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General introduction

®Japan is a country with wals Others
currently about 123 million ;',?jp'ta s
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million m2. Warehouses
®New housing starts totaled Factories '
i illi and
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units.
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Japan (2022)
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Building airtightness
1. Introduction

®|n Japan in 1992, as a standard in cold regions, a house with ELA ¢ of 5.0 cm?/m? or less
(approximately gggo< 8.5 m3/h/m?, ACHs, < 7.7 h'l) was defined as an airtight house.

®In 1999 revised notification, the ELA4 ¢ was divided into areas with 2.0 cm2/m? (approximately
Geso= 3.4 m3/h/m?, ACHs,=3.1h")or less and areas with 5.0 cm?/m?, and became nationwide
specifications.

®In 2003, "JIS A 2201 Test method for performance of building airtightness by fan pressurization"
was enacted, and revisions to the Building Standards Law mandated the installation of
mechanical ventilation equipment as a countermeasure against sick house syndrome.

®In 2009, the standard value for building airtightness was deleted based on the judgment that
the airtightness of housing was widely known and construction was being carried out.

®However, in 2020s, some local governments began to establish and certify standards for
building airtightness.
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2. Airtightness indicator

®The airtightness indicator used in Japan standards is effective (or equivalent) leakage area per
the floor area at 9.8 Pa (1 mmAq originally used) pressure difference (ELAy ).

®The effective leakage area at the reference pressure difference (ELA ) is calculated at the test
reference pressure differences across the building envelope.

®As defined in ISO 9972 the specific effective leakage area is an effective leakage area per the
envelope area (ELA,) or per the floor area (ELA;,,) at the reference pressure difference (pr).

vq=Clp)" (eq.1)

3600 [2
vq= 0000 ELApr ;Ap (eq.2)
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Unit conversion for building airtightness

ELAvas [cm?/m?] [ qesa [m?/(h.m?)] | ACHzo [1]

Detached houses (2 stories building, floor area of 125.9 m?, height of 5.0 m, envelope area of 285.1 m?, internal
volume of 314.7 m?, air flow exponent n of 0.6)

0.5 0.9 0.8
1 1.7 15
2 3.4 3.1
5 8.5 7.7

Apartment buildings (Dwelling unit, floor area of 46.9 m?, height of 2.4 m, envelope area of 159.56 m?, internal
volume of 112.56 m?, air flow exponent n of 0.6)

0.2 0.2 0.3
0.5 0.6 0.8
1 11 1le
2 23 3.2
3 3.4 4.8
5 5.7 8.1
8 9.1 12.9
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3. Requirements and drivers
Building airtightness requirements in the regulation

@®Currently in
Japan, there are
no national
building
airtightness
requirements in
the regulation.

®0n the other
hand, local
governments are
making efforts to
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Starting Apr. 1, 2023

Revised Apr. 1, 2022

Starting Apr. 15, 2023

Starting Jul. 1, 2020

New construction:
ELAfo 3 <0.5 cm?/m?
(Approximately geso< 0.9
m?/ (h.m?)}
Refurbishment:
ELAfsg € 1.0 cm?/m?
(Approximately geso< 1.7
m?/ (h.m?)}

ELAfo g < 1.0 cm?/m?
(Approximately geso< 1.7
m?/ (h.m?))

New construction:
ElAfog £ 1.0 cm?/m?
(Approximately geso< 1.7
m?/ (h.m?))

ElAfss < 1.0 cm?/m?
(Approximately geso< 1.7
m?/ (h.m?))
Refurbishment housings
are recommended value

Common standards for

Applies to newly built

New detached wooden

Energy-saving standards

variety of research, technological development and outreach activities related to

improve detached houses and dwellings and existing houses are eligible for building detached
airtightness apartment buildings dwellings with overall houses
’ thermal insulation
refurbishment
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Incentive for Building airtightness
Building airtightness justifications
®Local governments set standards for building About us
airtightness in addition to standards for insulation, i ouer to cntivute to the achievement of the sustainabie Development Gools
etC., an d pa rtia | |y su bSidize ConStruction COStS. (SDGs), Institute for Built Environment and Carbon Neutral for SDGs (IBECs) conduct a lBECS

®Airtightness tests are not mandatory, but it must
be done in accordance with JIS A 2201 in order to
receive subsidies for construction costs from local
governments.

@ Airtightness measurements are performed by

airtightness measurement technicians registered by

IBECs (Institute for Built Environment and Carbon
Neutral for SDGs).

®Airtightness tests are not compulsory, so there is
no penalty.
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housing, architecture and cities, including the built environment and energy conservation.

Activities and Achievements (excerpt)

=BEST
BEST (Building Energy Simulation Tool) is an effective computer simulation program for building energy
research and evaluation, BEST is capable to analyze not only the performance of building envelope and HVAC
system, but also lighting, water use, and additional equipment loads such as elevators.

mCASBEE

CASBEE (Comprehensive Assessment System for Built Environment Efficiency) is a
method for evaluating and rating the environmental performance of buildings and the
built environment.

CASBEE has been designed to both enhance the quality of people's lives and to reduce

the life-cycle resource use and environmental loads associated with the built
environment, from a single home to a whole city. Consequently, various CASBEE
schemes are now deployed all over Japan and supported by national and local governments.

https://www.ibecs.or.jp/english/index.html




4. Building airtightness in the energy performance
calculation

@®In Japan, there is an evaluation program for energy efficiency and conservation standards for
residential and non-residential buildings, but there is no input item for building airtightness.

@®This is based on the judgment that the airtightness of houses is well known nationwide and

Stretahable alrtlght tape
/ -

that construction is being carried out.

Phenolic foam panel

Moisture-permeable
waterproof sheet

Filling insulation Outside insulation walls Urethane foam insulation
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5. Building airtightness test protocol

®|BECs is conducting a training project for building
airtightness measurement technicians for houses,
etc.

®Those who have mastered the measurement
methods based on JIS A 2201 are considered airtight
measurement technicians.

® After taking the course, those who have passed the
written examination can apply for airtightness
measurement technician.

®About 500 people pass the exam every year.
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6. Building airtightness tests performed

OTested buildings

®There is no official data available of buildings
airtightness tested.

®|n Japan, it is common to measure the building
airtightness of houses, and non-residential
airtightness measurements are rarely performed

except for special buildings.
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Grade 1 2 3 4 5 6
ELAros | 041| 071 125 224 41 7.1 125 | 224
[em/m] 03 053 095 1.7 30 53 95 170 30
ODatabase :

®Figure shows changes in the building
airtightness of dwelling units in housing
complexes by the authors.

Qes0 03 0.6 11 19 34 6.0
[m?/(h.m?)]

Kanagawa A (i
(Construction in 1971, retrofitted
and measurement in 2006 )

(3.7, 4.2) @—e (4.4,5.0) iiv]elling unit.
(2.1, 2.4) @——e (3.2, 3.6) gzvzelling unit

Tokyo B 12

i i i (27,310 +(82,9.3)
/The qESO of dwelllng Unlt-S around 1970 is (Construction in 1967, retrofitted Dwelling unit Dwelling unit
about 5 m3/h/m? (approximately ACH.,= 8 h'%). and measurement in 2006) B-2 B-1

v'The gy, of dwelling units after 2000 is less 1
m3/h/m? (approximately ACH.,= 1.5 h'%).

Kanagawa C il
(Construction in 1970, retrofitted and
measurement in 2007)

28,32 @&——4 46,52
33,380 46,52

Dwelling unit C-1
Dwelling unit C-2

20,23 @ € 39,44
Dwelling unit Dwelling unit
v'On the other hand, airtight retrofitting of && &l

stock buildings will be around openings., and

After retrofit @ Before retrofit

the ggso are improved to about 3.5 m3/h/m? 08,09 Kanagawa D (2 dwelling units)
(approximately ACH..=4.8 h—l) Min. Ave. Max. 07 )@Y (Construction in 2004 measurement in 2008)
50 : . [ S E— . .
05, 0.6 Tokyo E (3 dwelling units)
02,020+ 04HHO06 (Construction in 2007, measurement in 2009)
Dwelling
unit E5 0-3+0-9 Kanagawa F (1 dwelling unit)

(Construction in 2006, measurement in 2012)

Tokyo G (2 dwelling unit)

(34,3.9) = (45,5.1)

(Construction in 1979, measurement in 2014) Middle Ground
floor floor
Tokyo H (2 dwelling unit) (8.1,9.2) = (134, 15.2)
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+ Conventional structure

(Filling heat insulation)

ODatabase 1.0 ‘
r Conventional structure
09
|a

®Figure shows the relationship between building
airtightness and the air flow exponent n for 233
detached houses from 2015 to 2020.

(Outside heat insulation wall)
Alnserting panel construction

+
v'Over 75% of detached houses have g, of 1.7 'JE ® Two-by—four construction
m3/h/m? (approximately ACH.,= 1.5 h'!) or less.

+
Aty
c ‘R‘H’ 4 Conventional structure
(Urethane foam insulation)
+

H+
ot s y =-0.0093x + 0.6796
+ + R2=0.0176
05 +——— —
0 2 4 6 8 10
(0 34 6.8 10.2 13.7 171

ELAgg g [cm?/m?] (qgso [M3/(h.m?)])
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Airtight retrofit work

Sash retrofit of reinforced concrete housing Airtight retrofit of a detached house by
complexes spraying urethane foam insulation
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7. Guidelines to build airtight

®AlJ (Architectural Institute of Japan) is currently formulating academic standards to improve
building airtightness of houses.

@®In addition, a consortium study group on building airtightness of non-residential buildings has
been established.

{—General Egntilation only (open)

Range hood only (open)

=

Range hood only (closed)

-100 \ \

“s..  ®-93
\__General ventilation ~
only (closed) -103 ~m 117

General ventilation
(open) + Range hood

Pressure Difference pi—p,[Pal
1
8

General ventilation{open}+Range hood /-141

Not renovated Airtight renovation Insulation and airtight “1eo

renovation Mode of range hood switch
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Low Mid High

-47

-85

AIJES (Architectural Institute of Japan Environmental Standards)
Standard for Building Airtightness

®An example of table of contents
v'Building airtightness performance standards
v'Planned ventilation and building airtightness

v'Improvement of thermal environment and heating/cooling energy consumption through
building airtightness retrofit

v'Required building airtightness and achievable airtightness standards
v'Building airtightness and gap (openings) evaluation methods
v'Methods of measuring building airtightness performance
v'Installation position of air barrier and condensation inside the wall
v'Building airtightness and problems

v'Etc.,
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8. Conclusions

®Japanese buildings ensure a certain degree of building airtightness.

®The awareness on building airtightness in Japan is growing again but there are still very few
non-residential buildings that are tested.

®This is probably because airtightness testing of non-residential building is difficult.

®However, research consortiums have started up, and it is expected that interest in building
airtightness for non-residential buildings will increase in the future, and databases will be
created.

®|n the case of housing, local governments are setting standards for building airtightness in some
cases, and the number of airtightness testers is also increasing.
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Ductwork airtightness

®|n Japan, the ductwork airtightness has not been really considered so far.

®There is no national regulation nor guideline on this subject, so there is no requirement on the
airtightness level of ductworks.

®Ductwork airtightness is important for ventilation and energy saving.

®But, there are only rare cases in which clients request a ductwork airtightness test.
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Thank you for your attendance
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