetric specific heat of heat storage material
=210 (m? x 0.07 (m) x 1327 (KJ/m*0 °C)
+20 (m?) x 0.15 (m) x 1327 (KJ/m*0 °C)
= 25,546 (KJ/°C)
> 25,500 = 150 (m?) x 170 (KJ/m?*0 °C)

m Calculation conditions

[ Total floor area 150 m?

[ Heat storage component  Exterior/partition walls: mud-plastered wall (area: 210 m?, thickness: 70 mm)
Slab on grade floor: concrete floor (area: 20 m?, thickness: 150 mm)

3)0 Points to note when designing heat storage components

» In order to ensure heat storage effects, it is important to pay attention to the following points when de-
signing a house:

[0 Position of heat storage components o
Solar Radiation Heat

» Heat storage effects become more apparent if the heat storage component receives direct solar radiation Utilization for Zone V

and the amount of solar radiation heat increases. However, heat storage effects can be expected even if

the component does not receive direct solar radiation.

0 Area of heat storage components

» The greater the area of heat storage components, the higher the heat storage effects. It is desirable to

design a wide and shallow heat storage area.
0 Thickness of heat storage components

» When considering the thickness of heat storage components, keep in mind that the heat storage per-

formance of a material will not change if the thickness exceeds the effective thickness. For example, it is

effective to choose 15 — 20 cm of thickness when using stone or concrete.

» Even if the thickness of the heat storage component is small, a certain level of heat storage effects can be

achieved. If cork is used for floors as a finish, heat storage effects although slightly lower are observed.

Comment e Systems for heat storage

There are two heat storage systems: direct
and indirect heat storage systems.
[0 Direct heat storage system

This system directly gives and receives heat
via radiation and convection using floors, walls,
ceilings and other heat storage components
within the living space. It consists of a direct
gain system which uses the same surface for
heat absorption and emission and a trompe
wall system in which the heat absorbed from a
surface penetrates through the heat storage
component and emitted from the opposite sur-
face.

[ Indirect heat storage system

In this system, the heat collection section is
separated from the heat storage section and
heat is transferred in-between these sections.
This system is available in different varieties,
such as a stationary greenhouse type in which
the heat collection section belongs to the living
space, and an outdoor air-collecting type that is
installed independently on the roof. Other vari-
eties include a method in which a water bag is
installed between wood joists and a method
which sends indoor air to the crawl space and
stores heat on the slab on grade floor.
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345 Estimating Effects of Adopting Solar Radiation Heat Utilization Methods

1.0 Trial calculation methods

This section shows the trial calculation results of the heating load reduction effects achieved by the three
methods using Solar Designer ver. 5.0. These three methods improve the indoor thermal environment in
winter and save heating energy by utilizing solar radiation heat as explained in Section 3.4.4.

Seven cities are selected from Zones C, D and E of different PSP classification, which all belong to Zone V
(Table 9), and heating load calculation is performed using the standard building model (Fig. 1, Table 10).
Heating hours and other conditions are shown in Table 11. Additionally, in order to examine the influence of
obstruction of sunlight and building direction, we performed the calculation by combining two conditions of

obstruction of sunlight; 0% and 25% and three conditions of building direction; 0°, 15°, 30° from due south.

Table 90 PSP classification and regions Table 100 Specifications of standard building

PSP classification  City Specifications

Zone E Kagoshima Building direction Due south
Zone E Miyazaki Building shape Width: 10.03 x Depth: 7.52 x Height 6.0 (m)C 0 Raised floor
Zone E Kochi Total floor area 151.0 (m?)
Zone D Nagasaki Overhang Depth: 0.5 (m), Height: 4.7 (m)
Zone D Yatsushiro South opening Size Depth: 3.43 x Height 4.40 (m)
Zone C Fukuoka (Hakata) Position Spanerel wall height: 0 (m)C [ Distance from west wall: 3.3 (m)
Zone C Shimonoseki East opening Size Depth: 1.72 x Height 3.90 (m)
Zones VI, D Tokyo (reference) Position Spanerel wall height: 0.5 (m)C U Distance from south wall: 2.9 (m)
West opening Size Depth: 1.72 x Height 3.90 (m)
Position Spanerel wall height: 0.5 (m)C C Distance from north wall: 2.9 (m)
Opening glazing Heat transmission coefficient 4.650 W/0 OKO
Solar transmittance 0.83
Sash ratio 0.85
Floor finish Thickness Cedar
Thermal conductivity 0.120w/0000 0.10320 kcal/0O 0hOO O
Volumetric specific heat 7830 kJ/0 00 O 187.00kcal/0 000
Floor Heat storage thickness  Plywood

Insulation thickness 0.14200 mO

Wall Heat storage thickness  Plasterboard

Insulation thickness 0.09500 mOJ

Roof* Heat storage thickness  Concrete

Insulation thickness 0.19800 m0J

Fig. 10 Outline drawing of standard building

Indoor solar absorptance 0.2

Outdoor solar absorptance 0.9

Opening area not used for heat collection 2.69000

Insulation Thermal conductivity 0.0430w/0000 0.0370 kcal/mChid O
Volumetric specific heat 33.50kJ/0000 8.00kcal/0 000

* Specifications for standard building roof are calculated by adding the heat capacity of furniture,
equipment and other living necessities to the heat capacity of roof and converting it into concrete.

Table 110 Heating and other system mode settings

Mode setting

Heating Temperature setting 180

Duration 7:00-10:00 12:00-14:00 16:00-23:00
Air change rate 0.5 ACH (24h)
Indoor generated heat Daily total 57.348 MJ/day (13,700 kcal/day)

Breakdown by time period 0.2326kW0 200kcal/h] 14:00-16:00
0.3488kWL0 300kcal/h(] 13:00-14:00 16:00-17:00

0.4652kw0 400kcal/h0 10:00-12:00

0.5814kwW0 500kcal/h(] 00:00-07:00 09:00-10:00
0.6977kwWD 600kcal/h 08:00-09:00 12:00-13:00
17:00-18:00

0.8140kW0 700kcal/h0 07:00-08:00
1.0465kw0 900kcal/h(] 18:00-00:00

o0 01
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2.0 Detailed settings of methods

1)0 Insulation method for openings (Method 1)

Four types of specifications, A to D, have been set for openings (Table 12).

2)00 Method for collecting heat from openings (Method 2)

There are two types of ratio, 10% and 20%, for the ratio (Ag/Af) of the south-facing opening area for heat
collection (Ag) to the total floor area of a house (Af) as shown in Table 13.

3)00 Heat storage method (Method 3)

Two types of volumetric specific heat, equivalents of plasterboard and mud-plastered wall, have been

set for the indoor heat collection storage components (Table 14).

Table 120 Opening specifications for examination

Heat transmission coefficient (W/m?0 K) Heat transmission coefficient (kcal/ m?0h0K) Solar transmittance

A 651 5.5986 0.90
B 465 3.9990 0.83
CcC 291 2.5026 0.70
D 180 1.5480 0.66

* Specifications B are for basic building

Table 130 Opening area for heat collection for examination

Ag/Af Opening area for heat collection (m?) Opening width (m) Distance from west wall (m)
10 15.10 3.43 3.30
20 30.20 6.86 158

* Ag/Af = 10 (%) is the specification for basic building.

3.0 Results of trial calculation

Fig. 2 shows the results of trial calculation of annual heating load (unit:

tion methods for eight cities listed in Table 9. Obstruction of sunlight is

Kagoshima (Zone E) Miyazaki (Zone E)

Example specifications

Metal frame + single glazing

Metal frame + double glazing

Metal frame with thermal break + low-E double glazing

Wood sash + low-E double glazing + insulating shutter

Table 140 Settings for volumetric specific heat of heat collection storage component (wall)

Volumetric specific heat ~ Volumetric specificheat Estimated specifications

(k3/m30°C)

(keal/ m*0°C)

204 854 Interior plasterboard wall

316.9 1327 Mud-plastered wall
* Volumetric specific heat = 204 (kcal/ m30 °C) is the wall specification for basic build-

ing, and specifications shown in Table 10 should be used for floors and ceilings.
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Fig. 20 Annual heating load using solar radiation heat utilization methods in major cities of hot humid regions
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* This section explains
solar water heating
systems when a heat
collection section is
installed on the roof of
a detached house.
There are systems that
use solar heat not only
for the domestic hot
water supply but also
for space heating, but
this document does
not discuss such
systems.

3.5 Solar Water Heating (Solar Heat Utilization 2)

Water heating accounts for a very large portion of the
total residential energy consumption, and the adoption
of solar water heating systems that utilize natural ener-

gy is effective from an energy saving perspective.

351

Purpose and Key Points of Solar Water Heating

[ Heat sources of domestic hot water system used in houses are classified into gas, oil, electricity and natural
energy. Among these, solar water heating devices that utilize natural energy have a long history of achieve-
ments since the oil shocks of the 1970s, and are still one of the most effective energy saving means of water
heating today.

O Compared to other systems, the initial costs of solar water heating are higher for the portion that is re-
quired for installing solar water heating devices. Nevertheless, once the installation is completed running
costs can be drastically reduced and the appropriate installation enables the recovery of initial costs during
the service life of the device.

O There are many different types of solar water heating devices but all of these devices consist of a heat col-
lection section which collects solar heat and a hot water storage section which stores heated water. The area
of the heat collection section has the most significant influence on the amount of heat collection. The larger
this area the greater the amount of heat obtained, however, if it is too large compared to the usage amount
of hot water, the device will be over capacity making it difficult to recover the initial costs.

O Since hot humid regions are warm as well as rich in solar radiation, a typical heat collection area of 3 — 4 m2
can cover more than half of the annual domestic hot water energy and solar water heating is an extremely
effective energy saving method.

O Solar water heating devices are generally classified into “solar water heaters” and “solar systems” that are
defined in the Japanese Industrial Standards (JIS A 4111). These devices use a different connection style
between the heat collection section and the hot water storage section.

O Generally, it is common to plan solar water heating as an auxiliary heat source system by connecting it to
gas or oil water heater. Appropriate connection is extremely important here in order to ensure energy per-
formance of solar water heating.

O Solar water heating devices require heavy heat collectors to be installed on the roof and some models need

a hot water storage tank. To ensure safety due attention must be given to design and installation.

o0 01
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Number of years for recovering initial costs of solar water heating device

Key Point 0 The figure below is a graph showing the life cycle costs of a solar water heating de-

vice (solar water heater) and a conventional gas water heater by the number of years

used. In this example, the solar water heater requires approximately 250,000 yen in

initial costs (including installation cost) in addition to the gas water heater which is

an auxiliary heat source. The annual running costs are reduced by nearly 40,000 yen

and it takes approximately 6.4 years to recover the increase in the life cycle cost

caused by initial costs. Generally speaking, the service life of solar water heating

devices is over 10 years and it is possible to recover the initial costs during the life

span.
(Ten thousand yen)
100
00ooooooooooo0o0oooorFg. 2 1 l 4
Test calculation example of life cycle 80 cocdneea 4
costs of solar water heater and due to initial
conventional gas water heater 5’;- 70 costs
(For using processed natural gas; o 60
four-person household in Kagoshima) E 50 /
(o]
9 40
- . 7] /
Combination of conventional gas water =~ 30y — Number of years
heater and solar water heater 20 > ifor recovering—
(Running cost: 64,000 yen/year) initial costs
C 10 % 7
----- Convgntional gas water heater 0 2 4 6 8 10 12(Year)
[(Running cost: 103,000 yen/year) Years

Definition of terms

G Point O Some terms used in the previous Design Guidelines for Low Energy Housing with

Solar Water Heating

Validated Effectiveness (issued in June 2005) have been reviewed and revised to

comply with names and definitions employed by the Japanese Industrial Standards.

The following table shows major changes.

Type of solar water heating device
with integrated heat collection and
hot water storage section that col-
lects heat through natural circula-

tion

System that supplies hot water
directly from solar water heating
device to faucet without auxiliary
heat source

Solar water heater

Type of solar water heating device
that collects heat through forced
circulation between heat collection
and hot water storage sections

System that uses both solar water
Solar system heating device and auxiliary heat
source

Device used for connecting
solar water heating device and
auxiliary heat source that mixes
heated water and tap water and
controls auxiliary heat source

Domestic hot water temperature

el SeeilEn Solar connection unit
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Glossary: Effective heat
collection area

The heat collector used
to collect solar radiation
in solar water heating
does not utilize the entire
unit for this task. The
area that actually col-
lects heat is referred to
as an “effective heat col-
lection area” in this docu-
ment (See p.108 for de-
tails).

352 Energy Conservation Target Levels for Solar Water Heating

1.0 Definition of target levels

0 The energy conservation target levels for solar water heating refer to the following levels 1 to 4 and indicate
the reduction rates of energy consumed by domestic hot water systems.

0 Any target level can be achieved by adopting solar water heating methods.

Level 00 :0 Domestic hot water energy reduction rate[] [0 None

Level 10 :0 Domestic hot water energy reduction rate] 00 At least 10%

Level 200 :0 Domestic hot water energy reduction rate] 00 At least 30%

Level 30 :0 Domestic hot water energy reduction rate] 00 At least 50%

Level 400 :0 Domestic hot water energy reduction ratel] 0 At least 70%

* The domestic hot water energy reduction rate is based on the typical hot water consumption of a four-person family.
0 The typical domestic hot water energy consumption in 2000 was 13.8 GJ (approximately 21% of total energy
consumption) for Zone VI and 19.2 GJ (approximately 28% of total energy consumption) for Zone V (See

Section 6.1 on p.339).

2. How to achieve target levels

O This document discusses the following solar water heating methods that provide energy saving effects.

Method 1 : Securing heat la: Small effective heat collection area (below 3.5 m?)
collection area and other 1b: Medium effective heat collection area (3.5 m? - 5.5 m?)
considerations 1c: Large effective heat collection area (over 5.5 m?)
Method 2 : Appropriate 2a: Not connecting with auxiliary heat source

connection with auxiliary heat 2b: Connecting with auxiliary heat source using a three-way valve
source 2c: Connecting with auxiliary heat source using solar connection unit

Method 3 : Adopting energy-
efficient circulating pump

Solar systems only

0 The corresponding relationship between the target levels and methods of energy conservation by solar

water heating is as shown in Table 1.

Table 10 Target levels of solar water heating and how to achieve them

Energy saving effect Method applied
Target level (domestic hot water
energy reduction rate) Solar water heater Solar system
Use of conventional domestic hot water systems without
Lo © energy saving method
Level 1 At least 10% Methods l1la + 2a (Methods 1a + 2a)
Methods 1a + 2c Methods 1a + 2c
0,
Ll 2 BRSO Methods 1b + 2b Methods 1b + 2b
Level 3 Approx. 50% Methods 1b + 2c Methods 1b + 2¢c + 3
Level 4 Approx. 70% Methods 1c + 2c Methods 1c + 2c + 3

+ Since weather conditions vary locally in the hot humid regions, Kagoshima is used as a typical example in this section.

* ()in Table 1 indicates uncommon method.

+ The most important method is the securing of heat collection area and other considerations (Method 1), a prerequisite of which is that
the heat collection section is installed in the appropriate direction and tilt angle.

« To increase energy performance, it is important to increase the solar heat utilization rate and an appropriate connection with an auxil-
iary heat source (Method 2) is required. In Table 1, Method 2a applies to solar water heating used for bathtubs only while Method 2b
and Method 2c apply to all uses including the kitchen sink and wash basin. When comparing Method 2b and Method 2c, the use of a
solar connection unit (Method 2c) generally has a higher solar heat utilization rate (The three-way valve method or Method 2b can also
increase the solar heat utilization rate if operated properly; See p.112 for details).

« There is a loss in the energy saving effect of solar systems if the heat medium circulating pump consumes a large amount of electric-
ity. When a high energy saving effect is desired, it is essential to select a device that uses energy-efficient circulating pump (Method
3).
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353 Steps for Examining Solar Water Heating and Prerequisites

1.0 Steps for examining solar water heating

O The selection of solar water heating devices should be examined according to the steps shown below:

Step 1 Examining the feasibility of adopting solar water heating

1) Check the local weather conditions
2) Check the surrounding conditions of the building site

3) Check the building structures and other factors
4) Examine the installation location, direction, etc.

v

Step 2 Examining the type, size and other elements of solar water heating

Select the type that suits the conditions and examine each method

1) Securing heat collection area and other considerations (Method 1)
2) Appropriate connection with auxiliary heat source (Method 2)

3) Adopting energy-efficient circulating pump: solar system/forced circula-
tion type only (Method 3)

v

Step 3 Making considerations for planning and using solar water heating

1) Considerations for planning

2) Considerations for efficient operation and controlling methods

2.0 Prerequisites Solar Water Heating

1)0 Local weather conditions

Solar water heating devices use natural solar heat energy and local weather conditions need to be fully

examined. There is a possibility that solar heat cannot be sufficiently collected in the following regions:

[ Regions with insufficient solar radiation

0 Regions with severe winters (devices and pipes freeze and cannot be used)

0 Regions with high snowfall or snow cover (devices and pipes are covered with snow and cannot be

used)

As hot humid regions are warm as well as rich in solar radiation, solar heat collection can be expected.

However, since the heat collection section is commonly installed on the roof, wind protection is required

especially in the typhoon-prone regions. Specific measures will be discussed in Section 3.5.5 on p.116.

2)0 Surrounding conditions of the building site

If either of the following statements applies to the surrounding conditions of the building site, there is

a possibility that solar heat cannot be sufficiently collected:

[ There are many adjacent buildings that obstruct solar radiation on the roof

[ There are trees and other elements that obstruct solar radiation on the roof

3)0 Building structures and other factors

In general, since the heat collection section of the solar water heating device is installed on the roof, the

building structure and roof need to be designed by taking into account the weight of the device. Caution

is required especially when using a device with an integrated heat collection and hot water storage sec-

tion, as such devices are heavy (approximately 400 kg with a full tank for a device with a heat collection

area of 4 m?). Additionally, if there is piping through the roof it is important to take proper measures to

prevent leakage.




354 Solar Water Heating Methods

There are a wide range of solar water heating devices and they have different features. It is necessary to

select the appropriate type according to the house.

Solar water heating devices can be classified into the following items in general:
(1) Heat collection system (direct or indirect heat collection)

(2) Heat collection medium (water, antifreeze solution, air, or heat pipe)

Chapter 3 (3) Heat medium circulating method (forced or natural circulation)
Natural Energy ?gggfé}g;; (4) Structure of heat collection and hot water storage sections (integrated or separate)
(Elemental Technology (5) Heat collection section shape (flat plate, vacuum tube, etc.)

Application Method 1)

Detailed structures of each solar water heating system will be explained in Section 3.5.6 on p.118.
Actual products consist of a combination of the above mentioned items. However, some combinations may

not be available in actual products (Table 2).

Table 20 Combination of heat collection section shapes, heat collection methods and hot water storage section

Heat collection section Flat plate type Vacuum tube type

Hot water storage section Integrated type | Separate type | Integrated type | Separate type
Natural circulation type O % (vacuumEfImtwater %
without pum

Direct heat collection ( pump) storage type)

(heat collection medium:

water) . .
Forced circulation type % 0 % O
(with pump)

Indirect heat collection . .

(heat collection medium: Ex;’g]educr:;'c;ﬂatlon wyfpe O o X o

antifreeze solution) pump.

O: very common; o : common; 0 : somewhat uncommon; x : uncommon

Table 3 shows the structures and features of the typical solar water heater and solar systems in Japan. It is

important to fully understand these characteristics and select the appropriate model.
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Table 30 Structures and features of typical solar water heating devices

Item

Heat collection type

Solar water heater

Natural circulation type (direct heat collection)

Solar system

Forced circulation type (direct heat collection)

Forced circulation type (indirect heat collection)

Hot water storage section

Integrated with heat collection section

Separate

Separate

Heat collection section

Flat plate type is mostly used in Japan

Flat plate type is mostly used in Japan

Flat type/Vacuum tube type

System diagram

Ball tap

Domestic
/ hot water pump

Domestic
water

t Tap water
Heat collection pump

AL

solution
circulation

Heat collection pump | Tap water

Heat collector
appearance

Heat collection area

|

0 Commonly 3 -4 m2

0O Commonly 4 mz.

0O Adjustable (4, 6, 8, 10

m2).

Hot water storage
amount

0 Commonly 200 L.

0 Adjustable, commonly 200 - 300
L (50 L per 1 m2 of heat collection
area as guideline).

0 Adjustable, commonly 200 - 300
L (50 L per 1 m2 of heat collection
area as guideline).

Ease of antifreezing

X
0 Generally difficult to operate in
cold regions.

X
O Generally difficult to operate in
cold regions.

X
O Circulates the antifreeze solution.

Solar space utiliza-
tion

X
Impossible

X
Impossible

X
Possible

Burden on the roof/
structure

X
0 Weight of both main unit and
stored water.

o]

0 Weight of the heat collection unit
and small amount of stored water
only.

(e}

0 Weight of heat collection unit and
small amount of antifreeze solu-
tion only.

Direct connection
with water supply
system

x Impossible
[ Booster pump is essential for
shower.

x Impossible

[ Booster pump is essential for
shower as device’ s open struc-
ture does not allow use of water
supply pressure.

o Possible

0 Can use water supply pressure as
it is directly connected with water
supply system.

Power consumption

O

0 Not required for main unit.

0 Booster pump consumes electrici-
ty during domestic hot water sup-
ply.

O

0 Pump consumes electricity both
during heat collection and domes-
tic hot water supply.

0
0 Pump consumes electricity during
heat collection.

Energy saving effect

0 Many models have small heat col-
lection area.

[ Radiation heat loss is significant
in cold regions.

0 High energy efficiency for initial
costs.

0 Low hot water storage loss.
00 Power consumption can be issue.

U Heat collection area can be easily
adjusted.

U Low radiation heat loss.

0 Power consumption can be issue.

Initial cost

O
0 Has relatively simple structure.
0 Many manufacturers are available.

o
[0 Has slightly complex structure.
0O Many manufacturers are available.

0

0 Circulation system for heat collec-
tor, hot water storage tank and
antifreeze solution is required.

Ease of maintenance

[e]

0 Fewer moving parts limit the
replacement to ball taps, gaskets,
etc.

X

0 System is complicated with many
moving parts.

O Necessary to replace pumps,
valves, etc.

X

0 System is complicated with many
moving parts.

0 Necessary to replace pumps,
valves, etc.

0 Necessary to replace antifreeze
solution once every three years.

The superiority descends in the order of 0, o , 0 and x .
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1. Heat collection area

O The most important factor in sufficiently collecting solar heat is to secure a large heat collection area. Some
devices have a small heat collection area of 2 m? but a heat collection area of 3 m? is required in order to
achieve energy saving effects in hot humid regions.

O Table 4 shows the required heat collection areas for Method 1 by classifying them into the three categories

according to the energy saving effect.

Table 40 Heat collection area requirements for Method 1

Method Effective heat collection area Energy saving effect
Method 1a <3.5 m? Low

Method 1b >3.5 m?, <5 m? Medium

Method 1c >5 m?2 High

0 The “effective heat collection area” refers to the area of the heat collector that can actually collect solar heat.
Although the Japanese Industrial Standards define the “effective heat collection area” (JIS A4111) for solar
water heaters and “heat collection surface area” (JIS A1425) for photovoltaic system heat collectors, this
document uses “effective heat collection area” for all devices.

O The total area of the heat collector is defined as the “total heat collector area” (JIS A1425).

O The effective heat collection area is described as the “maximum area of the transmitting body of the heat
section that is projected onto the heat collection surface” (JIS A4111). Vacuum tube types and other devices
with a gaps between the transmitting bodies have a smaller “effective heat collection area” in relation to the
same “total heat collector area” than flat plate types and other devices that have a continuous heat collection
surface.

0 The effective heat collection area of an average heat collector is 1.5 — 2.0 m? and multiple heat collectors are

connected and installed. Please check the information provided by manufacturers for details.

2.0 Direction of installation and tilt angle of heat collection section

0 The prerequisite for successful implementation of Method 1 is that the heat collection section should be
installed in the appropriate direction and tilt angle.
1)0 Direction of installation
0 Although the heat collection section should be installed on the south side as much as possible, even if it
is slightly off south it can still collect heat. The east side is less effective than the west side as it collects
heat in the morning and has a great heat release loss before the night when the hot water usage is high.
The north side has hardly any effect. It is also necessary to select a location that will not be in the shade
due to adjacent buildings and other elements in the future.

0 Use a frame for a north-south roof ridge so that the heat collector faces the south (Fig. 1).

2)0 Tilt angle
0 Generally, the maximum annual heat collection can be reached when the installation angle (tilt angle) of
the heat collection section is 30° in relation to a leveled surface. However, since there is no significant
difference in heat collection due to the tilt angle in both hot humid and warm regions, please choose a tilt
angle of up to approximately 60° by taking into account the roof pitch. A frame is required when installing
heat collectors at an angle that is steeper than the roof pitch (Fig. 1).
[ If the tilt angle of the heat collectors is steeper, the heat collection increases in the winter when the solar

altitude is low and decreases in summer. Since water heating energy consumption is higher in the winter,
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the use of a steep tilt angle for heat collectors increases the solar energy utilization rate, in general.

0 In Okinawa, reinforced concrete flat roof houses are common. If heat collectors are installed horizontally

on the flat roof, the amount of heat collection becomes too large in the summer and too little in the winter.

For that reason, a flat surface frame needs to be used (Fig. 1).

Frame for flat roof Frame for east-west roof ridge

Fig. 10 Example of heat collector frame

Energy saving effects of heat collection area

Key Point The figure on p.110 shows the results of calculating the ratio of the solar water heat-

ing energy to the total water heating energy by heat collection area at six representa- )
Solar Water Heating

tive locations in hot humid regions.

O The energy saving effect of water heating is high in hot humid regions where solar

radiation is abundant and the tap water temperature is naturally high. In most loca-

tions the heat load halves with a heat collection area of 3 m? The energy saving ef-

fect further increases at 4 m? and the energy reduction rate is almost 70% in Okinawa.

On the other hand, when the heat collection area exceeds 6 m?, the reduction rate

decreases in relation to the proportion of an increase in area. This is because the

amount of heat collection becomes too large in relation to the heat load and the

proportion of the effective heat collection decreases.

O From the above, it is considered that the appropriate heat collection area in hot hu-

mid regions is 3 — 4 m*

Selecting the hot water storage section

Key Point O As solar water heaters have an integrated heat collection and hot water storage sec-

tion, most models have a fixed capacity. The typical capacity of the hot water storage

section is approximately 200 L.

O Some photovoltaic systems allow the capacity of the hot water storage section to be

changed according to the heat collection area. Generally, the capacity is approxi-

mately 50 L per 1 m2 of a heat collection area. Therefore, if there is a heat collection

area of 4 m2, the capacity of the hot water storage section is approximately 200 L.

0 If the heat collection area is large, select the larger size of hot water storage section.

Although 300 - 400 L is common, if the device also serves as a hot water storage tank

for solar space heating it tends to be larger.
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Fig.O Domestic hot water energy saving effect of solar water heater (when installed due south with tilt angle of 30°)

m [ Calculation conditions

0 The calculation estimates the reduction effect of water heating load based on the monthly mean solar radiation by taking into account
the efficiency of the heat collection section and system loss.

0 The efficiency of the heat collection section is regarded as 40% throughout the year. This value is estimated from the experiment
results of solar water heaters and indicates a combined efficiency of the heat collection and hot water storage sections. The results
may be different for photovoltaic systems but the trend is predicted to be almost identical.

0 The heat loss of the system caused by the piping and other sections is assumed to be 10%. This applies to when combining a solar
connection unit with an auxiliary heat source. Compared to when using a three-way valve, it is thought that mixing hot water with cold
water decreases the effective utilization rate of solar heat and the loss becomes greater.

0 It is assumed that any hot water not used within the day becomes too cold to carry the heat to the next day.
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O Although solar water heaters achieve a high energy saving effect, they cannot collect heat under poor

weather conditions and satisfy all the domestic hot water needs. Therefore, an auxiliary heat source that

uses other types of energy is used at the same time. Gas and oil combustion are commonly available auxil-

iary heat sources.

O In order to help reduce energy consumption of water heaters, it is critical to increase the proportion of solar

water heating over the other heat source. The adequate combination of a solar water heater and an auxiliary

heat source such as a gas or oil water heater significantly increases the solar energy utilization rate. This

document discusses three connection methods for these water heaters.

O In the past, the method of not connecting with an auxiliary heat source (Method 2a) was sometimes used,

but this method provides a low solar heat utilization rate as it utilizes solar heat in the bathtub only.

O At present, connecting with an auxiliary heat source using a three-way valve (Method 2b) is most com-

monly practiced. This method provides an increased solar heat utilization rate if the switching of the three-

way valve is properly performed, but if the switching is neglected solar heat cannot be used.

O Connecting with an auxiliary heat source using a solar connection unit (Method 2c) allows the unit to auto-

matically control the solar water heater in order to increase the solar heat utilization rate. This provides

both high energy efficiency and convenience as well as the superior safety.

O Table 5 summarizes characteristics of Methods 2a to 2¢ that are related to the methods for connecting solar
water heating devices and auxiliary heat sources. When using a solar connection unit (Method 2c) initial

costs are high yet other characteristics are extremely good. This method is expected to become more com-

mon in the future.

Table 50 Connection methods of solar water heating device and auxiliary heat source

Method 2a
Not connecting with auxiliary heat source

Method 2b
Connecting with auxiliary heat source
using three-way valve

Method 2c

Connecting with auxiliary heat source
using solar connection unit

Applications for
which solar
heat can be uti-
lized

0

For bathtubs only (solar heated water is
sent to tub and reheated).

Solar heat cannot be utilized when auto-
matically filling bathtub.

o]

Solar heat can be utilized for purposes
other than bathtubs (reheating of the
tub is impossible).

Depends on connection method whether
solar heat can be utilized when auto-
matically filling bathtub.

O

Solar heat can be utilized for purposes
other than bathtubs (reheating of tub is
impossible).

Solar heat can be utilized when auto-
matically filling bathtub.

Convenience

X

Solar heated water needs to be sent to
bathtub then reheated in bath boiler.

Generally, as three-way valve is manually
switched, solar heat utilization rate
declines without proper operation.
Convenience increases if three-way
valve is automatically switched by tem-
perature sensor.

Highly convenient as unit automatically
switches circuit. Users only need to set
domestic hot water temperature of aux-
iliary heat source.

Solar heat utili-

X

0

-0

O

zation rate « Solar heat cannot be utilized for purpos- | « Varies largely depending on whether | « Unit automatically increase solar heat
es other than use for bathtubs. three-way valve is properly used. utilization rate.
Generally, since only one circuit chang-
ing switch is available in kitchen, it is
difficult to switch at other places.
How to * Solar water heating plays significant | « Always appropriately operate three-way | * Lower domestic hot water temperature

increase solar
heat utilization
rate

role for households in which bathwater
accounts for large proportion of hot
water consumption.

valve.

Use solar water heating circuit as much
as possible even when temperature of
solar heated water is slightly low.

setting of auxiliary heat source.

Turn off auxiliary heat source during
summer and in-between seasons when
domestic hot water at fixed temperature
is unnecessary (when using kitchen sink
and wash basin).

Initial cost o 0
* Least expensive. * Three-way valve and piping costs. * Additional cost of unit.
Safety 0 0 O
* Very hot solar heated water may be dis- | « Very hot solar heated water may be dis- | « Highly safe as unit automatically mixes
charged particularly in summer. charged particularly in summer. solar heated water and tap water and
Thermostat combination faucet is desir- maintains proper inlet water tempera-
able for showers, kitchen sinks and ture even when operating auxiliary heat
wash basins. source.
Remarks * This system is rarely used for new | ¢ This system used to be common. * This system has recently become more

installations.

common.

Model with built-in booster pump
increases heated water pressure and
improves discharging performance.

0: Very advantageous; o : advantageous; [J : not very advantageous; x

: disadvantageous
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This document covers three methods for connecting a solar water heating device with an auxiliary heat

source. The following section provides a detailed explanation of each method.

1)J Method 2a: Not connecting with auxiliary heat source
0 In the past, there was a frequent use of the system which simply delivers the solar heated water into the
bathtub and reheats it in the bath boiler without connecting the solar water heater with the auxiliary heat
source (Fig. 2).
[ This system is simple and inexpensive, and used to be effective when bathwater accounted for a majority

of the domestic hot water consumption, but is now hardly used for new installations.

Ball tap

Hot water
storage tank

Solar heated water

J_J

1 Tap water

Bathtub Bath boiler

Fig. 20 Example of not connecting with auxiliary heat source (Method 2a)

2)0 Method 2b: Connecting with auxiliary heat source using three-way valve
0 A system which uses a three-way valve for switching the solar water heater with the auxiliary heat source
became widespread after Method 1a. There are many combinations of connecting the solar water heater
with the auxiliary heat source. See Table 6 for the outline and characteristics of the major combinations.
0 Three-way valves are relatively simple and can increase the solar heat utilization rate if operated properly.
On the other hand, they are less convenient as they require the circuit to be switched manually according
to the solar heated water temperature. If the circuit switching is neglected and the circuit for the auxiliary

heat source is always used, the solar heat utilization rate may decrease.
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Table 600 Example of connecting with auxiliary heat source using three-way valve (Method 2b)

System diagram

Characteristics

Connection
example 1

Mixer faucet

A

Ball tap

Solar heated water Circuit a

l

A

Three-way | Auxiliary
valve heat
Circuit b | source

Ball tap

0 When temperature is sufficiently high, solar heated water is
used directly through circuit a.

0 When solar heated water temperature is low, circuit is
switched to circuit b and hot water supplied solely from
auxiliary heat source is used.

O Any auxiliary heat sources can be used without giving par-
ticular consideration to connection with solar water heater.
0 When circuit is switched to circuit b, solar heat higher than

tap water temperature cannot be used at all.

0 When solar heated water temperature is extremely high par-
ticularly in summer, use of facets other than thermostatic
type may be dangerous.

0 Solar heat cannot be used for automatically filling bathtub
function of auxiliary heat source.

Connection
example 2

Mixer faucet

Ball tap

Solar
heated
water
y

Circuit a
o

Three-way

valve

<

Domestic hot water | SOUrce

Circuit b

T

Ball tap

Tap water

0 When temperature is sufficiently high, solar heated water is
used directly through circuit a.

0 When solar heated water temperature is low, circuit is
switched to circuit b and solar heated water is reheated
with auxiliary heat source for domestic hot water supply.

0 Even when circuit is switched to circuit b, solar heat higher
than tap water temperature can be used.

0 Solar heat can be used for automatically filling bathtub
function of auxiliary heat source.

0 When solar heated water temperature from circuit b is rela-
tively high, auxiliary heat source cannot limit its output and
outlet hot water temperature may exceed preset domestic
hot water temperature.

Connection
example 3

Solar heated water ~ Circuit a .
Automatic
l Three-way mixing
y
Mixer faucet v valve valve
> <|

r s

Ball tap

N

Circuit b [ Source

[ﬂ_é

Ball tap

Tap water

0 Although similar to example 1, auxiliary heat source is con-
nected with solar water heater at inlet using automatic mix-
ing valve so that solar heated water and tap water are
mixed.

0 Automatic mixing valve automatically adjusts mixing ratio
of two inlet systems so that outlet temperature stays at
constant level. Thermowax valve is commonly used for this
purpose.

0 Even when solar heated water temperature from circuit b is
relatively high, it is safe as automatic mixing valve main-
tains low inlet temperature of auxiliary heat source.

0 Even when circuit is switched to circuit b, solar heat higher
than tap water temperature can be used.

0 Solar heat can be used for automatically filling bathtub
function of auxiliary heat source.
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3)0 Method 2c: Connecting with auxiliary heat source using solar connection unit

U With the popularization of the central domestic hot water system, hot water became available in the kitch-
ens and washing rooms. As the automatic filling of the bathtub by the auxiliary heat source became com-
mon, consumers began to seek out more convenient connection methods. As a result, solar connection
units came on the market that enabled the automatic operation of the three-way valve and provided opti-
mal control by communicating with the auxiliary heat source.

0 The solar connection unit is installed on the auxiliary heat source inlet and connects the solar heated
water with tap water at the unit inlet where they are mixed in an optimum ratio to increase the solar heat
utilization rate. Since the solar connection unit and the auxiliary heat source should be connected with a
dedicated communication cable, both the devices need to be compatible.

0 Since all the control processes are automatically performed, this method provides great convenience and
safety. Users can obtain hot water at a preset temperature by simply setting the domestic hot water tem-
perature of the auxiliary heat source. Moreover, proper automatic control of the auxiliary heat source
reduces unnecessary burning of the auxiliary heat source fuel, achieving further energy conservation
(Table 7).

0 As mentioned above, the use of the solar connection unit increases the solar heat utilization rate without
performing special operations. When installing a solar water heating device for the first time, the solar
connection unit is strongly recommended. This is why Method 2c is required for achieving the energy

conservation target levels 3 and 4.

Table 70 Connection methods of solar connection unit (Method 2c) and general behaviors

Solar heated water temperature > Preset domestic hot water temperature of auxiliary heat source ~ Solar heated water temperature < Preset domestic hot water temperature of auxiliary heat source

Ball tap

Ball tap

Solar Solar
heated heated
Solar water Solar water
connection connection
Domestic unit Domestic unit
Mixer ot water Mixer  hot water P
faucet temperature ¢ faucet temperature ¢
< heat b heat ¢ ¢
4 ¢ 1, 1 source | _____ N
Communication cable Communication cable
Ball tap Ball tap
Tap water Tap water

0 Solar connection unit mixes solar heated water and tap water
and sends it to auxiliary heat source.

0 Solar connection unit sends signal to auxiliary heat source not
to ignite burner through the communication cable.

0 As auxiliary heat source does not perform unnecessary ignition,
wasteful gas consumption is reduced.

0 Lowering domestic hot water temperature setting of auxiliary
heat source further increases proportion of solar water heating.
0 Some models enable solar connection unit to perform mixing

function only even when auxiliary heat source is turned off.

0 Solar connection unit mixes solar heated water and tap water
and sends it to auxiliary heat source so that it does not exceed
upper tap water temperature limit of auxiliary heat source.

O Auxiliary heat source sets upper limit of tap water temperature
(generally 30 to 35 ° C) in order to prevent domestic hot water
temperature of auxiliary heat source from being too high.

0 When solar heated water temperature is below upper tap water
temperature limit of auxiliary heat source, only solar heated
water is supplied to that source.

0 Even when solar heated water temperature is low, if it is higher
than tap water temperature, the surplus heat can be effectively
utilized.
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Selecting auxiliary heat source

Key Point It is advisable to consider the following items when selecting the auxiliary heat

source:

O A latent heat recovery device is desirable as the auxiliary heat source when the

proportion of solar water heating is low in cases such as a small heat collection area

and low solar radiation due to the surrounding environment. A wide range of latent

heat recovery water heaters are currently available in both gas and oil (See Section

5.4 Domestic Hot Water System Planning on p.271). If the proportion of solar water

heating is high because of the warm climate, conventional water heaters can be

used.

J Some new models have an auxiliary heat source built into the hot water storage tank

unit.

I 80 A 0 |

J Whether it is a direct heat collection type which directly warms water or an indirect heat collection type

which indirectly warms the water by heating the antifreeze or other solutions, the photovoltaic system re-

quires a circulating pump which circulates the water and antifreeze solution if it is a forced circulation

type.

0 If the power consumption of the circulating pump is high, energy performance declines. Therefore, in order

to fully demonstrate an energy saving effect, it is necessary to choose a model that operates the pump only

when needed, uses a low power consumption pump or operates the pump using solar cell power. .
’ p P pump P pump g P Solar Water Heating

Power consumption of circulating pump

Key Point O Conventionally, pumps with power consumption of nearly 100 W have been com-

monly used. However, these pumps consume a large amount of electricity when op-

erated during the day and result in significantly poor energy performance.

O In recent years, devices that use DC pumps and other power saving features have

became available on the market. Models having pumps with a variable electrical

input of 20 — 65 W operate the motor as needed thus achieving energy saving ef-

fects.
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Strong wind

—

355 Solar Water Heating Planning and Considerations for Use

1.0 Considerations for sectional planning

1)0 Installing heat collectors (wind protection)

0 Since hot humid regions are prone to typhoons, it is essential to protect against strong winds when install-
ing heat collectors. As heat collectors installed on the roof may be blown upwards or slide sideways due
to strong winds, it is necessary to firmly affix them.

0 To prevent heat collectors from being blown away by strong winds, it is effective to fasten them as
closely as possible to the roof and affix them at a gentle angle (Fig. 3). In the meantime, when using a
frame in order to adjust the direction, heat collectors should be tightly affixed using wire and other
means (Fig. 4).

0 For safety reasons, it is important to carefully calculate wind load and examine how to affix heat collec-

tors.

AlXx closely to
the roof

Use a
gentle angle

Align with roof pitch
Tightly fasten heat collectors with wire
to prevent them from being blown
upwards or sliding sideways

Fig. 30 How to install heat collectors in hot Fig. 40 Example of affixing heat collectors (using
humid regions frame)

2)0 Installing hot water storage tank (separate type only)
U For a solar water heating system with separate heat collectors and a hot water storage tank, it is neces-
sary to place the heat collectors, hot water storage tank and water heater as close together as possible.
0 Although hot water storage tanks are generally installed outside, it is recommended to select a product
that is properly insulated and install it indoors, even in unheated areas such as garages and utility rooms,
in order to reduce heat loss.
0 Particularly, since circulating pipes for the heat medium are installed outside, they should be as short as

possible and must be insulated.

201 Considerations for efficient operation and control methods

Although solar water heating devices have very high energy performance, full advantage cannot be taken
of their performance without understanding their characteristics and correct usage. The following section
explains cautions to follow when using a system which connects a solar water heating device with an auxiliary

heat source using a solar connection unit (Method 2c).
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1)0 Preset temperature of water heater

When using a solar connection unit, the auxiliary heat source communicates with the solar connection unit
via a communication cable and hot water is discharged according to the preset domestic hot water tempera-
ture of the auxiliary heat source remote control. As the system uses either the solar heat source or the auxil-

iary heat source according to this preset temperature, it is necessary to properly set this temperature in order

to increase the system efficiency (Fig. 5, Table 8).

To increase the solar heat utilization rate, it is important to set the domestic hot water temperature of the

auxiliary heat source as low as possible. The domestic hot water temperature should be raised only when very

hot water is required and returned to the low setting afterward.

Table 80 Preset water heater inlet temperature and characteristics

Preset water heater inlet temperature Characteristics

45 -60 °C

0 Mixing with tap water at faucet is prerequisite.
Thermal mixing faucets are desirable.

[ As hot water can be used for shower at relatively
high temperature, water pressure can be secured
by mixing with water even when using thin hot
water pipes.

O In winter, solar heated water temperature does
not often reach the preset domestic hot water
temperature. Because of this, solar heat utiliza-

tion rate is low and energy saving effects decline.

38-43°C
(recommended)

0 Mixing with tap water at faucet is not prerequi-
site (common).

0 If hot water pipe diameter is thin, water pressure
may not be sufficient for shower.

[ Solar heat utilization rate is high even in winter.

G

= —

Auxiliary
heat source
(water heater)

- J/

Solar
connection unit

Domestic
hot water
temperature

Mixer faucet

H H
4 CTTIYITS
Communication
cable

‘ Solar heated water

Tap water

e

2)0 Adequate control of auxiliary heat source Fig. 50 Overview of solar connection unit
U In a system using a solar connection unit (Method 2c), if the solar heated water temperature is lower than

the preset domestic hot water temperature, it is reduced to the upper tap water temperature limit (30 — 35

Solar Water Heating

°C) by mixing with the domestic water, and the domestic hot water is sent to the auxiliary heat source.

The auxiliary heat source heats this water up to the preset domestic hot water temperature and dis-

charges it. This process is intended to prevent the hot water discharge temperature from becoming too

high due to the restriction in the lower capacity limit of the auxiliary heat source. However, this leads to

an extremely low load operation of the auxiliary heat source and efficiency declines significantly.

[ Additionally, even when sufficiently warm water is stored in the solar water heater, it takes a while before

the solar heated hot water reaches the auxiliary heat source after it is discharged. During this period,

even though short, the auxiliary heat source burns fuel. Even when solar heated water is supposed to

handle all the domestic hot water needs, such as during the summer, the auxiliary heat source actually

burns unnecessary fuel, resulting in low efficiency.

0 For that reason, for usage in kitchen sinks and wash basins where a constant hot water temperature is not

absolutely necessary and hot water discharge is often short and intermittent, turning off the auxiliary

heat source stops unnecessary fuel burning and increases energy efficiency.

0 Some solar connection units mix the solar heated water with the tap Main remote control (for kitchen)

water even when the auxiliary heat source is turned off. As it mixes tap e
water when the solar heated water temperature is high, it provides en- L Lf Ct “Energy saving mode” switch
hanced safety.
[0 When the solar heated water temperate is lower than the preset domes- s = [l
tic hot water temperature, the auxiliary heat source does not burn fuel [ o] [+
and the domestic hot water temperature stays as is. It is often the case e
1 |

that this is sufficient for usage in kitchen sinks and wash basins. Turn-

ing on the auxiliary heat source only when the domestic hot water “Usage display” switch

Domestic hot water usage (A) Conserved usage (B) Solar utilization rate (B/A)

Fig. 60 Auxiliary heat source control panel

temperature is too low provides great energy saving benefits.
O In a system in which the hot water storage section and the auxiliary
heat source are integrated, some models offer an energy saving mode

as stated above (Fig. 6).
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3.5.6

Explanation of Solar Water Heating Systems

Characteristics of solar water heating devices were described in 3.5.4 on p.106 and detailed explanation of

each system is provided in this section. Please use this as a reference for understanding products.

1.0 Solar heat collection system + heat medium circulation method

The solar heat collection system is regarded as the most important element that largely dictates the struc-

tures and characteristics of solar water heating devices. It determines factors such as weight and antifreezing

of the heat collection section and water pressure. The following shows characteristics of each system.

1)0 Direct heat collection type (natural or forced circulation type)

Many of the direct heat collection devices are solar water heaters but some are photovoltaic systems.

The direct heat collection is a system that directly sends water to the heat collection panels where it is

heated for domestic hot water. There is a natural circulation type which circulates water by natural con-

vection and a forced circulation type which circulates water with a pump (Table 9 (1) and (2)).

Because of its uncomplicated principles the system is often simple (particularly for the forced circula-

tion type), and provides the benefit of high heat collection efficiency as it collects heat using water, which

is used directly as domestic hot water. On the other hand, since the tap water carried to the heat collec-

tion section is considered unclean legally, it is necessary to cut off (release) from the water supply system

in order to prevent a backflow into the tap water section. Additionally, the water pressure needs to be

separately set during domestic hot water supply and antifreezing is difficult as the system circulates wa-

ter.

Table 90 Principles and characteristics of solar water heating devicesO 0 0000000000000 000000O00O0O00OOI

(1) Direct heat collection type (natural circulation type)

“Solar water heater” system

Ball tap

Hot water
storage tank

% Heat
. N
+, collection

Tap water 1

(2) Direct heat collection type (forced circulation type)
Referred to as “water dripping photovoltaic system”, etc.

3 Heat
0y -
« collection

.

+ panel

.

Ball tap

Domestic
hot water pump

| Hot water \O

storage
1 tank

Domestic
water

D)
P

Heat collection '4mp t Tap water

Operating principle

0 Water is supplied to hot water storage tank by water
supply pressure.

[ Because of convection effect caused by change in
water specific gravity due to temperature increase , low
temperature water in tank descends to heat collection
panels where it is heated. Once water becomes hot it
ascends to hot water storage tank where it is stored.

Characteristics

0 System has simple structure and is very common.

0 As hot water storage section is installed next to heat
collection panels on roof, radiation heat loss is signifi-
cant at night.

0 As hot water storage section is exposed to air, water
supply pressure cannot be used during domestic hot
water supply and hot water supply pressure is low.

0 As antifreezing is difficult, system needs to be shut
down and emptied of water during winter in cold
regions.

Operating principle

[0 Water is sent to heat collection section by pump and
heated during day when heat is collected. Heated
water is drained back to hot water storage tank.

O Water is not allowed to flow when heat is not collected
at night and other times.

Characteristics

[0 Open structure does not allow the use of water supply
pressure. Booster pump is essential for shower.

O Low heat loss when heat is not collected.

[0 As separate pump is required for heat collection and
domestic hot water supply, power consumption tends
to be high.

O As it directly collects heat with water, the heat collec-
tion efficiency is relatively high. However, operation is
difficult in winter in cold regions due to risk of freezing.
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2)0 Indirect heat collection type (mostly forced circulation type)

Indirect heat collection is a system that circulates the antifreeze solution instead of water between the
heat collection section and the hot water storage section. The heat collection section collects heat while
the hot water storage section heats tap water using a heat exchanger located inside the hot water storage
tank. Many of the photovoltaic systems are of this type. The circulation of antifreeze solution is mostly
performed by forced circulation using a pump. The hot water storage tank is generally separate from the
heat collection section, but there are a few models that have these sections integrated (Table 9 (3) and
@).

Since it neither sends water directly to the heat collectors nor exposes it to the air, the water in the hot
water storage tank is considered clean and is allowed to be connected directly to the water supply system.
Therefore, the water supply pressure can be used during domestic hot water supply and the shower can
be used at a comfortable water pressure even without a booster pump. Since the antifreeze solution is
circulated through the heat collection and piping sections, it helps prevent freezing in these sections.
However, the antifreeze solution has inferior thermal properties to water and the efficiency is slightly
lower than the direct heat collection device because the system indirectly heats water.

Since the indirect heat collection system is complicated, initial costs tend to be high and cost recovery
may be difficult in terms of the domestic hot water use alone. In Europe, it is common to use the same
hot water storage tank for space heating. Separately, since the high power consumption of the pump cir-
culating the antifreeze solution decreases energy performance, it is required to select a product that has
energy-saving features. This includes operating the pump only when needed, using a pump with low

power consumption, and pump operation using solar cell power.

0000000 Table 90 Principles and characteristics of solar water heating devices

(3) Indirect heat collection type (forced circulation/sep-

(4) Indirect heat collection type (forced circulation/inte-

arate type)Regular “photovoltaic system” grated type)

. Heat
*, collection

Hot water
storage tank

Solar Water Heating

( P‘
Antifreeze / g
solution
circulation i—
. i Tap t
Heat collection pump Tap water Domestic
P hot water water

Characteristics

« As antifreeze solution is used in exposed outside pipes,
system is resistant to freezing.

As hot water storage section is closed, water supply
pressure can be directly used and domestic hot water
pressure is high.

Separate space is required for installing hot water
storage section.

Circulating pump tends to have large power
consumption.

Complicated system makes it expensive.

Characteristics

« Appearance is close to that of solar water heater (hot
water storage location is different).

As hot water storage section is closed, water supply
pressure can be directly used and shower can be
comfortably used.

This model is in-between solar water heater and
separate photovoltaic system.

As tap water pipes are exposed outside, system is less
resistant to freezing.

Model which performs pump circulation using solar
cells provides high energy saving effect.
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Natural Energy Application
Technology

(Elemental Technology
Application Method 1)

2.0 Layout of heat collection and hot water storage sections

The layout of the heat collection and hot water storage sections can be either integrated or separate, and is
generally determined by the heat collection system mentioned earlier. It is common that solar water heaters

have an integrated layout and photovoltaic systems have a separate layout (Table 10 (1) and (2)).

30 Shapes of heat collection section

In order to effectively collect solar heat, it is naturally required that the heat collection section has high
performance. The performance of the heat collection section depends on its radiation properties and insula-
tion performance.

With regard to the requirements for radiation properties, it should be not only easy for the solar radiation
(short waves from a high temperature heat source) to be absorbed, but also difficult for infrared rays (long
waves from a low temperature heat source) to be radiated. Although former models of solar water heaters
often had a heat collection unit that was simply painted black, it was easy to heat and cool as it easily absorbed

solar radiation while easily radiating infrared rays. In recent years, the mainstream of devices are solar water

Table 100 Layout of heat collection and hot water storage sectionsO 00000

(1) Integrated type (direct heat collection

. " eparate type
circulation are most common) P yp

Hot water storage tank

Heat
collector
Characteristics Characteristics
* Most of solar water heaters and some photovoltaic « Many of photovoltaic systems are of this type.
systems are of this type. « As only heat collection section is installed on roof,
* Has simple structure and is generally inexpensive. weight load is significantly reduced.
* As weight of hot water storage section is on roof, it « Layout flexibility of heat collection section and hot
has structural disadvantage. water storage tank is high.

As heat collection and hot water storage sections are * Heat collection section has tidy and functional design.
integrated, it offers little flexibility in system design. As circulation between heat collection and hot water
storage sections stops when heat is not collected,
radiation heat loss is reduced.

Provides high system flexibility and can also be used
for solar space heating and other systems.

Has complicated structure and is generally expensive.
As water, antifreeze or other solution is forcefully circu-
lated by pump between heat collection and hot water
storage sections, additional power consumption is
required.
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heaters boasting high heat collection efficiency using a “selective absorption membrane” that easily absorbs
solar radiation but hardly radiates infrared rays. According to the Japanese Industrial Standards (JIS A 4111),
at least 40% of heat collection efficiency is required (under outside air temperature conditions of at least
15°C).

Heat collection section shapes are largely classified into the insulation methods of the heat collection unit
(black area coated with selective absorption membrane) and the transmission unit (glass). The flat plate type
has a flat heat collection unit covered with insulation materials on the back and the transmission unit on the
front. The vacuum tube type has a tubular heat collection unit that is protected by a tubular transmission unit
and has vacuum gaps for reinforced insulation. The heat collection efficiency is not necessarily indicated in
catalogs, but it is generally about 40 — 50% for the flat plate type and 50 — 60% for the vacuum tube type. In Ja-
pan, the flat plate type is most commonly used, but the vacuum tube type is often found outside Japan possibly
because it is frequently installed in cold regions with poor weather. Both the flat plate and vacuum tube heat
collectors are used in combination with various heat collection systems discussed earlier (Table 11 (1) and

@).

[ Table 110 Shapes of heat collection section

(1) Flat plate heat collector (2) Vacuum tube heat collector

Solar Water Heating

Characteristics

* Has simple structure and is inexpensive.

* Very common in Japan.

White glass panels are highly efficient.

Difference between the gross area and effective heat
collection area is insignificant.

Has slightly lower insulation performance and heat
collection efficiency decreases in cold regions.
Suitable for heat collection of direct solar radiation and
is highly efficient on sunny days, but is less efficient
under diffused solar radiation on cloudy days.

Characteristics

« As space between glass tube and heat collection
section is vacuum insulated, it has high heat collection
efficiency and freeze resistance even in cold regions.

« Especially high efficiency for high temperature heat
collection.

« As heat collection section is tubular, ratio of effective
heat collection area to gross area is limited (except
those with external reflector).

* As tubular sectional area is effective for heat

collection, it is considered to be efficient on cloudy

days.

No devices are produced in Japan.

Mainstream outside of Japan, such as in Europe and

China.

Generally expensive, but inexpensive imported products

have become available in recent years.







Implementing architectural measures against external
impact, such as intense solar radiation in summer and cold
temperatures in winter, using building envelopes to control

and maintain the indoor environment is a vital technology. We
must value this technology in order to take advantage of the
full potential of natural energy and equipment so that we can

create a comfortable living environment.

Chapter 4
Heat Control Technology of Building Envelopes
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Note

Energy consumption,
costs and other data de-
scribed in this section are
based on simulation re-
sults of the model house
plan (See Chapter 6).

4.1 Insulated Building Envelope Planning for Zone V

41.1

Traditionally, people in warm regions have lived in a
house with a thick thatched insulated roof, earth walls
with high heat and moisture capacity, open layout, and
many windows, whereas people in cold regions have
endured harsh winters in a timber frame house filled
with sawdust. Even though the purposes are different,
these ancient techniques make maximum use of indig-
enous materials and create a pleasant living environ-
ment.

Recently, building insulation has been in the lime-
light as one of the elemental technologies to achieve
energy conservation and an even living environment.
As such, this section introduces several insulation
techniques that are suitable for diverse housing styles
and maintain appropriate temperatures as needed,
with focus on the ‘accessible technology’ aspect of in-
sulation by explaining its original purposes as faithfully

as possible.

Purpose and Key Points of Insulated Building Envelope Planning

1.0 Controlling amount of energy used for heating

O The purpose of insulated building envelope planning is to control heat transfer at the boundary between the

interior and exterior of the house, i.e. the building envelope. Insulated houses can achieve a comfortable

indoor thermal environment using much less energy than uninsulated houses.

O Fig. 1 is a comparison graph of each insulation level of the energy conservation standard (See p.128), i.e.

the 1992 standard, the intermediate insulation level of the 1992 standard and the 1999 standard, 1999 stand-

ard, and the 1980 standard. The higher the insulation level, the lower the heating cost.
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U In other words, heating of a larger area is possible with less cost and energy.

O Two types of energy are found in houses: energy obtained from solar radiation (solar heat gain) and energy
generated from daily activities (internal heat generation). Fig. 2 represents the image of how insulation re-
duces heating energy and increases the proportion of the solar heat gain and internal heat generation en-
ergy contributing to heating.

0 If the house is not insulated, solar heat gain and internal heat generation escapes within a short period of

time, but with insulation this energy becomes effective in raising the room temperature.

Fig. 2

Energy proportion that

increases room tempera-
ture to certain level Poorly insulated house

(conceptual diagram)

M Solar heat gain

[Ointernal heat generation

[ Heating

[ Heating energy reduction
by insulation

Insulated house

2.0 Maintaining natural room temperature

O Fig. 3 is a graph showing changes in the unheated room temperature (natural room temperature*) by insu-
lation specifications. As shown in the graph, the higher the insulation level, the greater the room tempera-
ture compared to the outsideoutdoor air temperature.

O Even in an unheated room, the room temperature increases due to the heat coming from heated rooms as

well as the solar heat gain and internal heat generation. Insulation can maintain a higher room tempera-

ture.
Fig. 3
Relationship between insulation level and average natural
ooo room temperature in January (First floor toilet, Kagoshima)
20
18 1999 standard + reinforced
- opening insulation
16 1999 standard
Intermediate spec. of 1992
and 1999 standards
14 1992 standard
? 12 1980 standard
3
o
® 10
2
<
3 8
Outside air temperature
6
a
2
(0]

0:00 2.00 4.00 6:00 8:0010:00 12:00 14:0016:00 18:00 20:00 22:00 0:00

Time

* Natural room temperature: Room temperature obtained from solar heat gain and internal
heat generation without heating and cooling system. Here,
this refers to natural room temperature of unheated first
floor toilet when partial intermittent heating is used only in
habitable rooms.
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Heat Control Technology of
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(Elemental Technology
Application Method 2)

3.0 Attempts to equalize surface temperature of walls, floors and windows with room temperature

O Many of you must have experienced when the room feels somewhat cold even though the room tempera-
ture is not low. This occurs when there is a significant gap between the room temperature (air temperature)
and perceived temperature (thermal sensation).

O Generally, thermal sensation perceived in living space is an average of the surface temperature of surround-
ing windows, walls, floors and other elements (mean radiant temperature) and the room temperature, as

shown below.

O 0

Sek a1 e m e

Thermal sensationd 15.40

Outside air temperature

oo
Surface temperaturel] 10.80
Poorly insulated house Highly insulated house
Insulation is installed but ineffective Equivalent to 1999 energy conservation standard
(wall heat transmission coefficient: 0.53 W/mzK) (wall heat transmission coefficient: 4.3 W/mzK)

Fig. 40 Room temperature, surface temperature and thermal sensation

O Fig. 4 shows the difference in the room temperature and the thermal sensation between an uninsulated or
hardly insulated house and a carefully insulated house. In the left diagram, the wall surface temperature is
low and even when the room temperature is set at 20°C using space heating, thermal sensation is only
15.4°C. On the other hand, in the right diagram, since the house is well insulated, the surface temperature
of building envelope is closer to room temperature, if the room temperature is set at 20°C in the same way
as the left diagram, a thermal sensation of 19°C is felt.

O As described above, simply raising the air temperature does not achieve sufficient warmth within the home.
It is necessary to attempt to equalize the surface temperature of walls and other surroundings to the room
temperature and reduce the temperature difference between the thermal sensation and the room tempera-

ture by insulating the house.

4.0 Increasing temperature around the feet

[ One of the causes of feeling cold is a chilly feeling around the feet. This is due to lack of insulation and air
leakage (Fig. 5). Even when the room is heated, it is not comfortable if occupants feel warm around the
upper area of the room but their feet are cold.

0 Reinforcing the insulation performance of floors (i.e. installing insulation and air leakage prevention) in-
creases the floor surface temperature and reduces the vertical temperature gradient and temperature ir-

regularity within the house.

Cold air

Cold air

Fig. 50 Indoor vertical temperature gradient
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5.0 Shading solar radiation heat from roof to reduce heat in upper floor rooms

U Horizontal surfaces receive a large amount of solar radiation heat in summer (Fig. 6). Thus, the roof tem-

perature reaches 60 — 70°C in summer.

O Reinforcing roof and ceiling insulation prevents solar radiation heat received on the roof from entering the

house and reduces the heat in the upper floor rooms.

O However, a ventilated cavity (at least approx. 30 mm) is required if the roof is insulated and an attic ventila-

tion is required if the ceiling is insulated (See 4.3 Solar Shading Methods for Zone V for details).

)

Fig. 6 (W/m2)
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Comment e Relationship between houses and external environment

Many of you might think houses have less of
a relationship with the outside environment
(wind, light, warmth and coolness) as their
insulation level increases.

However, in fact, by skillfully combining the
advanced insulation technology (e.g. openings
with high insulation performance) with the
cross ventilation and solar shading technology

in the summer and in-between seasons, we can

maximize the “comfort” brought from nature
into the house while ensuring a pleasant indoor
environment using a heating and cooling sys-
tem in winter and during severe summer
months.

Insulation is a fundamental housing technol-
ogy that increases the relationship between the
house and the external environment and cor-

responds to diverse lifestyles.
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41.2 Energy Conservation Target Levels for Insulated Building Envelope Planning

1.0 Definition of target levels

O Energy conservation target levels for insulated building envelope planning have been set at levels 1-4 below

and indicate the reduction rate of energy consumed by heating systems.

Level 0 O Heating energy reduction ratel] None
Level 1 O Heating energy reduction ratel] Approx. 30% (Approx. 40%)
Chapter 4 Level 2 O Heating energy reduction ratel] Approx. 50% (Approx. 50%)
Heat Control Technology of Level 3 O Heating energy reduction ratel] Approx. 55% (Approx. 60%)
Building Envelopes Level 4 O Heating energy reduction ratel] Approx. 65% (Approx. 70%)

(Elemental Technology
Application Method 2)

Energy reduction rates shown above indicate calculated values when partial intermittent heating is set at 20°C in major
habitable rooms with occupants (values in parentheses are for when whole-building continuous heating is set at 18°C).

[ Target levels are set by the heat loss coefficient! according to the current energy conservation standard?.

0 The standard heating energy consumption as of 2000 was 5.0 GJ (approximately 7% of overall energy con-
sumption) for partial intermittent heating and 13.4 GJ (approximately 13%) for whole-building continuous
heating (See 6.1 on p.339).

0 10 Heat loss coefficient
This refers to a numerical indicator of housing insulation performance and is generally known as Q
value. The lower this value the higher the insulation performance. Heat loss coefficient is obtained by
calculating the amount of heat (heat loss) that escapes from exterior walls, ceilings, floors and other
components of the house as well as the heat loss due to ventilation and air leakage and dividing the
result by the total floor area of the house. This is the amount of heat (joules) which escapes outside
the house per unit of time (seconds) and 1m? of floor area when the indoor and outdoor temperature
difference is 1°C.

0 20 Energy conservation standards
Refers to the standard established according to the Law Regarding the Rationalization of Energy
Use (Energy Conservation Law) enacted in 1979. Since its establishment in 1980, this standard
has been amended and reinforced in 1992 and 1999. The 1980, 1992 and 1999 standards are
sometimes referred to as the “Former Energy Conservation Standards”, “New Energy Conservation
Standards” and “Next Generation Energy Conservation Standards”, respectively. These standards
are almost equivalent to Grades 2, 3 and 4 of the energy saving grading based on the evaluation
method standard of the Housing Performance Indication System.

2.0 How to achieve target levels

O Energy conservation target levels for insulated building envelope planning can be achieved by applying in-
sulation methods that satisfy each value of heat loss coefficient (Table 1).

O Level 0 serves as reference level that is equal to or below the 1980 energy conservation standard. Level 2
refers to insulation performance equivalent to Region III of the 1992 energy conservation standard.

O Please use as reference Table 1 which shows the corresponding relationship between the target levels and
the grades based on the energy saving grading (related to thermal environment) of the Housing Perform-

ance Indication System.

Table 10 Target Levels for Insulated Building Envelope Planning

Energy saving effect .
(heating energy reduction rate) Grade according to energy
TamsE: el Heat loss Corresponding energy saving grading of Housing
9 Partial Whole-building | coefficient conservation standard Performance Indication
intermittent continuous System
heating heating
Insulation level equivalent to | Grade 1 (not satisfying 1980
Level O © @ 8.3 W/m®K or below 1980 energy conservation | standard) or Grade 2 (equiva-
standard, etc. lent to 1980 standard)
Insulation level equivalent to
Level 1 Approx. 30% | Approx. 40% | 4.6 W/m?K or below 1992 energy conservation Grade 3
standard
Insulation level equivalent to
Level 2 Approx. 50% | Approx. 50% | 3.3 W/m?K or below iemmeiae 6 lees mng Grade 3
1999 energy conservation
standards
Insulation level equivalent to Grade 4
Level 3 Approx. 55% | Approx. 60% | 2.7 W/m?K or below| 1999 energy conservation
standard
Insulation level exceeding Grade 4
Level 4 Approx. 65% | Approx. 70% | 2.1 W/m?K or below| 1999 energy conservation
standard
0o 0 0 D00I00000I000000 000000000000000]000000000000000000000001000000000000000000000000010000




3.0 Target housing construction methods

0 This chapter covers the following two housing construction methods and explains the insulation technology

that takes into account the characteristics of each construction method. It shows the example methods for

achieving the target levels of insulated building envelope planning.

0 O a. Average conventional timber frame house

O O b. Traditional conventional timber frame house (typical example: mud plastered wall)

O This chapter is targeted at houses in South Kyushu and other hot humid regions (Zone V of the zone clas-

sification of the energy conservation standard). There are various construction methods for conventional

timber frame houses reflecting regional characteristics in Zone V.

O This chapter emphasizes the importance of examining insulation methods suitable for each housing con-
struction method, rather than examining housing construction methods that focus on insulation. There-
fore, we have chosen a mud plastered wall construction as a typical example of traditional conventional

timber frame houses to explain insulation methods as well as a stud wall construction and other average

conventional timber frame houses.

4.1.3

Steps for Examining Insulated Building Envelope Planning and Setting Target Levels

1.0 Steps for examining insulated building envelope planning

Step 100 Confirming lifestyle orientation and other conditions and setting

target level

Confirm the lifestyle orientation of occupants, housing structure, construction

cost and other conditions and examine and set the target insulation level suita-

ble for those conditions.

1) Confirm lifestyle orientation

2) Confirm insulation construction budget

3) Confirm housing structure and form

0 O O Average conventional timber frame house

0 O O Traditional conventional timber frame house (mud plastered wall)

\4

Step 200 Examining insulation plans

Examine the basic plans for insulated building envelope planning for houses.
1) Examine insulation methods (interior insulation, exterior insulation, combined insulation)
2) Examine insulation planning methods for each target level

[ (distribution for building components: evenly distributed or partially reinforced insulation type)

v

Step 30 Examining insulation technology

Examine specific insulation technology and methods.

1) Examine insulation technology for building envelopes

0 O O Insulation material types and considerations for installation
0 O O Basic structure of thermal barrier

0 O O Airflow blocking installation

0 O O Insulation material installation

0 0 O Examination of insulation methods for each component
2) Examine insulation technology for openings

0 O O Window selection

0 O O Sash selection

0 O O Reinforced insulation with interior and exterior coverings
0 O O Insulation effects by insulating shutters

Insulated Building Envelope 41
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(Elemental Technology
Application Method 2)

* Difference between out-
side air temperature and
room temperature (natu-
ral room temperature)

In this section, this refers

to the difference between

outside air temperature
and room temperature

(natural room temperature)

when the outside air is the

lowest during the hours of
dawn.

2.0 Confirming lifestyle orientation and other conditions and setting target level

As the first step for examining the insulated building envelope planning, identify and summarize the life-

style and housing needs of occupants and set the target level.

1)0 Desired thermal environment

0 Typical indicators of the quality of indoor thermal environment in warm regions and hot humid regions
including South Kyushu are the temperature irregularity (temperature difference) between the upper
and lower areas of the room and between the rooms as well as the decrease in room temperature after
stopping heating.

[ Table 2 shows these two indicators according to the target level.

1) and 2) in Table 2 show the temperature difference between the heated and unheated rooms when
heating is used and the difference between the outside air temperature during the dawn hours and the
natural room temperature (outcome temperature), respectively. Both change according to the insulation
level.

0 Although the value difference in Table 2 may not seem very significant, the borderline between comfort
and discomfort is markedly influenced by a small difference of 1 -2°C.

[ Based on the above information, confirm with the occupants what their desired thermal environment is

before setting the target level.

Table 20 Insulation level and temperature difference

Insulation level| 1) Heated and unheated rooms | 2) Outside air temperature and room tem-| ™ Conditions
O when heating is used perature (natural room temperature)* House plan: Model house
Level O Approx. 7°C Approx. 4°C (Type A) (See Chapter 6)
Heated room:
Level 1 Approx. 5.5°C Approx. 6°C Living/dining room
. . Heating schedule:
Level 2 Approx. 4°C Approx. 7.5°C 7:00 - 10:00
Level 3 Approx. 3°C Approx. 8°C 12:00 - 14:00
16:00 - 22:00
Level 4 Approx. 2.5°C Approx. 9°C (Set temperature: 20°C)

Unheated room
temperature

Unheated room
temperature

Outside air
temperature

Outside air
temperature

House with poor insulation level

House with high insulation level

1) Temperature difference between heated and unheated rooms: Small
2) Temperature difference between unheated room and outside air: Large

1) Temperature difference between heated and unheated rooms: Large
2) Temperature difference between unheated room and outside air: Small

Fig. 70 Temperature difference of heated room, unheated room and outside air (concept diagram)

2)0 Energy cost efficiency resulting from increased insulation level

0 If conditions such as the house plan, way of living, heating and cooling system and its operating hours are
exactly the same, even a low level of insulation is definitely effective in energy and cost savings. The ef-
fect is higher as the heating duration becomes longer and the heating area becomes larger.

O Fig. 8 shows an example of annual heating and cooling cost by insulation level. The higher the insulation
level the greater the energy consumption reduction. In the case of partial intermittent heating and cool-
ing, the heating and cooling energy cost (running cost) of Level 0 decreases 21% at Level 1, 33% at Level
2, 34% at Level 3, and 40% at Level 4.

0 Please refer to this information when setting the target level.
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3)0 Initial cost due to increased insulation level

[ The average rise in the initial cost due to increased insulation level is shown in Fig. 9.

O This information is based on the approximate calculation of the specifications covered in this document

and should be used as a guideline.

4)0 Housing structure

0 In addition to a stud wall construction and other structures and construction methods for average con-

ventional timber frame houses, this chapter discusses mud plastered wall houses as an example of tradi-

tional conventional timber frame houses.

0 Compared to stud wall houses, it is difficult to incorporate insulation into mud plastered wall houses as it

is structurally challenging to fill thick insulation materials in these houses.
0 Nevertheless, a number of variations are found in insulated building envelope technologies. There are Insulated Building Envelope

. . . . . L Planning for Zone V L

insulated building envelope technologies appropriate for the construction characteristics of even mud

plastered wall houses. Please refer to some of these technologies introduced in this chapter when setting

the target level for insulated building envelope technology suitable for various construction methods.

Comment e High insulation level does not result in cost savings?

It has been reported that a high level of insu-
lation does not necessary lead to reductions in
heating and cooling energy (cost). Major rea-
sons for this are as follows:

[0 When the house is insulated, occupants leave
indoor space open (e.g. leaving doors open)
and the heating and cooling area tends to
increase compared to before insulation is
installed, resulting in increased heating and
cooling energy.

[0 Many architects, builders and occupants

believe that whole-building air conditioning is

suitable for insulated houses and sometimes

air conditioning planning that exceeds the

needs of occupants is implemented, resulting

in increased heating and cooling energy.

However, this does not mean that a high insu-

lation level does not lead to energy saving. As

described earlier, under the same conditions,

housing insulation definitely achieves cost sav-

ings. Alternatively, with the same energy cost,

you can heat and cool a wider area for longer

hours.




Chapter 4

Heat Control Technology of
Building Envelopes

(Elemental Technology
Application Method 2)

41.4 Examining Insulation Planning

1.0 Selecting insulation methods

O Insulation methods of wooden houses are largely classified into the following two types: interior insulation

and exterior insulation (Fig. 10).
O Interior insulation: Refers to an insulation installation method in which insulation is installed between the
structural materials such as pillars and studs, rafters and beams.
O Exterior insulation: Refers to an insulation installation method in which a thermal barrier is installed on
the exterior side of the frame and structure.

O It is not that we have to choose either of these methods and use it for insulating the entire house. As both
methods have advantages and disadvantages, it is important to choose the method suitable for each compo-
nent of the house. In cold regions, sometimes both interior and exterior insulation methods (also referred
to as “interior and additional insulation method”) are used for the same component in order to ensure thick
insulation.

U There are two types of insulation method for the top of the building (roof area): ceiling insulation and roof
insulation. Of the ceiling insulation, insulation above beams is not yet commonly practiced, but this method
is designed to reduce thermal bridges and it can use various insulation materials.

0 The three insulation methods for the bottom of the building (floor area) are floor insulation, foundation in-
sulation and slab on grade insulation.

0 Table 3 summarizes insulation methods for wooden houses by component (For details, see 5) Examining

insulation method for each component in Section 4.1.5 Examining Insulation Technology on p.146).
Table 30 Insulation methods for wooden houses

Building component
Top of building (roof area)

Insulated component Insulation method
Ceiling insulation Interior insulation
Exterior insulation (insulation above beams)

Roof insulation Interior insulation
Exterior insulation
Combined insulation (interior and additional insulation)
Exterior wall Exterior wall insulation Interior insulation

Exterior insulation

Combined insulation (interior and additional insulation)
Floor insulation Interior insulation

Foundation insulation Exterior insulation (exterior or interior of foundation)

Bottom of building (floor area)

Slab on grade insulation (slab on grade entrance, etc.)

Pillar

Pillar Vapor permeable

Vapor permeable and water proof sheet

and water proof sheet

Exterior Stud
Exterior Stud ~ wall material
wall material Vertical

Vertical furring strip

furring strip

Insulation

Insulation

Vapor barrier film

|~

: [ Interior wall material

r Interior wall material
Interior insulation by batt insulation Exterior insulation by board
: - . L ) (plastic foam) insulation
Fig. 100 Interior insulation and exterior insulation
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2.0 Distribution for each building component

1)0 Evenly distributed insulation type (Fig. 11 00)

Energy conservation standards stipulate the insulation standard by component (i.e. required heat resist-

ance value and thickness of insulation) as a guideline for design and installation. The insulation standard by

component is established by taking into account the balance of the insulation performance of each compo-

nent (referred to as “evenly distributed insulation type” in this document). Adopting this standard helps you

plan how to achieve the target level.

2)0 Partially reinforced insulation type (Fig. 11 )

Depending on the building construction method, for example in the case of a mud-plastered wall or Japa-

nese style wall construction method, it is difficult to install thick insulation materials in the exterior wall. If

this is the case, reinforcing the insulation of other components than the exterior wall will reduce the insula-

tion requirement of the exterior wall (referred to as “partially reinforced insulation type” in this docu-

ment).

4.1.6 Examples of Insulation Planning shows specific insulation examples by target level (See pp.155-163).

For the evenly distributed insulation type, three cases of interior insulation, insulation above beams/foun-

dation insulation and exterior insulation are presented for Level 3.

For the partially reinforced insulation type, five cases of reinforced insulation at the ceiling and openings

are shown for Level 1 to 3, in consideration of heat protection and control measures in summer for Zone V,

which is a hot humid region according to the zone classification of energy conservation standard.

e Ceiling (reinforced insulation)

Blown glass wool Glass wool 16K
Thermal conductivity0.052W/nK Thermal conductivity0.045W/niIK
2100 2000

Thermal resistance4.000K/W ﬁ Thermal resistance4. 400K/W

I
e Exterior wall |
I
Glass wool 16K High performance glass wool 16K |
Thermal conductivity0.045W/miK Thermal conductivity0.038W/nilK
T 1000 750
| Thermal resistance2 200K/W ﬁ Thermal resistance2.000K/W ]
I — i I ] — — i
c e Opening (reinforced insulation) |
't 1
“ “ — N Ordinary sash Insulating sash ik
|l — | Heat transmission Heat transmission
coel] cient4.65W/00K coell] cient4.07W/00K
e floor
’J_L‘ H Glass wool 16K Polyethylene foam (Type A) ’J_L ’J_L %
Thermal conductivity0.045W/mK Thermal conductivity0.038W/niIK
\K/ 1000 500 \//2
Thermal resistance2.200K/W Thermal resistance1.300K/W
0 Basic insulation distribution O Insulation distribution example with increased
O example to achieve Level 3 Oinsulation at ceiling and opening to maintain
O (evenly distributed insulation type) O Level 3 (partially reinforced insulation type)

Fig. 110 Insulation planning methods (distribution to components)

Thermal conductivityl] A measure of a material’s ability to conduct heat. The amount of heat flow through a

material of unit area and unit thickness in unit time when there is a temperature differ-
ence of 1°C between its surfaces (Units are W/meK).

Thermal resistancel] A measure of a material’s ability to resist heat conduction (Units are m2eK/W).
Heat transmission coefficientd The amount of heat flow per unit area and unit time when there is an air tem-
perature difference between surfaces of windows, walls, etc. (Units are W/

m2eK). Heat transmission coefficient is used to express insulation perform-
ance of window sashes.




Chapter 4

Heat Control Technology of
Building Envelopes

(Elemental Technology
Application Method 2)

Notell

With regard to urethane
foam and extruded poly-
styrene foam insulation,
CFC-free materials should
be used from this point
forward, from the per-
spective of preventing
global warming and ozone
depletion.

4.1.5 Examining Insulation Technology

This section explains insulation technology for building envelopes and openings. Insulation technology has
significantly advanced as the need for energy conservation has become widely recognized. Flaws of building
envelopes, such as sagging after installation, have been solved since insulation materials and their installation
methods have greatly improved. Insulating sashes that are excellent in both quality and performance are

available for openings.

1.0 Examining insulation technology for building envelopes

The insulation performance we aim for cannot be achieved by simply filling insulation materials into the
walls. Moreover, it is necessary to address internal condensation and other obstacles. This section explains
insulation technology for building envelopes which are the basics of insulation. Table 4 shows a list of thermal

conductivity of insulation materials and minimum thickness to obtain the required thermal resistance.

1)0 Types and characteristics of insulation materials
U Major types and characteristics of insulation materials are as shown below:
0 Batt insulation
Batt insulation refers to fiber insulation materials such as glass wool and rock wool. This insulation
material can be used in a wide range of components and is most commonly used because of its size adjust-
ability, ease of cutting and installation, low cost and incombustibility. Some disadvantages are that its
breathability decreases its insulation performance if there is airflow in the thermal barrier and its flexibil-
ity tends to cause variable insulation performance depending on the installation quality. For that reason,
it is necessary to ensure ventilation control at the connections between the walls and the floors and ceil-
ings in order to prevent airflow within the walls and insulation materials. It also requires that insulation

materials are properly and firmly installed in the required areas inside the building envelope.

0 Blown-in insulation
This is a type of loose-fill insulation that is blown into the ceiling, roof, walls and other components.
Examples of materials include glass wool, rock wool and cellulose fiber. Even though its insulation per-
formance is slightly lower than that of batt insulation when comparing materials with the same thickness,

it is generally easy to install especially for ceiling insulation.

0 Board insulation

This insulation material is often used in the exterior insulation method for floor insulation and on the
outside of the building frame. Types of materials include plastic foam insulation materials such as ex-
truded polystyrene foam, expanded polystyrene foam, rigid urethane foam, polyethylene foam and phe-
nolic foam, as well as glass wool and rock wool. Generally, it has higher insulation performance than batt
insulation when comparing materials with the same thickness.

The finer the foam and the higher the structural independence, the greater the insulation performance
of plastic board insulation. Additionally, owing to its low water absorption rate, this material is less sus-
ceptible to moisture problems found with batt insulation. The disadvantage is that it needs to be used with
a fire-resistant exterior finish when installed on the exterior side of the frame or structure as it is prone

to fire and UV damage.

J Foamed-in-place insulation
Foamed-in-place insulation materials such as spray urethane foam insulation are best characterized by
their ease of installation. Nevertheless, there are some cases in which insulation is installed with an im-
proper expansion ratio and installation environment. It is important to follow the installation specifica-

tion.
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Table 40 Quick reference for minimum thickness (d) of insulation materials to obtain required thermal resistance (Unit: mm) dOA x Rcx 1000

Thermal conductivityl A 0 Unit:W/miIK

0.052 | 0.051 | 0.050 | 0.049 | 0.047 ] 0.045 | 0.044 | 0.043 | 0.042 | 0.040 | 0.039 | 0.038 | 0.037 | 0.036 | 0.035 | 0.034 | 0.033 | 0.032 | 0.030 | 0.029 | 0.028 | 0.027 | 0.026 | 0.024 | 0.023 | 0.022
0.2 11 11 10 10 10 9 9 9 9 8 8 8 8 8 7 7 7 7 6 6 6 6 6 5 5 5
0.3 16 16 15 15 15 14 14 13 13 12 12 12 12 11 1 1 10 10 9 9 9 9 8 8 7 7
0.4 21 21| 20| 20 19 18 18 18 17 16 16 16 15 15 14 14 14 13 12 12 12 11 11 10 10 9
0.5 26 26 25| 25 24 23 22 22 21 20 20 19 19 18 18 17 17 16 15 15 14 14 13 12 12 1
0.6 32 31 30 30 29 27 27 26 26 24 24 23 23 22 21 21 20 20 18 18 17 17 16 15 14 14
0.7 37 36 35| 35 33 32 31 31 30 28| 28] 27 26 26 25 24 24| 23 21 21 20 19 19 17 17 16
0.8 42 41 40 40 38 36 36 35 34 32 32 31 30 29 28 28 27 26 24 24 23 22 21 20 19 18
0.9 47| 46| 45| 45| 43 41| 40| 39 38 36| 36| 35 34| 33 32 31| 30| 29| 27 27 26 25 24| 22 21 20
1.0 52 51 50 49 47 45 44 43 42 40 39 38 37 36 35 34 33 32 30 29 28 27 26 24 23 22
11| 58 57 55 54 52| 50| 49| 48 47| 44| 43] 42 41 40 39 38 37| 36| 33 32 31 30 29 27| 28] 25
12 63 62 60 59 57 54 53 52 51 48 47 46 45 44 42 41 40 39 36 35 34 33 32 29 28 27
14 73 72 70 69 66| 63 62 61 59 56 55| 54| 52 51| 49| 48 47| 45| 42 41| 40 38 37| 34| 33 31
15 78 77 75 74 71 68 66 65 63 60 59 57 56 54 53 51 50 48 45 44 42 41 39 36 35 33
17| 89 87 85| 84/ 80| 77| 75 74 72 68 67| 65/ 63 62 60 58 57| 55 51 50| 48] 46| 45 41| 40| 38
18 94 92 90 89 85 81 80 78 76 72 71 69 67 65 63 62 60 58 54 53 51 49 47 44 42 40
2.0 104 102 100 98 94 90 88 86 84 80 78 76 74 72 70 68 66 64 60 58 56 54 52 48 46 44
2.1 110 108 105 103 99 95 93 91 89 84 82 80 78 76 74 72 70 68 63 61 59 57 55 51 49 47
2.2 115 113 110 108 104 99 97 95 93 88 86 84 82 80 77 75 73 71 66 64 62 60 58 53 51 49
23] 120] 118| 115| 113| 109 104 102 99 97 92| 90| 88 86| 83 81 79 76 74| 69| 67 65 63 60| 56| 53 51
Thermal resistance 2.5 130 128 125 123 118 113 110 108 105 100 98 95 93 90 88 85 83 80 75 73 70 68 65 60 58 55
vaRIge 2.6| 136 133| 130 128 123| 117| 115 112| 110| 104| 102| 99| 97 94 91 89 86| 84 78] 76| 73 71 68 63 60| 58
0 0OK/Wo 2.7 141 138 135 133 127 122 119 117 114 108 106 103 100 98 95 92 90 87 81 79 76 73 71 65 63 60
29| 151| 148| 145| 143 137| 131 128| 125| 122| 116| 114 111| 108 105| 102 99| 96| 93] 87| 85 82 79 76 70 67| 64
3.0 156 153 150 147 141 135 132 129 126 120 117 114 111 108 105 102 99 96 90 87 84 81 78 72 69 66
31| 162 159| 155| 152 146 140| 137| 134 131| 124| 121| 118] 115| 112| 109| 106| 103| 100/ 93| 90| 87 84 81 75| 72| 69
3.2 167 164 160 157 151 144 141 138 135 128 125 122 119 116 112 109 106 103 96 93 90 87 84 77 74 71
33| 172| 169| 165 162| 156| 149| 146| 142| 139| 132| 129]| 126| 123| 119| 116 113| 109 106| 99| 96 93 90 86| 80| 76| 73
35| 182| 179| 175| 172| 165| 158 154| 151| 147| 140| 137| 133| 130| 126| 123| 119| 116 112| 105 102 98 95 91| 84 81| 77
3.6| 188| 184| 180 177| 170| 162| 159| 155| 152| 144| 141| 137| 134| 130| 126 123 119| 116 108 105 101 98| 94| 87| 83 80
3.8 198 194 190 187 179 171 168 164 160 152 149 145 141 137 133 130 126 122 114 111 107 103 99 92 88 84
4.0] 208] 204| 200 196 188 180 176 172 168 160 156 152 148 144 140 136 132 128 120 116 112 108 104 96 92 88
41| 214] 210 205 201| 193 185 181 177 173 164| 160 156] 152| 148| 144 140 136 132] 123| 119 115| 111 107] 99| 95 91
42| 219] 215 210| 206| 198 189| 185| 181 177| 168| 164| 160| 156 152| 147| 143| 139| 135 126| 122| 118 114 110/ 101 97 93
45| 234 230 225/ 221| 212| 203 198| 194| 189| 180| 176| 171| 167| 162| 158| 153| 149| 144| 135| 131| 126| 122| 117| 108| 104| 99
4.6] 240| 235| 230| 226 217| 207| 203 198 194 184 180 175 171 166 161 157 152 148 138 134 129 125 120 111 106 102
5.0/ 260| 255| 250 245 235| 225/ 220/ =215| 210] 200/ 195/ 190| 185/ 180| 175 170 165/ 160| 150 145 140| 135/ 130 120 115| 110
5.2 271| 266| 260 255 245| 234| 229 224 219| 208| 203 198 193 188 182 177 172 167 156 151 146 141 136 125 120 115
55| 286| 281] 275| 270 259| 248 242| 237| 231| 220| 215| 209| 204| 198| 193 187| 182| 176 165| 160 154| 149| 143| 132| 127| 121
5.7 297 291| 285| 280| 268| 257 251 246 240 228| 223 217 211| 206| 200 194 189 183 171 166 160 154 149 137 132 126
6.0 312 306| 300 294| 282| 270| 264| 258| 252| 240 234| 228 222| 216| 210 204| 198| 192| 180| 174 168| 162| 156| 144| 138| 132
6.6] 344| 337| 330| 324 311 297 291| 284| 278 264| 258| 251 245| 238 231 225 218 212 198 192 185 179 172 159 152 146
Residential glass wool insulation 10K 16K 20K 24K 32K
High performance glass wool insulation 16K 24K | 32K | 40K | 48K
GW
: . Dl 30K
Blown glass wool insulation ow O
) 35K
[ufs]
:R;;igential rock wool insu- M]at Board
Batt
Blown rock wool insulation 25K 65K
:ég;ﬁeﬁ:?zi\rrlr?ggam insulation No.4 No.3 No.2 | No.1 Specil
;é?:tﬁeﬁ:zgfneb%ard insulation Type 1 Type 2 Type 3
;rype A rigid‘uretha_ne Type 1 Type 2 |Type 2 Type 2| Type 2
oam board insulation No.4 | No.3 No.2 | No.l
Spray rigid urethane foam Type Tpre A
for building insulation A3 Type A2
Type 1
Type A polyethylene foam Nﬂ'l Type 2 Type 3
board insulation Type 1 e w
No.2
Type 3 Type 1
Type A phenolic foam board Type 2 Ng.l Type 2 Type 2 Ng.l
insulation No.1 Type 3 No.2 No.3 Type 1
No.2 No.2
25K
Blown cellulose fiber insula- =
tion 45K
O
55K
Insulation material group Al A2 B C D E F
K = kg/m?® (density)0 0 * GW-1: 13K installation density; GW-2: 18K installation density
Source: Explanation of Energy Conservation Standards for Housing (Third Revision), Institute for Building Environment and Energy Conservation, p.114
How to use Table 4 (example)
E.g. 1: To find the thermal conductivity of Type A polyethylene foam board insulation (Type 2), search Type
2 in the applicable row towards the right and go up the column until you reach 0.038 W/mO K of ther-
mal conductivity at the top of the table.
E.g. 2: The required thickness for residential glass wool insulation 16K to achieve a thermal resistance value
of 4.0 m?0J K/W is 180 mm, which can be obtained by finding where the column of residential glass
wool insulation 16K meets the row of target thermal resistance of 4.0. The thermal conductivity of
residential glass wool insulation 16K is 0.045 W/m0O K.
o o0o¢o



2)0 Basic structure of thermal barrier
U When there are four family members in the Weather barrier Insulation
(vapor permeable sheet) Vapor barrier
house, about 3 to 5 L of moisture is generated  yentilated cavity (vapor barrier film)

per day from their bodies and daily activities. If ~ Exterior ﬁ”iSh\\

’ﬁlnterior finish
this moisture penetrates the walls and roof and
remains there in winter, it is cooled and results

in internal condensation. To prevent this, we
Vapor penetration

need to take measures such as installing avapor . * ______ .
Chapter 4 barrier! as continuous as possible on the interior penetration [l <ot ) T
Heat Control Technology of . . .
Building Envelopes side of the insulation. .
(Elemental Technology 0 There is a risk of condensation caused by mois- pofee
Application Method 2) . m

ture that has seeped through small gaps in the

. . .. . Rain discharge l
vapor barrier as well as contained in insulation, 9

wood and plywood that remains in the insulation. Fig. 120 Basic structure of thermal barrier (exterior wall)
To prevent this and promote drying of the interior of the structure, a ventilated cavity is installed in the
exterior wall and underfloor ventilation and attic ventilation are ensured to expose the exterior side of the
insulation to the outside air (Fig. 13).

0 When using glass wool and other fiber insulation materials, it is necessary to install a vapor-permeable
weather barrier? which resists wind on the exterior side of the insulation. Waterproof or water-repellent
materials should be selected for the weather barrier materials so that the rain seeping from the exterior
finish and other materials does not wet the interior of the structure.

0 As discussed above, the basic structure of the thermal barrier consists of a highly vapor resistant vapor
barrier on the interior side of the insulation, a weather barrier that is vapor-permeable, wind-resistant and
waterproof on the exterior side of the insulation, and a ventilated cavity (Fig. 12).

0 Approximately 30 m? of lumber is used in an average wooden house. Once the house is built, moisture
contained in the lumber is released into the walls and other structural components. Because of this mois-
ture, there are quite a few risks of temporary internal condensation and it is important to use dried wood

(gravimetric moisture content of 20% or below) for preventing internal condensation.

1. Vapor barrier 0 This building layer prevents moisture generated indoors from seeping into the struc-
ture. Vapor barrier films can be used as vapor barrier materials and plywood is also
acceptable for some components. For vapor barrier films, you can either use an inte-
gral vapor barrier that is attached to an insulation material or install a separate va-
por barrier.

2. Weather barriert This building layer requires vapor permeability that removes moisture to maintain
insulation effectiveness and structural durability, wind resistance to prevent cold air
from entering into the structure, and waterproof or water-repellent properties to
keep the rain leaked through an exterior finish and other materials from seeping into
the structure. Vapor permeable sheets and other weather barrier materials are used

to create this layer.

Fig. 13

Ventilated cavity and
other ventilation
schemes on exterior
side of thermal barrier

Attic ventilation Ventilated cavity on roof

Roof insulation

~<— Partition wall

~— Partition wall

Ventilated Ventilated
cavity in cavity in
exterior exterior
wall wall
Underfloor ventilation Foundation insulation (without underfloor ventilation)
Underfloor and ceiling insulation Foundation and roof insulation
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3)0 Installing airflow blocking

In conventional timber frame construction, structural cavities, such as crawl space, inside the walls and
Glossary: Airflow blocking
Upon the revision of the
beams and other structural lumber dry. energy conservation
standards for housing in
April 2009, airflow pre-
vention of the interior of
there is airflow inside the envelope. In order to fully demonstrate effective insulation, it is necessary to walls was included as
part of the installation re-

quirements. Although the
the attic space. To achieve this, you can install airflow blocking along the top and bottom of the walls. same concept, the warm

attic space, were continuous, and airflow inside the envelope generated in these spaces helped keep pillars,

However, since the interior insulation method used in many of today’s insulated houses requires insula-
tion materials to be installed within the structure, a sufficient level of insulation may not be maintained if

block the airflow from the crawl space to the walls (exterior and partition walls) as well as from the walls to

Airflow blocking is required for the interior insulation method, but unnecessary when insulating the roof region edition guideline
refers to it as “ventilation
control” while this and fu-
ture guidelines will call it
The following are four types of major airflow blocking methods: “airflow blocking” in ac-
cordance with the energy
conservation standards.

and foundation in addition to using the exterior insulation method for exterior walls.

0 0O Method 1 Airflow blocking by subfloor plywood, interior sheathing board and other sheet materials
This method blocks airflow by using sheet materials such as subfloor plywood, wall and
ceiling plasterboard. If Level 3 or 4 insulation is desired, airflow blocking of connections
between the exterior walls and the attic (ceiling) requires the use of both airflow blocking

and vapor barrier film. Vapor barrier film is not needed for partition walls or if plywood or
tongue and groove flooring is used for the floor.

0 O Method 2  Airflow blocking by piece of wood
This airflow blocking method involves installation of the required size of lumber that can
block the airflow path.

0 0O Method 3 Airflow blocking by vapor barrier film and bracing or other materials

This method blocks airflow by installing vapor barrier film. The edges of the vapor barrier
film should not only simply be stapled, but also be firmly sandwiched between the backing

(e.g. cross beam) or bolster and the vapor barrier film bracing (lumber of at least 40 mm
wide by 15 mm thick).

0 O Method 4  Airflow blocking by dedicated and other materials Insulated Building Envelope ,
Planning for Zone V :

With this method, airflow is blocked by simply installing dedicated glass wool materials
and fastening the vapor barrier film to the cross beams. It can be used only for either
Level 1 or 2, not Level 3 or 4 which requires more complete airflow blocking.

Table 5 summarizes the installation locations and methods of airflow blocking. The next pages will explain

design examples of airflow blocking of each component by installation method. Any combination can be used,
for example, Method 1 for the connections with the floor and Method 2 for the connections with the attic (ceil-

ing). Please refer to these pages for planning airflow blocking design.

Table 50 Airflow blocking methods by component

Airflow blocking location Airflow blocking method Applicable insulation level
Exterior Connections  Method 10 Airflow blocking by vapor barrier film + interior sheathing board Levels 1 - 4
wall with attic ) ) .
(ceiling) Method 20 Airflow blocking by piece of wood
Method 30 Airflow blocking by vapor barrier film and bracing
Method 40 Airflow blocking by vapor barrier film only Levels 1, 2
Cpr;]nf(lections Method 10 Airflow blocking by subfloor plywood Levels 1 -4
with floor
Method 20 Airflow blocking by piece of wood
Method 30 Airflow blocking by vapor barrier film and bolster
Method 40 Airflow blocking by dedicated material Levels 1, 2
Partition C(_)nnec1_:i0ns Method 10 Airflow blocking by vapor barrier film + ceiling sheathing board Levels 1 - 4
wal with attic . . .
(ceiling) Method 200 Airflow blocking by piece of wood
Method 40 Airflow blocking by dedicated material Levels 1, 2
Connections Method 10 Airflow blocking by subfloor plywood Levels 1 -4
with floor

Method 20 Airflow blocking by piece of wood

Method 40 Airflow blocking by dedicated material Levels 1, 2




0 Exterior wall — 1 (If interior wall is stud wall)
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0 Vapor barrier film Vapor barrier film

Ceiling material Piece of Ceiling material

wood

Piece of wood

Flooring/plywood

Insulation

Vapor
permeable
sheet

Ventilated
cavity

Exterior
wall

Vapor barrier film

Interior sheathing

Flooring/
plywood

Joist

Insulation

Fig. 140 Example of airflow blocking by Method 1

O Connections with attic

O (Airflow blocking by vapor barrier film + interior

sheathing board)
O Connections with floor

Flooring/
plywood

Joist direction

(ceiling)

O (Airflow blocking by subfloor plywood)

Insulation

Vapor
permeable
sheet
Ventilated
cavity

Exterior
wall

Piece of wood

Vapor barrier film

Interior sheathing
Piece of wood

Flooring

(tongue and groove or plywood)

Piece of
wood

\\

Joist

Insulation

Fig. 150 Example of airflow blocking by Method 2

O Connections with attic (ceiling)
O (Airflow blocking by sticker)

0 Connections with floor

O (Airflow blocking by sticker)

Floor header

Joist direction
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Vapor barrier film bracing Insulation

/ Insulation /
=
—=
ul —
—=
C—=} Vapor barrier film
@ Ceiling  vapor barrier film
— Ceiling material material
—=
. Vapor barrier film
—=
—=
—
—=
Bolster
.' o Dedicated material
= Pre-attached vapor barrier film
- Flooring
=
- \
=
‘ Joist
Insulation 1 Ledger strip Insulation
vapor (also serving as vapor barrier film bracing) vapor —
perpmeable =" \Vvapor barrier film bracing perpmeable g
sheet Nn—m sheet |
Ventilated Ventilated
i == i
cavity " cavity
Exterior [l Exterior
—=
wall | “Vapor barrier film wall
—=
c— Vapor barrier film
= Interior sheathing
= : teror sheathing ||
nterior sheathin
| Bolster ! I "9 !
- ! Bolster Dedicated material ! '
| | d d
N Flooring ! Flooring ! qutg'}’;ﬁe
= tongue and groove or plywood) : Pre-attached (tongue and groove or plywood) :
- | vapor barrier =
=\ ! film =
. | =
e O g e =
[} [Nz
I I
. Floor header
Joist ' Joist Insulation
Insulation Vapor barrier
Pre-attached vapor barrier film film bracing
Ledger strip . . . . . .
(also serving as vapor barrier film bracing) JOist direction Joist direction
Fig. 1600 Example of airflow blocking by Method 3 Fig. 170 Example of airflow blocking by Method 4
O Connections with attic (ceiling) O Connections with attic (ceiling)
O (Airflow blocking by vapor barrier film and bracing) O (Airflow blocking by vapor barrier film only)
O <Applicable to Levels 1 and 2 only>
O Connections with floor O Connections with floor
O (Airflow blocking by vapor barrier film and bolster) O (Airflow blocking by dedicated material)

O <Applicable to Levels 1 and 2 only>
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Insulation

Ceiling material
Crown molding

Flooring/plywood

Insulation

Vapor
permeable
sheet

Ventilated
cavity

Exterior
wall

Vapor barrier film

Interior sheathing

Flooring/plywood

Joist

Insulation

Fig. 180 Example of airflow blocking by Method 1

0 Connections with attic (ceiling)

O (Airflow blocking by vapor barrier film + interior

sheathing board)
O Connections with floor

Vapor barrier film

(also serving as airflow blocker)

Flooring/
plywood

Joist direction

O (Airflow blocking by subfloor plywood)

0 Exterior wall — 2 (If interior wall is stud wall covered with sheet material)

Insulation

]

Vapor barrier film

Piece Ceiling material
of wood

Crown molding
(also serving as airflow blocker)

Piece of wood

RN

Insulation

Vapor
permeable
sheet

T

Ventilated
cavity

Exterior

wall Piece of wood

Vapor barrier film

Interior sheathing

Piece of wood

Flooring
(tongug and groove or plywood)

Piece of wood

OOROOLOTEOGLEAUAAG

R

)

\\

Joist

Floor header

Insulation [gr

Joist direction

Fig. 190 Example of airflow blocking by Method 2

J Connections with attic (ceiling)
0 (Airflow blocking by piece of wood)

0 Connections with floor
O (Airflow blocking by piece of wood)
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Insulation

Vapor
permeable
sheet
Ventilated
cavity

Exterior
wall

Vapor barrier film bracing

Insulation

Vapor barrier film

Ceiling material

Crown molding
(also serving as airflow blocker)

Bolster

Pre-attached vapor barrier film

Flooring

(also serving as vapor barrier film bracing)

|

Vapor barrier film bracing

Separate vapor barrier film

Interior sheathing

Bolster 'g
Pre-attached vapor =)
barrier film = Bolster
Flooring =)

{0

(tongue and groove or plywood)

W

i

AL

Pre-attached vapor
barrier film

Floor header

Insulation

Ledger strip
(also serving as vapor
barrier film bracing)

\\

Vapor barrier film
bracing

Joist direction

Fig. 200 Example of airflow blocking by Method 3

[ Connections with attic (ceiling)

Insulation

Vapor
permeable
sheet
Ventilated
cavity

Exterior
wall

O (Airflow blocking by vapor barrier film and bracing)

0 Connections with floor

O (Airflow blocking by vapor barrier film and bolster)

Insulation

Ceiling material  Vapor barrier film

Dedicated material

Vapor barrier film

Interior sheathing

Dedicated material
Flooring

Dedicated
material

(tongue and groove or plywood)

Floor header

Joist Insulation

Joist direction

Fig. 210 Example of airflow blocking by Method 4

[ Connections with attic (ceiling)

O (Airflow blocking by vapor barrier film only)
O <Applicable to Levels 1 and 2 only>

O Connections with floor

0 (Airflow blocking by dedicated material)

U <Applicable to Levels 1 and 2 only>




[1 Exterior wall — 3

O (If interior wall is load-bearing stud wall panel)

Insulation

Vapor
permeable
sheet

Ventilated
cavity

Exterior
wall

Insulation

Load-bearing wall panel

Vapor barrier film

Ceiling material

Flooring/plywood (rigid floor)

[0 Exterior wall — 4

Insulation

Vapor
permeable
sheet
Ventilated
cavity

Exterior
wall

Load-bearing wall panel

Vapor barrier film

Flooring/

Flooring/plywood (rigid floor) plywood

Insulation

Joist direction

Fig. 220 Example of airflow blocking by Method 1

*This example uses load-bearing wall panel as inte-
rior wall although airflow blocking principles are
the same as the example in Fig. 14.

O Connections with attic (ceiling)

O (Airflow blocking by vapor barrier film + load-
bearing wall panel)

O Connections with floor

O (Airflow blocking by subfloor plywood)

O (If interior wall is load-bearing Japanese style wall panel)

Insulation

Vapor barrier film

Ceiling material

Crown molding
(also serving as airflow blocker)

Load-bearing wall panel

Flooring/plywood (rigid floor)

Load-bearing wall panel

|
Vapor barrier film -

) Flooring/
Flooring/plywood plywood
(rigid floor)

|
[l
[l
Joist
X Joist
Insulation

Joist direction

Fig. 230 Example of airflow blocking by Method 1

*This example uses load-bearing wall panel as inte-
rior wall although airflow blocking principles are
the same as the example in Fig. 18.

0 Connections with attic (ceiling)

U (Airflow blocking by vapor barrier film + load-
bearing wall panel)

0 Connections with floor

O (Airflow blocking by subfloor plywood)

o0 01
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O Exterior wall — 5 (In case of mud-plastered wall)

Figs. 24 and 25 show design examples of wall assemblies and connections between walls and floors and

walls and ceilings. Since mud-plastered walls have a high moisture capacity, no vapor barrier film is re-

quired on the interior side. Moreover, as it structurally blocks airflow, there is no need to install airflow

blocking.

Insulation Insulation

Vapor barrier film
Ceiling material

Vapor barrier film
Ceiling material

Crown molding

Crown moldin
9 (also serving as airflow blocker)

(also serving as airflow blocker)

Mud-plastered wall Mud-plastered wall

Insulation Insulation
Vapor I Vapor I
permeable permeable
sheet sheet | —1
Ventilated Ventilated
cavity h cavity
. [} .
Exterior '{ Exterior
wall wall

Mud-plastered wall Mud-plastered wall

Tatami mat Tatami mat

Rough lumber floor

Rough lumber floor
Vapor barrier film

£ T A

TS

Py ————————————" _Sp——

s

‘3 ist Floor header Joist Floor header
ois ; ois i
Insulation d P Insulation ~
Ledger strip Ledger strip
Joist direction Joist direction

Fig. 240 Interior insulation Fig. 250 Exterior insulation
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(Elemental Technology
Application Method 2)

0 Partition wall — 1 (Non-load-bearing wall)

The ceiling crawl space on the first floor of a two-storey house that is not in contact with the outside air is

thought to have the same thermal environment as the indoor space, thus airflow blocking is unnecessary.

The areas that require airflow blocking of partition walls are connections between the crawl space of the

lowest floor and the partition walls as well as between the partition walls and the attic space.

Insulation
Vapor Ceilin
barrier film ma:tlergiaal
Flooring/
plywood

Joist

b\

Interior
sheathing

Flooring/
plywood

Joist
Insulation

Fig. 260 Example of airflow blocking
by Method 1

0 Connections with attic (ceiling)
O (Airflow blocking by vapor barrier
film + ceiling sheathing board)

0 Connections with floor
U (Airflow blocking by subfloor ply-
wood)

Insulation

Vapor
barrier film

Ceiling material
Piece of wood

Joist

Interior sheathing

Piece of wood

Flooring
(tongue and
groove or plywood)

Joist

Insulation

Fig. 270 Example of airflow blocking
by Method 2

0 Connections with attic (ceiling)

O (Airflow blocking by piece of wood)

0 Connections with floor
O (Airflow blocking by piece of wood)

Insulation

AARAAA

A
/I

Vapor
barrier film

Ceiling
material

Dedicated
material

Joist

Interior
/ sheathing

Dedicated
material

Flooring
(tongue and
groove or

plywood)

Insulation

Fig. 280 Example of airflow blocking
by Method 4

0 Connections with attic (ceiling)

O (Airflow blocking by dedicated ma-
terial)

[J <Applicable to Levels 1 and 2 only>

0 Connections with floor

U (Airflow blocking by dedicated ma-
terial)

0 <Applicable to Levels 1 and 2 only>
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O Partition wall — 2

[ (Load-bearing stud wall panel)

Insulation

[ Partition wall — 3

[J (Load-bearing Japanese style wall panel)

Insulation

[ Partition wall — 4

0 (Mud-plastered wall)

Insulation
o Vapor Ceilin Vapor
Vapor (r%?tlgﬁm barrier film matergi;al barrier film Ceiling
barrier film § . material
\ Dedicated i Dedicated i
€ Crown molding material Crown molding
material (also serving as (also serving as
T Load-bearing airflow blocker) Load-bearing airflow blocker)
wall panel wall panel H “\
Mud-plastered
wall
Flooring/ Flooring/
plywood plywood
7 N
| N
e 3 A Joist
Joist Joist
Ledger
strip
H?I /] H
- TLoad-bearing Load-bearing H i
wall panel wall panel “VI\C;JIrIJ-pIastered
Flooring/ Flooring/
plywood plywood
P -
Joist Joist Insulation
Insulation Insulation

Fig. 290 Example of airflow blocking
by Method 1

0 Connections with attic (ceiling)
O (Airflow blocking by load-bearing
wall panel)

J Connections with floor
O (Airflow blocking by subfloor ply-
wood)

Fig. 300 Example of airflow blocking
by Method 1

0 Connections with attic (ceiling)
O (Airflow blocking by load-bearing
wall panel)

0 Connections with floor
U (Airflow blocking by subfloor ply-
wood)

Fig. 310 Example of mud-plastered
wall

¢ Mud-plastered walls structurally

block airflow.




4)0 Installing insulation

Insulation should be installed ensuring that there is no gap (insulation deficiency) between it and the
surrounding wood frame. When using insulation with an integral vapor barrier, sealed batt insulation that
has large tabs is recommended (Fig. 32).

Generally, the minimum thickness of a separate vapor barrier film is 0.1 mm. Additionally, it is recom-
mended that an integral vapor barrier should have the minimum thickness of 0.05 mm. When using either
of these vapor barrier films, make sure to use the one that meets JIS A 6930 (Plastic films vapour barrier for

Chapter 4 residential use) to ensure long-term durability.
Heat Contr(_)l '_I'echnology of Fig. 32
Building Envelopes Sealed batt
(Elemental Technology insulation having
Application Method 2) vapor barrier
film with large
tabs
Product example Installation example
5)0 Examining insulation method for each component

0 Floor insulation

0 Select insulation materials which do not cause harmful sagging, displacement or gaps between them and

flooring after installation due to their own weight and drying shrinkage of wood, or install an insulation

support that prevents sagging after installation.

U Perform moisture control for the ground under the floor and take underfloor ventilation measures includ-

ing underfloor air vents.

O Installing subfloor plywood will ensure moisture control and air tightness.

0 If Level 3 or 4 insulation is desired, either of the following moisture control measures is required:

If plywood is installedd Joints (seams) of plywood floor should be placed above the sheathing (floor joists,
etc.) and the four corners of plywood floor should be nailed. If joining plywood
without sheathing, seal the joints with airtight tape.

If plywood is not installed( Install an air and vapor barrier with a separate vapor barrier film unless

tongue and groove flooring is used.

Partition wall

Western-style room Japanese style room
If there are gaps with floor
insulation, install airflow blocking
at connections with partition
wall
(Example of airflow blocking by
piece of wood)

]

- -

Install ~ floor insulation to

ensure that it does not cause

deformation and sagging over Example of batt insulation with support
long extended periods of time

(Example of board insulation

with metal bracket)

Fig. 330 Floor insulation Fig. 340 Installation of board insulation

0o 0o 0 o 0 T




[0 Foundation insulation

0 Insulation should be installed on the exterior, interior or both sides of the foundation. Insulation materials
with low water absorption, such as plastic board insulation, should be used.

0 In the case of foundation insulation, make sure to prevent gaps by installing airtight gasket between the
upper surface of foundation and groundsill since the crawl space is used as the interior space. Underfloor
air vent that is connected to the outside air is unnecessary. If directly fastening plywood floor to the
groundsill, floor air vents should be installed in order to create a similar temperature and humidity envi-
ronment in both indoor rooms and crawl space. Using decay and termite resistant wood for floor framing

and slab on grade foundation for moisture control of the ground can eliminate the need for chemical

preservatives in the crawl space (Fig. 35).

0 Bathroom insulation is important in terms of energy conservation and occupant health. As it is difficult

to insulate bathroom floors, foundation insulation is recommended instead (Fig. 36).

Exterior
wall insulation

Outdoors

In the case of interior foundation
insulation, reinforce insulation at places
where hardware, such as anchor bolts
which connect foundation and envelope,
is exposed inside the wall .

Indoors

Install floor air vents to ventilate
between indoor and crawl space.

Lay special airtight gasket between r
foundation and groundsill to prevent
gaps (It is also possible to fasten
foundation anchor bolts as tightly as
possible to prevent groundsill from rising
caused by repulsion of the gasket).

r/

Crawl space  pg not install floor insulation

to prevent decrease in crawl space temperature.
Install insulation along interior sides of foundation.

s

Slab on grade foundation

Fig. 350 Foundation insulation

Insulation

Vapor permeable sheet

Ventilated cavity

Exterior wall

Insulated Building Envelope

Planning for Zone V

4.1

Vapor barrier film
(for preventing moisture seepage from bathroom walls)

Prefabricated bath

Use of insulated bathtub is
recommended (See Section
5.4 Domestic Hot Water

System Planning Method 3).

Vapor barrier film

Insulation
Support
Concr slab on grad Concrete

vapor barrier

Insulation Insulation

Fig. 360 Foundation insulation

0000 (slabon grade bathroom)
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[0 Slab on grade insulation

0 Insulation methods for slab on grade entrances include insulating the slab on grade floor along the foun-
dation (i.e. foundation insulation) as well as installing low water permeable insulation under slab on grade
(i.e. slab on grade insulation), as shown in Fig. 37. Considering the ease and reliability of installation, slab
on grade insulation is suitable particularly for slab on grade entrances.

0 Unlike other insulation methods, insulation is laid before placing concrete slab on grade in slab on grade
insulation, so installation procedures require careful attention.

Entrance Flooring

Insulation

Concrete slab on grade

\Support

Concrete vapor barrier

WSSO

Insulation (low water permeable)
[ Type 1 extruded polystyrene foam (25 mm or thicker)
[0 Special expanded polystyrene foam (25 mm or thicker)

Fig. 370 Slab on grade insulation

0 Exterior wall insulation

O Install airflow blocking along the top and bottom of the exterior walls.

0 Lay insulation from the groundsill to the cross beam by ensuring that there will be no displacement or
sagging over extended periods of time.

O Install insulation by ensuring that there is no gap between the diagonal brace and the piping.

0 When using plastic board insulation, choose elastic insulation materials as much as possible and fill in the
gaps.

0 It is recommended to install a 15 — 20 mm thick ventilated cavity on the exterior side of the thermal bar-
rier. The ventilated cavity prevents internal condensation in walls by removing moisture, eliminates water
leakage from exterior finish, and expels heat in summer. When using a vapor permeable sheet for the
weather barrier, make sure that sheathing is not covering the ventilated cavity.

0 The following moisture control measures should be taken according to the target level:

Level 1, 20 When using glass wool and other fiber batt insulation, choose the one that has a vapor bar-
rier film attached to it and overlay and staple both tabs to pillars or studs. If the insulation
does not have top and bottom tabs, create tabs as shown in Fig. 39 and fasten them to the
cross beams, girth, groundsill and other components.

Level 3, 40 When using glass wool or other fiber batt insulation that has a vapor barrier film attached to
it, choose the one that has a solid vapor barrier film with wide tabs. Overlay both tabs at the
wood sheathing and staple the four corners. If not using insulation with an integral vapor
barrier, you need to control moisture using a separate vapor barrier film. When installing a
vapor barrier film without an overlap at the ends, sandwich the ends between the sheathing
and the vapor barrier film bracing.

U In the case of the exterior insulation, the installation of a ventilated cavity is recommended, as with inte-
rior insulation. When using plastic board insulation, seal the joints with airtight tape or lay weather bar-
rier material (vapor permeable sheet).

0 Mud-plastered wall does not require interior moisture control because of its high moisture capacity.
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Diagonal brace

Batt insulation

Stud
Vapor
permeable

sheet \ c
s
'
,/

r/

Cut out the end of
insulation while keeping
the vapor barrier film to
create a tab.

[}
[}
[}
:Remove vapor barrier from
linsulation, push insulation
tbehind diagonal brace,
=cover diagonal brace with
lvapor barrier, and nail it
Iwith tucker pegs.

Fig. 380 Exterior wall insulation (insulation material with Fig. 390 Exterior wall insulation (installation
vapor barrier on load-carrying wall with diagonal of insulation material without tab)
brace)

O Ceiling insulation

[ Insulation on the ceiling is prone to gaps at the connections between the ceiling and exterior walls, junc-
tions with partition walls, areas around ceiling hangers, and between insulation materials. Install insula-
tion over the entire ceiling seamlessly with the wall to prevent a gap.

0 When using batt insulation over standard ceiling sheathing, lay insulation in parallel to the ceiling joist
seats and install without any gaps by making slits in the ceiling hangers (Fig. 40). For moisture control

measures, apply a separate vapor barrier film or use special plasterboard backed with a vapor barrier.

/lnsulation / Ceiling hanger 910 mm
m/

N #

Ceiling joist 455 mm

Ceiling joist seat 910 mm

Fig. 400 Ceiling insulation - 1

Insulated Building Envelope 41
Planning for Zone V :




Chapter 4

Heat Control Technology of
Building Envelopes

(Elemental Technology
Application Method 2)

0 When using insulation with an integral vapor barrier, insert insulation between the ceiling joists and sta-

ple the overlaid tabs of the vapor barrier at the bottom surface of the ceiling joists. If insulation thickness

of at least 150 mm is required, use two layers of insulation and lay the top layer in parallel to the ceiling

joist seats then place the bottom layer between the ceiling joists under the ceiling joist seats and fasten

the tabs (Fig. 41).

0 It is also possible to adopt a suspended ceiling construction method so that insulation with an integral

vapor barrier can be used (Fig. 42). This method reduces insulation deficiency.

0 Since batt insulation often causes gaps, a blown-in insulation method (blowing method) is also recom-

mended for ceiling insulation (Fig. 43).

0 Proper attic ventilation must be ensured. If there is a possibility of ceiling insulation blocking the attic

ventilation path when using blown-in insulation, install sheathing board where it is required (Fig. 43).

Ceiling joist 455 mm

Integral vapor barrier film

Fig. 410 Ceiling insulation - 2

Attic

_ Vapor barrier film
| Ceiling insulation

i TTTATI

Qutdoors

A\

*

A—) Vapor barrier film

=i Type of 2 x 4 construc-
\/\| tion incorporating ceiling
—=< Indoors that allows for insulation
— and moisture control by
— installing sealed batt

with suspended joists

insulation

Fig. 420 Insulation of ceiling with suspended joists

Exterior
wall
insulation

Outdoors

Insulation
’ Ceiling hanger 910 mm

Ceiling joist seat 910 mm

Vapor barrier film

Blown-in insulation

=

><).

%' Plasterboard with barri
I asterpoard wi vapor barrier

=)

=)

Indoors

Fig. 430 Ceiling insulation by blowing method
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O Insulation above beams

O Insulation above beams is one of the exterior insulation methods in which insulation is installed above
plywood that is placed over the aligned tops of cross beams and tie beams. The advantages of this method
include unlimited types and thickness of insulation, ease of installation and no need for airflow blocking
in partition walls (Fig. 44).

[J Regarding moisture control, the plywood serves as a vapor barrier.

0 Proper attic ventilation must be ensured in the same way as ceiling insulation. If the house has a low pitch
roof, install sheathing board where it is required in order to prevent ceiling insulation from blocking the

attic ventilation path.

G Install insulation (any
gﬂ type) above plywood

which provides a vapor
] barrier and is placed

— ;
(—=|| over tie beams

Exterior — |7|

wall —
insulation =

N\

Outdoors % Indoors

Fig. 440 Insulation above beams
0 Roof insulation

00 When applying roof insulation, installation of insulation and vapor barriers is the same as that for exterior
walls.

O In order to prevent internal condensation and promote heat removal in summer, it is recommended to
install a ventilated cavity with a thickness of at least 30 mm on the exterior side of the insulation. Particu-
larly when using plastic board insulation (check heat resistance as it varies depending on the product
type), the roof temperature becomes high and a proper ventilated cavity must be installed in order to
prevent deterioration of insulation material (Fig. 45). However if the house has a tiled roof (no clay paste),

there is a space between the roofing felt and tiles, and a ventilated cavity can be omitted.

Weather barrier

Ventilated cavity on roof (vapor permeable sheet)
(at least 30 mm)

Roofing

Waterproof sheet

Sheathing
roof board

Vapor barrier film

Roof rafter

Interior insulation

Fig. 450 Roof insulation

Insulated Building Envelope 41
Planning for Zone V :
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[ Lean-to roof

0 For a lean-to roof, since the hanging wall connected to the exterior wall of the upper floor is regarded as

an exterior wall, install insulation with an integral vapor barrier as shown in Fig. 46.

0 Airflow blocking is necessary in order to stop drafts from the attic of the lean-to roof from entering the

area above the first floor ceiling .

0 For airflow blocking, if Level 3 or 4 insulation is desired, fix a vapor barrier film with bracing as shown in
the figure, or apply plywood or other sheet material to the same area and nail it at the four corners. If

Level 1 or 2 insulation is desired, block airflow by making tabs that can be stapled at the four corners of

the vapor barrier of the insulation with an integral vapor barrier.

0 When insulating the ceiling of the attic of lean-to roof, use the same method as described in (v) Ceiling

insulation.

Exterior wall insulation

Vapor permeable sheet

Exterior wall material\ \w

Rafter Rafter bearer

Vapor barrier film bracing

Ceiling insulation

Vapor barrier film

QAR

e

Vapor barrier
film

Interior finish

Piece of wood

Flooring

Joist /

B'/film bracing
%

Vapor barrier

Pre-attached
vapor barrier
film

Exterior )

wall insulation| | {__——
Vapor barrier film Ceiling material

Fig. 460 Lean-to roof insulation

Piece of wood

Ceiling joist
(vapor barrier

film bracing)
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2 Examining insulation technology for openings

Openings such as window sashes and doors require functions that connect the indoors with the outdoors

including heat, air, light and view, in addition to insulation performance and security as part of the building

envelope. Among these required elements of openings, the insulation performance of openings is likely the

weakness of the building envelope and it is important to choose the openings with appropriate performance

of insulation materials according to the desired target level.

Table 60 Insulation performance of openings (heat transmission coefficient)

Frame structure Typical heat transmission coefficient

Frame specification

Glazing specification 000000000000 OW/mz2eK)

Single: Wooden or plastic Low-E double glazing (A12) 2.33
Triple Double glazing (A12 x2) 2.33
Double glazing (A12) 291
Double glazing (A6) 3.49
Single: Metal/plastic (or wooden) composite Low-E double glazing (A12) 2.33
structure Low-E double glazing (A6) 3.49
Double glazing (A10 - A12) 3.49
Double glazing (A6) 4.07
Single: Metal thermal break structure Low-E double glazing (A12) 291
Low-E double glazing (A6) 3.49
Double glazing (A10 - A12) 3.49
Double glazing (A6) 4.07
single: Metal Low-E double glazing (A6) 4.07
Double glazing (A6) 4.65
Double glazing (at least A12) 4.07
Double glazing (below A12) 4.65
Single glazing 6.51

Insulated Building Envelope 41

* Numbers following A in parentheses: “A” as in (A12) indicated after double glazing, for example, stands for “Air" and the number after Planning for Zone V

it indicates the thickness of air space between the glazing. A12 means an air space of 12 mm.

1)0 Selecting windows

Windows currently available in the market today include aluminum, resin, wood and their composite

sash frames, and glazing comes in a wide variety such as double glazing, low-E double glazing and vacu-

um glazing. When designing and installing windows, it is necessary to consider construction areas, solar

radiation level, sunshine hours, direction of the house, insulation performance and cost of windows,

among other factors. Especially, the area of each window should be determined by taking into account

the purposes and view of the room, thermal environment, light environment and cross ventilation per-

formance. Table 7 summarizes the area of window and selection of glazing in terms of insulation perform-

ance of houses and solar radiation levels in winter. As the insulation performance of the house increases,

so does the advantage of enlarging the openings.

Table 70 Selecting windows in terms of insulation performance of houses and solar radiation levels in winter

Regional charac-

House with low insulation performance (Level 0)
House with average insulation performance (Level 1)

House with high insulation perform-

teristics ance (primarily Levels 2, 3, 4)

Region with high Increased window area is effective in

solar radiation

Increased window area is highly

level in winter

Region with low .
solar radiation
level in winter

efficiently utilizing solar radiation
heat.

Use double glazing (3-A 12-3), low-E
double glazing, etc. Insulating shut-
ters can be used if needed.

Increased window area is less effec-
tive in efficiently utilizing solar radia-
tion heat.

Use double glazing (3-A 12-3), low-E
double glazing, etc.

effective in efficiently utilizing solar
radiation heat.

Use both double glazing (3-A 12-3)
and insulating shutters for south-fac-
ing windows. For other directions,
use low-E double glazing, etc.

Increased window area is effective in
efficiently utilizing solar radiation
heat.

Use low-E double glazing, etc.
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2)0 Selecting window sashes
O Insulating sashes (metal frames with thermal break, resin sashes, wood sashes)

Since commonly used aluminum sashes have an extremely high thermal conductivity, condensation
often occurs on the sash frames. Metal frames with thermal break (insulating sashes) divide the sash
frames into the exterior and interior sides and connect them with rigid urethane and other materials that
are less heat conductive. If aluminum sashes are desired, the use of metal frames with thermal break is
recommended (Fig. 46). Moreover, resin or wood sashes with a low thermal conductivity have even

higher insulation performance.

0 Double glazing

Double glazing refers to two panes of glass filled with dry air or argon or other inert gas in the air space
between the two panes, and has significantly higher insulation performance compared to single glazing
(Fig. 47). Low-E double glazing and vacuum glazing are also available, which provide increased insulation
performance through treated glass surfaces.

Double glazing has different specifications according to air space thickness. There are two types of
double glazing that have the same thickness of glass, and the type having 12 mm air space is superior to
the type having 6 mm air space in terms of insulation performance. It is recommended to select the dou-

ble glazing with 12 mm air space, if possible, in order to ensure insulation performance.

Fig. 46
Structure of
metal frame
with thermal
break

Fig. 47
Structure of
double glaz-
ing

3)0 Reinforced insulation by interior and exterior coverings
Normally, coverings are installed to the openings of the house, such as window screens and storm win-
dows for the exterior and curtains and blinds for the interior of the windows. Even though little attempt has
been made until recently to quantitatively estimate the effectiveness of these coverings in increasing insula-

tion performance, an energy saving effect of nearly 10% has been confirmed.

4)0 Effectiveness of insulating shutters

Since openings have lower insulation performance
than other housing components, the use of insulating
shutters (insulating storm windows) dramatically in-
creases comfort and energy efficiency (Fig. 48).

Interior insulating shutters require considerations
in advance since they have some issues including
condensation on the interior surface of the windows,
heat warping of insulating shutters and their storage.
In particular, as condensation leads to molds, taint

damage or decay of building envelopes, it is impor-

tant to consider controlling indoor humidity as well as

Longitudinal section

air flow.
Fig. 480 Example of insulating shutter

oo oo
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4.1.6 Examples of Insulation Planning

Here, we will introduce examples of insulation planning for both partially reinforced insulation type and
evenly distributed insulation type by target level. For the partially reinforced insulation type, planning exam-
ples of Level 3 insulation with different insulation methods for each component will be explained.

For the evenly distributed insulation type, we will show the planning examples of Level 1 to 3 insulation for
average conventional timber frame houses and traditional mud-plastered timber frame houses. As previously
mentioned, reinforcing insulation at the openings and ceilings will achieve the target level.

Even though no example of Level 4 insulation is given in this document, it is achievable if the insulation is
further reinforced at the openings by increasing insulation performance of glazing and sash frames and incor-

porating insulating shutters based on the Level 3 insulation specifications.

Table 80 Correspondence between insulation level and insulation planning examples

Of the various methods explained on pp. 137-145, we will present examples of the typical airflow blocking
methods by insulation level as shown below:
0 Airflow blocking methods using primarily vapor barrier films (exterior walls) and dedicated materials (par-
tition walls) have been provided as examples of planning Level 1 or 2 insulation.
O Airflow blocking methods using primarily vapor barrier films, bracing (exterior walls) and piece of wood

(partition walls) have been provided as examples of planning Level 3 insulation.

Insulation Evenly distributed . . . .
level insulation type Partially reinforced insulation type
Average conventional timber Traditional conventional timber
frame house frame house (mud-plastered wall)
Level 1 O Example (1) 0
Reinforced opening insulation
Example (2)
Level 2 - - . Example (4)
O Reinforced ceiling and opening - P -
ieuETien Reinforced opening insulation
Example (6)
Level 3 Interior insulation
Example (7) Example (3)
Insulation above beams | Reinforced ceiling and opening Eﬁ?ﬂgggég% e ineulEifen
and foundation insulation | insulation P 9
Insulated Building Envelope
2elplla (e Planning for Zone V 4.1
Exterior insulation
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L A T

0 This specification conforms to the 1992 energy conservation standard.

O Compared to the specification of partially reinforced insulation type, this specification is characterized by

the less strict wall insulation specification achieved by the reinforced insulation of openings.

0 Connections circled in the figure below require airflow blocking in order to prevent cold air from entering

inside the thermal barrier (other examples follow the same convention).

Regular double glazing A66

Siding 12 mm
Ventilated cavity 18 mm
Weather barrier

Air space 50 mm

Glass wool 16K 30 mm
Vapor barrier film
Gypsum board 12.5 mm

Metal frame __|]

[
S0

Glass wool 10K 100 mm
Vapor barrier film
Gypsum board 9.5 mm

Plywood 12 mm

ype A polyethylene foam (2 types)

15 mm

T~

Insulation specifications of components

:

Cross-sectional detail

. e Thermal resistance value (m>K/W) | 1992 thermal resistance standard (m2K/W)
Component Insulation specification o - . . - )
(Heat transmission coefficient for opening) | (Heat transmission coefficient for opening)

Roof/Ceiling | Glass wool 10K 100 mm 2.0 1.8 or above
Exterior wall | Glass wool 16K 30 mm 0.67 0.7 or above
Floor/Foundation | Type A polyethylene foam (2 types) 15 mm | 0.39 0.5 or above
Opening Double glazing with 6 mm air space | 4.65 (heat transmission coefficient (W/m?K)) | 6.51 (heat transmission coefficient (W/m?K)) or below
Air change rate | . 5_ 07 ACH* 1.0 ACH
(winter air leakage)

* Regarding insulation level achieved by combination of insulation and reinforced opening insulation, air tightness of the building envelope
is expected to increase by installing airflow blocking to meet the 1992 standard level of insulation.
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[ This specification conforms to the intermediate insulation level of the 1992 and 1999 energy conservation

standards.

U In addition to the improved indoor thermal environment in winter, this specification is characterized mainly

by the reinforced ceiling insulation that is aimed to increase summer heat protection performance in warm

regions.

Regular double glazing A6

Siding 12 mm
Ventilated cavity 18 mm
Weather barrier

Air space 50 mm

Glass wool 16K 50 mm
Vapor barrier film
Gypsum board 12.5 mm

— e

Metal frame with |
thermal break

Glass wool 10K 200 mm™J|__|
Vapor barrier film
Gypsum board 9.5 mm
1 — o | =
. )
A A vl | i N
BN
lywood 12 mm
Type A polyethylene foam (2 types) —
25 mm

L

1l >

Insulation specifications of components

/

Cross-sectional detail

. L Thermal resistance value (m2K/W) | 1992 thermal resistance standard (Zone Ill) (m?sK/W)
Component Insulation specification - - ) o - .
(Heat transmission coefficient for opening) | (Heat transmission coefficient for opening)
Roof/Ceiling | Glass wool 10K 200 mm 4.0 1.8 or above
Exterior wall | Glass wool 16K 50 mm 1.1 1.8 or above
Floor/Foundation | Type A polyethylene foam (2 types) 25 mm | 0.65 1.8 or above
Openin Double glazing with 6 mm air space | 4.07 (heat transmission 4.65 (heat transmission coeffi-
P g + metal frame with thermal break coefficient (W/mz2.K)) cient (W/mz2+K)) or below
Air change rate | .\ o5_07 ACH* 1.0 ACH
(winter air leakage)

* Regarding insulation level achieved by combination of insulation and reinforced opening insulation, air tightness of the building envelope
is expected to increase by installing airflow blocking to meet the 1992 standard level of insulation.

Insulated Building Envelope 41

Planning for Zone V
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Heat Control Technology of
Building Envelopes

(Elemental Technology
Application Method 2)

0 0 A M

0 This specification conforms to the 1999 energy conservation standard.

O In addition to the improved indoor thermal environment in winter, this specification provides reinforced

insulation in ceilings (roof) and openings in order to increase summer heat protection performance in

warm regions. On the other hand, it is characterized by the reduced insulation performance requirements

in exterior walls and floors (foundation) and the simplified installation of these components.

Regular double glazing A6

Siding 12 mm |
Ventilated cavity 18 mm |
Weather barrier

Air space 25 mm
Glass wool 16K 75 mm |

Glass wool 16K 200 mm
Vapor barrier film
Gypsum board 9.5 mm

Vapor barrier film
Gypsum board 12.5 mm

Metal frame with
thermal break

A vl | i N

Plywood 12 mm

Type A polyethylene foam (2 types) —
o %W

I

Insulation specifications of components

I

X N

I

/

-

Cross-sectional detail

. e Thermal resistance value (m2K/W) | 1999 thermal resistance standard (m?sK/W)
Component Insulation specification - - . . - )
(Heat transmission coefficient for opening) | (Heat transmission coefficient for opening)
Roof/Ceiling | Glass wool 16K 200 mm 4.44 4.0 or above
Exterior wall | Glass wool 16K 75 mm 1.97 2.2 or above
Floor/Foundation | Type A polyethylene foam (2 types) 50 mm | 1.31 2.2 or above
Gl Double glazing with 6 mm air space | 4.07 (heat transmission 4.65 (heat transmission coeffi-
P g + metal frame with thermal break coefficient (W/mz«K)) cient (W/m?+K)) or below
Air change rate | 5 5y 0.5 ACH
(winter air leakage)
000 O0000000I000000000000 0000000000 0000000000000 00000000000000100000000000 000000000 00000100000
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O This specification conforms to the intermediate insulation level of the 1992 and 1999 energy conservation

standards.

O For insulating exterior walls, an insulation material equivalent to at least 35 mm of 32K glass wool board is

installed in the structural cavity on the exterior side of the mud-plastered walls.

O If there are any interior walls other than mud-plastered walls, it is important to install airflow blocking at the

top and bottom of the walls as shown in the figure below.

Regular double glazing A6

Siding 12 mm

Ventilated cavity 18 mm
Weather barrier

Glass wool 32K 35 mm
Mud-plastered wall 70 mm

—Vapor barrier film
Gypsum board 9.5 mm

Metal frame with
thermal break —1

==
L/

Insulation specifications of components

Plywood 12 mm

35 mm

Type A polyethylene foam (2 types)

Insulated Building Envelope 41

Planning for Zone V

Cross-sectional detail

Thermal resistance value (m?K/W)

1992 thermal resistance standard (Zone Ill) (m2sK/W)

+ metal frame with thermal break

Component Insulation specification (Heat transmission coefficient for opening) | (Heat transmission coefficient for opening)
Roof/Ceiling | Glass wool 16K 90 mm 2.0 1.8 or above
Exterior wall | Glass wool 32K 35 mm 0.97 1.8 or above
Floor/Foundation | Type A polyethylene foam (2 types) 35 mm | 0.92 1.8 or above
Opening Double glazing with 6 mm air space | 4.07 (heat transmission 4.65 (heat transmission coeffi-

coefficient (W/m?2<K))

cient (W/m?2K)) or below

Air change rate
(winter air leakage)

Approx. 0.5 - 0.7 ACH*

1.0 ACH

* Regarding insulation level achieved by combination of insulation and reinforced opening insulation, air tightness of the building envelope
is expected to increase by installing airflow blocking to meet the 1992 standard level of insulation.
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Heat Control Technology of
Building Envelopes
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U This specification conforms to the 1999 energy conservation standards.

O For insulating exterior walls, an insulation material equivalent to at least 35 mm of 32K glass wool board is

installed in the structural cavity on the exterior side of the mud-plastered walls.

U Insulation of openings is reinforced and insulating shutters are used at night.

Siding 12 mm |

Ventilated cavity 18 mm
Weather barrier |

Glass wool 32K 35 mm
Mud-plastered wall 70 mm

Glass wool16K200mm
Vapor barrier film
Gypsum board 9.5 mm

JURTOAY

N
N

Metal frame with

thermal break

Regular double glazing A6
goooood

Plywood 12 mm

60 mm

| Type A polyethylene foam (2 types)

4

-

Insulation specifications of components

-

Cross-sectional detail

. e Thermal resistance value (m2K/W) | 1999 thermal resistance standard (m?sK/W)
Component Insulation specification o - . . - )
(Heat transmission coefficient for opening) | (Heat transmission coefficient for opening)
Roof/Ceiling | Glass wool 16K 200 mm 4.44 4.0 or above
Exterior wall | Glass wool 32K 35 mm 0.97 2.2 or above
Floor/Foundation | Type A polyethylene foam (2 types) 60 mm | 2.2 2.2 or above
Double glazing with 6 mm air space
: + metal frame with thermal break + | 3 06 (heat transmission | 4.65 (heat transmission coeffi-
Opening insulating shutter at night (thermal o _
resistance (R value) = 0.36 or | coefficient (W/m?-K)) cient (W/m?+K)) or below
greater)
Air change rate |, 5 s oy 0.5 ACH
(winter air leakage)
000 000I001001001000000000000000000000000000000000000000000100000000000000000000000 0000000000
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[ This specification conforms to the 1999 energy conservation standard.

O This example uses the interior insulation method for all the ceilings, exterior walls and floors.

Siding 12 mm I

Ventilated cavity 18 mm I
Weather barrier

Glass wool 16K 100 mm I

Vapor barrier film
Gypsum board 12.5 mm

Blown glass wool 210 mm ~f—
Vapor barrier film
Gypsum board 9.5 mm

Metal frame

Regular double glazing A6

Plywood 12 mm

(butt joints sealed with airtight tape)
lass wool 16K 100 mm

\

-

S

Insulation specifications of components

Cross-sectional detail

Insulated Building Envelope 41

Planning for Zone V

. 2e| i 2

CrETE e e SEe e e Thermal re§|§tance \(glue (m K/W) 1999 thermal_re‘swtance fst‘andard (m K/V\O
(Heat transmission coefficient for opening) | (Heat transmission coefficient for opening)

Roof/Ceiling | Blown glass wool 16K 210 mm | 4.0 4.0 or above

Exterior wall | Glass wool 16K 100 mm 2.2 2.2 or above

Floor/Foundation | Glass wool 16K 100 mm 2.2 2.2 or above

Opening Double glazing with 6 mm air space | 4.65 (heat transmission coefficient (W/m=K)) | 4.65 (heat transmission coefficient (W/m?K)) or below

Airchange rate | 5 s oy 0.5 ACH

(winter air leakage)
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0 This specification conforms to the 1999 energy conservation standard.

O This example adopts insulation above beams for the ceilings, interior insulation for exterior walls, and foun-

dation insulation for the floor area.

U Insulation above beams is not yet commonly practiced, but this method was developed to reduce insulation

loss. As plywood is installed over tie beams and insulation is laid on it, there is very little gap between insu-

lation and it is easy to install a vapor barrier.

Regular double glazing A6

Siding 12 mm
Ventilated cavity 18 mm
Weather barrier

Glass wool 16K 100 mm
Vapor barrier film
Gypsum board 12.5 mm

Metal frame__|

Sheathing board
[ Glass wool 16K 200 mm
— Vapor barrier film
= =Plywood 12 mm
= = =
A — — -
2 2 2 2 2 2 N N
Oy NF
X
— Extruded pplystyrene
foam (2[types) 60 mm

Insulation specifications of components

Cross-sectional detail

. e Thermal resistance value (m2K/W) | 1999 thermal resistance standard (m>sK/W)
Component Insulation specification - - . . o )
(Heat transmission coefficient for opening) | (Heat transmission coefficient for opening)
Roof/Ceiling | Glass wool 16K 200 mm 4.44 4.0 or above
Exterior wall | Glass wool 16K 100 mm 22 2.2 or above
Floor/Foundation | Extruded polystyrene foam (2 types) 60 mm | 1.75 1.7 or above
Opening Double glazing with 6 mm air space | 4.65 (heat transmission coefficient (W/mK)) | 4.65 (heat transmission coefficient (W/m?K)) or below
B 0.5 ACH 0.5 ACH
(winter air leakage)
000 O0000000I000000000000 0000000000 0000000000000 00000000000000100000000000 000000000 00000100000
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[ This specification conforms to the 1999 energy conservation standard.

[ This example shows roof insulation, exterior insulation of exterior walls and foundation insulation.

Regular double glazing A6

Extruded polystyrene foam

Sheathing roof board
Ventilated cavity on roof

Extruded polystyrene foam (3 types) 60 mm
Extruded polystyrene foam (3 types) 60 mm

Siding 12 mm
Ventilated cavity 18 mm
Extruded polystyrene foam (3 types) 50 mm

Plywood 12 mm

|

Plywood 12 mm | |

Air space 100 mm
Gypsum board 12.5 mm

Insulated Building Envelope 41

Planning for Zone V

Metal frame

U

=,
N

(2 types) 60 mm

/

Insulation specifications of components

Cross-sectional detail

. . Thermal resistance value (m?K/W) | 1999 thermal resistance standard (m?sK/W)
Component Insulation specification - - ) . - )
(Heat transmission coefficient for opening) | (Heat transmission coefficient for opening)

Roof/Ceiling | Extruded polystyrene foam (3 types) 60 mmx2 | 4.2 4.0 or above
Exterior wall | Extruded polystyrene foam (3 types) 50 mm | 1.7 2.2 or above
Floor/Foundation | Extruded polystyrene foam (2 types) 60 mm | 1.75 2.2 or above
Opening Double glazing with 6 mm air space | 4.65 (heat transmission coefficient (W/m=K) | 4.65 (heat transmission coefficient (W/m?K) or below
R 0.5 ACH 0.5 ACH
(winter air leakage)
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4.2 Solar Shading Methods for Zone VI

Of the hot humid regions, most of the year is spent
using either cross ventilation or cooling in Zone VI
(Okinawa Prefecture), and in order to reduce the
amount of energy used for cooling and improve com-
fort, “solar shading”, which effectively shields solar

radiation that would penetrate houses, is important.

Schemes for preventing solar penetration in temper-

ate regions, which are not as hot as hot humid regions,

focus on openings, but in Zone VI, it is also important

to effectively use heat shielding on the roof or walls as

well as the environment surrounding a building.

42.1

Purpose and Key Points of Solar Shading

1.0 Reducing amount of energy used for cooling

0 Solar radiation has a major effect on the thermal environment in a house. In summer and in-between sea-
sons, there is a greater need to use cross ventilation and cooling to reduce the room temperature, which
increases because of solar radiation heat, but as the amount of such heat entering a room (amount of solar
radiation penetration) increases, the usability of cross ventilation is limited and the amount of energy used
for cooling increases.

0 One purpose of solar shielding is, as the expression suggests, to shade from solar radiation, thereby reduc-
ing the amount entering a building and cutting the amount of energy used for cooling. There is a much
greater need for cooling than heating in hot humid regions, meaning that solar shading in order to reduce

the amount of energy consumed is extremely important.

2.0 Maintaining cool rooms

U In order to keep rooms cool in summer and in-between seasons, solar shading is important along with cross
ventilation. In order to use solar shading efficiently, it is important to take into account the orientation of the
components of the building envelope. By suppressing the amount of solar radiation entering rooms, it is
possible to limit the increase in room temperature and also limit the surface temperature on the inside of

the roof and exterior walls.

Basic matters that are background knowledge for examining solar shading schemes

‘ . Diluse solar radiation

%,

(/
Direct solar "I,,
radiation %,

Key Point

(1) Direct solar radiation and diCuse solar radiation

0 Solar radiation includes direct solar

radiation, which is incident directly

from the sun, and diffuse solar radia- "'l,‘
DiCJuse solar

tion, which is incident after being dif- radiation

Solar radiation
« reflected from @
“ terrestrial
Jobjects o
[N 4

fused the atmosphere, clouds and the
like (Fig. a). When the weather is
good, the amount of direct solar radia-

tion is high and the amount of diffuse Fig. al Direct solar radiation and diffuse solar radiation

o0 01

I 0 0 0 )




solar radiation is low. In addition, the amount of solar radiation which is incident af-

ter being reflected from the ground and other outside surfaces cannot be ignored.

(2) Dillerences in the amount of solar radiation due to orientation

0 The amount of solar radiation striking a building differs depending on the season

and the orientation of the components of the building (Fig. b). The amount of solar
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radiation in the summer, when the solar altitude is high in the sky, increases greatly
on horizontal surfaces such as roofs, but for vertical walls, windows, etc., the amount
of incident solar radiation is larger on east- or west-facing surfaces and smaller on
south-facing surfaces. Understanding this characteristic of solar radiation is the key
for effective solar shading schemes.

(3) Differences in the amount of transmitted solar radiation due to transparent and non-transparent components

0 As shown in Fig. c, solar radiation levels from transparent components such as win-

dows is far greater than from non-transparent components such as roofs or exterior
Chapter 4

Heat Control Technology of walls. Therefore, transparent components such as windows are important for achiev-
Building Envelopes
(Elemental Technology

Application Method 2) 0 In addition, the effect of external shading, which shades solar radiation on the out-

ing adequate solar shading schemes.

side, is greater than that of internal shading, which shades solar radiation inside
openings. In hot humid regions in particular, effective external shading is achieved

; by amahaji and blocks with decorative openings.
Glossary: Solar penetration rate

The solar penetration rate O For non-transparent components such as roofs, solar shading schemes are firstly to
is the proportion of heat
that enters a room rela-
tive to the amount of inci- from the heat and ventilates well, and to enable attic ventilation.
dent solar radiation heat,
and is also known as the
solar heat gain coeffi-
cient. As this value de-
creases, the solar shad-
ing performance increa-
ses.

increase the solar radiation reflectance, to provide a ventilated cavity which insulates

Fig c

Comparison of the
solar penetration rates
of windows and roofs

Ordinary transparent glass

Internal shading

Sheer curtain, etc.

External shading

V' N

Amahgjil 0000

(mopuim)

<_1uauodu10:> 1uaJedsue.|1—u0N_} 4—1uauodm03 1uaJedsueu_4’

External shading

Louvre

External shading

Blocks with decorative openings

No insulation (but with well-ventilated cavity)

No insulation (solar penetration rate = 0.7)

(3oo1)

30 mm of insulation (solar penetration rate = 0.4* )

— L1 [

0.0 0.5 1.0

Solar penetration rate

* From this diagram, it can be seen that insulation has a significant effect on reducing the solar penetration
rate, but insulating performance is not necessarily the best way of reducing the cooling load and the amount
of energy used for cooling since heat radiation via the building envelope when the air temperature is lower,
such as at night, is also an important factor.

Note: Fig. ¢ shows the proportion of solar penetration per unit area. Solar shading schemes in windows and

roofs are important, and with typical house layouts, it is also useful to consider the area weighting for
both these components, which is approximately 1:4.
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422 Energy Conservation Target Levels for Solar Shading Schemes

1.0 Definition of target levels

0 Energy conservation target levels for solar shading schemes have been set at levels 1-4 below and indicate
the reduction rate of energy consumed by cooling systems (Table 1).

[ The cooling energy reduction rate is closely related to the summer solar gain coefficient, which takes into
account the effect of adjacent buildings and other factors (hereafter referred to as the “M value”), and by
reducing the M value, the cooling energy reduction effect increases.

0 The M value is a numerical value determined by the following design conditions and specifications of
houses, A-C, and corresponds to the ratio of the solar radiation heat that penetrates the inside of a house, in
relation to the global solar radiation incident upon a horizontal surface equivalent to the area of the total
floor surface of the house.

0 O O A. Site conditions (related to orientation, adjacent buildings, etc.)

0 O O B. Outside shading devices — presence/absence of components such as overhangs attached to the
building (Method 1)

O O O C. Envelope solar shading schemes — schemes for ensuring solar radiation reflection, cavity ventila-
tion, and insulation on the building envelope, particularly the roof (Method 2)

[ The relationship between the M value and the cooling energy consumption differs depending on the type
of envelope (roof) solar shading schemes.

O Increasing the solar radiation reflectance of the roof achieves a better effect for an equivalent M value than
providing cavity ventilation or insulation schemes (See p.173). Please confirm the M values that can achieve
the target levels for each roof solar shading scheme used and then consider solar shading schemes that

enable M values smaller than these.

Table 10 Target levels for solar shading schemes and how to achieve them

Energy conservation effect M value
Target level _ . Roof solar shading schemes by | Roof solar shading schemes by
(Cooling energy reduction rate) | yentilated cavity or insulation solar radiation reflection )
: Solar Shading Methods for Zone VI 4.2

Level O No reduction >0.135 >0.150
Level 1 10% reduction <0.135 <0.150
Level 2 20% reduction <0.10 <0.125
Level 3 25% reduction <0.08 <0.115
Level 4 30% reduction <0.065 <0.105

[ The standard cooling energy consumption as of 2000 was 10.3 GJ (approximately 16% of overall energy
consumption) (See 6.1 on p.339).

0 Level 0 assumes a house having no solar shading schemes, that is, located at a site where there are no ad-
jacent buildings to shade the solar radiation, employing no outside shading devices such as overhangs, and
lacking any particular envelope solar shading scheme. By combining conditions and specifications A-C

above, it is possible to reduce the cooling energy by a maximum of approximately 30%.
What is the M value ?

Key Point The summer solar gain coefficient that takes into account the effect of adjacent

buildings and other objects is based on the standard “summer solar gain coefficient”,

which is used in the 1999 Energy Conservation Standards, and is an indicator of solar
shading performance, which is newly defined in this document. The conventional sum-
mer solar gain coefficient indicates the average ratio during the cooling period of the
amount of solar radiation heat actually gained by the inside of a building to the solar
radiation heat level able to be gained by assuming that there is no shading by the build-
ing. The effects of shading objects such as other buildings around the building in ques-

tion, the solar radiation reflectance of the surface of exterior finishing materials, and




ventilated cavities on the outside of the building envelope, however, were generally not
taken into account in the calculations. By considering factors such as these, the sum-
mer solar gain coefficient that takes into account the effect of adjacent buildings and
other objects is an indicator that aims to include the effects of a wider range of solar
shading schemes. The conventional summer solar gain coefficient is known as the p
value, but in order to avoid confusion, the summer solar gain coefficient that takes into

account the effect of adjacent buildings and other objects is known as the M value.

Chapter 4 . L

Heat Control Technology of | 2.[] Requirements for achieving target levels
Building Envelopes
(Elemental Technology Target levels are determined by M values, as mentioned above. However, because the calculations for ob-
Application Method 2)
taining these M values are quite complex, we have given examples of the site conditions, outside shading de-

vices (Method 1) and building envelope solar shading schemes (Method 2) involved in determining M values

in this document, and have made it possible to confirm whether or not the target levels can be achieved
Glossary: Exposure factor
The exposure factor indi-
cates the ratio of the We will clarify the methods for calculating and judging M values and the methods for calculating cooling
amount of solar radiation
incident upon vertical sur-

through the selection of these conditions and specifications.

loads from M values in this chapter.

faces (exterior walls), 1)0 Site conditions (solar shading by adjacent buildings and other objects)
having the same area but L. . . . . e
facing in different direc- 0 Solar radiation that strikes the exterior walls of a house is sometimes shaded by buildings and other ob-

tions, when considering
the amount of solar radia-
tion incident upon a hori- the same, the effect of the solar radiation incident upon a house can differ depending on the distance to
zontal surface having no
shading objects around it
as 1. jects.

jects surrounding the house (including adjacent buildings). In other words, even if the solar radiation is

adjacent buildings, the number of floors in adjacent buildings, surrounding vegetation and other ob-

[ The effect of solar shielding by adjacent buildings and other objects is expressed by the exposure factor.
The smaller the exposure factor, the higher the solar shading effect.

U In this document, we have set up three typical site categories, sites 1-3, which differ in terms of horizontal
distance to adjacent buildings and other objects (Table 2). The susceptibility to the effects of solar radia-
tion increases in the order of Site 1, Site 2 and Site 3.

0 O O Site 1:  Site in which adjacent buildings and other objects are close, such as in large cities

0 0O O Site 2:  Site in which adjacent buildings and other objects are fairly close, such as in suburbs near

cities

0O O Site 3:  Site in which adjacent buildings and other objects are not close, such as in suburbs away

from city centers

Table 20 Requirements and exposure factors for site categories (Naha, Mar. 25 - Dec. 14)

Site category Orientation Horizontal distance to adjacent buildings and other objects Exposure factor

Site 1 North 6 m or less 0.31
East 3 morless 0.26
South 6 m or less 041
West 3 mor less 0.32
Site 2 North 6-10m 0.34
East 3-10m 0.35
South 6-10m 0.44
West 3-10m 042
Site 3 North More than 10 m 0.39
East More than 10 m 0.39
South More than 10 m 0.49
West More than 10 m 0.47
Horizontal surface 0— 1.00

[ Table 2 shows the horizontal distance to adjacent buildings and other objects in the directions north, east,
south and west, which are the conditions for each site, and the exposure factors obtained from these
distances. Select a site category in which the horizontal distances in all four directions are satisfied, and

in cases where the site is more susceptible to the effects of solar radiation due to values for the horizontal

0o 0o 0 o Oofooiooioomooo O000I000000I0000I000O000I00N000000010000I0000000ei000t00000O0I0n0000




distance in one direction exceeding those shown in Table 2, please regard this site as satisfying the hori-

zontal distance in the direction in question (for example, if the horizontal distances to adjacent buildings

and other objects are north 6 m, east 3 m, south 8 m and west 3 m, this is Site 2).

0 In addition, please regard sides that are oriented within +45° of true south as being south-facing.

0 In cases where there is continuous vegetation surrounding the building and a clear solar shading effect

is expected, it is considered appropriate to regard such sites as a site category that is less susceptible to

the effects of solar radiation.

0 Details of the solar shading effect of adjacent buildings and other objects are explained in Section 4.2.3:

2 Confirming site conditions and considering building location.
2)0 Solar Shading Methods

[ The following methods have been adopted in this document as solar shading methods that have a cooling

energy reduction effect.

Method 1 : Solar shading methods using outside shading devices

Method 2 : Solar shading methods using the building envelope

0 The details of each method are explained in 4.2.4 Solar Shading Methods.

O In order to judge whether the target level has been achieved, specifications thought to be typical have

been set for each method. Please refer to these specifications and consider design specifications.

(1) Method 1: Outside shading devices

0 Components such as overhangs, blocks with decorative openings, and external shading components

(such as louvers, hereafter called “outside shading devices”) have a solar shading effect. Of these, over-

hangs have an effect on the amount of solar radiation that penetrates the building depending on the

window-overhang distance (the distance from the bottom of the window to the top of the overhang), the
height of the window, the degree to which the overhang protrudes, the width of the overhang and other
factors. Additionally, the solar shading effect increases dramatically if blocks with decorative openings Solar Shading Methods for Zone VI 4.2

are used.

e The solar shading effect from outside shading devices is indicated by the shading coefficient. A lower

shading coefficient means a higher solar shading effect (See p.177).

0 In this document, because the specifications of outside shading devices are set by dividing them into dif-

ferent classes, please select a class that corresponds to the design specifications (Table 3, Fig. 1). Class

Table 30 Classes and specifications of outside shading devices

Classofout- ding Overhangs* Blocks with dec-
S|de_ shading Orientation coefficient Window-overhang Wi'ndow Ove.rhang pro- orative openings, 7
device distance (mm)  height (mm) trusion (mm) louvers etc. T—T
Class 01 |— 1.0 (all orientations)| Does not satisfy class O -
Class O North |0.64 0 <900 >200 — .
East 0.75 0 <1300 >200 — Y1
South |0.65 <400 <2000 >600 — I SE——
West |0.65 <400 <1300 >600 —
Class 1 North |0.64 0 <900 >200 - Y2
East 0.65 <400 <1300 >600 —
South |0.52 <400 <2000 >1000 - i
West |0.53 <400 <1300 >1000 -
Class 2 North |0.49 <400 <900 >600 —
East 0.53 <400 <1300 >1000 —
South (0.43 <400 <2000 >1500 -
West 0.43 <400 <1300 >1500 - Y1: Window-overhang distance
Class 3 North |0.49 <400 <900 >600 — Y2: Window height
East 0.53 <400 <1300 >1000 - Z: Overhang protrusion
South |0.43 <400 <2000 >1500 -
West 0.06 <400 <1300 >1500 Block"2 Fig. 10 Construction of overhang and each component

* 1. The width of the overhang is assumed to be at least the width of the window.
* 2. The overhang is installed between the exterior wall and the decorative block.
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0 is a fairly basic specification, and the solar shading effect increases in the order of Class 1, Class 2 and
Class 3.

[ Table 3 shows the outside shading devices (overhangs, blocks with decorative openings, louvers and
other features) facing in the directions north, east, south and west, which are the conditions for each
class, and the shading coefficients obtained from these devices. Please select a class in which the outside
shading device specifications in all four directions are satisfied. In cases where the outside shading de-
vice specification in one direction is regarded as having a solar shading effect lower than that shown in
Table 3, please regard this as corresponding with the class satisfying the outside shading device specifi-
cation in the direction in question.

0 In addition, please regard sides that are oriented within +45° of true south as being south-facing.

(2) Method 2: Solar shading methods using building envelope

0 With regard to the concrete envelope of the roof and exterior walls, the presence or absence of ventilated
cavities and insulating schemes, as well as the solar radiation reflectance of surfaces, affect the amount
of solar radiation that penetrates the building. Various combinations of these solar shading schemes have
been considered, but although schemes for roofs that are directly struck by solar radiation are particu-
larly important in hot humid regions, the following characteristics have also been observed.

[ Insulation has the effect of limiting the amount of solar radiation that penetrates a building, but because
it also prevents heat from escaping from inside the building at night, it is not always recommended in hot
humid regions.

0 By raising the solar radiation reflectance of the surface of the roof, the effect of ventilated cavities and
insulation is reduced.

U If insulation is applied to the roof, almost no effect is achieved by ventilated cavities.

0 With these characteristics in mind, because the following four types of specification have been set for the
envelope of the roof and the exterior walls, please select a specification that corresponds to the design
specifications (Table 4). There is no exterior wall insulation in any of the specifications. In addition,
Specification 1 corresponds to a standard specification in which no particular solar shading schemes

have been incorporated.

Specification 1 No insulation, no schemes

Specification 2 No insulation, roof cavity ventilation (ventilated cavity maintained on roof surface)

Specification 3 Roof insulation (insulation incorporated into roof)

Specification 4 No insulation, roof reflection (raises solar radiation reflectance of roof surface)

Table 40 Building envelope specifications for solar shading schemes

Envelope specification type |Exterior walls Roof Ratio of
solar radi-
Ventilated|Insulation |Solar radia-(Solar Ventilated|Insulation |Solar radia-|Solar ation pen-
cavity schemes |tion reflect-|penetra- |cavity schemes ([tion reflect-|penetra- |etrating
ance! tion rate ance! tion rate (envelope®
Specification 1 No No 04 0097 |No No 04 0118  [100%
(No insulation, no schemes) ) ) ' )
Specification 2
(No insulation, roof cavity ventilation) N e o4 Q7 Ve N 04 L= S
Specification 3
(Roof insulation) No No 04 0.097 No Yes? 04 0.022 37%
Specification 4
(No insulation, roof reflection) N® Ne o5 il Ne N o olse e

1. The solar radiation reflectance of the finishing material on the outer surface of the exterior walls and the roof; the values have the following

characteristics:

[0 0.4 = Moderate reflection (concrete, light-colored paints, etc.); 0.7 = High reflection (white paint, etc.)
2. The solar penetration rate when a type 2 extruded polystyrene foam insulating sheet (30 mm) is installed.
3. The ratio when Envelope Specification 1 is set to be 100% (standard); the amount of solar penetration is calculated from the following

formula:

0 Amount of solar penetration = (exterior wall area x exterior wall solar penetration rate) + (roof area x roof solar penetration rate)
[ (Uses the areas from the Type A house model on p.344)
0 The amount of solar radiation that penetrates the envelope corresponds to the contribution to the M value of the solar heat gain that
passes through the envelope (if the exposure factor for more than 10m is assumed).
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3.0 How to achieve target levels

[ Based on a standard house model in hot humid regions, the results are shown for the M value calculations

obtained by combining the envelope solar shading specifications and the outside shading device classes for

each of Site 1, Site 2 and Site 3 (Table 5).

[ The M values in Table 5 are calculated by setting the envelope and opening specifications as shown in Table

6.

0 The different colors in Table 5 correspond with the level.

O Even if the envelope specifications are the same, the level may increase if the schemes using outside shad-

ing devices are enhanced.

Table 50 Solar penetration coefficient (M value) by combining outside shading devices and building envelopes
(1) Site 1

Envelope specification type Outside shading devices*
Class O Class 1 Class 2 Class 3
North >200 North >200 North >600 North >600
East >200 East >600 East >1000 East >1000
South/West|>600 South/West |>1000 South/West|>1500 South/West | 21500 (decorative block (W)
Specification 1 (No insulation, no schemes)|0.166 0.159 0.151 0.148
Specification 2 (No insulation, roof cavity ventilation)| 0.1.02 0.095 0.087 0.084
Specification 3 (Roof insulation) 0.070 0.063 0.055 0.052
Specification 4 (No insulation, roof reflection) |0.107 0.100 0.092 0.089
(2) Site 2
Envelope specification type Outside shading devices*
Class O Class 1 Class 2 Class 3
North >200 North >200 North >600 North >600
East >200 East >600 East >1000 East >1000
South/West |>600 South/West|>1000 South/West [>1500 South/West 21500 (decorative block (W)
Specification 1 (No insulation, no schemes)|0.173 0.165 0.156 0.151
Specification 2 (No insulation, roof cavity ventilation)| 0.109 0.101 0.092 0.087
Specification 3 (Roof insulation) 0.077 0.069 0.060 0.055
Specification 4 (No insulation, roof reflection) |0.114 0.106 0.097 0.092
(3) Site 3
Envelope specification type Outside shading devices*
Class O Class 1 Class 2 Class 3
North >200 North >200 North >600 North >600
East >200 East >600 East >1000 East >1000
South/West|>600 South/West|>1000 South/West [>1500 South/West 21500 (decorative block (W)
Specification 1 (No insulation, no schemes) 0.180 0.171 0.161 0.155
Specification 2 (No insulation, roof cavity ventilation) 0.116 0.107 0.097 0.091
Specification 3 (Roof insulation) 0.084 0.075 0.065 0.059
Specification 4 (No insulation, roof reflection) 0.121 0.112 0.102 0.096

* Of the class requirements (Table 3 on p.167), the outside shading devices columns refer only to the hangover protrusior |:| L 10
and the presence or absence of decorative blocks. eve

Level 1
Level 2
Level 3

Level 4

Table 60 Standard specifications for envelopes and openings

No insulation No insulation on exterior walls or roof

Roof cavity ventilation|Spreading blocks, sheet-like panels and other devices installed on roof (See Fig. 13 on p.183.)

Roof insulation Type 2 extruded polystyrene foam insulating sheet (30 mm) installed (thermal resistance of insulating material = 0.8 m2+K/W).

Roof reflection Solar radiation reflectance of roof = >0.7 (white paint)

Openings (shared) [Standard single layer glass + sheer curtains

1. Except for cases in which roof reflection is incorporated, the solar radiation reflectance of the surface of the roof and exterior walls is 0.4 (concrete, light-
colored paints, etc.)
2. The solar penetration rate of openings is 0.56 (See p.72).
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Comment e Methods for determining M values by calculation

Energy conservation target levels by solar shading methods can be determined by using the sum-
mer solar gain coefficient (M value) as an indicator. In subsection 3 of Section 4.2.2, methods were
shown in which M values determined by envelope (roof and exterior walls) specifications and out-
side shading device (overhangs, etc.) specifications are selected.

Here, we will explain methods for calculating M values according to design specifications.

M values can be calculated using the following formula:
M value = (sum of component/orientation-specific M values) / (total floor area of house)

Here, “component” means the building envelope (roof and exterior walls) and openings (windows,
doors, etc.), but M values are obtained for each orientation in which these components face (vertical
surfaces that face east, west, north and south as well as horizontal surfaces). These M values can
be calculated using the following formula:

Component/orientation-specific M value
= exposure factor of component x shading coefficient of outside shading devices x solar penetration
rate of component x area of component

* For the exposure factors of components, see Table 2 on p.168 and Fig. 3 on p.174.

0 For shading coefficients of outside shading devices, see Table 3 on p.169, Figs. 6 and 7 on p.178,
Table 7 on p.179 and Fig. 11 on p.180.
For the solar penetration rates of components, see Table 4 on p.170, Table 8 on p.182, and Table
9 on p.186.
For the areas of components, please use the projected areas of the roof, exterior walls, windows,

G,

A calculation table and sample calculations are shown below. For the type A house model (stand-
ard model, see p.344) designed in order to calculate the energy conservation effect, the M value for
the house as a whole was 0.096 (level 4), based on the following calculation conditions.

Component |Orientation [Exposure Shading coeffi- |Solar pene- [Area (m?) M value
factor cient of outside |tration rate of
shading devices|component
(A) (B) (C) (D) (AxBXxCxD)
Roof Horizontal 1.0 1.0 0.059 134.51 7.936
Exterior walls [North 0.39 0.49 0.097 39.29 0.728
East 0.39 0.53 0.097 21.18 0.425
South 0.49 0.43 0.097 28.93 0.591
West 0.47 0.06 0.097 2274 0.062
Windows North 0.39 0.49 0.56 6.18 0.661
East 0.39 0.53 0.56 4.86 0.563
South 0.49 0.43 0.56 12.95 1.528
West 0.47 0.06 0.56 1.50 0.024
Doors South 0.49 0.43 0.56 3.60 0.425
West 0.47 0.06 0.56 1.80 0.028
Total (E) 12.971
Total floor area (m?2) (S) 134.510
M value (E/S) 0.096

m Calculation conditions
(A) Exposure factor: Site 3 (suburbs away from city center) exposure factor
(B) Shading coefficient of outside shading devices: Class 3

(C) Solar penetration rate of component: Specification 4 (No insulation, roof reflection)

(D) Area of roof, exterior walls, windows, etc., of Type A house model

0000aa

000000O0I0NO000




Comment e Methods for calculating cooling load from M value

[0 The diagram shows the relationship between M value and cooling load, based on numerical simu-

lations using a standard house in a hot humid region as a model. The gradient of the plot in cases

where roof solar shading methods comprise insulation or cavity ventilation is different from that

in cases where the solar radiation reflectance is used, and even if the M values are the same, the

cooling load tends to be smaller when solar radiation reflection is used compared to when insula-

tion or cavity ventilation is used.

0 The relationship between M value and cooling load can be shown by the following formula for each

roof solar shading scheme. By using this formula, it is possible to calculate an approximate cool-

ing load by obtaining the M value of the house.

(1)If the roof solar shading method comprises insulation or cavity ventilation:

0 Cooling load (MJ) = 77,289 x M value + 13,795

(2)If the roof solar shading method comprises solar radiation reflection:

0 Cooling load (MJ) = 125,473 x M value + 5,340.6

0 Sample calculationd
[0 If the M value obtained by using solar radiation reflection as the roof solar shading method is

0.096:

[ (From formula (2) above): Cooling load (MJ) = 125,473 x 0.096 + 5,340.6
=17,386.0 (MJ)

Reference: Using a numerical simulation, the cooling load of a house corresponding to level 0 was

approximately 27,100 MJ (standard value). From this, it can be seen that the cooling

energy reduction rate of a house fitted with the schemes mentioned above is approxi-
mately 35%. Solar Shading Methods for Zone VI 4.2
17,386

[0 Cooling energy reduction rate (%)= (10 ——)0 100
g gy (%)= ( 271 00)
= 35.8 (%)

oooo
30000

y77289x013795

R°00.994 /

25000

]

012547x05340.6
20 0.9990

20000 ‘/’/ =
/

Py

OO0 Omog

15000

10000

@ Insulation or cavity ventilation

4 Solar radiation reflection

5000

0 0.02 0.04 0.06 0.08 0.1l 0.12 0.14 0.16 0.18 0.2
0 MOomoao
Fig.O Relationship between M value and cooling load in houses in hot humid regions
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42.3

Steps for Examining Solar Shading Technology and Confirmation of Site Conditions

10 Steps for examining solar shading technology

Step 10 Set the target level

0 Set the cooling energy reduction rate.

v

Step 200 Confirm site conditions and consider building location

0 Confirm conditions around building site and consider building location.
[ Select corresponding “site conditions”.

Step 30 Consider applying solar shading methods using outside shading devices

0 Confirm the amount of solar radiation incident upon the exterior walls and roof.

[J Taking into account orientation, consider incorporating overhangs, blocks with
decorative openings, external solar shading components and other devices.

[ Select corresponding “outside shading device class”.

v

Step 40 Consider applying solar shading methods using building envelope

[ Consider roof solar shading specifications.
O Consider exterior wall solar shading specifications.

v

Step 500 Confirm cooling energy reduction rate from applying solar shading methods

0 Investigate M value and confirm cooling energy reduction rate.

O000I000000I0000I000O000I00N000000010000I0000000ei000t00000O0I0n0000




20 Confirming site conditions and considering building location

O Solar radiation that strikes the exterior walls of a house can be shaded by adjacent buildings or, in the case
of hilly land, diagonal surfaces (hereafter called “adjacent buildings”). The effect of this shading can be
more or less determined by the ratio of the difference in elevation of an adjacent building that acts as a
shading object divided by the horizontal distance to the adjacent building. If the horizontal distance be-
tween the exterior wall of the house in question and that of the adjacent building is 10 m or less, a solar
shading effect takes place.

[ The relationship between the adjacent building and the difference in elevation is roughly classified into
three cases, and the solar shading effects (exposure factors) differ as shown below (Figs. 2 and 3).

O As shown in Case (1), if there are no adjacent buildings within 10 m of the house in question (for example,
if there is no house opposite a one-storey house, or in the case of a second-floor room, if there is a one-storey
building opposite a two-storey house), the solar radiation is not shaded.

O As shown in Case (2), if there is an adjacent building that has the same number of stories as the house in
question (for example, if there is a one-storey building opposite a one-storey house or if there is a two-storey
building opposite a two-storey house), the solar radiation is shaded.

O As shown in Case (3), if there is an adjacent building that has one storey more than the house in question
(for example, if there is a two-storey building opposite a one-storey house), the solar shading effect is
stronger than that is Case (2).

0 By taking into account this type of situation surrounding a house and applying solar shading methods by
focusing on those components that are more susceptible to solar radiation, it is possible to effectively im-
prove solar shading performance.

O On the other hand, solar radiation on the roof can also be shaded by adjacent buildings and other objects.
However, solar radiation on a roof surface shaded by adjacent buildings occurs when the sun is low in the
sky and the amount of solar radiation is small, such as early in the morning or in the evening. Little shading
occurs during the middle of the day, when the amount of solar radiation incident upon the surface of a roof
is large. In addition, it is the edges of the roof that are shaded, with the center of the roof having little sun
shadow. Therefore, solar shading of roofs by adjacent buildings and other objects is not taken into account;
in other words, the exposure factor of the roof is regarded as being 1, regardless of the surrounding condi-

tions (Fig. 4).
A
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424 Solar Shading Methods

I 8 A

O This method shades solar radiation through the use of devices mounted outside the windows; for example,
external solar shading components such as overhangs, blocks with decorative openings or louvers. Once
solar radiation heat enters a room, it causes the temperature inside the room to increase until discharged,
and solar shading must therefore be applied on the outside of the windows.

O If using blocks with decorative openings that cover the whole of the amahaji or wall surface, this has the
effect of shading solar radiation that enters the room not only from the windows, but also from the wall
surface.

O The effect of solar shading by outside shading devices is indicated by the shading coefficient. A smaller

shading coefficient means a higher solar shading effect.

Amount of solar radiation penetrating the window if outside shading devices are fitted

0 O Shading coefficient = — - - - - - - -
Amount of solar radiation penetrating the window if outside shading devices are not fitted

1.0 Overhangs

O Overhangs mainly shade solar radiation that strikes windows and walls from above. As a result, the solar
shading effect of overhangs is at its highest when direct solar radiation strikes the south side of a building
when the sun is high in the sky and the weather is fine. In addition, the greater the degree of protrusion of
the overhang, the higher the shading effect (Figs. 5 and 6).

O Solar radiation strikes windows and wall surfaces from the side as well as from the front. Therefore, install-
ing a wide overhang that covers more than one window achieves a higher shading effect than fitting a small,
narrow overhang to each window (Fig. 6).

0 Because solar radiation strikes east- and west-facing surfaces when the sun is low in the sky, the shading
effect due to overhangs is less for the lower parts of windows (Figs. 6 and 7). In such cases, also using a
block with decorative openings increases the shading effect for those lower parts of windows that are not
shaded by overhangs.

O Fitting overhangs immediately above windows increases the shading effect (Fig. 7). Itis possible to achieve
a solar shading effect even with small overhangs by installing them as near as possible to the tops of win-

dows.

Solar Shading Methods for Zone VI 4.2
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(overhangs that protrude at the same level as roof slabs) (often used on medium- and small-sized windows)
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Y2: Window height
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Overhangs fitted to large- or medium-sized windows
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Fig. 50 Typical form and dimensions of overhangs
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2.0 Blocks with decorative openings

0 Blocks with decorative openings achieve a high solar shading effect for components such as those on west-
facing surfaces struck by solar radiation when the sun is low in the sky.

O The shading coefficient is 0.1 or lower for blocks with decorative openings that have dimensions such as
those shown in Fig. 8 (Table 7). This value assumes that solar radiation does not enter the room from above,
between blocks or window surfaces, due to the additional use of overhangs and other components.

O Blocks with decorative openings achieve a higher solar shading effect if the area of the openings is smaller.
On the other hand, because shading solar radiation means shading natural light, the brightness inside the
room must be taken into account. South-facing components that are struck by solar radiation when the sun
is high in the sky allow in diffused light while shading direct solar radiation through the use of overhangs,
but by using blocks with decorative openings or louvers (See next section) on west-facing components that
are struck by direct solar radiation when the sun is low in the sky, it is easier to achieve solar shading that

strikes a balance with daylighting.

Table 70 Shading coefficients of blocks with decorative openings

Orientation Shading coefficient

North 0.03

East 0.06

Opening
South 0.02
West 0.06

1900
T Opening

1000
Fig. 80 Example of shape of block with
decorative openings

1900

-
' 4

Fig. 90 Examples of usage of blocks with
decorative openings

Solar Shading Methods for Zone VI 4.2




Chapter 4

Heat Control Technology of
Building Envelopes
(Elemental Technology
Application Method 2)

3. External solar shading components (louvers, etc.)

O External solar shading components such as louvers achieve solar shading by covering windows and other

openings in the same way as blocks with decorative openings, and achieve a high solar shading effect even

for west-facing components that are struck by direct solar radiation when the sun is low in the sky. In addi-

tion, with movable louvers, it is possible to prioritize solar shading when the amount of solar radiation is

high according to the time or the weather, and to prioritize daylighting and maintaining the view when the

amount of solar radiation is low.

0 The solar shading effect is higher if the holes (H) in the louver are smaller and the depth (D) of the louver

is larger (Figs. 10 and 11).

O As shown in (A), in the case of a louver having large holes (H), diffused light can easily enter through the

holes in the louver, improving the view outside. If louvers are fitted to habitable room windows and there

are no other windows, a balance needs to be struck between lighting/view and solar shading.

0 As shown in (B), louvers with small holes (H) have a higher solar shading effect and are effective if used in

cases where east- and west-facing surfaces receive a large amount of sun.

=

Shading coelcient = approximately 0.25 if P = 100, H = 80, and D = 50

(A) Type of louver that allows light in and improve
the outside view

Fig. 100 Types and dimensions of louvers
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Fig. 110 Shading coefficients when louvers are installed
(Ratio of the amount of solar radiation when louvers are fitted; where no
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Shading coelcient = approximately 0.15 if P = 100, H = 30, and D = 15

(A) Type of louver that increases the solar shading
elect and keeps the louver thin

Fig. 120 Examples of usage of louvers
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1.0 Building envelope solar shading performance and schemes

U Building envelopes of concrete structures, which account for the majority of housing structures in Zone VI,
have large heat capacities, and because it is difficult to cool these building envelopes due to their being
warmed by solar radiation heat, an unpleasant heat environment can occur due to this heat being released
inside the building at night if some sort of scheme to tackle solar radiation heat is not incorporated.

O In order to prevent this, it is essential to incorporate either of the following: (1) a scheme in which venti-
lated cavities are provided in the roof and the walls, by which heat is ventilated to the outside of the concrete
envelope, thereby inhibiting the influx of solar radiation heat by expelling heat via the ventilated cavities
(cavity ventilation); (2) a scheme in which a insulating material is applied to the outside or inside of the
building envelope (insulation); or (3) a scheme to increase the solar radiation reflectance of the outer sur-
face of the building envelope (solar radiation reflection).

[J Heat that penetrates walls in the summer is roughly divided into the two types of transmitted heat, one of
which is generated by the difference in temperature between a room and the outside air, and the other by
the penetrating solar radiation heat (the sum of the amount of direct solar radiation and the amount of dif-
fuse solar radiation). Insulation is effective against both types, whereas solar radiation reflection and cavity

ventilation are effective at reducing the amount of penetrating solar radiation heat.

O The characteristics of each scheme are as follows.
O (1) Cavity ventilation
Schemes involving cavity ventilation are related to the air change rate in the ventilated cavity parts.
Ventilated cavities that involve laying spreading blocks, sheet-like panels and other materials in the roof
are generally provided with holes allowing heat to escape to the air outside, thereby maintaining the re-
quired degree of ventilation.
O (2) Insulation
Schemes involving insulation are effective for areas such as roofs, where the temperature on the outer
surface increases due to direct solar radiation. Although increasing the insulation throughout the whole
house has the advantage of improving the heat environment during the winter, this has the side effect of
preventing heat from escaping from the rooms during the summer.
O (3) Solar radiation reflection
Schemes involving solar radiation reflection are aimed at improving the solar radiation reflectance of
exterior finishing materials for reflecting direct solar radiation. One method is to apply ordinary white or
pale-colored paints, which have high solar radiation reflectance, or heat-shielding paints to the surface of
the building envelope. However, since performance is believed to decrease due to long-term deteriora-
tion caused by UV radiation and soiling of the surface of the paint, maintenance such as periodic cleaning

or repainting is necessary in such cases.

O Various combinations of these schemes, which are aimed at the roof and the exterior walls of the building
envelope, are possible, but implementing multiple measures or enhancing the standards of the measures

will not necessarily lead to a reduction in cooling energy.

0 In subsequent chapters, we will explain the solar shading performance of the roof and the exterior walls of
the building envelope, and schemes related to this performance. Windows are components which are pen-
etrated by large amounts of solar radiation (See Key Point (3) on p.166 ), but because schemes involving the
selection of types of window glass and frames in temperate regions (See Section 4.3 for the use of double

glazing and low-E double glazing) prevent heat from escaping from inside the room to the outside, these
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cannot be said to be suitable for hot humid regions. Metal (aluminum) sash windows using ordinary single

glazing are generally used in hot humid regions.

2.0 Roofs

1)0 Methods and effects of solar shading
0 Roofs are the component most susceptible to solar radiation, and are therefore the component most in

need of solar shading measures, after windows, in the building envelope.

Chapter 4 O Correlations between roof solar shading schemes have the following characteristics:

Heat Control Technology of

Building Envelopes

(Elemental Technology O If solar radiation reflection is increased or insulation is incorporated, cavity ventilation has no significant
Application Method 2) effect

0 If solar radiation reflection is increased, insulation has no significant effect.

0 Therefore, selecting and incorporating one of solar radiation reflection, insulation, or cavity ventilation is
considered to be effective.

O In cases where it is not possible to use brightly colored building materials (for reasons of design or in
order to prevent inconvenience to neighbors due to solar radiation reflection), it is possible to use a
method that involves applying heat-shielding paints, as explained in Method 3 (Solar shading methods for
exterior walls).

0 Roofs on roofed balconies, which are common in Okinawa, can be regarded as providing a ventilated cav-
ity having sufficient ventilation, and are considered effective as a roof solar shading scheme for the first
floor of a house. Skylights are effective in terms of cross ventilation only if this type of solar shading de-
vice is present, but cannot be recommended without a solar shading scheme.

[ Table 8 shows differences in solar penetration rates due to differences in roof specifications. Thermal
resistance values of insulating materials and corresponding differences in specification are arranged in
the vertical direction, the presence/absence of ventilated cavities and differences in solar radiation re-
flectance are arranged in the horizontal direction, and solar penetration rates under these various condi-
tions are shown.

0 Even without insulation, Table 8 demonstrates that incorporating cavity ventilation or solar radiation re-
flection schemes makes it possible to reduce the solar penetration rate compared to no insulation with no
improvements.

0 In addition, even if cavity ventilation or solar radiation reflection schemes are not incorporated, Table 8
demonstrates that it is possible to reduce the solar penetration rate by installing insulation. By increasing
the level of insulation, the solar penetration rate decreases. But since maintaining a insulating material
with a thermal resistance value of 0.8 m2eK/W (corresponding to a 30 mm type 2 extruded polystyrene
foam insulating sheet installed) means that heat is prevented from escaping during the night or at other
times, the cooling energy reduction effect from increasing the thickness of the insulation is slight.

0 The solar penetration rates in Table 8 can be used when calculating M values by numerical calculation

(See Comment on p.170).

Table 80 Differences in solar penetration rates due to differences in roof specifications

Thermal No ventilated cavity Ventilated cavity
resistance Corresponding
value of energy Example of insulating Solar Solar Solar Solar Solar Solar
insulating conservation material specification radiation radiation radiation radiation radiation radiation
material standards reflectance | reflectance | reflectance | reflectance | reflectance | reflectance
(M?eK/W) o1 0.4 0.7 01 0.4 0.7
(o] - No insulation 0179 0.118 0.059 0.082 0.054 0.026
0.5 1980 Standards 20 mm type 2 extruded polystyrene foam insulating sheet 0.048 0.032 0.016 0.039 0.025 0.013
0.8 - 30 mm type 2 extruded polystyrene foam insulating sheet 0.033 0.022 0.011 0.029 0.019 0.009
11 Standard interest rates | 40 mm type 2 extruded polystyrene foam insulating sheet 0.025 0.017 0.008 0.023 0.015 0.007
1.3 1992 Standards 50 mm type 2 extruded polystyrene foam insulating sheet 0.022 0.015 0.007 0.020 0.013 0.006
17 = 50 mm type 3 extruded polystyrene foam insulating sheet 0.017 0.011 0.006 0.016 0.010 0.005
25 1999 Standards 75 mm type 3 extruded polystyrene foam insulating sheet 0.012 0.008 0.004 0.011 0.007 0.004

Note 1: Solar radiation reflectance values
0.1 = low reflectance (dark colored paints, etc.); 0.4 = moderate reflection (concrete, light colored paints, etc.); 0.7 = high reflection (white paints, etc.)

Note 2: Standard interest rates by the Okinawa Development Finance Corporation; construction specifications for houses for which the basic interest rate is applicable
(supplemental financing construction specifications were the same in the 1999 standards)
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Changes in ceiling surface temperature due to differences in roof specifications

0 The diagram shows ceiling surface temperatures in summer for a roof having typical

Key Point Glossary: Nocturnal radiation
specifications. Radiation energy trans-
0 Compared to the condition whereby no schemes are incorporated (no ventilated ferred between objects at

the same temperature as
the outside air and the
tion reflectance lowers the ceiling surface temperature by approximately 4°C during atmosphere above. On

cavity, no insulation, normal solar radiation reflectance), increasing the solar radia-

the day, and by approximately 0.4°C even at dawn. In addition, schemes that incor- clear nights during the
summer, there is a cool-
ing effect equivalent to
3.5°C during the day, and by approximately 1°C at midnight. the outside air tempera-

porate insulating materials lower the ceiling surface temperature by approximately

0 On the other hand, schemes that incorporate ventilated cavities lower the ceiling ture falling by 2°C or
surface temperature by approximately 3.5°C during the day, but cause the surface more.
temperature to rise above the temperature if no schemes are incorporated between

10.00 p.m. and 8.00 a.m. The reason for it being difficult for the surface temperature

to fall during the night is thought to be that heat discharge due to nocturnal radiation

is inhibited by ventilated cavities.

ood
No cavity ventilation,
- no insulation, normal
solar radiation
39 reflectance

No cavity ventilation,

37 O no insulation, high
solar radiation

reflectance

w
a

No cavity ventilation,
30 mm type 2
—@— extruded polystyrene
foam, normal solar
radiation reflectance

w
w

Cavity ventilation,
---A-- 1O insulation, normal

solar radiation

reflectance

w
s

ainyesadwal aoeyins Bulled

N
©

Outside air temperature

25 7 I i 7 7 i i 1 I ; I 7 7 7 7 1 1 1 7 7 7 7 1 | F
o ! ! ! ! ! ! ! ! ! [ ! [ ! ! ! ! ! ! ! ! ! SolarShadlng Methods for Zone VI 4.2
I R ey e o o o A o = = =) = | | I A= = |
AN M S WD O N0 0 0 d NI®MISTI DO NI | | T Hl N M |
| | | | | | | | e I B B I I | | PN NN |

m Calculation conditions
Fig.O Changes in ceiling surface temperature O Average values for each time [_)eriod between Aug. 1 a_nd 10 )
due to differences in roof specifications [J Room used for test: South-east-facing Japanese style room (without cooling)
[ Exterior walls: No cavity ventilation, no insulation, normal solar radiation reflectance, no overhangs

180
190
200
240

2)0 Typical solar shading specifications

Of the roof solar shading methods, here are examples of typical ventilated cavity specifications (Fig.
13).

0 In addition to be being a solar penetration countermeasure, this method in which a ventilated cavity is

provided by placing spreading blocks at the top of the roof greatly contributes to improving the durability

of roof slabs.

0 The edges of spreading blocks and other components need to be open to the outside air and constructed

so as to allow sufficient ventilation within the ventilated cavity. Additionally, the thickness of the ventilat-

ed cavity is preferably at least 30 mm. Use materials having excellent corrosion resistance (anti-rust
properties) for metal objects that fasten the roof bed and roofing materials.
U In Zone VI, standard methods using spreading blocks can be applied relatively easily to both existing and

new houses, but care must be taken if applying to an existing roof so as not to exceed the maximum al-

lowable load of the roof.

(A) Example using spreading blocks (B) Example using tiles or sheet-like panels of stone
Fig. 130 Examples of roof ventilated cavities
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Heat Control Technology of
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Glossary: Solar radiation

reflectance
The ratio of the energy
reflected to the incident
solar radiation energy be-
tween the visible region
and the near-infrared re-
gion.

Glossary: Long-wave radi-

ation emissivity
Any object radiates an
energy proportional to its
temperature (absolute
temperature) raised to
the power of four. Howev-
er, because this differs
depending on the surface
condition (color, etc.) of
an object, even for ob-
jects having the same
surface temperature, the
emissivity is the ratio of
the energy radiated by an
object to the energy radi-
ated by a perfectly black
body (a theoretical object
that completely absorbs
all radiation). Long-wave
means thermal radiation
having a relatively long
wavelength of approxi-
mately 3 y m or longer,
which excludes solar ra-
diation.

Solar radiation reflectance and long-wave radiation emissivity of material surfaces

e The diagram shows numerical values for the solar radiation reflectance and long-

Key Point

wave radiation emissivity of commonly used construction materials.
e The solar radiation absorbance values (A1) of material surfaces are plotted along the

lower horizontal axis, and the solar radiation reflectance values (A2) are plotted
along the upper horizontal axis. For construction materials that block the passage of
solar radiation, Al + A2 = 1. When investigating the shading performance of the
surface of exterior finishing materials, refer to the values for these materials.

¢ The long-wave radiation emissivity values (B1) of material surfaces are plotted along
the left-hand vertical axis, and the long-wave radiation reflectance values (B2) are
plotted along the right-hand vertical axis. For construction materials that block the
passage of solar radiation, B1 + B2 = 1. When investigating shading designs for the
inside of ventilated cavities or air space, these values are used.

Solar radiation reflectance (A2)
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Fig. Solar radiation reflectance and long-wave radiation emissivity of material surfaces
Reference: p.122, Architectural Design Data Corpus 1, Environment, The Architectural Institute of Japan, Maruzen, 1978

Comment e Schemes involving increasing long-wave radiation reflectance

One method of increasing the thermal resistance of
the inside of a building envelope is to improve the
long-wave radiation reflectance. This method involves
fitting a material that faces into a ventilated cavity in
the building envelope, that is, employing a material
(or paint) having a high long-wave radiation reflect-
ance either on the behind the exterior finishing mate-
rial or on the surface of the concrete, thus enabling a
significant reduction in the solar penetration rate.
This method can be used not only on ventilated cavi-

ties, but also on sealed air space.

Methods have been considered in which a ventilat-
ed cavity is provided and an exterior finishing mate-
rial lined with aluminum foil is then used, which can
be applied relatively easily to existing as well as new
houses, but because measures to counteract damage
caused by salt and other factors must be taken into
account in hot humid regions in particular, it can be
said that more study is needed in terms of construc-
tion methods and materials.
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Comment e Green roofs

1. Advantages of green roofs

Green roofs have the effect of limiting tem-
perature increases on roof surfaces by using
latent heat caused by a thermal transpiration
effect from plants or the ground. Green roofs
are often wrongly thought to alleviate indoor
temperature fluctuations by making use of the
insulating properties of soil, but because moist
soil has a thermal conductivity that is equal to,
or greater than, that of concrete, it can be said
the effect of green roofs is more based on a
thermal transpiration effect than insulation. In
addition, it is hoped that it will be possible to
improve the durability of building envelopes
made of concrete and other materials by cover-
ing roofs with soil or plants.

Moreover, the solar shielding effect of green
roofs can generally be thought of as equivalent

to providing a ventilated cavity.

2. Points to note when installing green roofs
Because there are many reinforced concrete

houses in Okinawa, it is easy to install green

roofs on both new and existing houses, but
consideration must be given to design, con-
struction, and maintenance matters.

[0 With regard to the selection of plants, it is
important to choose ones that are resistant
to salt damage. Greening with grasses is also
recommended from the perspective of deal-
ing with high winds and heavy rain during
typhoons. The table below gives examples of
plants used for green roofs in Okinawa.

[0 At the design stage, it is essential to consider
the maximum allowable load on a roof by
taking into account the load from the plants
after they have grown. In addition, providing

adequate drainage schemes and using con-

Table:O Plants used for green roofs

struction methods
that do not damage
the waterproof sur-
face of the roof are
important factors in
preventing water
leakage.

OIt is important to
make sure that occu-

piers are aware that

post-occupancy main-

tenance is particular-

ly important. In order for plants to grow
healthily, daily care such as pruning, water-
ing and fertilizing is essential. For reasons of
structural limitations and cost, examples of
thin layer greening (100-300 mm of light
soil) have been seen, but controlling the
moisture in the soil is difficult in such cases,
meaning that the plants sometimes die. In
order to prevent this, it is essential to install
a drainage system on the roof so as to con-
trol the moisture content of the soil on a
day-to-day basis. In addition, diligently
removing fallen leaves to prevent them from
blocking drains is an essential water leakage
countermeasure.

[ An assistance program has been established
in Naha to promote the greening of roofs and
walls of buildings. For green roofs, a degree
of financial assistance is provided for install-
ing greening facilities of 3 m2 or more or
planters of 1 m2 or more, namely 50% of the
construction costs or 5,000 yen per square
meter of greening, whichever is smaller, to a
maximum of 300,000 yen (Source: Naha
City Rooftop and Wall Greening Assistance

Guidelines).

Vitality Woody plants

Herbaceous plants

5 —

Zoysia matrella, El Toro/grass (hybrid)

Ligustrum tamakii Hatusima, Berchemia racemosa,

4 Thuarea involuta splendens sp., Nephrolepis auriculata

3 Scaevola frutescens, Crossostephium artemisioides, | Ruellia brittoniana .Leonard,‘ Wede/ia.bif/ora, Wedelia pros-
Zanthoxylum beecheyanum, Euonymus trichocarpus Hay | trata, Portulaca okinawensis, Sesuvium portulacastrum

2 Psychotria serpens Phyla nodiflora

1 _ Lobelia loochooensis, Sedum uniflorum, Blutaparon

Source: New Okinawan Housing Proposals, Okinawa Development Finance Corporation, September 2007

* The plants selected had been planted for two years and were suitable for green roofs (as of March 2005). Plants with a vitality of three or more are suitable for green

roofs (based on the Okinawa Commemorative National Park Management Foundation’ s Tropical Plants Research Report No. 26).

Ophiopogon japonicus Ker-Gawler, Miscanthus sp., Salvia

wrightii, Hedyotis biflora, Peperomia japonica
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3.0 Exterior walls

0 Regarding the solar shading of exterior walls, it is important to implement an external solar shading
scheme on both exterior walls and openings using such means as amahaji (semi-outdoor space with a deep
overhang) and blocks with decorative openings.

0 If it is found by confirming the exposure factor due to site conditions (Fig. 3 on p.176) that the solar shading
effect due to adjacent buildings and other factors is sufficient even compared to cases in which amahaji and
blocks with decorative openings have been installed, it is possible to omit these features.

0 If schemes involving amahaji and blocks with decorative openings have not been incorporated, the use of
schemes similar to roof schemes (cavity ventilation, insulation, solar radiation reflection) must be consid-
ered. However, since cavity ventilation and insulation have the drawback of preventing heat from escaping
during the night, detailed confirmation using M values is necessary. In addition, because solar radiation
reflection involves the use of bright colors or materials that reflect light, the effect on neighbors must be
taken into account.

J When suppressing the reflection of visible light and increasing the reflection of solar radiation, one method

is to utilize the characteristics of heat shielding paints (See Comment on p.187).

0 Table 9 shows differences in solar penetration rates due to differences in exterior wall specifications. Ther-
mal resistance values of insulating materials and corresponding differences in specification are arranged
vertically, the presence/absence of ventilated cavities and differences in solar radiation reflectance are ar-

ranged horizontally, and solar penetration rates under these various conditions are shown.

Table 90 Solar penetration rates by exterior wall specifications

Thermal No ventilated cavity Ventilated cavity (reference)
resistance | Corresponding
value of energy

Example of Solar Solar Solar Solar Solar Solar

insulating | conservation |nsu|:';:‘t_|ngt_mater|al radiation | radiation | radiation | radiation | radiation | radiation
material | standards SpECicaton reflectance | reflectance | reflectance | reflectance | reflectance | reflectance
(M2eK/W) 01 0.4 0.6 01 0.4 0.6

1980 Standards . .
o 1992 Standards No insulation 0157 | 0.097 | 0.064 | 0.077 | 0.050 | 0.032

15 mm bead method
0.3 1999 Standards | polystyrene foam| 0.067 | 0.043 | 0.029 | 0.045 | 0.030 | 0.019
insulating sheet

Note 1: Solar radiation reflectance values
0.1 = low reflectance (dark colored paints, etc.); 0.4 = moderate reflection (concrete, light colored paints, etc.); 0.6 = fairly high
reflection (heat shielding paints, etc.)

Note 2: Ventilated cavity construction method; selection of materials involved taking durability and other factors into account, but it is
thought that more study is needed.
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Comment e Heat shielding paints

Paints have become increasingly sophisticat-
ed in recent years. One such type of material is
heat shielding paints that have increased solar
radiation reflection. The diagram shows exam-
ples of reflectances of standard paints and heat
shielding paints at a variety of wavelengths.
With these two types of paint, there is little dif-
ference in terms of reflectance (10-40%) in the
visible light region, but in the near-infrared
region, which has wavelengths of longer than
800 nm, standard paints exhibit a reflectance
of 20-30%, whereas heat shielding paints

exhibit a reflectance of up to 80%.

It is true that many manufacturers are selling
heat shielding paints by stressing their insula-
tion performance, but it should be noted that
the effect of these materials is heat shielding
performance, not insulation performance.

In addition, heat shielding paints suffer from
long-term UV degradation and soiling in the
same way as ordinary paints, and therefore
also require periodic cleaning and maintenance
such as repainting. Please refer to the manufac-

turer’s application instructions for details.

== Gray heat shielding paint —— Standard gray paint = Black heat shielding paint
ESOD — Standard black paint == White heat shielding paint — Standard white paint
90
80 —
70

o
(o]

oourlos|al [enoads
a
o

o L
300 500 700 900 1100 1300

1500 1700 1900 2100 2300 25000nmf

Wavelength

Fig.O Results of reflectance measurements using heat shielding paints
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4.3 Solar shading methods for Zone V

Solar shading is a technology that aims to control
the excessive inflow of solar heat, reduce the amount
of energy used for cooling and improve comfort by ef-
fectively shielding solar radiation that would penetrate
buildings in summer and in-between seasons.

With regard to solar shading for openings, it is im-

portant to plan them in a way that solar gain in winter
is also achieved while cross ventilation and daylight

utilization are maintained.

4.3.1 Purpose and Key Points of Solar Shading

1.0 Reducing amount of energy used for cooling

O Solar radiation has a major effect on the thermal environment in a house. In winter, heating energy can be
reduced as the room temperature can be increased by gaining increased amounts of solar radiation heat. In
summer, however, since there is a need to use cooling to reduce the room temperature, which increases
because of solar radiation heat, the greater the amount of solar radiation is, the greater the amount of en-
ergy used for cooling becomes.

O The purpose of solar shielding is, as the expression suggests, to shade from solar radiation, thereby reduc-
ing the amount of solar radiation heat entering a building and cutting the amount of energy used for cool-

ing.

2.0 Maintaining cool rooms

U In order to keep rooms cool in summer and in-between seasons, solar shading is important along with cross
ventilation. In order to use solar shading efficiently, it is important to take into account the directional char-
acteristics of the components of the building envelope. By suppressing the amount of solar radiation heat
entering rooms, it is possible to limit the increase in room temperature and also limit the surface tempera-

ture on the interior walls and other surfaces.

Basic matters that are background knowledge for examining solar shading schemes
O Differences in the amount of solar radiation due to orientation

Key Point 0 The amount of solar radiation striking a building differs depending on the season
and the orientation of the components of the building (Fig. a). The amount of solar
radiation in the summer, when the solar altitude is high in the sky, increases greatly
on horizontal surfaces such as roofs, but for vertical walls, the amount of incident
solar radiation is larger on east- or west-facing surfaces and smaller on south-facing
surfaces. Understanding this characteristic of solar radiation is the key for effective

solar shading schemes.
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[J Dilerences in the amount of transmitted solar radiation due to transparent and non-transparent components

e As shown in Fig. b, solar radiation levels from transparent components such as win-

dows is far greater than from non-transparent components such as roofs or exterior

walls. Therefore, transparent components such as windows are important for

achieving adequate solar shading schemes.

In addition, the effect of external shading, which shades solar radiation on the out-
side, is greater than that of internal shading, which shades solar radiation inside Solar shading methods for Zone V- 4.3

openings.

e For non-transparent components such as roofs and exterior walls, solar shading

scheme is firstly to achieve insulation. In particular, roofs receive a large amount of
solar radiation heat, with their surface temperatures in summer reaching 60 to 70

degrees. However, extra insulation can enhance solar shading effect. Secondly,
methods should be considered such as using materials with high solar reflectance.

Fig. b
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4.3.2 Energy Conservation Target Levels for Solar Shading Schemes

1.0 Definition of target levels

0 Energy conservation target levels for solar shading schemes have been set at levels 1-3 as below and indi-
cate the reduction rate of energy consumed by cooling systems (Table 1).

O The cooling energy reduction rate can vary even at the same level depending on which direction the main
opening surface faces. Select the main opening surface and confirm which direction it faces out of south,
southeast or southwest, or east or west. If it faces an in-between direction, select the closest direction.

O Among openings facing each direction (we are referring to windows here), the main opening surface must
have a significantly larger opening area than the other directions. Please use the following conditions as
references when selecting the main opening surface (one of the following must be met).

a.[] The percentage of opening area facing the direction concerned compared to the total area of a building
is about 15% or higher.

b.0 The opening area facing the direction concerned is three times larger than opening areas facing the
other directions.

0 As for the cooling energy reduction rate, the state at level 0 where solar shading measures are not particu-
larly implemented is used as a reference in the case of main opening surface facing the south. When the
main opening surface faces southeast or southwest, or east or west, special attention is required as cooling
energy increases at level 0.

Table 10 Target levels for solar shading schemes and energy saving effects

Direction of main opening surface

Target level

South Southeast or southwest East or west

Level O No cooling energy reduction | 30% cooling energy 10% cooling energy
(standard conditions) increase rate increase rate

Level 1 1_5% cooling energy reduc- 2_0% cooling energy reduc- 20% cooling energy reduc-
tion rate tion rate tion rate

Level 2 30% cooling energy reduc- 25% cooling energy reduc- 25% cooling energy reduc-
tion rate tion rate tion rate

Leval 8 45% cooling energy reduc- 35% cooling energy reduc- 35% cooling energy reduc-
tion rate tion rate tion rate

U In the case of partial intermittent cooling, the standard cooling energy consumption as of 2000 was 5.7 GJ
(approximately 8% of overall energy consumption) (See Section 6.1 on p.339).

0 Several components such as openings, roofs and exterior walls are related to solar shading. In this docu-
ment, of these components, the focus is placed on “solar shading methods for openings” where cooling
energy reduction effects are confirmed through trial calculation. For each target level, values of “solar
penetration rate at openings” obtained by implementing solar shading methods at openings are used as
guidelines.

2.0 How to achieve target levels

1)0 Target levels and solar penetration rate at openings

[ The target level for energy conservation through solar shading can be achieved by implementing meas-
ures that meet standard values of solar penetration rate at openings (Table 2).

0 Solar penetration rate indicates the ratio of heat that flows into a building out of incoming solar radiation
heat. It is also called solar heat gain coefficient. The smaller it is, the higher solar shading performance
is.

0 The standard value of solar penetration rate at openings varies depending on the directions of openings.
The amount of heat gain at an opening facing north (within the range of true north +30°) is smaller than
that at openings facing other directions (See Fig. a on p.189). Therefore, the necessity of solar shading
schemes becomes relatively smaller while the standard value of solar penetration rate becomes greater
than those of openings facing other directions.

0 In order to achieve target levels, be aware that it is necessary to implement solar shading schemes which
correspond to standard solar penetration rates for openings facing true north +30° as well as other direc-
tions (true south +150°).

0 Solar penetration rates at openings are set in accordance with the existing energy conservation standard.
Level 1 conforms to the 1992 energy conservation standard and level 2 conforms to the 1999 energy

conservation standard. Level 3 is based on performance levels superior to them.

[ Fig. 1 shows the differences between these three levels.
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Table 200 Target levels of solar shading schemes and how to achieve them

Standard values of solar penetration rates at openings X
Target level Energy conservation
True north + 30° Range other than the direc- |Standard to conform to
u - tion listed in the left column
Level O Approx. 0.79 Approx. 0.79 O
1992 energy conserva-
Level 1 0.79 or below 0.60 or below g g
Level 2 0.55 or below 0.45 or below 1999 energy conserva-
tion standard
Level 3 0.55 or below 0.30 or below O

Fig. 1 True north + 30° Other directions (true south + 150°)

Standard values of
solar penetration
rate at openings by
direction

1.00

0.79 /\

Buluado ye ayel uonensuad lejos

Level 1
0.60
055
/\ Level 1
0.45 { }
0.30 Level 2 Level 2
Level 3
Level 3
2)00 Methods for calculating solar penetration rates at openings
0 Solar penetration rates at openings are determined by how thoroughly measures are implemented for Solar shading methods for Zone V- 4.3

solar shading components, such as glazing, curtains and blinds, as well as for overhangs/eaves (herein-

after referred to as “overhangs”). When these factors are combined, the solar penetration rate is obtained

by using the following simple calculation method.

0 Solar penetration rate at opening = Solar penetration rate of glazing x shading coefficient of solar shading

components x shading coefficient of overhangs

0 Solar penetration rate of glazing, shading coefficient of solar shading components, and shading coeffi-

cient of overhangs each have determined values according to glazing specifications, component types,

and whether overhangs exist or which directions they face, respectively (See Comment on p.193). Sub-

stitute relevant values to the formula above to obtain solar penetration rate at opening.

0 The performance improvement rate of each solar shading compo-

nent, such as glazing and blinds, will appear as the difference in solar 0.3 h or more as a guide

shading performance in cases where they are combined.

0 When there are no overhangs, etc., or when conditions in Fig. 2 are

not met even if there are overhangs, etc., the shading coefficient is 1,

which means that a decrease in solar penetration rate through over-

hangs, etc. cannot be expected. It is necessary to adjust the projec-

h: Level diCerence between
[0 the bottom of window and
[J overhang, etc.

tion of overhangs and eaves according to the height of openings.

0 Table 3 shows the result of calculating the solar penetration rate of

. . . . . Fig. 2 Overhangs, etc. effec-
openings which combine glazing, solar shading components and tive for solar shading
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Glossary: Low-E double glazing
The glass coated with
special metal film (low-
emissivity: low-E film) is
generally known as low-E
glazing. A structure
wherein this low-E double
glazing is used for the
outer pane of double glaz-
ing (a special metal film
faces the air space) is
called “heat shielding low-
E double glazing”, since it
offers high solar shading
performance. Further-
more, a structure wherein
low-E glazing is used for
the inner pane is called
“insulating low-E double
glazing”, since it places a
higher value on insulation
performance than heat
shielding performance.

Glossary: Heat shielding double glazing
Double glazing which
uses glass with high so-
lar shading performance
for the outer pane is
called heat shielding dou-
ble glazing. Heat reflect-
ing glazing or heat ab-
sorbing glass may be
used for the outer pane of
double glazing.

Other directions
(true south + 150°)
oooo

- ov
0.600.79
0.550 0.

— Level 1
0.450 0.55
[G55088] .o 2

N ET

Direction of

overhangs.
true north + 30°

0 The differences in color in the table indicate the correspondence

relationship with levels. Level 1

Level 2
Level 3

Table 30 Solar penetration rate obtained through the combination of glazing, solar shading components and overhangs, etc.
(1) Without overhangs, etc.

ola ad Jd 0 pone pe
azing spe atio
one ee a ernal olind Pape aing aoo ernal plina
Regular single glazing 0.88 0.56 0.46
Regular double glazing 0.79 0.52
Regular triple glazing 0.71 0.50
Insulating low-E double glazing (12 mm air space) 0.63 0.48
Insulating low-E double glazing (6 mm air space) 0.62 0.47
Heat shielding low-E double glazing (12 mm air space)
Heat shielding low-E double glazing (6 mm air space)
Heat shielding double glazing (2 types of heat reflecting glazing, 6 mm air space)
Heat shielding double glazing (3 types of heat reflecting glazing, 6 mm air space)
Heat shielding double glazing (Heat absorbing glazing, 6 mm air space) 0.57
2 types of heat reflecting single glazing 0.48
3 types of heat reflecting single glazing
Heat absorbing single glazing 0.68 0.47

(2) With overhangs, etc./Directions other than true south + 30°

Solar shading component type
Glazing specifications
Sheer curtain | Internal blinds | Paper sliding door | External blinds

Regular single glazing

Regular double glazing

Regular triple glazing

Insulating low-E double glazing (12 mm air space)

Insulating low-E double glazing (6 mm air space)

Heat shielding low-E double glazing (12 mm air space)

Heat shielding low-E double glazing (6 mm air space)

Heat shielding double glazing (2 types of heat reflecting glazing, 6 mm air space)

Heat shielding double glazing (3 types of heat reflecting glazing, 6 mm air space)

Heat shielding double glazing (Heat absorbing glazing, 6 mm air space)

2 types of heat reflecting single glazing

3 types of heat reflecting single glazing

Heat absorbing single glazing

oo oo
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(3) With overhangs, etc. / Directions of true south + 30°

Solar shading component type

Glazing specifications

Sheer curtain | Internal blinds | Paper sliding door | External blinds

Regular single glazing

Regular double glazing

Regular triple glazing

Insulating low-E double glazing (12 mm air space)

Insulating low-E double glazing (6 mm air space)

Heat shielding low-E double glazing (12 mm air space)

Heat shielding low-E double glazing (6 mm air space)

Heat shielding double glazing (2 types of heat reflecting glazing, 6 mm air space)

Heat shielding double glazing (3 types of heat reflecting glazing, 6 mm air space)

Heat shielding double glazing (Heat absorbing glazing, 6 mm air space)

2 types of heat reflecting single glazing

3 types of heat reflecting single glazing

Heat absorbing single glazing

Comment e Simple calculation method for solar penetration rate of opening

The solar penetration rate of each opening of
housing can be calculated, if (1) glazing type,
(2) solar shading component and (3) over-
hangs, etc. (their directions) are determined,
based on the formula (1) x (2) x (3) shown

below. However, as for the comprehensive

(1) Solar penetration rate of glazing

o
o
o

0.6 0.8

solar penetration rate of an opening, more
detailed calculation may be necessary, strictly
speaking, as slightly complicated mechanisms
such as the interaction between glazing and

solar shading components are involved.

X (2) Shading coel cient of X
0O solar shading component

Regular single glazing

0.88

Regular double glazing

|

0.79

Regular triple glazing

[
#om

Insulating low-E
double glazing
(12 mm air space)

Insulating low-E
double glazing
(6 mm air space)

0.62

———

Heat shielding low-E
double glazing
(12 mm air space)

Heat shielding low-E
double glazing
(6 mm air space)

Heat shielding double glazing
(2 types of heat reflecting
glazing, 6 mm air space)

Heat shielding double glazing
(3 types of heat reflecting
glazing, 6 mm air space)

Heat shielding double glazing
(Heat absorbing glazing,
6 mm air space)

2 types of heat reflecting
single glazing

3 types of heat reflecting
single glazing

Heat absorbing
single glazing

* 069

Fig.
Simple calculation
data on solar pene-
tration rate of open-
ing

(3) Shading coel cient of
0 O overhangs, etc.

O 02 04 06 08 1

Without

overnancs. [

etc.

overhangs,

Directions other than
true south + 30°

overhangs,
True south + 30°

* See Fig. 2 on p.191 for the

conditions of overhangs,
etc. elective for solar
shading.

1 0.0 0.5 1.0
N 1.00
one 1.00
Sheer curtain 0.67 With
0.73
Internal blinds 057 .
0.65 With
Paper sliding door 0.48
0.59
External blinds 0.22
0.21
DGlazing specifications 1: Regular single glazing

* With regard to the type of glazing not listed
above, use the numerical values provided by

manufacturers.

Regular double

glazing

-Glazing specifications 2: Glazing listed if* (1) Solar
penetration rate of glazing”
other than the types above

* With regard to solar shading compo-
nents not listed above, use the numeri-
cal values provided by manufacturers.




Comment e Solar penetration rate measurement results

Recently, the measurement of an opening’s sunshine. Fig a shows part of the measurement
comprehensive solar penetration rate has results (case of metal frame with thermal

become possible thanks to the use of artificial break).
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Fig all Measurement results of solar penetration rate of opening
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Fig b0 Solar shading components used for measurement

3)0 Handling roofs, exterior walls, etc.

0 As for non-transparent areas of roofs and exterior walls, if insulation described in “4.1 Insulated Building
Envelope Planning for Zone V” is applied, solar penetration rates are much lower compared to transpar-
ent areas. Therefore, they are not handled as elements related to the achievement of target levels. How-
ever, since the size of roofs and exterior walls is large and their influence on cooling load is not small,

their handling methods are explained in “4.3.4 Solar shading methods”.
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4.3.3 Steps for Examining Solar Shading Technology and Setting Target Levels
1.0 Steps for examining solar shading technology

Step 100 Confirming the site condition / Setting target levels

» Confirm solar radiation which buildings receive according to the site condition.

» Examine opening layout planning that takes solar radiation into account while consid-
ering conditions such as views. Then, set target levels for solar shading schemes.

v

Step 2: Examining solar shading methods for openings — Method 1

1) Selecting windows effective in solar shading
2) Solar shading for openings using solar shading components
3) Solar shading for openings using overhangs, etc.

v

Step 3: Examining solar shading methods for openings - Method 2

1) Using roofing with high solar reflectance
2) Solar shading through attic ventilation (in the case of ceiling insulation)
3) Solar shading through roof ventilation control (in the case of roof insulation)

v

Step 4: Examining solar shading methods for exterior walls — Method 3

1) Using exterior wall materials with high solar reflectance
2) Solar shading through exterior wall ventilation control

v

Step 5: Examining solar shading methods for others — Method 4

1) Prevention of reflected heat
2) Solar shading with garden trees

N\, d N
—| | — \
P ~ \\ Ridge ventilation (attic ventilation)
/T\ . Roofing with high
N N solar reflectance
N N
\ \\
N S \ .
N N External blinds
N S N
N N N
\ \
N ) N

N b ) Ry
~ Exterior wall materials with,
\h\igh solar reflectance
N

N
N N ~

Reinforced insttion

\
\\ \ N
N \ \ P
\\ \\ N N of building envelope
. Garden trees  * Overhangs Exterior wall ventilation
\ \ o
\ .
N Bamboo biinds
N Q N
N
\

::l Curtain, blinds '1

N

N

Prevention of reflected heat using lawn, etc.

/’
o000c0000ab0f

Window with high solar shading performance

Fig. 30 Overview image of solar shading methods

Solar shading methods for Zone V- 4.3
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2.0 Confirming surrounding conditions of building and setting target levels

By confirming the surrounding conditions of the building and planning layout of openings to take solar ra-

diation into account, set the target levels of solar shading for openings.

1)0 Confirmation of surrounding conditions of building
0 The necessity of solar shading varies depending on the level of solar shading which a building receives
in summer and in-between seasons. Therefore, it is necessary to confirm the surrounding conditions of
the building and predict the level of solar radiation which the building receives.
0 Solar radiation level may be lower in the case of sites where hours of having shade are long due to sur-
rounding buildings or the case of small sites where space between neighboring buildings is small such

as small sites in cities. In these cases, the necessity for solar shading schemes is thought to be lower.

2)0 Layout planning for openings which takes solar radiation into account
O In order to achieve as much solar shading as possible in summer and receive more solar radiation in
winter, it is important that the direction of openings is southerly.
0 If openings have to face east and west when taking into consideration views or their relationship with
roads and neighboring houses, it is essential to use solar shading components.
J When openings are created facing the southerly direction (true south +30°), great solar shading effects

through overhangs, etc. can be expected (See Fig. (3) of Comment on p.193).
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4.3.4. Solar shading methods
0 A

[J When solar shading schemes are not implemented for openings, temperature inside a building will rise in
summer and in-between seasons, leading to a loss of comfort as well as a significant increase in cooling
energy.

0 Fig. 4 shows the comparison of window surface temperature between a window with external blinds and a
window with internal blinds. When solar shading is done inside the building, such as with internal blinds, it
is clear that the window surface receiving solar radiation increases in temperature like a large panel heat-
er.

O Solar shading methods for openings can be divided into types shown in Table 4, and it is necessary to select

an appropriate method according to conditions.

External = Intérnal blinds

(N utra}\color)

37.01

E 1

355

34.04

¢ SHEE

Fig. 40 Comparison of window surface temperature with the use of blinds

Table 40 Solar shading methods for openings and effe