Towards high quality, low-carbon ventilation in
airtight buildings

AIVC International Workshop
Tokyo, Japan
18-19 May 2023

Workshop description

NILIM and BRI of Japan, together with the Air Infiltration and Ventilation Centre (AIVC) organized a workshop entitled
“Towards high quality, low-carbon ventilation in airtight buildings" held on 18-19 May 2023 in Tokyo, Japan.

The 2-day workshop provided the opportunity to Japanese researchers and engineers, as well as international experts
visiting Japan, to present and discuss recent developments in relation to ventilation and airtightness. The workshop
was organized in 5 thematic sessions.

In the opening session, a representative of the ministry in charge of Japanese policies toward zero carbon buildings in
2030 and 2050 described the latest concrete policy measures including energy efficiency. Latest evolutions in
regulations and standards on energy performance and ventilation in Europe and the US were presented.

In the session for IEA EBC Annexes (international collaborative R&D projects), which are relevant to ventilation, latest
outputs from 1) technologies for gas-phase air cleaning (Annex 78), 2) side-by-side management methods of indoor air
quality and energy efficiency (Annex 86) and 3) personalized environmental control system technologies (Annex 87)
were presented.

An airtight building envelope is essential especially in order to avoid heat loss due to air leakages. In non-residential
buildings, in addition to wind and stack effects, air pressure caused by HVAC systems may worsen the heat loss due
to the air leakages. However, it seems that effective techniques for improving the airtightness in non-residential buildings
have not yet been shared enough among Japanese building engineers and researchers. Some existing approaches in
Europe, North America and Japan and future perspectives for standardization were discussed in the airtightness
session.

In the session on approaches to search for more energy efficient and reliable ventilation systems, the latest standards
for testing heat recovery effectiveness in laboratories were reviewed with test examples, in which key characteristics of
products influential on the actual effectiveness were demonstrated. Characteristics of the Japanese market of energy
recovery ventilators and improvements in the latest products were analyzed. Performance assessment of other energy
efficient ventilation strategies and smart ventilation was also discussed.

In the session on the role of ventilation in infection control, a Japanese government proposal in July 2022 on effective
ventilation to avoid infections by large aerosol and small floating aerosol diffusion was reviewed with some actual
infection case studies. Also, the characteristics of aerosol transmission route of respiratory pathogens and their
mitigation strategies were discussed by building physics researchers, collaborating with medical experts in the
committee dedicated to the Japanese infection control strategies. Other presentations discussed new developments in
ventilation standards and regulations, and advances in measurement techniques.
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Programme

Day 1 — Thursday May 18" 2023
Opening
Chairs: Takao Sawachi (BRI), Peter Wouters (INIVE)
09:00 Welcome on behalf of NILIM Takahiko Hasegawa (Deputy Director- mp4
General, NILIM, JP)
09:10 Welcome on behalf of BRI and overview of IEA-EBC Takao Sawachi (EBC Executive Committee mp4
Chair, JP
09:20 Overview of AIVC, TightVent, venticool & IEQ-GA Arnold Janssens (AIVC Operating PPT mp4
Agent/INIVE/UGent, BE)
09:30 Japan’s Policy toward Carbon Neutrality in the Housing Takashi Imamura (Housing Bureau-MLIT, JP) | Abstract | PPT mp4
and Building Sectors
09:55 Context and policies for energy and ventilation in Europe, Jaap Hogeling (EPB-Center/REHVA/ISSO, Abstract | PPT mp4
new evolutions in EPBD NL)
10:20 Ventilation standards in the US lain Walker (LBNL, USA) Abstract | PPT mp4
10:45 Break
IEA-EBC Annexes
Chairs: Hilde Breesch (KU Leuven), Kazuhide Ito (Kyushu University)
11:15 A general overview of IEA-EBC Annex 78: Supplementing | Pawel Wargocki (DTU, DK) Abstract | PPT mp4
ventilation with gas-phase air cleaning, implementation
and energy implications
11:30 International standardization of testing perceived air Kazuhide Ito (Kyushu University, JP) Abstract | PPT mp4
quality and the supporting information from in silico model
for transport efficiency of acetone from indoor to olfactory
epithelium cells
11:55 An update on |IEA-EBC Annex 86: Energy efficient smart Jelle Laverge (UGent, BE) Abstract | PPT mp4
IAQ management in residential buildings
12:10 Dallying with DALYs: a harm-based approach to IAQ Benjamin Jones (Nottingham University, UK) | Abstract | PPT mp4
acceptability
12:35 Break
13:35 IEA-EBC Annex 87: Energy and indoor environmental Bjarne Olesen (DTU, DK) Abstract | PPT mp4
quality Performance of Personalised Environmental
Control Systems (PECS)
13:50 Personal environment comfort system (PECS) for Shin-ichi Tanabe (Waseda University, JP) Abstract | PPT mp4
improving thermal comfort and IAQ in a zero energy
building
14:15 Discussion
Quality assurance of ventilation and heat recovery systems
Chairs: Alireza Afshari (Aalborg University), Masaki Tajima (Toyohashi University of Technology)
14:35 Actual effectiveness of energy/heat recovery ventilators in | Tetsutoshi Kan (Better Living, JP) Abstract | PPT mp4
buildings: how is it influenced by key design factors and
testing results (airflow, airflow ratio, unit exhaust air
transfer ratio)?
15:00 Latest trends and technologies of energy recovery Junichi Takahashi (Mitsubishi Electric co, JP) | Abstract | PPT mp4
ventilators in Japan
15:25 Break
15:55 Performance assessment framework for smart ventilation Hilde Breesch (KULeuven, BE) Abstract | PPT mp4
systems
16:20 Effect of indoor temperature differences and zoning on the | Jelle Laverge (UGent, BE) Abstract | PPT mp4
performance of energy efficient ventilation strategies for
domestic buildings
16:45 Discussion
I
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https://youtu.be/5TpKW-jiYOw
https://youtu.be/XL1X9STpIAc
https://youtu.be/I9Au-RScGZo
https://www.aivc.org/system/files/AIVC_Workshop_2023_Imamura.pdf
https://youtu.be/4DY8pYZGVAU
https://www.aivc.org/system/files/AIVC_Workshop_Abstract_JH.pdf
https://youtu.be/VlX_z2V9Gpc
https://www.aivc.org/system/files/AIVC_Workshop_2023_IW3.pdf
https://youtu.be/vE1Fun2UG4E
https://www.aivc.org/system/files/AIVC_Workshop_2023_PW.pdf
https://youtu.be/B_OFnJslu6A
https://www.aivc.org/system/files/AIVC_Workshop_2023_Ito.pdf
https://youtu.be/Int-2t_6Y74
https://www.aivc.org/system/files/AIVC_Workshop_2023_JL2.pdf
https://youtu.be/ZhYE-JKYoHs
https://www.aivc.org/system/files/AIVC_Workshop_2023_BJ.pdf
https://youtu.be/oij9BvqMHlk
https://www.aivc.org/system/files/AIVC_Workshop_2023_BO2.pdf
https://youtu.be/Lnt-nLjp9GU
https://www.aivc.org/system/files/AIVC_Workshop_2023_Tanabe.pdf
https://youtu.be/QdVPIC7E2ns
https://www.aivc.org/system/files/AIVC_Workshop_2023_Kan.pdf
https://youtu.be/29JHtX4zOSM
https://www.aivc.org/system/files/AIVC_Workshop_2023_Takahashi.pdf
https://youtu.be/B2W3aGyKVWE
https://www.aivc.org/system/files/AIVC_Workshop_2023_HB.pdf
https://youtu.be/2OuuZl3VcKI
https://www.aivc.org/system/files/AIVC_Workshop_2023_JL.pdf
https://youtu.be/5u4wjkWA7T8

| 17:05 |

End of Day 1

Day 2 — Friday May 19'" 2023
Airtightness
Chairs: Yu Wang (Branz), Hiroshi Yoshino (Tohoku University)
09:00 Proposals to promote Airtightness in non-residential Kiyoshi Hiwatashi (Taisei Corporation, JP) Abstract | PPT mp4
buildings in Japan
09:25 Trends in building and ductwork airtightness in different Valérie Leprince (Cerema, FR) Abstract | PPT mp4
countries
09:50 Airtightness testing of large buildings lain Walker (LBNL, USA) Abstract | PPT mp4
10:15 Measurement for exterior wall airtightness of high-rise Yuichi Takemasa (Kajima Technical Abstract | PPT mp4
buildings using stack effect/individual air conditioning and Research Institute, JP)
outdoor air entering through entrance doors
10:40 Break
11:10 Airtightness of large buildings in Japan: current situation Takashi Hasegawa (Eikan-Shoji, JP) Abstract | PPT mp4
and a proposal for the future
11:35 ISO 9972: An overview of difficulties with the current Benedikt Koelsch (Cerema, FR) Abstract | PPT mp4
standard
12:00 Durability of building airtightness Valérie Leprince (Cerema, FR) Abstract | PPT mp4
12:25 Discussion
12:45 Break
Role of ventilation in infection control
Chairs: Valérie Leprince (Cerema), U Yanagi (Kogakuin University)
13:45 Aerosol transmission route of respiratory pathogens and U. Yanagi (Kogakuin University, JP) Abstract | PPT mp4
their mitigation strategies
14:10 Countermeasures against indoor aerosol infection in Motoya Hayashi (Hokkaido University, JP) Abstract | PPT mp4
Japan
14:35 Using pathogen-free air to reduce infection risks in Chris Iddon, (UCL, UK) Abstract | PPT mp4
buildings (pre-recorded presentation)
15:00 Revision of ISO17772-1 and EN16798-1 Standards Bjarne Olesen (DTU, DK) Abstract | PPT mp4
dealing with indoor environmental quality
15:25 Break
15:55 Role of air cleaning in infection control Pawel Wargocki (DTU, DK) Abstract | PPT mp4
16:20 Developing regulations to improve IAQ and ventilation in Peter Wouters (INIVE, BE) and Arnold Abstract | PPT mp4
Belgian buildings Janssens (UGent, BE)
16:45 Airtightness and internal air flows in multifamily buildings lain Walker (LBNL, USA) Abstract | PPT mp4
17:10 Discussion mp4
17:30 Conclusions
17:45 End of Day 2
—
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https://www.aivc.org/system/files/AIVC_Workshop_2023_Hiwatashi.pdf
https://youtu.be/6LdYD0TG2HY
https://www.aivc.org/system/files/AIVC_Workshop_2023_NHVL.pdf
https://youtu.be/MPsCZ00rsWM
https://www.aivc.org/system/files/AIVC_Workshop_2023_IW.pdf
https://youtu.be/ZhS9ES7hCQ4
https://www.aivc.org/system/files/AIVC_Workshop_2023_Takemasa.pdf
https://youtu.be/syU2t1aPcho
https://www.aivc.org/system/files/AIVC_Workshop_2023_Hasegawa.pdf
https://youtu.be/OfgjOizek8s
https://www.aivc.org/system/files/AIVC_Workshop_2023_BK.pdf
https://youtu.be/VfVW0j3ajgs
https://www.aivc.org/system/files/AIVC_Workshop_2023_NHVL2.pdf
https://youtu.be/LVmKl_kHr28
https://www.aivc.org/system/files/AIVC_Workshop_2023_Yanagi.pdf
https://youtu.be/Zh28jYG3fSM
https://www.aivc.org/system/files/AIVC_Workshop_2023_Hayashi.pdf
https://youtu.be/Fis8msCZnA4
https://www.aivc.org/system/files/AIVC_Workshop_2023_CI.pdf
https://youtu.be/88pKoHRixfk
https://www.aivc.org/system/files/AIVC_Workshop_2023_BO.pdf
https://youtu.be/SNMz1TuWv_U
https://www.aivc.org/system/files/AIVC_Workshop_2023_PW2.pdf
https://youtu.be/CYVHt6o5-8I
https://www.aivc.org/system/files/AIVC_Workshop_2023_PWAJ.pdf
https://youtu.be/JIAtCyAccvM
https://www.aivc.org/system/files/AIVC_Workshop_2023_IW2.pdf
https://youtu.be/KxR5mjdSjXI
https://youtu.be/hDOhETyGee8

Welcome on behalf of AIVC,
TightVent, Venticool and IEQ-GA

Arnold Janssens

Peter Wouters
Operating Agents AIVC - INIVE
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Vision and Mission

* The vision of AIVC is to be the world’s primary information centre on
energy efficient ventilation for good indoor air quality in buildings.

* The mission of AIVC is to advance the worldwide knowledge and
practice of energy efficient ventilation and air infiltration control of
buildings, in close collaboration with other leading organisations.

* Leveraging international technical expertise on ventilation, infiltration and
indoor air quality

* Facilitating information exchange and advanced web-based dissemination
strategies between experts in research, industry and policy making.

Focus fields and projects

l

Smart Ventilation Resilient Ventilative Cooling Building & Ductwork airtightness Indoor Environmental Quality

AIVC Projects
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HOME > EVENTS
Events

The AIVC holds a conference each year in September/October, a workshop in March/April and several webinars, covering a wide range of topics in the field of infiltration and
ventilation in buildings. The conferences and workshops take place in one of the AIVC participating countries. Since 1980, the AIVC annual conferences have been an
international meeting point for presenting and discussing major developments and results regarding infiltration and ventilation in buildings.

Click on the links below to know more.

— L

A — =

Conferences Workshops Webinars

* Annual conferences in collaboration with TightVent and venticool platforms
* Annual workshops in collaboration with local hosts on themes of local interest

* Webinars presenting results of projects or publications.

“'."'T'glE‘utrgsgt venti COO/ Home  About v  Submissions v  Registation/Social Events

43" AIVC -11" TightVent
& 9" venticool Conference

October 4-5, 2023

Aalborg University, Copenhagen, Denmark

Ventilation, IEQ-andh&a
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Japan and AIVC

* Member country of AIVC since 2006 w5 EBC S

* AlVC-conference in Japan: ==
* 2008, Kyoto, Advanced building Irormaen A

V entilation

ventilation and environmental AIVC Tech SIS
technology for addressing climate change ogimEn | Trendeinte
issues o SR S Ve“‘(‘j‘?}‘?" mi}rke‘
and Communi ity Systems Programme an rivers for
o e o . N change
* Specific dissemination: : S
Martin Liddament, United 1 Introduction 2 Natin_nal tre?sdas"in ::JC: -
* VIP 25, Trends in the Japanese building SEIIEEORE S
. . . ﬁ,ﬂ Tiher long bisory nd much 24 g:‘émlr'eglgenls on ventilation of
ventilation market and drivers for SEEEE Tl meen
oy e o e Ge  bildne Smm “3*2?:&3.‘3%
changes (2008) o Shme
* Project ‘Energy Recovery Ventilation = St
g e e e el sealaion 3
(2021-x) oy e EER RS
il sl by epet Ty T

s to be sble to hare some of | Secondy. for rooms in which e is sed. the
the problems and the strategies to solve them. ‘minimum ventilation requirement i set i
proporion to the quannty of g products
‘penersted during combustion
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HOME > EVENTS > WORKSHOPS

Workshops

This section gives information on workshops organised or supported by the AIVC

Upcoming Workshops

18 18-19 May 2023, Workshop, Tokyo, “Towards high quality, low-carbon ventilation in airtight buildings”
May Mark your calendars for the upcoming AIVC 2023 Workshop "Towards high quality, low-carbon ventilation in airtight buildings" to be held on 18-
19 May, 2023 in Tokyo, Japan! The workshop will take place at Bellesalle Mita (Mita, Minato-ku, Tokyo 108-6301 (Room 1). The workshop theme is

“Towards high quality, low-carbon ventilation in airtight buildings™.Information on registration, programme, speakers etc. will follow soon, so stay
tuned.

Past Workshops

27 27-28 March 2019, Symposium, Dublin, “Quality ventilation is the key to achieving low energy healthy buildings”
Mar Sustainable Energy Authority of Ireland (SEAI) together with the Air Infiltration and Ventilation Centre (AIVC) organised a symposium entitled " Quality ventilation is

the key to achieving low...

23 23 March 2018, Workshop, Sydney (AU) - Ventilation for Indoor Air Quality and Cooling
Mar Aiming to inform Australian researchers and engineers on recent developments in the field of ventilation technologies, the workshop gave international experts
visiting Australia the opportunity to...




2 other related platforms managed by INIVE
ve"f'm'\iﬂ venticool

' Foreword the platform for resilient ventilative. cooling

Both platforms have a strong market oriented approach
with active involvement of industry and practitioners

TightVent (201:- .

Europe

BUILDING AND DUCTWORK AIRTIGHTNESS PLATFORM

More focusing on knowledge

More focusing on awareness raising
generation aspects

and market implementation

TightVent

Europe

BUILDING AND DUCTWORK AIRTIGHTNESS PLATFORM
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IEQ-GA ‘*v

* Indoor Environmental Quality — Global Alliance IEQ-GA

* Interdisciplinary, international working group of societies interested in IEQ,
to stimulate activities that will help to improve the actual IEQ in buildings

* Created in 2019, with AIVC as founding member

11 full and 2 affiliate members, eg AIVC, ASHRAE, REHVA, ASA,
ISHRAE,...

* Example action:
* Joint task force on COVID-19
* Website information centre: https://ieq-ga.net/
* Contact with WHO Engineering Control Expert Advisory Panel (ECAP)

Thank youl!

* Presenters
* Organizing committee
e Session chairs

* You: the audience!




AIVC International Workshop
Towards high quality, low-carbon ventilation in airtight buildings A\V‘

Japan’s Policy toward Carbon Neutrality
in the Housing and Building Sectors

18 May 2023

Takashi IMAMURA

Counsellor for Building Regulations, Housing Bureau
Ministry of Land, Infrastructure, Transport and Tourism, JAPAN

EBC &8
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Ministry of Land, Infrastructure, Transport and Tourism

1. Background




GHG Emission Reduction Goals of Each Country

Country

: NDC (2030 goal) Latest NDC submitted Net zero by 2050
/Region
-46% (from 2013 levels)
Japan Japan will continue efforts to meet the lofty 22 October 2021 Declared
goal of cutting its emission by 50%.
EU (Belgium, Denmark, -55% or more (from 1990 levels) 18 December 2020 Declared
France, Germany, Italy, etc.)
U.K. -68% or more (from 1990 levels) 22 September 2022 Declared
u.s. -50 to -52% (from 2005 levels) 22 April 2021 Declared
Canada -40 to -45% (from 2005 levels) 12 July 2021 Declared
Australia -43% (from 2005 levels) 16 June 2022 Declared
Brazil -50% (from 2005 levels) 7 April 2022 Declared

Source: Compiled based on the website of UNFCCC and the Ministry of Foreign Affairs of Japan

Synthesis Report of the IPCC Sixth Assessment Report (AR6) Summary for Policymakers (20 March 2023)

B.6 All global modelled pathways that limit warming to 1.5° C (>50%) with no or limited overshoot, and those that
limit warming to 2° C (>67%), involve rapid and deep and, in most cases, immediate greenhouse gas emissions
reductions in all sectors this decade. Global net zero CO2 emissions are reached for these pathway categories, in
the early 2050s and around the early 2070s, respectively. (high confidence)

Approved Summary for Policymakers IPCC AR6 SYR

Table XX: Greenhouse gas and CO; emission reductions from 2019, median and 5-95 percentiles {3.3.1: 4.1;
Table 3.1: Figure 2.5; Box SPM1}

Reductions from 2019 emission levels (%)

2030 2035 2040 2050
Limit warming t01.5°C (>50%) withno or | GHG | 43 [34-60] | 60 [49-77] | 69 [58-90] | 84 [73-98]
limited overshoot CO, | 48 [36-69] | 65 [50-96] | 80 [61-109] | 99 [79-119]

GHG | 21 [I-42] | 35[22-55] | 46 [34-63] | 64 [53-77]

. A .
Tasill-wathming ta 290 EIH) €O, | 22[144] |37[21-59] | 51[36:70] | 73 [5590]

C.1 Climate change is a threat to human well-being and planetary health (very high confidence). There is a rapidly
closing window of opportunity to secure a liveable and sustainable future for all (very high confidence). Climate
resilient development integrates adaptation and mitigation to advance sustainable development for all, and is
enabled by increased international cooperation including improved access to adequate financial resources,
particularly for vulnerable regions, sectors and groups, and inclusive governance and coordinated policies (high
confidence). The choices and actions implemented in this decade will have impacts now and for thousands of
years (high confidence).




Koppen-Geiger Climate Classification Map

Koéppen-Geiger climate classification map (1980-2016)

Source: Beck et al.: Present and future Koppen-Geiger climate classification maps at 1-km resolution, Scientific Data 5:180214, doi:10.1038/sdata.2018.214 (2018) Source: Wikipedia 4

Location of Japan on top of the European Map
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Regional Classification of Japan by the Building Energy Efficiency Act

Il Region 1
Il Region 2
Bl Region 3

Region 4
1! Region 5
I Region 6
Bl Region 7
I Region 8

Hokkaido

o

/ Okih"awa

International Comparison of Household Energy Consumption (by Use)

» Energy consumption per household in Japan is about one-third of that in the U.S. and about a half that in Germany and other
European countries.

» Japan’s average energy consumption for “heating” is particularly low, while consumption of “hot water supply” is higher. Most
Japanese people, except for those in northern regions like Hokkaido, heat their homes only when they are at home.

Lighting and
W household M Other
appliance

Air Hot water Household

M Heating B o gioning M supply B Cooking M Lighting lapp"ame

USA(15) 2

UK ('17)

Germany's energy consumption
| for heating is more than five times
that of Japan.

l [

Japan’s energy consumption for
——1 hot water supply is higher than
that for heating.

I J
0 20 40 60 80 100

France ('17)

Germany ('17)

Japan ('18)

Household Energy Consumption by Use [GJ/household/year]

* USA.(Other) includes cooking, lighting, and household appliances.

Source: Compiled by Jukankyo Research Institute Inc. based on statistical data from various countries




Household Energy Consumption in Japan (by Region, by Use) © @txdEE

Annual Household Energy Consumption by Region [GJ/household/year]
0.0 10.0 20.0 30.0 40.0 50.0
0.0 12
ONoKU 0.4 12.1 1.9
Kanto (Tokyo)
Hokuriku
Tokai 1.0 10.0 2.3
Kinki (Osaka) 0.9 10.1
Chugoku
Shikoku
Kyushu
inawa 0.05¢) 5.1 2.1
0.7 10.1 2.1
Annual Household Energy Consumption by Region (Ratio by Use) [%]
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
Hokkaido
Tohoku
Kanto (Tokyo)
Hokuriku
Tokai
Kinki (Osaka)
Chugoku
Shikoku 2.9 30.5 [
Kyushu 3.2 28.9 7.4
Okinawa 0 ZEE N VA s
All Japan 2.4 33.5 6.9
M Heating [ Tl Hot water g Cooking m Lighting and household appliance

conditioning " supply 8
Source: Ministry of the Environment of Japan

Trends in Japan’s Energy Consumption by Sector

> While other sectors (industry and transportation) have decreased, energy consumption in the commercial and household sectors have
increased significantly (16.9% from the 1990 levels (left Figure)). They accounts for about 30% of total energy consumption (right Figure).

> Drastic reinforcement of energy-saving measures on houses and buildings is essential.

Final Energy Consumption (Each Sector) Final Energy Consumption (Total)
(Peta Joule) From the (Peta Joule)
1 level
8,000 990 levels 18,000 s = = m
7,000 H - 16,000 e
Industrial sector
A157% L, PR
6,000 14,000 I I
1
1 Commercial 12,000 Industrial sector |4 4 L -
5000 fmmmmmm e m - gy — == —— === i sector

. + 10,000
4000 f--_ @08 ________ T Household sector

+16.9%

8,000

C ial
3000 M- e m e e e e e mmmm e e = Transportation ommercial I

sector 6,000 sector 21 bbt64%
0
2000 4ol e ~ A14% Household
! 4,000 sector
1 ommercial sector
! v241% Tl _
1,000 il el o 2,000 Transportation
| Household sector sector
0 1 +9.5% 0
SN TIONDNO =N T LIOMN DN O —NM TLNON IO
PN NNNNNNNOOOOOOOOOO i i i rh
PP PPNNDNNNOOO0OO00O0O0OO00000000IO
A A A A A A A A A AN AN AN NN ANNANANANAN NN AN
(FY) (FY)

Source: Comprehensive Energy Statistics (ANRE) 9




Japan’s Reduction Targets in the New “Plan for Global Warming Countermeasures”

(Cabinet Decision on 22 October 2021)
» Reduction targets in the field of

Low carbon industrial furnace houses and buildings

Industrial motors and inverters Amount of
reduction
Other Industrial lighting
Newly constructed
L 403
Other building
Building
Industrial sector renovation 143
Transportation
sector Newly constructed 253
Improvement of energy- housing
- saving performance in new .
Next-generation vehicle 62.4 m'"'_on kI buildings HOUS'”Q 91
reduction renovation
(Crude oil - ”
equivalent) * S Total 889

Energy efficiency in buildings
(renovation) * Total does not match
due to rounding.

1,376
22%

Househojg sector Performance improvement by top

runner program

Other

Performance improvement by top runnero' !
program

HEMS, etc.

High-efficiency lighting

High-efficiency water heater

Thermal insulation renovation of existing houses

Improvement of energy-saving performance In new housing

* Reduction target of the previous Plan for Global Warming Countermeasures (May 2016): about 50.3 million kI

Source: Energy Demand and Supply Outlook for FY2030 (Sep. 2021) (Agency for Natural Resources and Energy)

10

2. Requiring Net Zero Energy Buildings
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Future Policy for Building Energy Efficiency in Japan

<Basic road map set by the “Plan for Global Warming Countermeasures” (Cabinet Decision in Oct. 2021) >

> By FY2050,

v’ Secure the level of Net Zero Energy houses and buildings on stock average.

v' Introduce renewable energy in common houses and buildings, as long as it is reasonable.
» By FY2030,

v Require the level of Net Zero Energy for newly constructed houses and buildings.

v Install solar power generation equipment for 60% of newly constructed detached houses.

<Near-future policy for building energy efficiency to be implemented by MLIT>

> Strengthen the Building Energy Efficiency Act (Revised in June 2022 and to be Enforced soon)

v Require compliance with the energy efficiency standards for all the newly constructed buildings, including
residential buildings, starting from FY2025.

v Upgrade the required energy efficiency standards to the level of ZEH/ZEB standards by FY2030 at the latest.

v' Strengthen the building energy efficiency display system for residential and non-residential buildings,
including existing buildings, when they are sold or leased, starting from FY2024.

> Promote retrofitting of existing buildings by financial incentives

v Promote retrofitting of existing buildings by all possible financial incentives, including subsidies, tax cuts and
low interest loans, but not by regulations at this moment.

Regulatory Measures under the Building Energy Efficiency Act of Japan

The Current Act
(promulgated on May 2019)

The Act from FY2025
(promulgated on June 2022)

The Original Act
(promulgated on July 2015)

Non-residential Residential Non-residential Residential Non-residential Residential

Large
(2,000 m? or
more)

Obligation of
Compliance

Obligation of
Notification

Obligation of
compliance

Obligation of
Notification

Obligation of
compliance

Obligation of
compliance

Medium
(300 m2 or
more but
less than
2,000 m?)

Obligation of
Notification

Obligation of
Notification

Obligation of
compliance

Obligation of
Notification

Obligation of
compliance

Obligation of
compliance

Obligation of Obligation of
Small o o Effort Effort
(lessthan | OPligation of | Obligation of + + Obligation of | Obligation of
300 m2) Effort Effort Obligation of Obligation of compliance compliance
Architects’ Architects’
Explanation Explanation

13




Energy Efficiency Standards for Buildings in Japan

» The Japanese energy efficiency standards for buildings are the standards that are necessary to ensure the energy-saving
performance required for buildings as well as building equipment. They consist of two standards: “primary energy consumption

standards” and “envelope insulation standards”.

Primary energy consumption standards

(Apply to both residential and non-residential buildings)

Envelope insulation standards
(apply only to residential buildings)

Primary energy consumption shall be equal to or less than the
standard value.

* "Primary energy consumption”
= Air conditioning energy consumption

P ] Roof
: \L/‘er'lttlblatlon energy consurppnon * Envelope average heat transmission coefficient
'gnting energy consumption . = Total heat loss / Envelope surface area
+ Hot water supply energy consumption
+ Elevator energy consumption
+ Other energy consumption (OA equipment, etc.) Floor ‘ External wall
- Energy creation by solar power generation equipment, etc. (limited to self-consumption) / window

Heat loss per surface area of the “envelope” shall be equal to or
less than the standard value.

<Image of heat loss through “envelope”>

Examples of i

ves to improve energy-saving performance

[Non-residential buildings]

)

HigH-efﬁciency air
conditioning system

Insulated window sash / glass

[Residential buildings]

Double-glazed glass
Double sash

o

High-eﬂiéiency hot water supply
(Eco-Cute, etc.)

Insulation material

Comparison of Heat Transmission Coefficient Standards (UA Value) for Housing Envelope

1.0
Inferior
A Japan (Current Standards) (Grade 4 0.87 (Regions 5, 6 and 7: Tokyo)
08 l_l R [
Byj&, 0.75 (Regions 4)
ltary | 0.62 |Japan(ZEH Standards) 6o
emm——— | (GTade 5 -
. 0.6 = (Erade 0-56(R 3)
Heat transmission . Spain  0.54 South Korea &
s 0]51* e 0.50
coefficient o L0 e _ ]
/ 2 K) Japan H ° 0.46 (Regions 1 and 2: Hokkaido)
(W m (Grade 6) 0.40° 0.42 . 0.41 0.41 0.40
0.4 .
US (Cakifornia ¢ 0-34: ‘
(prospective) 0.3
Jopan 025 T e— 028
0.23
(Grade 7 0.20
0.2
\/ Region 8 Region 7 Region 6 Region 5 Region4  Region 3 Region 2 Region 1
(Naha) (Kagoshima) (Tokyo)  (Utsunomiya) (Nagano)  (Morioka) (Sapporo) (Yubari)
Excellent < > e >l L >le
00 1 | | ] 1 | | | |
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 Heating Degree Day (Degree day)

Source: FY2021 Commissioned research by the MLIT
"Commissioned research on energy efficiency regulations, standards, etc. in overseas housing and buildings.
* Compiled by Nomura Research Institute based on the energy efficiency standards for homes in various countries.
*Spain: Created in consideration of heating degree days (degree day) in Madrid.

) cold
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3. Retrofitting of Existing Buildings

16

Thermal Insulation Performance of Housing Stock

29% of the total housing stock is uninsulated.

than five years from January 2014 to October 2018 was about 720,000 units.

» As of FY2019, about 13% of the total housing stock (about 50 million units) complies with the energy efficiency standards, and about

» According to the Housing and Land Survey (2018), the actual number of thermal insulation renovations for the housing stock in less

Thermal insulation performance of housing stock (about 50 million units)

Energy efficiency standards
(13%)

Those that do not meet the 1980 2
standards (no insulation, etc.)
(29%)
\ J
f

Many of them do not meet
earthquake standards.

1992 standards ™'
(22%)

*2
1980 standards
(36%)

*1: Standards established in 1992 based on the Energy Conservation Act
*2: Standards established in 1980 based on the Energy Conservation Act

Source: Calculated based on the distribution of housing stock by performance according to the MLIT survey, reflecting the number of renovations according to the
Housing and Land Survey and the estimated number of newly constructed housing units by performance based on business operator's questionnaire, etc. (FY2019).

17




Manga (Cartoons) for Inspiring Consumers to Energy Efficient Houses (January 2023)
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Building Energy Efficiency Display System to be Strengthened in April 2024

Revision overview

displayed by sale/lease suppliers.

execute the actions if necessary.

v" The new measures shall be taken with regard to the obligation of suppliers who sell or lease buildings to make
efforts to display their energy consumption performance.
v" The MLIT Minister shall establish the rules of the energy efficiency information of buildings that are to be

v In case the rules are not respected, the Minister is authorized to issue a recommendation that the information
should be displayed, make a public announcement of names of such suppliers, and order the suppliers to

More energy effcient

* ok
NABERS

ENERGY

5
1-100

ENERGY STAR® SCORE

Energy Efficiency Display Systems in the World

HEFAE OFOAOH (W=FiTM)
BEYEIRECEOSEIRERIAN (FRES)

Renewable
Energy

h
!
:
'
!
! |
! T .
! |
AR
'
|
i
! !
! )
! !
'
;

Third Party
Evaluation

Primary Energy Consumption

* % K o7

ZEH Level

Envelope Insulation

ZEH Level
HEFEAR

OfFOHROH (ACH¥i)

BEMEIZECEOCHEIZEETIAN (FRES)

Image of the new Building Energy Efficiency Display System in Japan
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4. Tackling Embodied Carbon

20

G7 Climate, Energy and Environment Ministers’ Communiqué (Sapporo, April 16, 2023)

Sapporo

lll. Climate and Energy

Decarbonizing Industry /Transport /Building Sector e i SRS TEENS
82. Buildings: Noting the importance of decarbonizing buildings’ lifecycles in combatting climate
change, we recommit to advancing targets to reduce buildings’ emissions across their whole lifecycle
in line with keeping a limit of 1.5 ° C temperature rise within reach. We highlight the need for
improved and climate-adapted building design, enhancing building energy efficiency, including
through supporting measures, regulations and international collaboration so that new and renovated
near-zero emission and climate resilient buildings are on the path to reach the 2050 net-zero goal.
Actions will include improved energy efficiency; fuel switching, electrification and provision of heating
and cooling services using renewable energy sources; sustainable consumer choices and the
increased digitalization efforts to improve flexibility in building energy management. We will promote
reaching zero carbon ready/zero emission new buildings, ideally by 2030 or sooner. We aim to
accelerate the phaseout of the installation of new fossil fuel heating systems and the transition to
cleaner technology including heat pumps. We also recognize the importance of improved use of
sustainable low-carbon materials including wood and end use equipment by using a whole lifecycle
buildings approach in design and considering the circularity in the renovation and construction of
buildings, as well as decarbonizing the production of conventional materials.

b7 Ministers' Maeting on Climate,
Energy and Environment

21




Definition of World Business Council for Sustainable Development, WBCSD

Net-zero buildings: Where do we stand?
Figure 7: Whole life cycle stages, EN15978 (2011)'°

Whole life carben

Embodied carbo

OEEEE BE0e

Beyond life cycle

Transport
Transport
Construction and
installation processes
Maintainance
Replacement
Refurbishment
Deconstruction and
demolition
Transport
Waste processing
Disposal
Benefits and loads

[ I
1 E Operational energ I
1 1
X Operational water B

Copyright WBCSD, July 2021.
-

Cradle Gate Site Practical completion End of life Grave B
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Carbon Emissions per Life Cycle Stage

Figure 4: Estimated distribution Figure 10: Whole life carbon emissions through time —
’ .. . average distribution
of carbon emissions per life cycle
stage 50%
580 [T 50%
| ]
50% 30% | B
480 { ! E
I 1 2
1 1 5
I 1 o
380 | 'I 3
! ¢ ] #
| E & 3
20% = 3 3 3 3 3 3
.0 M < | - = - o - 5
[ H § § 5 5 o
[ | § : § § £
I | o Q o o o %
@® Embodied A1-A5 | §; 2 S H z 1 3
80 | Q 1 -3 -3 - = o« o
@® EmbodiedB-C Ir !
@ Operational B6-B7 0
40 50 60

YEARS

Inuse

Copyright WBCSD, July 2021 and January 2023. @ Operational carbon @ Embodied carbon
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Average Distribution of Embodied Carbons (WBCSD/ARUP 6 Case Studies)

Figure 41: Whole life carbon (A-C) average across all six case studies

@ Embodied A1-A5 @® EmbodiedB-C @ Operational B6-B7
~ 3% 7%

Figure 36: A-C - Average distribution per building element

32%

1
]
1
1
1
_________________ ‘\
[ Breakdown of hN

28%
910 @ Substructure
’ 2 R
kgC?;elmz Embodied Carbons kgCO,e/m ® Superstructure
_________________ ’
: : |',' > @ Facade
! : ¢ 2% 4 / Internal walls and partitions
) 6% 9 @ Inte I finishe:
) Internal finishes
_ —,[ 3% 19% Internal fini
""""" ® FR&E
@ Building services
Site emissions
Product & Construction Stages In-Use Stage End of Life Stage \
Figure 32: A1-A5 Average Distribution Figure 34: B1-B5 - Average distribution Figure 35: C1-C4 - Average distribution
. 5%  11% i% 9% 16%
o 0, %
’ 57% 25% . /&9‘
1% == 560 335 3% B 15
5% kgCO_e/m? kgCO,e/m? | o kgCO,e/m*
o, R 1EC0.eMm . 2% P ke
‘ {‘;}9%
15% 43% 39 55%
\ Structure accounts for 54%  Building Services* 57%, Fagade 15%  Structure accounts for 71% /
Copyright WBCSD, July 2021. *equipment replacement, refrigerant leakage, etc. 24

Japan’s LCCM (Life Cycle Carbon Minus) Housing -- Beyond Net Zero Energ,

Definition of LCCM Housing

Housing that achieves negative CO2 emissions throughout their entire life cycle (from construction to demolition
and reuse, etc.) by reducing CO2 emissions at material manufacturing and construction stages in addition to
CO2 emissions at the use stage, and by extending the service life.

Energy Cumulative

ﬁ creation I.I,n COo2 emlssmnsE E
Construction = .

Renovation

Demolition

Living

m|SS|ons
Matenals missigns Recyclmg

Conventional house

construction LCCM house

m I~ Emissions » Years

3 i + ‘\""'
Resource extraction Final disposal

lllustration of CO2 Emissions throughout
Whole Life Cycles

00O

Envisioned Life Cycle and CO2 Emissions -




5. Promoting Wooden Buildings

26
Wood as an “Eco-Material” (Reduction of Environmental Burden)
» Carbon fixation /? @« &
» Energy consumption I Fiﬂ} E ' \ / .
& K

> ReCyCIing Buildings, furniture, etc. Boards, paper, etc.

" ’ / ' 4

~n [/
T
ﬁ... Carbon fiber,r etc. Furerlrs,r etc.

Stored volume of carbon per house and CO, emissions
during manufacture of materials

Prepared based on the FY2019 Annual Report on Forest and Forestry in Japan 27




Percentage of Wooden Buildings among New Buildings (construction starts in FY2021, fioor area)

Residential Non-residential
s 100% 0.0% 6 stories or 0% 100%
Wooden <11,319,000m?> <1,000m?> [ =] more <Om?>  <6,282,000m?>

I Non-wooden

99.8% 0.2% ——
<2,810,000m?>  <5,000m?>

4and5 . 0.1% 99.9%
stories  §——"1 <7 000m2> <8,567,000m?>

83.2% of low-rise

residential
buildings are 45.4% 54.6%
made of wood <3,693,000m?><4,447,000m?>

<47,611,000m?>

1.8% 98.2%

3 stories L1 <76,000m?> <4,018,000m>>

12.0% 88.0% 16.4% 83.6%

i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
"

<5,896,000m2>  <43,164,000m?> 1and 2 <2 649 000m?2><13,540,000m>
stories o
Residential Non-residential Total
47,617,000m? 66.8%] 2,731,000m? 7.8%] 50,348,000m%  47.3%|
23,718,000m*  33.2%| 32,408,000m* 92.2%) 56,126,000m*  52.7%
Total 71,335,000m* 100%) 35,139,000m* 100%|  106,474,000m*>  100%
* New constructions only. Extensions and rebuilding are not included. * Residential buildings include (FY2021 “Construction Starts Statistics”)

"dedicated residential buildings," "dedicated quasi-residential buildings,” and "combined residential and
industrial use buildings.”

28

Immediate Challenges to Promote the Use of Wood in Buildings

» Further rationalizing the building code

v Especially, fire protection regulations for mid-
rise and high-rise wooden buildings

» Promoting people’s better understanding
(Dispatching information)
v" Highlight contribution to carbon neutrality

v' Clear up the negative image of wood (weak,
combustible, etc.)

» Reducing construction cost (Technological
development & business efforts)
v Wooden is 10-15% more expensive than non-
wooden?
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HUYMES "X VELER !
Thank youery much!
Merci beaucoup!

Muchas graciasd
Muito obrigado!

Nagato City Hall
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CENTER Context and policies for energy and

¥ Services o the Enerdy Performance of Buildings

ventilation in Europe, new
evolutions in EPBD

d!lil
W

Consul

H
L

The IPCC reports on Climate Change: the drivers for European Union to launch
policy programs like: EU Green Deal -Fit for 55 by 2030- Renovation Wave and
REPowerEU plan (05/2022)

» Jaap Hogeling
» Chair CEN/TC 371 Energy Performance of Buildings

» ISO/TC 163/WG 4: Joint Working Group (JWG) between ISO/TC 163 and ISO/TC
205:Energy performance of buildings using holistic approach

The EPB Center is an initiative of ISSO and REHVA www.rehva.eu and was supported by
the EU-Commission

www.epb.center
jaap.hogeling@epb.center

21/05/2023




‘&2 center My background

3
i

vV v. v vy

» CEN/TC 371: Energy Performance of Buildings, chairperson since 2004
> Project leader of the EU Mandate/480 to CEN regarding the development of the

set of EPB standards.

Participation in 5 CEN/TC’s and 2 ISO/TC’s related to Energy Performance of
Buildings

Manager international standards at ISSO, Rotterdam, the Netherlands
Initiator of EPB Center (an initiative of ISSO and REHVA)
Fellow of ASHRAE and REHVA

Officer at Indoor Environmental Quality Global Alliance board

EU Green Deal -

Fit for 55 by 2030
Renovation Wave
REPowerEU plan (05/2022)

drivers for the EPBD
revision in 2022/23,

will it affect the use
of the set of EPB
standards?

A need to revisit the
set of EPB standards

DELIVERING THE

21/05/2023




EPB EU Green Deal, Renovation Wave, Fit for 55 by
Q’; 2030, towards Zero Carbon emission by 2050
WWPEME,.E drivers to revisit the EPBD

» EPBD: Buildings are acknowledged as one of the key focus areas for the European Green Deal and )
more specific the Renovation Wave Strategy.

IIH))
)))))))

> am:t*)(l;/tion: at least double annual renovations of EU building stock with focus on deep renovation
to 3%

» Basis for the urgent revision of EPBD (version 2018) to direct the national renovation strategies
to achieve a decarbonised building stock by 2050

» 3 focus areas in Renovation Wave:
» tackling energy poverty and worst-performing buildings> towards healthy housing

» lead examples: priority for renovation of public buildings

» decarbonisation of energy delivered to and exported from the buildings

»  To accomplish this the Commission promotes:
» MEPS ( Minimum Energy Performance Standards), MS’s shall set, and regularly review, these requirements with
a view to achieving at least cost-optimal levels, Those requirements shall take account of general indoor climate

conditions, in order to avoid possible negative effects such as inadequate ventilation

» The use of EPC’s (Certificates) and Building Renovation Passports, which shall include information on circularity
as well as wider benefits related to health, comfort, IEQ, safety.... (art 10) 21/05/2023

22 EPB European green Deal:

SECENTER . 1 on/Climate neutral by 2050

» The Building is no longer an energy consumer, but also an
energy producer

» Optimize:
» Energy efficiency first: building envelope & building systems

f"nn»
\))»»)

» Decarbonize energy carrier and produce on-site RENEWABLES

» Interaction with the energy grid (hourly/storage..) Smart Readiness of
buildings to become operational (SRI)

» Step by Step towards Zero CO2

» We have to show the impact of our components (products) in the energy
chain:

» AC, Heat Pump.. is not longer evaluated as a product, just looking at the
product label, but part of the building system in a holistic way

> We have to address the embodied Carbon as well! 21020




IIH))
)))))))

=2 EPB EPBD: Energy Performance Buildings
B CENTER Directive of 2018 revisited in
2022/23: some basic assumptions

» An EU Directive gives guidance to the EU Member States regarding national
regulation in a certain field, the EPBD is about energy performance of
buildings regulation

> In the revision process and the negotiations between the EU Commission, the
EU Parliament , the EU Council of governments and relevant stakeholders the
need to regulate EP of buildings and the Indoor Environmental Quality of
buildings in the same way

» EPB assessment should be calculated on basis of a methodology which
includes IEQ assessment. (rec. 12)

» This shall be addressed for new buildings but more essential for the to
renovate existing building stock

» Deep-renovation shall include aspects like IEQ improving the health standards
of living conditions especially of vulnerable households. (rec 33)

21/05/2023

‘IIH))
)))))))

FPRB EPBD: Energy Performance Buildings
SEQENTER Directive of 2018 revisited in
2022/23: some basic assumptions

» EU MS’s should support EP upgrades that contribute to ach1eve a
healthy IEQ (rec. 35)

» The EP Certificate of buildings should include both : data on EP |
and IEQ and recommendations to improve the EP and report \
about LCA GWP (rec. 47a)

» Better high performing EP buildings should avoid overheating
having improved IEQ conditions and care about the micro
climate around buildings (rec. 52)

» Delegated acts are needed by 2027 on the cost optimality of
MEP’s towards Zero-emission Buildings, Life Cycle GWP,
respecting at the same time minimum Indoor Environmental
Quality Standards. (rec. 57) -

7




EPBD: Energy Performance Buildings
CENTER Directive of 2018 revisited in 2022/23:
T proposed articles (2023-03) related to IEQ

Art 1.1 : Zero emission buildings by 2050 taking in to account amongst others: the
requirements for IEQ

@\m»
RO

v

» Art 1.2 EPBD lays down : the IEQ performance of buildings E\

» Art 2.37 Digital Building Logbook: includes all relevant building data such as EP,
Renovation Passport, SRI, LC GWP and IEQ, IEQ is also mentioned in further
definitions

» Art 3 National Renovation Plans shall encompass: evidence energy savings, GHG
reductions and wider benefits including IEQ

> Art 5.1 setting MEPs: MEP requirements shall take account of Health Indoor
conditions based on optimal IEQ... (to be reviewed every 5 years)

» Optimal IEQ levels are also required for New and Deep Renovated buildings within
2 years after EPBD is in force, also taking climate change risks in to account

21/05/2023

“»
))))))

EP EPBD: Energy Performance Buildings Directive of 2018
(: CENTER revisited in 2022/23: proposed articles (2023-03) related

e t0 IEQ

> Art 10 Renovatlon Passports: shall comprise information on circularity as well w1der
benefits related to health, comfort, IEQ, safety, ... \

> Art 11 Technical Building Systems: Require installation of measuring and control ‘
devices for monitoring and regulation IEQ at relevant unit level where technical and|
economical feasible ( where measurable health benefits are taken in account) for
the following buildings :

» Zero Emission buildings :
» New buildings \
» Existing buildings major renovated “
» Non-residential buildings with H&C combined > 70 kW

» Public buildings

The economic feasibility should take in account the measurable health benefits MS shall
ensure that data on IEQ are to be included in the digital building logbook

» B&C systems required for non-res buildings with H&C >240 kW by 2024 and H&C>70
kW by 2029 capable to effective IEQ monitoring to ensure occupants Health and
Safety.

21/05/2023 9




@CEEIN’B EPBD art 11a: IEQ

Comsultancy Services o the Enerdy Performance of Buildings

» 11.1-2 MSs shall set requirements for 1mplementat10n
adequate IEQ standards in order to maintain a healthy
indoor climate. By 24 months after the EPBD is in force
measurable indicators based to those in the Levels
framework, these indicators shall include:

» CO2
» Temperature, thermal comfort

» Relative humidity

» Day-light levels

» Ventilation rate, air change rate per hour
» Acoustic comfort

21/05/2023

IIH))
))))))

Km&gmm EPBD art 11a: IEQ

» Particulate matter of emissions of indoor sources and target
pollutant limits from indoor sources, on VOCs, classified as
carcinogenic, mutagenic, or toxic for reproduction according to
Regulation (EC) No 1272/20081, including formaldehyde, shall be
reported on the basis of the available data at product level, or direct
measurement where available, of the relevant sources in relation to
the indoor environment of the building.

» The EU Commission is empowered to adopt a delegated act to
supplement this EPBD by establishing a methodology framework for
calculating IEQ standards

» Member States shall ensure that new buildings and buildings
undergoing major renovation comply with adequate indoor
environmental quality standards.

21/05/2023




&£ center Art 13 SRI: Smart Readiness Indicator

Comsultancy Services o the Enerdy Performance of Buildings

» The Commission shall adopt delegated acts concerning an
optional common Union scheme for rating the smart
readiness of non-residential buildings.

» The rating shall be based on an assessment of the
capabilities of a building or building unit to adapt its
operation to the needs of the occupant, in particular
concerning indoor environmental quality and the grid
and to improve its energy efficiency and overall
performance.

» Per 2025 for buildings with H&C > 290 kW and per 2030 for
>70 kW.

21/05/2023

£ CentER EPBD: Energy Performance Buildings
T Directive of 2018 revisited in 2022/23:
proposed articles (2023-03) related to IEQ

> Art 15a,f One stop shop for energy efficiency in buildings: Supporting awareness
and incentives for regulating IEQ

> Art 16 Energy Performance Certificate (EPC) :

» 16.4: ..shall include recommendations for the cost effective improvement of the energy
performance to cost-optimal level and the reduction of whole life-cycle greenhouse
gases emissions, the improvement of indoor environmental quality of a building or
building unit, .....

\

» 16.5: The recommendations included in the EPC shall be technically feasible for the
specific building and shall provide an estimate for the energy savings and the reduction
of operational greenhouse gas emissions over the expected service life of the building
and the improvement of indoor environmental quality performance indicators.

21/05/2023




=A EP ANNEX |: COMMON GENERAL FRAMEWORK FOR
2 center THE CALCULATION OF ENERGY PERFORMANCE

wsmrimenniemrese QF BUILDING

» Member States shall describe their national calculation
methodology based on Annex A of the key European standards
on energy performance of buildings, namely EN ISO 52000-1, EN
ISO 52003- 1, EN ISO 52010-1,EN I1SO 52016-1, EN ISO 52018-
1,EN 16798-1, EN 52120-1 and EN 17423 or superseding
documents. This provision shall not constitute a legal
codification of those standards.

» EN 16798-1: Energy performance of buildings - Ventilation for
buildings - Part 1: Indoor environmental input parameters for
design and assessment of energy performance of buildings
addressing indoor air quality, thermal environment, lighting and
acoustics -

21/05/2023

)
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=2 EPB EPBD Annex V: Template for EPC’s

CENTER

Consultancy Services o the Enerdy Performance of Buildings

» In addition, the energy performance certificate
shall include the following indicators

> ...

» (j) the presence of fixed sensors that monitor the
levels of indoor environmental quality;

@u
\

» (k) the presence of fixed controls that respond to the
levels of indoor environmental quality

» q) operational fine particulate matter (PM2.5)
emissions and performance indicators for the main
categories of indoor environmental quality once the
relevant provisions apply;

21/05/2023




Ventilation Standards in the
usS

lain Walker
Scientist
Building Technology & Urban Systems Division

seRkELEY LA

BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION homes.Ibl.gov
Energy Technologies Area

1

Ventilation or Airtightness Standards?

m Ventilation- Primarily used for IAQ reasons
— Air flow rates
— Filtration requirements
— Operation: sound, controls, etc.

7 Airti%htness- Primarily used for ENERGY
reasons

— How leaky is the building envelope?
— Determines air flows driven by wind and stack effects
—|[ECC 3 ACH50 in most of country for residential

— Area-normalized for commercial (ASHRAE 90.1 0.40 cfm/ft2
at 75 Pa (7 m3/h/m?)

IECC = International Energy Conservation Code

seRkELEY LA

BUILDING TECH

Energy Technologies Area

dings.Ibl.gov

No National building code = state-by-state adoption for regulation,
often used in voluntary “above code” programs

2




US Ventilation Standards

et e e
Ventilation Ventilation and

and Acceptable Acceptable
Indoor Air Quality Indoor Air Quality in
Residential Buildings

an ASHRAE Standard may be purchased from the ASHRAE websice (www ashrac.org) or from
Service, 180 Technology Parkway, Peachtree Comers. GA 30092, E-mait orders@ashrae.ory, Fax:
hone: 404-636-8400 (worldwide), or toll free. 1-800-527-4723 (for orders in US and Canad). For
reprint permission. £0 to www.ashra org/permissions.

© 2022 ASHRAE 1SSN 1041-2336

©2022 ASHRAE ISSN 10412336

L. POF navigation. Clic
Retorn

W R N e B e i
bookmark menu.
<@ ings.Ibl.gov 3

ASHRAE 62.2 - 2022 Dwelling

Ventilation Rate

m Specifies dwelling ventilation rate based OE floor area and gumber of occupants
Qtot (L/s) = 0.15xAfloor + 3.5x(Nbr + 1)
m Installed fan size can be reduced by taking credit for infiltration if envelope leakage is

measured Qfan (L/s) = Qtot — Ox(Qinf x Aext)

m Qinf=infiltration rate calculated using predefined weather and building geometry

factors
m & =1 for balanced ventilation, Qinf/Qtot for unbalanced ventilation

m Aext =1 for detached dwelling units; otherwise, for horizontally attached dwelling units,
the ratio of dwelling-unit boundary area that is not attached to garages or other

= suioine ecraellingeuiitestodatal dwelling-unit boundary area buldingslolgoy 4

EEAT  Energy Technologies Area




Factors for Natural
Infiltration

(This is a normative appendix and is part of the standard.)

NORMATIVE APPENDIX B
INFILTRATION EFFECTIVENESS WEATHER AND SHIELDING FACTORS

[+Table B-1 U.S. Climates

TMY3 wsf Weather Station Latitude Longitude State

722230 0.42 Mobile Regional AP 30.68 —88.25 Alabama
722235 0.42 Mobile Downtown AP 30.63 —88.07 Alabama
722260 0.39 Montgomery Dannelly Field 32.30 —86.40 Alabama
722265 0.40 Maxwell AFB 3238 —-86.35 Alabama
722267 0.34 Troy Af 31.87 —-86.02 Alabama
722268 0.41 Dothan Municipal AP 31.23 —-85.43 Alabama
722269 0.36 Cairns Field Fort Rucker 31.27 —85.72 Alabama
722280 041 Birmingham Municipal AP 3357 —-86.75 Alabama
722284 0.35 Auburn-Opelika Apt 32.62 —-85.43 Alabama

FNI BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildingslblgov 5
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A A

Exhaust frdm Kitchens and
Bathrooms

Table 5-1 Demand Controlled Local Exhaust Airflow Rates

Application Airflow

Enclosed kitchen * Vented range hood (including appliance-range hood combinations): 100 cfm (50L/s)
* Other kitchen exhaust fans, including downdraft: 300 cfm (150 L/s) or a capacity of 5ach

Nonenclosed kitchen * Vented range hood (including appliance-range hood combinations): 100 cfm (50L/s)
* Other kitchen exhaust fans, including downdraft: 300 cfm (150 L/s)

Bathroom 50 cfm (25 L/s)

Table 5-2 Continuous Local Exhaust Airflow Rates

Application Airflow
Enclosed kitchen 5 agh, based on kitchen volume
Bathroom 20 cfm (10 L/s)

] BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildings.Ibl.gov 6
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ASHRAE 62.2 - 2022 Filtration
Credit

m Filtration Credit - reduces total air flow requirements, Qtot if
filtered air supplied at the following rate:

Qfiltered air = F x Qtot

m Where Fis a factor depending on the filter used

Table 4-4 Filtration Factor for Filters with a PM2.5 Efficiency Designation

PM2.5 Efficiency I
35% 43
50% 3.0
70% 2.1
85% 1.8
90% 1.7
95% 1.6
[ —

ASHRAE 62.2 - 2022 Variable
Ventilation

m Short term Averaging - over 3 hours or less, average
ventilation is greater than or equal to constant rate

m Scheduling, real-time control and equivalent ventilation

C3.1 Nonzero Ventilation. The relative exposure for a given time step shall be calculated from the

relative exposure from the prior step and the current ventilation using the following equation, unless the
real-time or scheduled ventilation is zero:

R, = Qror , ( R,_ - Q_fv')e-o.mu:,,,.
Qj Qi
€9

where Ri is the relative exposure for time step i.

C3.2 Zero Ventilation. If the real-time or scheduled ventilation at a given time step is zero then the
following equation shall be used:

Y
i i—-1 l.gov

14
space (C_lo)




ASHRAE 62.2 - 2022 Variable
Ventilation

m Can use Annual average infiltration or calculated
using weather data and “enhanced” infiltration model
from ASHRAE Handbook Of Fundamentals.

m Calculations must show:

1.Annual average exposure less than or equal to
that from a continuously operating system.

2.Peak exposure < 5.

\M BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildings.lbl.gov 9
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ASHRAE 62.2 - 2022 Existing
Homes

m Local exhaust not required to meet minimum air flows - but
additional dwelling air flow needed to compensate

m Does not have to meet sound ratings

m Does not have to meet compartmentalization requirements
for multifamily

— Uses “prescriptive” alternative

AS5.1 The spaces around accessible penetrations through the dwelling-unit boundary, including but not
limited to the following, shall be sealed:

a. Vent and pipe penetrations, including those from water piping, drain waste and vent piping, HVAC
piping, and sprinkler heads

b. Electrical penetrations, including those for receptacles, lighting, communications wiring, and smoke
alarms

c. HVAC penetrations, including those for ventilation systems

T e —— AS5.2 Accessible leaks and gaps in the dwelling-unit boundary shall be sealed, including but not limited to
=l Enerp Techmclogis Area the intersections of baseboard trim and floor, the intersections of walls and ceilings, around window trim

and dwelling-unit doors, and the termination points of internal chases in attics and crawlspaces.




ASHRAE 62.2 - 2022 Other
Requirements

m Air flows must be measure/verified

MERV 11 minimum filtration (about 35% of PM2.5)
Compartmentalization test for Multifamily: <100 L/s/100m
Duct leakage <6% of fan flow at 25 Pa

stack, vent, exhaust hood, or vehicle exhaust

devices (furnaces, water heaters, boilers, fireplaces) of 75
L/s/100m?

No unvented combustion (NEW!)
CO alarms regOLNJired

Nl BUILDING TECHNOLOGY & URBAN SYSTEMS DIV

I Encrey Technologies Area

Sound: < 1 sone for dwelling unit fans, < 3 sone for local exhaust

2

Intakes > 3m from known sources of contamination such as a

Exhaust limit for homes with atmospherically vented combustion

buildings.lbl.gov 11

ASHRAE 62.1 - Fully Designed
Systems

Infiltration
Other Air  Exhaust ; ition '
Cleaner Air Energy . Alr Colrjlﬁmmg Other Air
Locstion Recovery Air Cleaner Cleaner
14] Ventilation Location | i Pr— Location
r-—-i System r—n v 1 - Local
— — . 1 -
i I > —> _—||——r.: > Supply Air 1 H E— Makeup
H H LS Local .—L -1 Alr
A I . Ventialtion 1
Outdoor Air » Ventilating Air : """"" >
(Makeup Air) I § Fe=mm=moee X
| TN N Local Exhaust Air
Other Air Cleaner
I- / Locations Transfer Air
Recirculated Air P \
| - ——
3 W .
Im—l=3 Other
Air-Conditioning
Unit Locations
P >
<«+——— General Exhaust Air <+«—F} Return Arr Exfiltration
Occupied Space




Table 5-1 Air Intake Minimum Separation Distance

ASHRAE 62.1 - A lot more

Object Minimum Distance, ft (m)

d esign info rmatio n Class 2 air exhaust/relief outlet 103)
Class 3 air exhaust/relief outlet 15(5)
®  Air balancin g Class 4 air exhaust/relief outlet 30(10)
Evaporative heat-rejection equipment exhaust 25(7.5)

R . Evaporative heat-rejection equipment intake or basin 15(5)

m Airintake se pa ration Difveway, Street; oi parking place 5(1.5)
Garage entry, automobile loading area, or drive-in queue 15(5)

] P | enum syste ms Garbage storage/pick-up area, dumpsters 15(5)

Plumbing vents terminating at least 3 ft (1 m) above the level of the outdoor air intake 331)

. . . Plumbing vents terminating less than 3 ft (1 m) above the level of the outdoor air intake 103)
u Regl onal Air Q ual Ity Roof, ]angdscaped grade, org other surface directly below intake 1(0.30)
Thoroughfare with high traffic volume 25(7.5)
m Maintaining pressure contro | iN AU Truck loading area or dock, bus parkingidling area 25(7.5)
Vents, chimneys, and flues from combustion appliances and equipment 15(5)

m Erosion and mold growth on surfaces

m  Louver design (rain entrainment, ( Tble &3 Airstreams or Sources

Description Air Class
m Classifying air for recirculation Kitchen grease hoods 4
Kitchen hoods other than grease hoods 3
] Def| nes “venti | ation zones” Diazo printing equipment discharge 4
Hydraulic elevator machine room 2
Laboratory hoods 4
Paint spray booths 4
BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION Refrigerating machinery rooms 3

Energy Technologies Area

Default Val
People Outdoor  Area Outdoor el Taves

Air Rate R, Air Rate R, Occupant Density

ASHRAE 62.1 - Air flows by =
Spa (o] Type ‘Animal Facilities

Animal cxam room (veterinary office) 10 5 0.12 0.6 20 2
Animal imaging (MRI/CT/PET) 10 5 0.18 0.9 20 3
. . Animal operating rooms 10 5 0.18 09 20 3
®  Breathing Zone air flow W R— W5 om0 2 ;
rates fo r d |ﬂ-'e rent Animal preparation rooms 10 5 0.18 0.9 20 3
. . Animal procedure room 10 5 0.18 0.9 20 3
appllcat|0n5 Animal surgery scrub 10 5 0.18 0.9 20 3
Large-animal holding room 10 5 0.18 0.9 20 3
Necropsy 10 o 0.18 0.9 20 3
Small-animal-cage room (static cages) 10 S 0.18 0.9 20 3
Small-animal-cage room (ventilated cages) 10 5 0.18 0.9 20 3
Correctional Facilities
Booking/waiting 7.5 38 0.06 0.3 50
Cell 5 25 0.12 0.6 25 2
Dayroom 5 25 0.06 03 30 1
Guard stations 5 25 0.06 0.3 15 1
Educational Facilities
Art classroom 10 5 0.18 0.9 20 2
Classrooms (ages 5 to 8) 10 5 0.12 0.6 25 1
Classrooms (age 9 plus) 10 5 0.12 0.6 35 1
Computer lab 10 5 0.12 0.6 25 1
Daycare sickroom 10 5 0.18 0.9 25 3
Daycare (through age 4) 10 5 0.18 0.9 25 2
Lecture classroom 7.5 38 0.06 03 65 1 v
Lecture hall (fixed scats) 7.5 3.8 0.06 0.3 150 1 v
BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION Libraries 5 25 0.12 0.6 10
Energy Technologies Area
Media center 10 5 0.12 0.6 25 1

Multiuse assembly 7.5 3.8 0.06 03 100 1 v




Table 6-4 Zone Air Distribution Effectiveness (E,)

ASH RAE 62,1 - Zone Air Distribution Configuration E.

Well-Mixed-Air Distribution Systems

Distribution Effectiveness

Ceiling supply of cool air 1.0

Ceiling supply of warm air and floor return 1.0

z o n e A i r F I o W . Ceiling supply of warm air 15°F (8°C) or more above space temperature and ceiling return 0.8
.

Ceiling supply of warm air less than 15°F (8°C) above average space temperature where the supply air-jet velocity is less than 0.8
150 fpm (0.8 m/s) within 4.5 ft (1.4 m) of the floor and ceiling return

D iVi d e Breath in zone a i r Ceiling supply of warm air less than 15°F (8°C) above average space temperature where the supply air-jet velocity is 1.0

equal to or greater than 150 fpm (0.8 m/s) within 4.5 ft (1.4 m) of the floor and ceiling return

fl OW rates by Ef ectiven ess Floor supply of warm air and floor return 1.0

Floor supply of warm air and ceiling return 0.7
C O m p | eX c a | C u | ati O n Makeup supply outlet located more than half the length of the space from the exhaust, return, or both 0.8
Makeup supply outlet located less than half the length of the space from the exhaust, return, or both 0.5

p ro ce d u.res. fo r Ve nt! Ia ;t I O n Stratified-Air Distribution Systems (Section 6.2.1.2.1)
ZO n eS Wlth I n th e b U I | d I n g Floor supply of cool air where the vertical throw is greater than or equal to 60 fpm (0.25 m/s) at a height of 4.5 ft (1.4 m) 1.05

above the floor and ceiling return at a height less than or equal to 18 ft (5.5 m) above the floor

Floor supply of cool air where the vertical throw is less than 60 fpm (0.25 m/s) at a height of 4.5 ft (1.4 m) 1.2
above the floor and ceiling return at a height less than or equal to 18 ft (5.5 m) above the floor
Floor supply of cool air where the vertical throw is less than 60 fpm (0.25 m/s) at a height of 4.5 ft (1.4 m) 1:5
above the floor and ceiling return at a height greater than 18 ft (5.5 m) above the floor
Per lized Ventilation Sy (Section 6.2.1.2.2)
Personalized air at a height of 4.5 ft (1.4 m) above the floor combined with ceiling supply of cool air and ceiling return 1.40
Personalized air at a height of 4.5 ft (1.4 m) above the floor combined with ceiling supply of warm air and ceiling return 1.40
Personalized air at a height of 4.5 ft (1.4 m) above the floor combined with a stratified air distribution system with 1.20
nonaspirating floor supply devices and ceiling return

. Personalized air at a height of 4.5 ft (1.4 m) above the floor combined with a stratified air distribution system with 1.50

gzli] BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION aspirating floor supply devices and ceiling return

Rt  Energy Technologies Area

ASHRAE 62.1 - IAQ Procedure

Table 6-5 Design Compounds, PM2.5, and Their Design Limits

Compound or PM2.5 Cognizant Authority Design Limit
m Alternative to fixed air flow Acctaldehyde Cal EPA CREL (Junc 2016) 140 pg/n’
table Acctone AgBB LCI 1,200 pg/m®
Benzene Cal EPA CREL (June 2016) 3 p.g/m3
H Dete rm i n e e m issio n rates fo r Dichloromethane Cal EPA CREL (June 2016) 400 pg/m®
SO u rc es Formaldehyde Cal EPA 8-hour CREL (2004) 33 ug/m?®
Naphthalene Cal EPA CREL (June 2016) 9 png/m?
. . Phenol AgBB LCI 10 pg/m?
. Dete rm I r_] e a I r fI OW rates_ to n( Tetrachloroethylene Cal EPA CREL (June 2016) 35 pg/m3
exceed glven Concentratlon Toluene Cal EPA CREL (June 2016) 300 pg/m3
Ilmlts USIng a mass balance 1,1,1-trichlorocthane Cal EPA CREL (Junc 2016) 1000 pg/m3
ana |yS is Xylene, total AgBBLCI 500 pg/m?
Carbon monoxide U.S. EPA NAAQS 9 ppm
PM2.5 U.S. EPA NAAQS (annual mean) 12 ug/m?®
Ozone U.S. EPA NAAQS 70 ppb
Ammonia Cal EPA CREL (June 2016) 200 pg/m?

BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildings.blgov 16
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ASHRAE 62.1 - IAQ Procedure

on % of occupants satisfied
with 1AQ

Examples of emission rates,

concentration limits and mass

balance calculations given in
appendices.

m Verification by measurement

FN] BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION
Rt  Energy Technologies Area

Includes “perceived” IAQ based

Table 7-1 Allowed Laboratory Test Methods

Compound Allowed Test Methods

VOCs except formaldehyde, acetaldechyde
and acetone

1SO 16000-6; EPA 1P-1, EPA TO-17; ISO 16017-1; I1SO 16017-2;
ASTM D6345-10
Formaldehyde, acetaldehyde and acetone 1SO 16000-3; EPA TO-11; EPA IP-6; ASTM D5197

Carbon monoxide 1SO 4224; EPA TP-3

Table 7-2 Direct R Instr Mini Specifi
Ozone PM2.5 Carbon Monoxide
Accuracy (=) 5 ppb Greater of 5 ug /m® or Greater of 3 ppm or
20% of reading 20% of reading
Resolution (+) 1 ppb 5 ug/m’ 1 ppm

Table 7-3 Number of Measurements Points

Total Occupied Floor Area, £t (mz) Number of Measurements

<25,000 (2500) 1
25,000 (2500) and 50,000 (5000)
>50,000 (5000) and <100,000 (10,000)

a & N

>100,000 (10,000)

buildings.lbl.gov 17

ASHRAE 62.1 - Natural

Ventilation

m Calculation
procedure with
many
requirements

Based on
minimum opening
areas

\M BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION

Rt  Energy Technologies Area

Table 6-7 Minimum Openable Areas: Single Openings ?

Total Openable Areas in Zone as a Percentage of 4,

Vy/A. <, Vy/A; <,

(Lis)/m? cfm/fé HyWg<0.1 0.1<HyWg<1 HyWg>1
1.0 02 4.0 29 25
20 0.4 6.9 5.0 44
3.0 0.6 9.5 6.9 6.0
40 0.8 12.0 87 7.6
55 11 15.5 1.2 9.8

where

Table 6-8 Minimum Openable Areas: Two Vertically Spaced Openings ?

Total Openable Areas in Zone as a Percentage of 4,

VAo, Viddos, H,<82ft(25m)  82ft(2.5m)<H,<164ft(5m) 164 ft(5Sm)<H,
(Lisym*  cfm/f?  A/4;<05 A/A4;>05  AJ4,<05 AJA;> 05  AJA<05  AJA;>05
1.0 0.2 2.0 13 13 0.8 0.9 0.6
2.0 04 4.0 26 25 1.6 1.8 12
3.0 0.6 6.0 3.9 3.8 25 27 1.7
4.0 0.8 8.0 52 5.0 33 3.6 23
5.5 1.1 11.0 7.1 6.9 4.5 4.9 32

buildings.lbl.gov 18




Requirements
m Time averaging allowed for variable occupancy and/or air flow rate
- Limited to a time period based on space volume and air flow rates
m Demand control air flow reset permitted based on CO,

m  MERV 8 filters required to protect equipment

m  MERV 11 filters on air inlets if in a location where National Guideline for outdoor
PM2.5 is exceeded

B Requirements for parking garages - pressure control
m  Requirements for smoking - pressure control and transfer air controls and signage
B Requirements for ozone generating devices

m Requires and Operation and Maintenance manual and compliance with O&M
requirements

Sl BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildings.lbl.gov 19
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Use in regulation

m ASHRAE 62.1

—In most jurisdictions using “model energy codes” - i.e., almost
universal

m ASHRAE 62.2
— A few states require it in new construction
— EPA Energy Star homes
— DOE Weatherization

— By default in home energy ratings that are now used in
regulations in many states

— Overall - much less universal than 62.1

Sl BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildings.lbl.gov 20
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Questions/comments

Contact info: iswalker@lbl.gov
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Pawel Wargocki , \
International Centre for Indoor Environment and Energy ™ & |
DTU SUSTAIN, Technical University of Denmark (DTU) '
pawar@dtu.dk

A general overview of IEA-EBC Annex 78:
Supplementing ventilation with gas-phase
air cleaning, implementation and energy
implications
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Outline

* Introduction IEA-EBC Annex 78

» Concept of supplementing ventilation by gas phase air cleaning.
* Testing of gas phase air cleaners

* Energy impacts of using gas phase air cleaning

» Conclusions
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Summary

» Operating Agents
—Bjarne W. Olesen, Technical University of Denmark. Pawel
Wargocki, Technical University of Denmark

* Time schedule
—Preparation phase 01-07-2018 to 30-06-2019
—Working phase 01-07-2019 to 30-06-2023
—Reporting phase 01-07-2023 to 30-06-2024
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Structure

» Subtask A: Energy benefits using gas phase air cleaning
— Subtask leader: Alireza Afshari, Denmark
— Co-leader: Sasan Sadrizadeh , Sweden
» Subtask B: How to partly substitute ventilation by air cleaning
— Subtask leader: Pawel Wargocki, Denmark
— Co-leader: Shin-Ichi Tanabe , Japan
» Subtask C: Selection and testing standards for air cleaners
— Subtask leader: Paolo Tronville, Italy
— Co-leader: Jinhan Mo, China

» Subtask D: Performance modelling and long-term field validation of gas phase air
cleaning technologies

— Subtask leader: Karel Kabele, Czech
— Co-leader: Jensen Chang , USA
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Concept, ref. ASHRAE 62.1 and EN16798

People Component Building Component
Breathing Zone
Outdoor Airflow
\ = R.A,
Minimum
I/s/Person Building Area
Number of Minimum
People I/s/im?
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Concept, supplementing ventilation

ISO 10121-1:2014 "Test method for assessing the
performance of gas-phase air cleaning media and
devices for general ventilation - Part 1: Gas-phase air
cleaning media"

+ Clean Air Delivery Rate (CADR)
* CADR=¢p,q'Q4p°(3,6/V)
— where:

[

diffusor and Ap device
sampling points - should be of “fork” type or similar with multiple inlet points to make a compounded sample
over the whole cross section

Figure 1 — Normative section of test stand showing ducting, measurement parameters and
sampling points

~ Egean OF Eppq. 18 the air cleaning efficiency

— Q,p is the air flow through the air cleaner, /s;

Y

is the volume of the room, m?.

3 GPACD under test « Air Cleaning Efficiency
4 GPACD section of test duct
5 upstream sampling point for Ty, RHy, py and Cy at X mm before the GPACD ~ Selean = 1OO(CU - CD)/CD
6 Downstream sampling point for Tp, RHp, pp and Cp at Y mm after the GPACD
7 Q air flow rate sampling point at Z mm after the GPACD h N
W internal width of the test duct along the GPACD section, 3+4 where:
h  internal height of the test duct along the GPACD section, 3+4 _ : 3 : :
s J €¢1ean 18 the air cleaning efficiency

— Cy is the gas concentration before air cleaner

— C, is the gas concentration after air cleaner.
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Methods and standards for testing gas-phase air

cleaners

Air cleaner, Standardization Administration of Single species gas Formaldehyde

China (GB/T-18801) Fltta 0. toluene CADR

Air cleaner, Standardization Admi Singl Single species gas Formaldehyde Singl ffici
China (GB/T-18801) inglepass eg. toluene ingle-pass efticiency
Reduced Energy Use Through Reduced Indoor TVOC

Contamination in Residential Buildings, NCEMBT Pulldown Eight VOCs mixture P Id“"ﬁe"g CADR
(NCEMBT 061101), US report ormaidenyde

Air cleaner, Japanese Standard Association (JIS SlslesEss NO:, SO: NO:, SO: Single-pass efficiency
C 9615-2007)

Air cleaners of household and similar use, Japan Ammonia,

Electrical Manufacturers Association (JEM 1467- Pulldown Tobacco smoke acetaldehyde, and Removal rate
1995) acetic acid

Independent air purification devices for tertiary A

sector and residential applications - Test Si OCs mi GIEE, Single-pass efficiency,
methods - Intrinsic performances, Association lrgtepess [y YIS il acetaldehyde, CADR
Francaise De Normalisation (XP B44-200) heptane, and toluen

Test method for assessing the performance of . i

gas-phase air cleaning media and devices for Singlepass VOCs, acids, bases, VOCs)acids iand Single-pass efficiency

general ventilation (ISO 29464:2017)

and others

bases, and others

Source: Afshari et al. (2022)
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Challenges

* Only a few pollutants examined

* No methods for identifying by-
products

BYPRODUCT GENERATION

INCOMPLETE OXIDATION

Aldehydes — formaldehyde, formic acid, CO
Alcohols — aldehydes — acids — shorter carbon chain alcohols

and acids —formaldehyde, methanol — CO, and H,0

Benzene — phenol

1-Butanol — butanal (butyraldehyde), butanoic acid, ethanol,
acetaldehyde, (propanal (propionaldehyde) and propanol,
propanoic acid) — (ethanol, formaldehyde) — methanol,

formaldehyde and formic acid

m Ethanol — methanol, acetaldehyde, formaldehyde, acetic acid,

formic acid

m  Methanol — methyl formate (measured in liquid form only),
formaldehyde, methylal (formaldehyde dimethyl acetal

m Toluene — benzaldehyde, benzoic acid, cresol, benzyl alcohol,
phenol, benzene, formic acid

Source: Mo et al. (2009)
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INTERNATIONAL ISO
STANDARD 16000-28
Indoor air —
Part 28:

Determination of odour emissions from
building products using test chambers

Air intérieur —

Partie 28: Détermination des émissions d’odeurs des produits de
construction au moyen de chambres d’essai

Test Panel
+ Trained
+ Untrained
Odour
« Acceptance
« Intensity
+ Hedonic tone

Examples of diffuser and mask used for odour evaluatio

Figure C.1 — Diffuser

Assessments of perceived air quality

Epio=0,/0,,-(PAQ/ PAQ,, ~1)-100

where:

€paq 18 the air cleaning efficiency for perceived air
quality;

Q, is the ventilation rate without air cleaner, I/s;
Q,p is the ventilation rate with air cleaner, I/s;
PAQ is the perceived air quality without the air
cleaner, decipol;

PAQ,p is the perceived air quality without the air
cleaner, decipol
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a0

S0

a0

Percentage of dissastisfied [%]

o

70 1

60 1

an |

20 +

10

*— autlier

L
40 (=]

Outdoor air supply rate [I/s]

g0

Use of perceived air quality, example

W Purifier off

Purifier on

10
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Energy simulations, example

Source: Bogatsu et al. (2021)
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Methods — air cleaner

+ Stand-alone air cleaner
« Air cleaner supplies clean air without any by-products
» Scenario

— F3 building materials and people

— F1 building materials only

* Improve IAQ from Category IV or lll to Category II; PD determined empirically

Category Level of expectation PD [%]
EQ, High 10
IEQy Medium 20
IEQyy; Moderate 30
IEQpy Low 40

Source: EN 16798-1:2019
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Results — I1AQ

» CO, concentration below 1200 ppm [ M Focat N Ficotlv NN FicCat

1000

+ Absolute CO, concentration (outdoor 400
ppm)

000

800

e

500

1

CO2 concentration[ppm)]
)
=]
a

400

Without air cleaner | With air cleaner
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Results — I1AQ

« CO, concentration below 1200 ppm [ M Focat N Ficotlv NN FicCat

ol

Without air cleaner I With air cleaner

+ Absolute CO, concentration (outdoor 400
ppm)

000

800

CO2 concentration[ppm)]
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Results — Energy

* Including energy use of air cleaner Primary energy factors in Denmark

» Dependent on energy mix Electricty _ Distrct heating
BR15 25 0.8
= Building class 2020 ~—BR15 Renovation classes of BR15 25 il
Renovation classes(Building class 2020) === Renovation classes(BR15) Building Class 2020 18 06
19% Renovation classes of Building Class 2020 1.5 1

- 17%
c
-
3 15%
3
2
g 13%
o
k]
o 11%
o
3
g o%
£
&

™

5%

o% 60% 70% 80% 90%

Heat exchanger efficiency

Energy saving potential, F3 Building materials and people
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Results — Energy

* Including energy use of air cleaner

» Dependent on energy mix and airflow rate

IAQ Category IV to II IAQ Category III to II
= Building class 2020 - BR15 = Building class 2020 =~ BR15
Renovation classes{Building class 2020) === Renovation classes(BR15) Renovation dasses{Building class 2020) === Renovation classes(BR15)
16% 104
146 L]
2 2 o
E
> ~
g 1on 3 &
5 an 5 .
5 3
L] 1%
o% 04

(] 60% 70% 808 0% o L 70 80w 008
Heat exchanger efficiency Heat exchanger efficioncy

Energy saving potential, F1 Building materials
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Summary, energy impact

» Simulations for different climates with air cleaner providing CADR
resulting in up to 50% reduction in outdoor air supply rate (Cat. Il,
EN16798)

* Depending on the climate, simulated energy savings reached
between 1.9% and 18.2%; the savings were achieved by reducing
the energy use for heating, cooling, and transporting the ventilation
air
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Development of a new standard
for testing gas-phase air quality
performance
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Proposal

» Two-stage-testing
» Stage 1: Pass/no pass with respect to the effect on indoor air quality

» Stage 2: Determine clean air delivery rate (CADR) and compare with equivalent
ventilation requirements

* Use sensory assessment of air quality by human panel (ultimately chemical
measurements)

» No testing of long-term performance
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Experimental validation, setup

Humidifier
- Y
= ml@) ml@)
Fan JQ x3peop|e
oo sitting
Partition * * *
Building x x x x x x
material
Pollution box
F1 |D F2 D F3
White box /I a - J N Hose
X X X
D1 D2 D3 Corridor
* Air cleaner x location for sensory
assessment
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Sensory assessments
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Overall protocol

» Portable air cleaners were tested; all operated at close to the maximum capacity

* Air cleaners were challenged with different types of pollutants representing people and
building materials

+ Conditions under test: ca. 230C (730F) and 50%RH

» Up to four levels of ventilation with outdoor air were tested

+ Different number of air cleaners were placed in the rooms during testing

» Measurements of air quality were performed with air cleaners idled and in operation

DTU
>
>
>
Stage 1 results, passed/not passed
Empty People Building materials
0,30 0,30
0,25 0,25 0,25
0,20
o >
acs 005 00
:-2 T oa 0,05 NoAC ACta 005 NoAC Tacta
= -0,10
'4‘:-:‘; 0,15 0,15
Air cleaner AC1, no pass
0,30 0,30
0,25 0,25 0,25
0,20 0,20
0,15 . 0,15 0,15
010 ! 0,10 .
om "~ i
0,05 NoAC AC2p 0,05 No AC AC2p 0,05 NoAC AC2p
0,10 0,10
-0,15 -0,15 -0,15

Air cleaner AC2, pass
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Stage 2 results
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w/o air cleaner
4 L/s per person

(3 units)

w/ air cleaner PAC1

4 L/s per person

Cherpical testing
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lssatisfied (%)

n

Ventilation credit or CADR?, new concept

CLASSROOM
EN16798-1 (2020)

Ventilation ereditVC-30=21/sp

b 4\
‘ Ventilation credit VC-20=61/5p

|
|
Minimum | ‘
|

{base)} Ventilation credit VC-15=10L/sp
ventilation
rate
'Y
2 3 3 2 12 14

Outdoor airsupplyrate(l/s per person)

s

Percentage dissatisfied (%)

Ventilation credit (classroom)

|
2 4 6 g 10 12

Ventilation credit (clean zir deliveryrate) (L/s per person)
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Pero

entage dissatisfied (%)

CO, credit

CLASSROOM

CO2 credit CO2-30=350 ppm

CO2 credit CO2-20=630ppm

oz e
minimum
|base]
ventilation
rateof T ———
4 Lisp | S —

—
200 200 &0 800 1000

Carbon dioxide {CO2) above outdoors (ppm)

Percentage dissatisfied (%)

100

CO2 credit (classroom)

200 300 400 500 600 700 800
Carbondioxide CO2 credit (ppm)
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Conclusions

* A concept for substituting part of the required ventilation with gas phase air
cleaning technology has been presented

» There is a need for new testing standards that considers perceived air quality
and human emissions as a source.

* It must be verified that the reduced ventilation rate is still high enough to dilute
individual contaminants.

+ Adjusted CO, criteria must be used to express the indoor air quality and to use
for demand-controlled ventilation.

pawar@dtu.dk

Thank You




International Standardization of Testing Perceived Air Quality and
the Supporting Information from in silico model for Transport Efficiency
of Acetone from Indoor to Olfactory Epithelium Cells




Smell/ Odour in Indoor Environment

* Perceived Air Quality / Bio-effluent
* Convener [SO TC146/SC6/WG25

— ISO FDIS 16000-44 “Test method for measuring perceived indoor air quality for use in testing
the performance of gas phase air cleaners”

S

e
‘._?_ - on
> @S> 9O - - SR PN ey
- = = 2« < N

How many sniffs for subjective evaluation?

ISO FDIS 16000-44

* |SO TC146 (Air Quality) /SC6 (Indoor Air) /WG25 (Air Cleaning Technology)

— Test method for measuring perceived indoor air quality for use in testing the performance of
gas phase air cleaners

* Principle for measuring perceived air quality

— The perceived air quality is determined using subjective evaluations of acceptability and odour
intensity. The air assessed by a panel is presented via sniffing device (a funnel).

-1 No odour
—— Clearly acceptable

L Slight odour

I~
-} Moderate odour

| Just acceptable

[~ Just unacceptable

— Strong odour
I~
— Very strong odour

——Clearly unacceptable L overpowering odour

Acceptability scale Odour intensity with category scale




Test Conditions

* The panel member shall enter the front space and assess quality of air presented via
sniffing device immediately upon arriving at the measuring point.

* The measurement shall be made after taking one sniff of the air.

* Only one measurement shall be made at a time, either acceptability or perceived

odour intensity

ll i}l I|—| Il . il III \ fl
2 sl 6% 5 2 i1 o 8 2 i ® .

-l __? ’_| ,j B

i | I 1 b L A—— Bt 11 I

i e
L] L= L _:.—T
4 5 /10 4 £10 4 10
el it i
1 9 1 9 1 9

A test room for A test room for A test room for
a standalone air cleaner a in-duct air cleaner a in-duct air cleaner (single-pass condition)
test chamber 7  tube or duct
clean and temperature/humidity conditioned air supply inlet 8  sniffing device
exhaust outlet 9  front/anterior space in which human panel enter

emission source 10 Doors where panel enters
An air cleaner 11  in duct air cleaner
mixing fan

=B B =R S I SR

Perception of Odour/ Smell

N

Sensory experiment
/_—\/-—-1/_; + Direct volunteer participant(s) evaluation/ high sensitivity

|
rybulb () » Ethical constraints

Odor Intensity level
extremely strong 6 '

very strong

strong
distinct

O = N W W,

CFD based in silico Approach
* Analysis for physico-chemical mechanism
* Analysis for Hygrothermal-chemical transfer mechanism

A




Modeling the Wall Surface Decomposition/Deposition Flux of Scalar

* Heterogeneous reaction between Scalar and wall surface
* The surface deposition of the local scalar concentration close to the surface (molecular theory)

)
Js =—y-—=C, 1:m: dation coefficient/Reaction probabili
4 _1'=72 7[-] : mass accommedation coefficient/Reaction probability
K|
* The flux model to enable an increased length scale at the surface e i
& i
<v> Aerosols '-.::'u / }[ner‘tial sublayer
Js=— - S
1+y <v> ﬂ = } Buffer layer
4 D, .
(damping due to molecular — ™ c.o:t ° %o ‘L s s
diffusion in viscous sub layers) —/1 5% ofe l y+=<1 Y
—— N < W .
g d"i ?‘q i ' dh Equilibrium
< ¥> [m/s] : Boltzmann velocity for targe scalar kﬂ Wﬁfu\i\/\/ deposition ]ayer
A [m] : mean molecular free path (order of the 10® T
Ay, : distance to the first computational cell (< y*=1) Building material
Variety of Adsorption Isotherm
Henry type
Caa Langmuir Coy = Fe 0 =i
ad TR en TTERERT
A Langmuir type
Henry | 3
ad = ——F——
1+ k; ¢
BET type
_ Codokper C;
C
BT - G )
r r BET *<r
Freundlich type

Cad = kf(‘\r]./'r i
Classification of Adsorption Isotherm
IUPAC (International Union of Pure and Applied Chemistry)




Physiologically Based Pharmaco-Kinetic (PBPK) model Reaction Diffusion System

Lumen-Tissue Boundary (Flux Conservation)
——

Dﬂ a = Dr t bkl vl . E:wu . - -
an 6n oo | E | »a Non—Pr(_Jl:esTsing
mil\'\\ E I Organization
1\ partitioning s {\“-\§\ i |
1 TR 1
_ ]\&-ﬁ;‘ : [
i Gt = BairCa |
Mucosa + Ep[the|ia| v M-:::oh::::'mm dstribution ﬂwm'.’:::"""“\
oC Vinaxic ) G 3 1
. Tamc) ~K;C,~KC, +D,VC, k- 8
@f K}'ﬁ'l 4 C)‘ o s
m
Michaelis—Menten kinetics Diffusion Term g 6
i 2 a
I
L Cp = P G
Sub-mucosal 1
e A
b - 2
AR —(9/7) G, + D VG
. - MNon-Processing
PBPK for Local Tissue/Sites PBPK for Whole-Body
In Silico Human Model for ISO FDIS 16000-44
* Integrated analysis of flow, heat, moisture, odorous Reaction-Diffusion equation in 3 layers
(chemical) substance
acb(.'(, t) 326}3 (x, t) QD
* Physiologically-Based Pharmaco-Kinetics (PBPK) model ka2 W, Cyp(x, £)
Csub
G0 826G (x0)
a Tt ax2
PBPK model (Tissue side) s
2 -
Olfactory / Mucus 9Cm (1, 1) = I Cm(xt)

m 2
epithelium - . ¢
I—-—--T/ mucus mo
o i Airway lumen 6C, oUC @& ‘f}.a‘c
- ; gt Pt
O S e 2 R
>
5 @

G; ) &
L ]
Airway g e T
- —> - Adsorption equilibrium
. CFD (airway side) Csup = PepisunCn
Cepi = m.epicm,n

Cmo = PrnairCairo




Thermo-Regulation / Heat and Mass Transfer

* Enthalpy of indoor air will affect odour perception
* Asthe enthalpy of indoor air increases, acceptability
decreases and the % dissatisfied increases.

Inhalatidn \
; / Exhalation

Flow rate[l/s]
o

el g

Acceptability

]
3 Sloan ar (fub cagosure) R=0.990 p<0 001 0 05 1 1.5 2 _ 25 3 3§
S Dlansi (lacilexposure)  RD978. beD 001 Respiratory time[s]
polluted ar (facial exposure)  R>0.950, p<0.001 .
- : Inhalation
il N Low RH "
i o0 23°C ————— » Evaporation
00, %0 § — °
2 RH50%
92 3 70 2 /‘
04t 3 & £ /
¢ : & -
06t = S ﬁg ,g
-o.a'f 2 g B ;
10! ' & i Exhalation
25 35 45 55 65 75 ; ,
Enthalpy (kJ / kg) s

(Fang L, Clausen G, Fanger PO, Indoor Air, 1998)

Mucus layer

' 37°C,RH99%
(Core)

Thermo-Regulation model for Skin Surface and Core Temperature Control

* Heat Balance of Human Body M =0.0014M (34 -8, )-0.000017M (5867 — p, )
M= 8.5 } __________ o1 —0.00305(5733 - 6.99M - p, )+ 0.42(M - 58.2)+ fuer. (6, - 6,)
= (Qﬂ £ Qr + Esk) + (Cres + Eres) - Srr + S.sk e S e f‘.[ Ai{gd + 273)4 —(MRT+ 273)4}
D

; : Comf ion (by F
* Heat storage in Core and Skin (Gagge’s two node concept) o sl S

Scr = Cres _Eres N K({r:r 3 'rsk) 3 Cp.bf”"b! (rrr = r:k) } 9 = (I i aﬁk)}” : Cp’b %

= M & Cr\es = Eres = (K 3 Cp:b!‘!“bf)(rrr = tsk) . AD (f@
” Gagge (1986
Ssﬁ: =K (Irr _tsk) —Cp iy (rcr _rsk) i Esk B (ch + Qr) B e Ay 1 "Cod d‘fsk Gnpary T /mm
sk ISCOMFORT
= (K ® CP.MI”M )(rcr _rsk - Esk - ch 1 Qr ‘4}3 d@ ;

Core temp Skin surface temp ! Sensible heat flux Latent heat flux §

Lt
ENVIRHMENT ¢ T, , Ty, MRT, AIF MOVEMENT, Clo .




Hygrothermal Transfer Modeling in Respiratory Tract

* Total heat balance equation of airway wall Air flow ;
e g = (k + k ) ant 2 &D +D - Evcapf?ratlon Tomeall€l
L . W e ; T s
o e 0T R . (10e o ok
conduction sensible heat latent heat
Mucus layer

* Water vapor concentration on mucus surface
0.622e
) [kg/m?]

p—0.378e

7258.2Tqurf ace ) i
Teurface + 237.3

Csurface = Pair(

e = 0.61078exp (

_ A-a)m-c,, dr.

CSP with
r
AD de Thermo-regulation
(Gagge's two node
§ = Qg 11 Cp dfﬁ. concept)
* 4 do

D

I Cases Analyzed

Exhaust outlet
U, Kout 7 © out = Eradient zero

Turbulence model
SST-k-w model

Sniffing device

CSP(Computer Simulated Person)
Skin surface temperature:
calculated by Thermo-regulation model

Acetone
concentration=100[pg/m’]
flow rate = 0.6[L/s]

Wall (room)
Velocity: no slip

27 m

Supply inlet
Temp:23[°C],RH:50[%]
ACH:7[1/h]




I Transient Acetone Concentration Distribution

100

Sniffing device

acetone
[ng/m?]

Center cross section of in Silico human (x=1.35m)

I Inhaled/Exhaled Acetone Concentration via Right/Left-Nostril
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%002 % o
I i il
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| Acetone Concentration Distributions in Nasal Cavity

====nostril-right ——nostril-left

Z 0.02 a . ; , olfactory

= Inhale i

i) 0

c ' Exhale
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i 1

f ‘ Acetone concentration [pg/m?] ‘ ‘ Acetone concentration [pg/m?3]
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I CFD-PBPK Analysis — Acetone concentration on mucus layer
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394 440 514 208

Clausen G (2000) Sensory evaluation of emissions and indoor air quality. In:
Proceedings of healthy buildings 2000, vol 1, Espoo, pp 53—62




I CFD-PBPK Analysis — Acetone Adsorption Flux on Mucus Surface

olfacto ry istcycle  2ndcycle 3rd cycle 4thcycle 5thcycle  6th cycle

o\ 1 -

[ nasal pharynx
el
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vestibule !

larynx
jm——

trachea

Adsorption flux [(¢g/m?s)]

\ |

bronchial tube Respiratory time[s]

\i\ —Vestbule  —nasalcavity pharynx —larynx frachea
—broncheal-tube —olfactory-a ~ —olfactory-b alfactory-c olfactory-d

Adsorption Flux of Acetone, Acetic acid, and Ammonia on Mucus Surface
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Breathing or Sniffing Cycle

Breathing cycle Sniffing cycle
1 i
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Evaporation flux [ug/(m?s)]

Hygrothermal Analysis — Evaporation flux on mucus surface

7 5E.04 Inhale Exhale | @ Inhale
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25E04 b
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Acetone

o o

Adsorption flux
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[T = T RN

o

o
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In Silico Human model or Volunteer Participants for Smell/ Odour Evaluation

At present, adsorption flux (of chemical compounds) and sensible/latent heat flux to olfactory
epithelial tissue may be analyzed quantitatively, but their combined effect on acceptability and
perceived odour intensity evaluation could not be analyzed.

Olfactory fatigue is also numerically unpredictable.
Hence, still we do not know how many sniff/breath would be appropriate to odour evaluation.




mmmmmmmmmmmmmmmmmm

an update on IEA-EBC Annex 86
energy efficient IAQ management strategies in
residential buildings

Jelle Laverge

mmmmmmmmmmmmmmmmmm

|[EA-EBC Annex 86

Energy Efficient IAQ Management
in residential buildings

AIVC Workshop 2023 Tokyo




EBC &)

Energy in Buidings and
Communities Programme:

Context Ventilated

IAQ is an important constraint for energy

efficiency optimisation in buildings Art
There is no consensus on a framework to | = | Quality
rate IAQ as a basis for this optimisation Provide Rate

Smar:

EBC &)

Energy in Buidings and
Communities Programme:

Scope a n d Goa |S To select metrics to assess energy performance and indoor environmental quality of an IAQ

management strategy and study their aggregation
To improve the acceptability, control, installation quality and long-term reliability of IAQ management
strategies by proposing specific metrics for these quality issues

. . To set up a coherent rating method for IAQ management strategy that takes into account the selected
Provide a framework to improve energy

metrics
efficiency of IAQ ma nagement for To identify or further develop the tools that will be needed to assist designers and managers of

buildings in assessing the performance of an IAQ management strategy using the rating method
Residential buildings To gather existing or provide new standardized input data for the rating method

To study the potential use of smart materials as (an integral part of) an IAQ management strategy
both new construction and refurbishment To develop specific IAQ management solutions for retrofitting existing buildings

To benefit from recent advances in sensor technology and cloud-based data storage to systematically
improve the quality of the implemented IAQ management strategies, ensure their operation and
improve the quality of the rating method as well as the input data

To improve the availability of these data sources by exploring use cases for their providers

To disseminate about each of the above findings.
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Energy in Buidings and
Communities Programme:

Workplan
6 Subtasks

ST 1 and 2: methodology
ST 3 and 4: application to technology
ST 5: new opportunities through loT

ST 6: dissemination and management

Subtask 1 Metrics and development of an IAQ management strateqy rating method

This subtask is devoted to the development of a general rating method for the benchmarking of the performance
of IAQ management systems. In addition to relevant metrics, a set of appropriate tools, consistent modeling
assumptions and monitoring protocols are also proposed.

Subtask 2 Source characterization and typical exposure in residential buildings

This ST creates consistent input values for the assessment method developed in ST 1 and control strategies in ST 4.
It starts from information available in literature, adding new experimental results where needed and reviewing and
developing models (empirical, semi-empirical or physical models) for characterizing relevant residential sources.

Subtask 3 Smart materials as an IAQ management strateqy

This ST identifies opportunities to use the building structure and (bio-based) building materials (focussing on hemp
concrete) and the novel functional materials inside it to actively/passively manage the IAQ, for example, through
active paint, wallboards, textiles coated with advanced sorbents or hemp concrete, and quantifies their potential
based on the assessment framework developed in ST 1.

Subtask 4 Ensuring performance of smart ventilation

This subtask focuses on practical conditions that assure reliable, cost effective and robust implementation of smart
ventilation. This includes both installation and operation. A poor performance of smart ventilation systems can not
only lead to waste of energy and aggravated IAQ. It can also create a bad reputation of smart ventilation among
relevant stakeholders - designers, installers as well as occupants. This, in the end, can lead to adoption of more
primitive, less efficient (in terms of energy use) and less effective (in terms of IAQ) forms of IAQ management. The
subtask defines a smart ventilation according to the AIVC

Subtask 5 Energy savings and IAQ: impro s and validation through cloud data and IoT connected devices
This subtask is exploring the potential of the new generation of loT connected devices (both standalone and
embedded in eg. AHU’s) for smart IAQ management. What can we learn from big data? Can we benchmark system
energy and IAQ performance based on this data? How can we make sure that the data is available and can be
accessed? Can we update what we think we know about what happens in dwellings based on what we see in big
data rollouts? What are the best protocols and ontologies? How to create viable services out of the data/business
plans? How can we integrate data with smart grids?

Subtask 6 Dissemination, management and interaction

The final subtask assures the close alignment of the activities within the annex and the interaction with the AIVC.
This subtask includes the outreach of the annex, eg. by managing the dedicated section of the IEA EBC webpage. It
uses the different platforms that the AIVC provides to interact with the broader target audience. This task will also
ensure the continuation of the link with (the results from) other ongoing and ended annexes, especially annex 68.

EBC &)

Energy in Buidings and
Communities Programme:

Rating?
3 cases
Comparing cases

Ranking options / engineering case

Across buildings / generic options

ELV indices DALY
Acetaldehyde cetaldenvd
cetaldehyde
v M/m T y e
2 | michioroethylene < {crolein
9 /
% Toluene (- ) Benzene
(3] Benzene
IS Styrene ~) Formaldehyde
=
g , 2N
o Radon'< ’ \/Naphlhalene rmaldehyde
c pM2.55— | —TNitrogen dioxide %
3 PM10 X itrogen dioxide
Maximal value: 8.5 (Benzene) Total: 1166 DALYs lost/(year.100,000 persons)
ELV indices Energy consumption
Acrolein Very energy efcient

8 - 0
5’1 TvOC, - - Carbon dioxide 0

/ Regulation fc 100,
g preing ol <
E Radon Typical existing 260
c building e
.&) / 350

0
+ PM25 “Nitrogen dioxide l‘“"'
() P 400
_‘5;’ p;./.io Not eneray efficient
Maximal value: 55% (PM2.5) Energy consumption: 130 kWh,/(m2.year)
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Energy in Buidings and
Communities Programme

Methodological issues

AEGL

REL Acute

Conflicts of longterm vs shortterm effects

Exposure Concentration

Resillience?
SBS?
Acceptibility of IAQ?

REL TWA

Chronic

EBC &)

Energy in Buidings and
Communities Programme:

Methodological issues

Conflicts of longterm vs shortterm effects
Resillience?

SBS?

Acceptibility of IAQ?
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Energy in Buidings and
Communities Programme:

Methodological issues

Conflicts of longterm vs shortterm effects
Resillience?

SBS?

Acceptibility of IAQ?

Learning disturbance
Wi

Material cost

Maintenance

Installation cost
Health cost

Productivity loss

Operation

J J

10000

g
g

6000

Update on total cost
<> Boulanger et al.

~ Hard costs

—  Soft costs

LRSI CNEAY - Not accounted yet

total_cost

0000000000000 0O®000000 0000000000000é
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Energy in Buidings and
Communities Programme:

Methodological issues

Conflicts of longterm vs shortterm effects
Resillience?

SBS?

Acceptibility of IAQ?

Relative Health indicator value [DALYs]

30

20

MAX DALYs

C100%

D 100%

10 20 30 40 50
Energy Use indicator value [kWh/m?2]

System D_ref C_ref Lin_ref
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Rating Ecology

Back to cases 2 and 3

Input variables
Standard conditions & physics?

Standardised scenarios?

t
e TF‘M vy
[ PV > O
4—--"" parht:lgs

|n air, C

window o Feuam

F Qac Kogumt
dust furniture
...i-.. fioaring

Mash-up of Weschler et al.

& Dols, 2020, https://doi.org/10.6028/NIST.TN.2095
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Rating Ecology

Back to cases 2 and 3

Input variables
Missing dose-response curves?
Standard conditions & physics?

Standardised scenarios?

~
&

Number of secondary cases

+
80
+ COVID-19
+ Tuberculosis
60 — + Influenza
+ Measles *
40— Stronger Stronger
outbreak outbreak
+ +
20 -
Typical case
Typical case - * » + "
0 AT
0.01 0.1 1 10 100

Infection risk parameter H (persons h’ m'J)
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A2.1a ,Registry” of IAQ monitoring studies

Big Thank you for all entries so far!
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£
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2
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=
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A2.1b Review of emission rate studies for PANDORA database

1%t step: Updating PANDORA with data from 2014-2022
--> EMISSION RATES from published papers/reports and Annex86’s data (Link to TEAMS files)

Rofoence of scentcjumal papedconferenciroport

https://db-pandora.univ-Ir.fr/
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--> New: if you have unpublished data you want to share > please also fill the Team:s files.
--> Implementation not started yet, later this year.

A2.2 - Pri

ing & Analyzing the

Study
Level

Home
Level

Room
Level

>40 monitoring studies from:

ble data

Status: defining statistical analysis method

Pollutant
Level

70 o)
Y °o“

Period
Level

Australia Norway 3] ey
Austria Portugal " @)
Belgium Singapore N f
I Chile Slovakia & . i ot
Denmark Spain = \"‘:‘,f ﬁ
m 002
- 1 = France Switzerland
S S & Italy Sweden ilation tys air supply type. nsor t
RO R e mem e e ™
Mexico USA Data bldg type

period definition |

ST2

STAT data
AVGSTD P25 P25 P50 P75 P07

Def. melml.

sample :ode\
sample data

process data >
by annex
participants

-> data repository
-> meta analysis (CE)

w -

Netherlands

-> typical exposure
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Rating Ecolo

Back to cases 2 and 3

Input variables

Missing dose-response curves?

Standard conditions & physics?

Standardised scenarios?

gy

STS
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Energy in Buidings and
Communities Programme:

Rating Ecology

Back to cases 2 and 3

Input variables
Missing dose-response curves?
Standard conditions & physics?

Standardised scenarios?

Annex|I
(informative)

Basis for the criteria for indoor air quality and ventilation rates

1.1 Default design ventilation air flow rates
1.1.1 General

Due to health reasons the total minimum airflow rate during occupancy expressed as 1/s per person
should never be below 4 1/s per person (Table 1.3) and the WHO Guideline values in Annex M is met.
The default air flow rates given in this Annex I are design ventilation air flow rates.

The default air flow rates given in this Annex assume complete mixing in the room (concentration of
pollutants is equal in extract and in occupied zone). For non-residential buildings ventilation rates
should be adjusted by the ventilation effectiveness in accordance with prEN 16798-3 if the air
distribution differs from complete mixing.

EBC &)

Energy in Buidings and
Communities Programme:

Conclusions

There is no consensus on a framework to
rate IAQ as a basis for energy efficiency
optimisation in residential buildings

To successfully get there, we need to

- Advance methodologically to define
constraints and cost functions

- Provide a 'rating ecology’

Thanks to AIVC for partnering with us to
collect your input

Ventilated

Art

Provide
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Effects

Section 1
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Perfectly mixed contaminant. Two people. Different activities. Different ages.
Which person is harmed the most?

8 years old 80 years old

Unive[sitg of : .
1" Nottingham | | jfetime effects

UK | CHINA | MALAYSIA

.. ispersi Intake Response Response
Emission Exposure . . .
(inhalation) (acute) (chronic)

Contaminants and emission sources Person/receptor

) &)

Acute: short term, normally <24h
Chronic: long term, normally >24h

w

Sunday; May 21,2023 Different metrics for different response rates
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Perfectly mixed contaminant. Two people. Different activities. Different ages.
Which person is harmed the most?

8 years old 80 years old

Harm matters! 6

University of

Nottingham
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Paradigm

Section 2
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1. The olfactory paradigm

Ventilation and

2' Ratings SyStemS IndoorAirAch:al:I:tayb:: E%’ <
Residential Buildings g‘f;{l I

3. IAQ indices
4. Threshold limit values
5. Exposure limit values

8 University of > = .
!»'. Nottingham | | jsts of Limit Values: disagreements

Recommended thresholds for PM,
* WHO

» Mean concentration of <15ug/ms3 per day
« Mean concentration of <5ug/m3 per year

 U.S. National Ambient AQ Standards
» Mean concentration of <35ug/m3 per day
» Mean concentration of <12ug/m3 per year

* WELL Buildings
» Threshold of 15 ug/m3 measured at least
once per hour at a resolution of 10ug/ms3 or
finer
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Not clear how a change to any of these metrics,
say by 10%, would affect occupant health and
comfort.

2.  Easier to deal with acute risks rather than
chronic risks. Thresholds work for acute
exposures and time frames. For the chronic
they do not.

3. Anindication of the relationship between dose
and health consequences is required.

4. Shouldn’t all thresholds cause the same
magnitude of harm?

5.  There’s no such thing as zero risk, but risk can
be acceptable.

6. How can we account for harm at a population
scale and determine appropriate solutions,
ignoring outliers?

7. Therefore, can we determine contaminants
of concern, that have a direct effect on health
and are commonly found in indoor air?

r University of Section 3
A Nottingham | Some Drawbacks and Questions

UK | CHINA | MALAYSIA

How can we
actually
measure harm?
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Harm

Section 3
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Birth

Disability Adjusted Life Years (DALY)

Incidence Actual death Time of
of disease from disease death

Disability weights

YLDs
> < >« >
Life years lived in full health Life years lived Life years lost due to
with disability premature death
\ J
|
DALY

J

QALY 13
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DALY

Disability Adjusted Life Years is a measure of overall disease YLD YLL
burden, expressed as the cumulative number of years lost due to = Years Lived with Disability ® Years of Life Lost
ill-healh, disability or early death

>
o @
»
‘-.\ [ Y
L 94
i : : o Expectec
Healthy life Disease or Disability T — 2 _'j
Early death life years

+ Can rely on toxicological or epidemiological data (epi data is usually acceptable in stage 4 countries)

« Can account for the relative importance of a healthy life at different ages, placing greater value on
years lived in young adulthood (9 to 54 years of age)

YLL is a function of the number of deaths from a disease and the population life expectancy

« YLD is a function of age of onset, the duration, severity, and two statistical constants, C and

* Cumulative for different diseases that occur from exposure to a contaminant
14

»t' Nottingham Previous work: DALYs lost per year per 100,000 population
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Logue JM, Price PN, Sherman MH, Singer BC. A Method to Estimate the Chronic Health Impact of Air Pollutants in
5 U.S. Residences. Environmental Health Perspectives. 2011;120(2):216-22.
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Analysis

Section 4

University of
Noaioen | Our analysis

« International approach: identified uncertainty in a number of
contaminants in homes in wealthy and western countries

* Quantify uncertainty in all parameters
» Use two calculation methods

1. Epi-harm method
epidemiological-based C-R functions to quantify disease incidence

2. Tox-harm method
toxicological data to quantify disease effects

* Both methods produce a Harm Intensity metric with
units of DALY per unit-concentration

« Harm intensity pooled when Epi and Tox data available
* Household concentrations N=827 datasets .
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Epi-Harm model Harm Intensity == =—==-=---

1
2 Harm Intensity (Hix.) 1 HARM 1
| Inputs: Epidemiology based- approach o e I
HEEEEEEEEEEEEEEEES 1 DALYs,, (S5%C1.) per 1
| Risk Estimates Baseline disease Damage Factors T Y 1 ’2;5;&‘ 1
1 B Incidence DF | B
Yo I !
. ———— a 1 1
! 1
/ |
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larm Intensity (H))
sy Epi harm method 1 (95%C.1.) per year per ! 1 o =y 1
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Through . Medians with 95%Cl of distribution

literature wE }
review: 123 F H } f {
studies (827 : l

datasets) ' { { } N } } *

The most T } } { {
reported
contaminants:

PM,

Forﬁlaldehyde,
Toluene, Benzene,
and NO,
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Through
literature Representative dwelling concentrations: median treemap
review: 123
studies (827
datasets)

The most
reported
contaminants:
PM,
Formaldehyde,
Toluene, Benzene,
and NO,

Formaldehyde (9%)

Acetaldehyde
(4%)

The most
abundant
contaminants:
Ethanol, PM,,
Formaldehyde,
PM, . and NO,

NO_{2} (7%)

Methyl
tert-butyl

Ethanol (33%) ) ether (1%)

Limonene (d-...)
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2-Methoxyethanol

Blue: Pooled harm model

Green: Epi harm model
Black: Tox harm model

Hexane |
Toluene
Ethanol |
Radon*

Bicaerosols

Harm Intensities, per 100,000 population (as DALY per unit-concentration).
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g

The contaminants
with the highest .t .
median DALY loss [ J[
estimates are E

Medians with 95%Cl of distribution

| Biue: Pooled harm model
Green: Epi harm model
Black: Tox harm model
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) g

Total harm

PMZ. 5 amounts to

2/3 of the expected
total harm from
chronic exposure to
the 45 indoor
contaminants
considered

Contaminants of
concern include:
particle matter,
formaldehyde, NO,,
Radon and Ozone.

Fine particulate matter (66%)

Coarse particulate matter
(13%)

Nitrogen dioxide (8%)

Formaldehyde (9%)

Total Harm: Median DALY, hierarchically-ordered (DALY's per 100,000 population) s
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» Sets an acceptable threshold for
contaminant harm

—

e Derived from contaminants of
concern

» Use concentrations from a
reference scenario (California
home study) and harm
intensities

* Addendum to ASHRAE 62.2

REF: C Singer, WR Chan, Y-S Kim, FJ Offermann,
IS Walker, Indoor air quality in California homes
with code-required mechanical ventilation, Indoor
air 30 (5) (2020) 885—-899.

r Unive[sitg of
Nottingham

UK | CHINA | MALAYSIA

Summary

Section 5
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. IAQ standards and guidelines
should reflect the harm
contaminants actually cause

2. Dwellings should mitigate
against harm from PM, ., PM,,,
HCHO, and NO,,

3. Harm intensities can be applied
to other building types

4. Other building types require
separate concentration analyses
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End

Indoor Air Quality
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IEA EBC Annex 87

Energy and Indoor Environmental Quality
Performance of Personalised Environmental
Control Systems (PECS)

Bjarne W. Olesen and Ongun Berk Kazanci
Intl. Centre for Indoor Environment and Energy, Technical University
of Denmark

AIVC Workshop, May 2023, Tokyo
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WHAT IS PECS?

* Personal Environmental Control System (PECS) with the functions of
heating, cooling, ventilation, lighting and acoustic has advantages of
controlling the localized environment at occupant’s workstation by
their preference instead of conditioning an entire room.

» This improves personal comfort, health and energy efficiency of the
entire heating, ventilation and air-conditioning (HVAC) system
substantially.

» Personalized ventilation will also protect against cross contaminations,
which are critical in open plan offices and work places with close

distance. _v_
" o"n air o ‘
Comfort 7005

Technology Collaboration Programme
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Why PECS?

Source: Zhang et al. 2010

* Has several benefits compared to ambient (total volume)
conditioning systems

— Improved comfort, health and productivity
— Higher satisfaction with the indoor environment, due to

* Improvements in the immediate indoor environment
experienced by the occupants

* Possibility of personalized control
— Potential energy savings

— Increasing focus on individual differences between people =2
PECS can address these individual differences

— Even more relevant due to COVID-19 (pandemic-proofing)

Technology Collaboration Programme
by l€Q
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Why PECS?

* Not entirely new — significant amount of research exists
* Despite the proven benefits

— No design guide or manual for such systems and their
integration in building HVAC systems

— Far from ”’solved”, still several issues to be addressed
— Not at the level of a common solution in buildings
— Very limited real world” and commercial examples

Technology Collaboration Programme
by l€Q

IEA Energy in Buildings and Communities TCP E B C @
Meetings

» 2022 Preparation phase
— May 20, 2022 Rotterdam
— October 17-18%, Copenhagen

e 2023-2025 Working Phase

— 1. meeting of the working phase of IEA EBC Annex
87, 19th and 20th of May 2023, Tokyo

— 2. meeting in September 11-12, 2023 (Lausanne,
Switzerland, before CISBAT2023 Conference)

* 2026 Reporting Phase

Technology Collaboration Programme
by l€Q
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OBJECTIVES

 Establish design criteria and operation
guidelines for PECS

 Quantify the benefits regarding health,
comfort and energy performance.

 Control concepts and guidelines for
operating PECS 1n spaces with general
ambient systems for heating, cooling,
ventilation and lighting.

Technology Collaboration Programme
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IEA Energy in Buildings and Communities TCP E B C @
SCOPE

 Includes all types of PECS for local heating, cooling,
ventilation, air cleaning, lighting and acoustic.

 Includes desktop systems, which are mounted on desks or
integrated in a furniture

* Chairs with heating/cooling and ventilation.

* Wearables, where heating/cooling and ventilation are
included in garments or devices attached to occupants’
body.

* Not including cars

Technology Collaboration Programme
by l€Q
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TARGET AUDIENCE

« Manufacturers (who need design guidelines)

* Building owners and consultants (who need information on
performance, advantages, problems, operation, how PECS
is operated together with other building systems)

« Users (need same info as building owners and for home
workplaces)

 Standardisation Bodies (revision of standards for indoor
environmental quality).

Technology Collaboration Programme
by l€Q
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Activities

« Seminar in CLIMA2022 (ca. 30 people attended)

— https://clima2022.org/extra content/seminar-new-iea-ebc-annex-on-
personalized-environmental-control-systems-pecs/

» Topical session in AIVC2022 (ca. 45 people attended)

— https://aivc2022conference.org/topical-session-08/

« AIVC Webinar on Monday, 12th of Dec 2022

— Registration link:
—  https://inive.webex.com/inive/j.php?RGID=rd4ce219c23589874419137a1bff98911

Technology Collaboration Programme
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Subtask A: Fundamentals

e Leader

— Mariva P. Bivolarova, Technical University of Denmark, Denmark

* Co-leader:
— Dolaana Khovalyg, EPFL, Switzerland
» Activity Al: Definition and identification of the requirements of
PECS in terms of localized and background Indoor Environmental
Quality (IEQ) i.e., thermal, air quality, lighting, and acoustics.
» Activity A2: Outline the benefits of PECS regarding comfort,
health and productivity based on literature and new research.

e Activity A3: Outline the minimum energy cost requirements for
PECS.

Technology Collaboration Programme
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Subtask B: Applications and Technologies

* Leader:
— Kai Rewitz, RWTH Aachen University, Germany, pending

 Co-leader
— Joyce Kim, University of Waterloo, Canada

* Activity Bl: Summarize the working principles, capabilities and
limitations of existing PECS, based on literature.

» Activity B2: Identify future development and improvement
suggestions for PECS for optimal energy, IEQ and cost
performance.

Technology Collaboration Programme
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Subtask C: Control, operation and sys
integration

« Leader:
— Joon-Ho Choi, University of Southern California, USA

 Co-leader
— TBD

* Activity C1: Identify and summarize existing methods for
controlling PECS (including sensors used for control).

» Activity C2: Develop guidelines on integrating PECS with
ambient conditioning systems in buildings.

Technology Collaboration Programme
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"Subtask D: IEQ and Energy PerformEaI%%e@

evaluation

» Leader:
— Douaa Al-Assad, KU-Leuven, Belgium

 (Co-leader
— Marco Perino, Politecnico di Torino, Italy

» Activity D1: Collection of existing methods of studying and
testing PECS.

» Activity D2: Identification of generic power requirements for
PECS to achieve energy savings compared to ambient conditioning
systems.

« Activity D3: Development of universal and standardized ways of

evaluating and reporting performance of PECS.

Technology Collaboration Programme
by l€Q




IEA Energy in Buildings and CommunitiesTC.P ] ] EBC ‘ﬁ
Subtask E: Policy and advisory actions />

« Leader:
— Rajan Rawal, CRABSE. CEPT University, India

e Co-leader:TBD

* Activity E1: Summary of national and international building codes
and standards regarding PECS.

» Activity E2: Develop ways of overcoming current barriers for a
wide implementation of PECS in buildings.

» Activity E3: Provide input to existing national and international
standards about requirements, characteristics, and performance of
PECS.

Technology Collaboration Programme
by l€Q

IEA Energy in Buildings and Communities TCP E B C @
DELIVERABLES

1. Guidebook on requirements for PECS
State-of-the-art report on PECS

3. Guidebook on PECS design, operation and implementation in
buildings (including integration of PECS with ambient
conditioning systems)

Report on test methods for performance evaluation of PECS

5. Universal criteria about requirements, characteristics, and
performance of PECS to be used in national and international
standards

Technology Collaboration Programme
by l€Q



IEA Energy in Buildings and Communities TCP E B C @

Participating countries

e Australia, Belgium, Brazil, Canada, China, Denmark,
Finland, France, Germany, Italy, Netherlands, Republic of
Korea, Singapore, Switzerland, Turkey, USA

Further information
e www.iea-ebc.org/projects/project?Annex|D=87

Technology Collaboration Programme
bylea

Personal Environment Comfort System (PECS) for
Improving Thermal Comfort and IAQ
in a Zero Energy Building

Shin-ichi Tanabe, Prof. Dr.,, FASHRAE
Waseda University
President, Architectural Institute of Japan

Shin-ichi Tanabe, Waseda University, all right reserved 2023




T Innovation Center @ vrsion sy

Department of Architecture, WASEDA University 2

T Innovation Center @ \se0n Uiy

Location Tsukubamirai-city, Ibaraki, Japan

Hight 2-story building (15.5m)

Target office 2nd floor with Activity Based Working (ABW)

Floor Area Office building: 4,750m?2
Laboratory building: 6,050m?2

Energy System Groundwater heat exchange

Wood biomass heat and power supply system (CHP)
PV panels 200 kwW
Battery power storage 4,600kWh

Department of Architecture, WASEDA University 3




Net Zero Energy

MJ/SQM/YR]

ENERGY[

500
400
300
200
100

-100
-200
-300
-400
-500

| 421

-130

-131% (net)

-48.5%

-162% (net)

ASHRAE 90.1
BASELINE

PROPOSED

MESUREMENT

Q WASEDA University

OOTHERS
EEQUIP
B DHW

O FANS
OLIGHTS
B PUMPS
B HEAT
ECOOL
o PV

m BIOMASS CHP
¢ SUM

v Net Zero Energy and Emission were achieved during 2021.

Department of Architecture, WASEDA University
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Three Types of PECS @ son vty

Human position

- detection sensor Thermopile
/.@ =) ‘o »
- = L J =
Outside air volume ~—

control system

Ceiling radiant

panel
Ceiling mounted PECS

Hot water floor
heating system

Partition PECS Desk PECS

Energy Efficiency: using groundwater as a cold heat source in summer and
exhaust heat from biomass CHP as a heat source in winter

Department of Architecture, WASEDA University 6

CEIllng installed PECS 9 WASEDA University

Outlet

Department of Architecture, WASEDA University 7




Cel|lng insta"ed PECS @ WASEDA University

DC Fan
/ 3.1W

Coil

v Outlet
,/ Air Volume 236 m3/h

|

Cooling capacity 470W

Department of Architecture, WASEDA University 8

Partition PECS

Department of Architecture, WASEDA University 9




Partition PECS Q WASEDA University

Outlet
Air Volume 130m3/h

Air Volume
Adjustment

Department of Architecture, WASEDA University 10

=

Outlet

=y - B

-

Department of Architecture, WASEDA University 11




Air Direction
Adjustment

Outlet
Air Volume 50m3/h

Cooling capacity 70w

Department of Architecture, WASEDA University 12

Zone A (634m2)
Ceiling: 57 units
Partition: 30 units

VIEW

[

GE BT 3¢

dfPdth oo gt ¢

Q WASEDA University

Zone C (204m?2)
%l Ceiling: 36 units

O

Zp & us a3
N

. — . Zone D (274m?)
Zone B (194m?2) Ceiling: 38 units
Ceiling: 34 units
Partition: 10 units

Department of Architecture, WASEDA University 13




Season Usage Rates of PECS Q WASEDA University

mmmm Ceiling PECS mmmm Partition PECS === Desk PECS == Whole %
2.50 6.00 %
c 5.43

Q 5.00
»  2.00 o
'c \ ‘_ED
8 \ ¢
o \ 400 <
g \ :
o i \ ~
9 F \ 3.00
N <
2 / \ e
2 1.00 / \ @

\
£ / \ 2.00 3
< 0.50 4 0.94 ]
© / \ 0.63 g 100 &
g 018, \ 4 dee=TT 5
2 J &l 2
2 000 LM | EE 000 8
spring summer, fall winter whole

v During summer usage rates of PECS are higher and during winter

they use desk type PECS for warming.
Department of Architecture, WASEDA University
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Daily Usage Rate of PECS

| 0 spring BN summer==a fall == winter =<¢=whole | §
1.80 025 g
-
§ 1.60 =
© 0.20 =
3 1.40 3
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o 015 3
g 1.00 o]
é 0.80 10 0.10 E
2 0560 % 009 8
] \ =
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_'g 040 \’\005 005 §_
= .
% 0.20 S 0003 002 o
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@ 0.00 LLL] ® Pl &
8 15 16 17 18 19 20 2
]

hour

v' More use in the morning and after lunch due to high metabolic rate.

Department of Architecture, WASEDA University 15




Ambient Thermal Conditions @ vrse0n Universiy

Zone A Zone B
Office Space Buffer Office Space
0.018 0.018
0.016 & P 0.016 & &P
= 209 oo = 2, o
g 0.014 OCWe,B ) g 0.014 OtWezB P
E’D 18 ulp E,J 18‘@”/ ulp N
< oon2 TS TS : 2 0on2 T >
= 0.010 ><laty = 0.010 ‘ i '
2 0.008 e ?*i 2 0.008 o, LS E
z L I £ AN
= 0.006 = 0.006 il
£ = :
£ 0.004 ‘ : Z 0.004
0.002 0.002
0000 Lbn—uw — 0000 "o ——
16 18 20 22 24 26 28 30 32 16 18 20 22 24 26 28 30 32
Operative Temperature [°C] Operative Temperature [°C]
(): w/o PECS v In office space (Zone A), they use
: Spring with PECS PECS in the morning and after
(): Summer with PECS lunch due to high metabolic rate.
(. Fall with PECS v Buffer office space (Zone B), they
(. Winter with PECS use PECS to compensate thermal
sensation.
Department of Architecture, WASEDA University 16
H H WASEDA Universit
Percentage of Satisfied 4 y
V. satisfied
Satisfied
Drop|Satisfaction
S. satisfied
Neither
S. dissatisfied
Dissatisfied
V. dissatisfed
0% 10% 20% 30% 40% 50%

m W PECS g Prohibit

We prohibit to use PECS system during certain period.

Department of Architecture, WASEDA University 17




Conclusions @ WASEDA University

T Innovation Center opened in January 2020

v' In office building unit net Zero Energy and Emission were
achieved during 2021.

v Three types of PECS are installed in the different area.

v' System specifications are described.

Usages of PECS are investigated

v' During summer usage rates of PECS were higher and during
winter they use desk type PECS for warming.

v" They used PECS more in the morning and after lunch due to
high metabolic rate.

v' In office space (Zone A), they used PECS in the morning and
after lunch.

v Buffer office space (Zone B), they used PECS to compensate
thermal sensation.

We prohibited to use PECS system during a certain period.
v Percentage of dissatisfied significantly increased w/o PECS.

Department of Architecture, WASEDA University 18
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Actual effectiveness of energy/heat
recovery ventilators in buildings:

how is it influenced by key design factors
and testing results( airflow, airflow ratio,
unit exhaust air transfer ratio)?

Tetsutoshi Kan, Center for Better Living
Satoru Mineno, @ AE-Solutions Inc.
Takao Sawachi, Building Research Institute

Agenda

1. Introduction
2. Test results and discussion

3. Correction formula for total effectiveness of energy recovery
ventilator and accuracy verification

4. Confirmation of energy saving performance of energy recovery
ventilator in HVAC system

5. Conclusions




Introduction

Energy recovery ventilator (ERV) :
> Supply outdoor air to indoor
> Exhaust indoor air to outdoor

> Supply air and Exhaust air exchange heat and moisture
via heat exchange element

¥

Reducing air-conditioning load ( Energy- saving )

Energy recovery ventilator

Outdoor Air
(OA)

Return Air
(RA)

Supply Air
(SA)

Exhaust Air
(EA)

Heat exchange element

Air leakage

Introduction

Performance values of ' 2t - I
Energy recovery ventilator (ERV) : i
1. Airflow - static pressure characteristics N
2. Gross effectiveness (Total effectiveness etc.)
3. Unit exhaust air transfer ratio (UEATR)
or Net supply airflow ratio (NSAR)
NSAR = 100-UEATR

: Air leakage:
Energy recovery ventilator Depend on airtightness

Outdoor Air | >Throw the housing gap
(OA) > Throw the inside gap

Return Air
(RA)

Supply Air
(SA)

Exhaust Air
(EA)

Heat exchange element

Air leakage




Introduction

The performance value (The total effectiveness etc.) is
not a constant value, but influenced by
airflow rate, airflow ratio, unit exhaust air transfer ratio

(UEATR).

Airflow, airflow ratio, UEATR are affected by ventilation
equipment system in building and condition of operating.

In the design of heat recovery ventilation system in
buildings, It is important to design airflow rate, airflow
ratio, and UEATR to be appropriate in order to maximize
the energy saving effect of the energy recovery
ventilation systems.

Introduction

We conducted an experimental study to confirm how the
total effectiveness of energy recovery ventilator is
influenced by airflow rate, airflow ratio, and UEATR.

it

Purpose of experiment




2. Test results and discussion

Test method © JIS B 8628:2017 (1ISO16494:2014)

Specimens: Plate type energy recovery ventilators

Heat Exchange Element

energy recovery
ventilator

Fan
/

OA.E

@

[ %0

g ‘
== ?' \.-

” The image is a product example and has nothing to do with
the data that follows.”

E.RA

2. Test results and discussion

Specimens: Sample A (for non-residential buildings)
Sample B (for residential buildings)

Table Description of the energy recovery ventilators

Sample A Sample B

Heat exchange element type

Plate type

Constitution

Energy recovery ventilator

Shape of inlet and outlet

Designed for duct connection

Classification by airvolume

Medium size Small size
(500m>/h) (250m>/h)

Instalation

Ceiling hanging type

Appliction

Non-residential buildings | residential buildings

Motor and fan

Built-in (two motors and fans)




2. Test results and discussion

Temperature measurement point

Dry-bulb_temperature measurement point

Temperature measurement point

(Dry-bulb and wet-bulb) Tracer gas concentration measurement point (Dry-bulb and wet-bulb)
\ 1000 |\ 500 | \ 1000 | 500 | 500 |
! ‘ 2501 =250 ‘ \ | Damper
Damper
1 | AN
o .
= Auxiliary duct k I %’ OA  SA|—> I Auxili{ry dut)l 2 [ Auxiliary
Auxiliary /. N\ )cl/ | |
fan Energy
Static pressure measurement point | TeCOVEry Static pressure measurement point,  Qrifice plate
( I ventilator I /P( —
Auxiliary ] Auxiliary duct I<— EA  RA[|«— I ( )Auxiliary duct ( )
fan Auxilia
u T [ | ry
\/ \F/ fan
b \ | 250 250 | |
amper [ 500 | 1000 500 | 1000 | 1000 !
Damper
Dimensions in mm
Tracer gas concentration
Tube  Auxiliary duct Temperature 8

T

Static pressure measurement point

measurement point

Auxiliary

measurement point

Auxiliary

Fig Schematic diagram of measurement apparatus

2. Test results and discussion




2. Test results and discussion

Table Measurement instruments and their performance

Measurement quantity

Measurement instrument

I Uncertainty ]J SCC
calibration results)

Note

Temperature

Dry-bulb temperature
Wet-bulb temperature

Quartz thermometer PTR-111 (TOKYO
DENPA CO.,LTD)

0.01°C (at 0 °C)

Platinum resistance thermometer
(Yashimasokki.co,.Iltd AAClIass)

0.12°C (at0°C )"

Static pressure

MKS Baratron 220DD

3Pa (at 100kPa)

Atmospheric pressure

Digital barometer R-30 (SANOH CO.,LTD)

0.5hPa (at 1000hPa)

Tracer gas
concentration

Infrared gas analyzer IR400 (Yokogawa
Electric Corporation)

+£0.025% (at 5%)”

Airflow rate

Orifice plate (OHNISHI NETSUGAKU
CO.,LTD)

Note

(1):Uncertainty due to comparative calibration with PTR-111
(2):Repeatability shown in the specifications

2. Test results and discussion

Heat exchange element

Energy recovery

ventilator 4 \ 4 Air leakage
e o ] =
Outdoor 4 1 Indoor
side ‘ ‘ side
4 q— °
; i

v

v

3 Return air ; RA

1 Outdoor air ; OA 2 Supply air ; SA
4 Exhaust air ; EA

— Ps1 Static pressure (OA) Ps2 Static pressure (SA)
4mm3  Ps3 Static pressure (RA) Ps4 Static pressure (EA)

Symbols for the static pressure at inlets and outlets.




2. Test results and discussion

Table Static pressure measurement requirements and
Airflow rate measurement points

Test setup Test item Static pressure measurement requirements Airflow rate measurement points
Two room Thermal Ps1 < OPa, Ps3 < OPa
wi
[(|Ps1]-|Ps3])] <= Max (10Pa, Max(|Ps1|,|Ps3|)x5%) 200, 300, 400, 500m*/h
setup performance test

|(|Ps2|-|Ps4])| <= Max (10Pa, Max(|Ps2|,|Ps4|)x5%)

Ducted setup

Thermal
performance test

For the maximum and minum airflow rate
[(Ps1]|-|Ps3])| <= Max (10Pa, Max(|Ps1|,|Ps3|)x5%)
[(|Ps2|-|Ps4|)| <= Max (10Pa, Max(|Ps2|,|Ps4|)x5%)

For each intermediate test point

Max(|Ps1|, [Ps2|, [Ps3|, |[Ps4|) - Min(|Ps1|, |Ps2], |Ps3],
|Ps4|)

<= Max(10Pa, Max(|Ps1]|,|Ps2|, |Ps3|, |Ps4])x5%)

200, 300, 400, 500m>/h

2. Test results and discussion

Table Temperature condition of thermal performance tests

Parameter Heating Cooling
Temperature of Dry-bulb 5.0 35.0
outdoor air ("C) | Wet-bulb 3.0 31.0
Temperature of Dry-bulb 20.0 27.0
return air ("C) Wet-bulb 15.0 20.0




2. Test results and discussion (Sample A)
Influence of airflow rate ( supply = return)

100
;—\; Sample A
% 80
5]
=
g
% 60
E‘ --Two room setup
=]
= —&—Ducted setup

40 ' !

0 200 400 600

Supply airflow rate (m*/h)

Sample A had relatively good air leakage performance, and there was
no significant difference between the Two room setup and Ducted
setup. The airflow ratio is approximately 1.0.

This result shows, if the airflow rate is small, the total effectiveness will
be higher. At the supply airflow rate of 200m?3/h, the total
effectiveness is about 84%. At the supply airflow rate of 500m3/h, the
total effectiveness is about 65%.

Supply |Return| Total
Airflow
airflow |airflow ~|effecteve
ratio
rate rate ness
m*/h | m*/h - %
199.5 | 2124 | 0.94 83.9
Two
300.6 | 321.6 | 0.93 76.0
room
403.0 | 412.3 | 0.98 71.1
setup
504.2 | 504.3 | 1.00 66.7
202.1 | 203.9 | 0.99 83.5
Ducted | 301.0 | 317.8 | 0.95 76.1
setup | 405.2 | 407.3 | 1.00 70.3
507.2 | 498.1 | 1.02 65.8

2. Test results and discussion (Sample B)

Influence of airflow rate

100
Supply|Return Total
& Sample B PPY Airflow
< i airflow [airflow ] effecteve
2 } ratio
S 80 t rate rate ness
= m®/h | m%/h - %
:{3 Two | 101.3 1083 § 0.94 86.2
S
-5} -
= 60 —e-Two room setup room | 149.8 |162.1 | 0.92 81.3
ﬁ setup | 200.6 | 207.2 | 0.97 73.8
—&—-Ducted setup
| | 101.1 | 130.0 | 0.78 90.9
20 Ducted
0 100 200 t 151.1 | 170.1 | 0.89 82.6
. 3 setu
Supply Airflow (m/h) " 2002 2075 | 096 | 741
This is test result of Sample B.
Same with A, if the airflow rate is small, the total effectiveness will
be higher. .
But at the airflow rate about 100m?3/h, the total effectiveness is Airflow ratio = Supply airflow rate

different between Two room setup and Ducted setup. This is due to
the difference in the airflow ratio. Airflow ratio of two room setup is
0.94, compare to this the airflow ratio of ducted setup is 0.78. In the
ducted setup, the return airflow rate lager than the supply airflow
rate. We suppose another reason to cause such results is the
difference in air leakage.

Return airflow rate




2. Test results and discussion
Trace gas test result ( Sample B )

20

UEATR (%)

15

10 -

-@-Two room setup

——Ducted setup

Sample B

100

200

Supply airflow (m/h)

This is trace gas test result of Sample B.

At the airflow rate about 100m?3/h, the UEATR of Ducted setup
is 18.0%, larger than UEATR of Two room setup (13.9%).
The reason of causing this difference is when the airflow rate
small ( the static pressure is large), the air leakage rate of
each part of the energy recovery ventilator is different.

Similarly, it causes the difference of airflow ratio.

Supply|Return|
Airflow
airflow|airflow ) UEATR
ratio
rate rate
m3/h | m/h %
Two 102.0 | 119.0 |} 0.86 13.9
room 151.7 | 165.5 | 0.92 10.1
setup | 202.2 | 211.0 | 0.96 8.4
102.1 | 129.8 [} 0.79 18.0
Ducted
151.6 | 1725 | 0.88 11.5
setup
203.0 | 210.7 | 0.96 8.7

3.Correction formula and verification of accuracy

In order to properly evaluate the energy saving effect of
energy recovery ventilator installed in a building for
ventilation system design, the correction formula for total

effectiveness of energy recovery ventilator was reviewed

and proposed.

The total effectiveness values of energy recovery

ventilator In the catalog were corrected by airflow rate,
airflow ratio, and NSAR (NSAR =100-UEATR).




3.Correction formula and verification of accuracy

r_
Nt = N¢ X Ceo1 X Cefr X Cpga)

)¢ - is the corrected total ef fectiveness [%]

1, © is the total ef fectiveness listed in the catalog [%]

C..; - is the correction coef ficent considering the total ef fectiveness tolerance
listed in the catalog [—]. The default value is 0.95.

Cefs * is the correction coef ficent considering the net supply air flow ratio(NSAR) |
NSAR = 100 — UEATR

Cp, * is the corrected coef ficent due to the airflow ratio [—].

3.Correction formula and verification of accuracy

(5-1)a-n
Nt

Cepr=1-

Cor * Is the corrected coef ficent considering the net supply air flow ratio(NSAR
NSAR = 100 — UEATR

N, - is the total ef fectiveness listed in the catalog [%]

@:is the net supply airflow ratio (NSAR) [%].




3.Correction formula and verification of accuracy

Nt,d
Cpar = —

Ne

Cpy - s the corrected coef ficent due to the airflor ratio [—].

N, 4 - IS the corrected total ef fectiveness considering the airflow ratio

in the building [%]

N, - is the total ef fectiveness listed in the catalogue [%]

3.Correction formula and verification of accuracy

e (_Ndo'78'Rvnt,d) 1

nt,d =1—e Nd_O'ZZ‘Rvnt,d
(V.
457 (Vara > Vasa)
R = Va,ra
vnt — V
LR (Vd,RA = Vd,SA)
Va,s4

N, 4 - IS the corrected total ef fectiveness considering the airflow ratio
in the building design [%]
Vg sa - is the supply airflow rate in the building design [m3/h]

Vara - is the return airflow rate in the building design [m3/h]

N, * is the heat transfer unit number in the energy recovery ventilator [—]|




3.Correction formula and verification of accuracy

100
< 80+
oI—I
?
Y |
0T 60 +
@ Q Supply | Return Arflow Total Total
S O airflow | airflow | NSAR ratio effectivenees | effectiveness
'..8 8 rate rate (corrected) | (testresults)
=
g 8 40 + m¥h | m¥h | % % %
(OR // 147.7 | 1976 | 88.0 | 0.75 774 777
E 2 y= 1.0425x - 4.6145 997 | 1986 | 823 | 0.50 88.8 906
IQ 20 + el R?=0.9534 987 | 745 | 833 | 132 718 64.7
o
/// 1971 99.0 90.9 1.99 43.9 455
0 Pl I I I { 1474 | 734 | 882 | 2.01 524 46.6
0 20 40 60 80 100

Total effectiveness [%]
(test results)

Comparison of test results and corrected total effectiveness (Cooling condition)

3.Correction formula and verification of accuracy

100
—
< 80
Rd
A
]
S35 60 + s
o3 upply | Return Airflow Total Total
S O airflow | airflow | NSAR ratio effectivenees | effectiveness
u— &J rate rate (corrected) | (testresults)
é § 40 T m¥%h | m3h % % %
O~ //// 149.9 | 2005 | 88.0 0.75 81.2 83.7
.._‘9 //’/ Y= 1.0186x - 1.605 999 |199.6 | 82.3 | 050 94.4 94.6
|C_3 20 + // R2=0.9872 1011 | 756 | 833 | 1.34 70.8 66.7
/// 201.6 | 100.2 | 90.9 2.01 46.6 471
0 (// i i i i 1503 | 748 | 88.2 | 2.01 485 4738
I T I )
0 20 40 60 80 100

Total effectiveness [%]
(test results)

Comparison of test results corrected total effectiveness (Heating condition)




4. Energy saving performance in HVAC system

In Japan, there are calculation programs to estimate energy consumption
performance at the design stage. The program runs on the website and is
available through the website of Building Research Institute.

Energy Consumption Performance Calculation Program
https://building.lowenergy.jp/

Until 2023, the total effectiveness of energy recovery ventilator for non-
residential buildings was calculated using fixed values for “Airflow rate” and

“NSAR”;
from 2024, the calculation method was changed to use the correction formula
for total effectiveness of energy recovery ventilator.

As described in this presentation, we examined the energy saving
performance of energy recovery ventilator when the total effectiveness is
calculated by correction coefficient proposed.

4. Energy saving performance in HVAC system

Comparison of old and new calculation methods

Airflow ratio NSAR
Present calculation method 0.50 0.85
o oo ey | varabl
Case study

Package air conditioner + Energy recovery ventilator

Present calculation method Case A

New calculation method Case A'
(using correction fomular)




4. Energy saving performance in HVAC system

Building outline

Building location Tokyo

Number of floors 7

Building use office

Building strcture steel reinforced concrete construction
Total floor area 10,358.3 m°

4. Energy saving performance in HVAC system

| l —* =

1st floor plan




4. Energy saving performance in HVAC system

2nd to 7th floor plan

4. Energy saving performance in HVAC system
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4. Energy saving performance in HVAC system

[ s | som |

a D OO |4¢
o D OO |9¢
o -0 OO |
a H OO |9¢
a O D |
- 1] [ ]1

East side elevation

4. Energy saving performance in HVAC system

3 EVEE = RFL
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Cross section and floor space




4. Energy saving performance in HVAC system

Building skin insulation performance

Thermal convection rate
W/m?K
Outer wall 0.59
Rooftop 0.32
Ground floor 0.80
Window 1.60

4. Energy saving performance in HVAC system

Dry and wet bulb temperature conditions

air condition

Summer Winter
Dry-bulb Relative Dry-bulb Relative
(°C) humidity ( % ) (°C) humidity ( % )
Outside air 34,7 53.5 18 40.1
condition
Office room 26.0 50.0 22.0 40.0




4. Energy saving performance in HVAC system

Internal heat gains

Lighting | Office equipment Large office Heat gain / Person
W/m?) W/md) equipment (W) People (W/Person )
(W/m aup SHG LHG
Office room 1 347 18.8 535 120 1.7 40.1
Office room 2 26.0 10.5 50.0 100 6.6 40.0

4. Energy saving performance in HVAC system

Air conditioning performance (Case A, Case A')

Heating capacity
(kW/m?)

Cooling capacity
(kw/m?)

COP

( Heating condition)

cop
( Cooling condition)

Package

air conditioner

0.118

0.133

3.39

2.96

Performance values of Energy recovery ventilators (Case A, Case A’)

Total NSAR Ratio of supply
effectiveness airflow rate to return | Specific fan power
(%) .
(%) airflow rate
E
ENergy recovery 70 92 125 0.51
ventilator




4. Energy saving performance in HVAC system

Primary energy

consumption of the entire

Case . .
air conditioning system
(MJ)
Case A 3,650,298
Case A’ 3,228,859
Reduction (MJ) 421,439
Reduction rate 11.5%

=

Primary energy consumption (M
= N N
w o w
o (=] o
o o o
o o o
o o o
o o o

4,000,000

3,500,000

3,000,000

1,000,000

500,000

0

Case A Case A

Comparison of Case A and Case A

4. Energy saving performance in HVAC system

Primary energy
consumption of the entire

Case . .
air conditioning system
(MJ)
Case A 2,378,448
Case A’ 2,254,092
Reduction (MJ) 124,356
Reduction rate 5.2%

Comparison of Case A and

Primary energy
consumption of the entire

Case . S
air conditioning system
(MJ)
Case A 1,271,850
Case A’ 974,768
Reduction (M)J) 297,082
Reduction rate 23.4%

Primary energy consumption (MJ)

2,500,000

2,000,000

1,500,000

1,000,000

500,000

0

Case A Case A

Case A’ (Cooling condition)

Primary energy consumption (MJ)

2,500,000

2,000,000

1,500,000

1,000,000

500,000

0

Case A Case A

Comparison of Case A and Case A’ (Heating condition)




5. Conclusions

1.Total effectiveness depends on the airflow, the airflow ratio, and the UEATR. And
UEATR depends on the static pressure differential across the ventilators.

2.The total effectiveness of energy recovery ventilator operating in the building often
differs from the total effectiveness in the energy recovery ventilator catalogs.

3. In order to properly evaluate the energy saving effect of energy recovery ventilator
installed in a building for ventilation system design, it is necessary to correct the total
effectiveness of energy recovery ventilator in the catalogs.

4.We proposed a correction formula that corrects the total effectiveness of energy
recovery ventilator in the catalogs according to the airflow rate, airflow ratio, and
NSAR. And using the correction formula was examined the energy saving
performance of energy recovery ventilator in an office building.

5.The total effectiveness of energy recovery ventilator in the catalogs are also useful
for product comparisons.
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1. Ventilation and Air Conditioning Situation in Japan
- Overview of Ventilation and Air Conditioning in Japan
- Ventilation and Air Conditioning Regulations in Japan

- The building design and construction situation

2. Technological Trends of ERVs (Static Type) in Japan
- Product type
- Air volume control
- Multiple unit control/network
- Interlock control with air conditioners

- Installation/Maintenance
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1-1 Overview of Ventilation and Air Conditioning in Japan HIESTRIC "

Changes for the Better

Energy Use in Building by Applications

Below is the bar chart showing energy Consumption ratio through year in business dept. in Japan.
Air Conditioner takes up high ratio.

M Total load of Air Conditioning
1800 | (Heating and Cooling) : 30%
. 150 *non-residential sector

1] 1,319
1400 | 1.221 1164 |,i'.".1 5 g%
1200 | b " 154 “ !: Others/statistical error

3% 25%
1.000 803 I Il ] |I :7: Kitchen
6% 1]
&
200 s.i' + 8% II 13% Heating
hE.
600 I I 25% l‘i!‘h 2% Hot water supply
204 ]|
3
] Coolin
- A sl :
200 Sl | 3 434 46% = Power and Lighting
(e 11 B VLTI
o 14 - i |

1965 197 1575 HEn 1985 1950 1595 2000 2005 200 s 2020

Source: Agency for Natural Resources and Energy White Paper on Energy 2022 [No. 212-1-9] Changes in unit energy consumption by
business and other sectors https://www.enecho.meti.go.jp/about/whitepaper/2022/html/2-1-2.html

Energy Saving of Air Conditioning System is

High Priority in Japan same as other countries.

©Mitsubishi Electric Corporation
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1-1 Overview of Ventilation and Air Conditioning in Japan HLECTRG

Changes for the Better

Three Types of Air Conditioning Load

We cannot live without air conditioning system. Therefore, in order to save energy, we must think about
reducing power consumption by reconsidering the load on air conditioning system.

Total Air Conditioning Load

indoor load Location: Hakodate City Indoor Generated Heat
(Heating) s offce o0 Energy loss from heat generated by lightning
8% Size: 4-st<|); RC struciu(;is 5 !
tot: : 4, m i T
R Insulacion: Excernal wall rsuiation human, electronics, bath, kitchen, etc.
(Cooing) Air conditioning method: FCU

23.1%

oo o Indoor Penetration Heat

(Heating) Energy loss from heat coming from walls or drafts of

Outdoor load
64.4%

(Cooing) i . - . .
a5 buildings with poor airtightness and insulation.
[ ooutiosrionds, |
Graph . . .
Anﬁual air conditioning load ratio vent"at'on outdoor A'r Load

(Non-use of outside air load reduction technology)
Source: Research on the effectiveness of environmental load reduction technology Energy |OSS OCCUrrlng When OUtSIde air enters
in cold regions -Effects of ERVs and outside air intake control in highly insulated When Ventilating

buildings-Hokkaido Development Technology Research Conference (2004)
<https://thesis.ceri.go.jp/db/documents/public_detail/24379/>

Ventilation outdoor air load takes a big part of energy loss
in air conditioning system.

©Mitsubishi Electric Corporation
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Changes for the Better

Ventilation and Air
Conditioning Situation in

Japan
[
Ventilation and Air Conditioning Regulations in
Japan
©Mitsubishi Electric Corporation ‘ 6
1-2 Ventilation and Air Conditioning Regulations in Japan HLECTRG

Changes for the Better

Regulations related to ventilation and air conditioning (laws, guidelines, etc.)
Laws and regulations related to energy conservation

Law/Regulation | Overview |

Act on Rationalizing Laws related to energy-saving performance of equipment
Energy Use Example) Top-runner standards; stipulating performance and power

Building Ener. Law on energy efficiency performance of all buildings.
Efficie?\cy Ac%y Buildings cannot be built unless the total energy consumption of insulation performance and equipment
(air conditioning, ventilation, lighting, hot water supply, elevators, etc.) is below the specified value.

@Primary energy consumption

+ Primary energy c ption of air conditioning equip (AC)

+ Primary energy consumption of ventilation equip t - .

+ Primary energy consumption of lighting equipment(LT) Ventilation fans

+ Primary energy consumption of hot water supply equipment and ERVs

+ Elevator primary energy consumption must also be

+ Other (OA equipment, etc.) primary energy consumption taken into

_ Amount of reduction in primary energy consumption account
by energy use efficiency equipment

= Primary energy consumption

ne

In order to achieve ZEB/ZEH, it is necessary to further reduce energy
consumption in the field of air conditioning and ventilation.

<Efforts toward carbon neutralitv in 2050>

Strengthening Aiming to secure ZEH/ZEB-level Aiming to secure ZEH/ZEB-level
drastic efforts is energy-saving performance for energy-saving performance on
I essential new construction average for stock

2030z - - - -+ 2050z - - -+

vei/10/1
©Mitsubishi Electric Corporation
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1-2 Ventilation and Air Conditioning Regulations in Japan HLECTRG

Changes for the Better

Regulations related to ventilation and air conditioning (laws, guidelines, etc.)

Health and air quality laws and regulations

Law/Regulation Building type | Required ventilation Ventilation considerations

Building Standards Act (1) 20 m3/h/person or more, (2) (Non-residential) 0.3 to (residential)

* Minimum requirement All Buildings 0.5 times/h or more, whichever is greater
o » Mandatory maintenance of ventilation
Specific (large) 9 . S .
S 1) 30 m3/h/person equipment (proper cleaning, inspection,
buildings ¢ o)
Act on Maintenance of . ; L
Sanitation in Buildings * Require maintenance of ventilation
Facilities that do 30Mi/h/person equipment (proper cleaning, inspection,
* Obligation to make efforts| NOt correspond | Required ventilation etc.)
to specific (assuming 350 ppm | If the required ventilation volume is
buildings outside air) insufficient, reduce the number of people
in the room.

Guidelines for
Improving “Closed
Spaces with Poor

Ventilation”

All Buildings | 30 m3/h/person, or CO, conc. of 1000 ppm or less (2

After COVID-19, there is a movement to increase the ventilation volume to
30m3/h/person as a countermeasure against infectious diseases.

(*1) Specific buildings under the Building Standards Act are buildings with a total floor area of 3,000n or more that are used by a large number of people
and are used for purposes such as entertainment venues, department stores, assembly halls, amusement centers, and shops. refers to (excluding school)

(*2) When using mechanical ventilation. CO, concentration is used as an indicator of air pollution and ventilation volume.
©Mitsubishi Electric Corporation ‘ 8
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Ventilation and Air
Conditioning Situation
‘ in Japan

The design of the building and
construction situation
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1-3 The design of the building and construction situation M TR |

Changes for the Better

Trend of the design of building

Increase in intelligent buildings and smaller office compartments due to the impact
of COVID-19

Environmental change Changes of environment and needs

Changes in working styles (spread of remote work) have led to
Intelligentization of small and diversification of offices (satellite offices, etc.).
medium-sized buildings — Japanese office building developers have announced the
“intelligentization of small and medium-sized buildings”.

Increasing the rate of adopting | Due to the spread of telecommuting and remote work due to the

smaller office rental units and impact of Covid19, office rental units are becoming smaller.
the individual decentralization — Increased willingness to adopt separate decentralized ventilation
method and air conditioning systems.

There is a growing need for high value-added -
decentralized air conditioning and ventilation
equipment for small and medium-sized buildings.

©Mitsubishi Electric Corporation ‘ 1 O

s . cus - . . . MITSUBISHI
1 -3 Ventilation and Air Conditioning Situation in Japan &% ELECTRIC
ianges for the Detter
Ventilation equipment is also evolving in product types and functions suitable for
" decentralized " ( small size, multiple unit installation )
« Static type ERVs which is suitable for small product sizes are the
Product type mainstream, and there are a variety of product types
(according to various buildings, securing installation locations)
Air volume control * Realizes energy saving by air volume adjustment and sensor control

Group control of

. . « Improved controllability by operating multiple units
multiple units . y by operating muitip

Interlocking with air « Detailed zone control unique to decentralized ventilation and air
conditioner conditioning

Improved installation . : e o .
P « Easy installation workability is important for multiple installations

workability

©Mitsubishi Electric Corporation 11
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Changes for the Better

Technological Trends of
ERVs (Static Type) in

2_1 Japan

Product Type

©Mitsubishi Electric Corporation ‘ 1 2

2-1 Product - ERV ( Energy Recovery Ventilator ) ELECTRIC

Changes for the Better

Energy Recovery Ventilator (ERV) : ventilator with a heat exchange unit

Registered product name “ LOSSNAY " is an ERV which was developed
by Mitsubishi Electric.

EA (Exhaust Air) Wy

Energy Exchange Core

OA (Outside Air) Damper plate

RA (Return Air)

Filter(OA) Fans and Motors

, (LGH-RXW/RXV)
Filter(RA)

SA (Supply Air)

ERVETL eI LLTLIC Supply Fan, Exhaust Fan, and Energy Exchange Core

* ERV simultaneously intakes fresh air and exhausts dirty air
* Energy Exchange Core returns both sensible heat and latent heat.

©Mitsubishi Electric Corporation ‘ 1 3




MITSUBISHI

2-1 Product - ERV ( Energy Recovery Ventilator) ELECTRIC

Changes for the Better

Typical product installation example (Ceiling concealed g

VRF-air conditioner
indoor unit

Air supply.
/exhaust grill

VREF-air conditioner
indoor unit
- 4

VRF:
Variable Refrigerant
Flow

‘14

2-1 Product - Technologies for static type ERV Core 4 HECTRiC

hanges for the Better

Structure of Energy Exchange Core

Two paths ventilation Core is constructed by 2 parts

Indoor , Outdoor {;}
: - a\)g\ Py

Q@ s e Air— Partition Plate
I N =
ST
A 4 ‘/

Spacer Plate

Spacer Plate : Make supply air and exhaust air
Partition Plate : Separated SA and EA, heat exchange

©Mitsubishi Electric Corporation




MITSUBISHI

2-1 Product - Technologies for static type ERV Core ELECTRIC

Changes for the Better

Heat exchange technology of Energy Exchange Core

Total Enthalpy = Sensible Heat (Temp.) + Latent Heat (Humidity)

<The Baisic Principle of Physics>
- Sensible Heat tends to transfer from higher to lower temp.
- Latent Heat tends to transfer from higher to lower absolute humidity.

Partition Plate

Energy Exchange Core

©Mitsubishi Electric Corporation
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2-1 Product - Technologies for static type ERV Core ELECTRIC

Changes for the Better

Technologies for static type ERV core materials

Species of Partition plate

Materials | Heat transfer | Moisture Air Benefits
rate ! Transfer Rate ? | permeability 2
Paper based | 0.06 W/mK 12kg/m?/day >10,000 sec Cost saving
Plastics 0.15~0.3 W/mK | 9-10kg/m?/day >10,000 sec Washable
Suitable for wet
condition

1) JSME Data Book: Heat Transfer (Fourth Edition)
pP321-322

2) Measured by ISO 15106-2 (Mocon Method)

3) Measured by JIS P8117 (Oken Method)

Partition Plate

In Japan, paper is the main material for partition plate.
...Because it has good moisture permeability and is relatively inexpensive.
Resin partition are limited to applications under high humidity

©Mitsubishi Electric Corporation 1 7




MITSUBISHI

2-1 Product - ERV ( Energy Recovery Ventilator) ELECTRIC

Changes for the Better

Various product installation forms

<In the ceiling> S

Ceiling concealed ’ ‘

<On the ceiling>

%%’ ' Ceiling suspended

o NS

Ceiling Cassette

<On the wall>
Wall mount

Floor standing

In the wall
©Mitsubishi Electric Corporation (Japanese model information) ‘ 18
. MITSUBISHI
2-1 Product - ERV ( Energy Recovery Ventilator) ELECTRIC
Changes for the Better

ERV product lineup (by Mitsubishi Electric Corp)
Air volume [m3/h] Functions

Product Type

Wall mount ]
Ceiling Cassette -
{’\ g'

Ceiling Standard
Concealed i

Cco;
sensor
control

Bypass Humidifi
ventilation cation

Energy Constant

10000 Recovery | air volume

With Humidifier

(:h ,1:

With heating and

I

gkl o| o|o| oo
1
[

Ceiling suspended

Floor Standina___

. © o | o

Some models in this table do not have the function

1,000 m/h or less in any product type

©Mitsubishi Electric Corporation (Japanese model information) ‘ 19
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Changes for the Better

Technological Trends of
ERVs (Static Type) in

5o

Air Volume Control

‘20

©Mitsubishi Electric Corporation

2-2 Air volume control (individual/multiple products) HLECTRG

Changes for the Better

Method of air volume control

1) Control of individual products :
- Constant air volume control by adjusting motor output (see p. 22)
* Multi-stage air volume control (see p. 23)

Easy to adjust the air volume after unit installation. Positive pressure and negative
pressure management, etc. Both low power consumption and high static pressure
adjustment can be achieved even if the duct is long.

*Air volume control for energy-saving by connecting CO, sensor (see p. 24-29)

Air volume control by CO, concentration level. Because it is a decentralized system,
each unit can be operated according to detected CO, concentration of each location
individually. By using a smart switch and extra sensor, it is possible to control airflow

rate by the CO, concentration at any position.

2) Control of multiple products :
-System controller makes the airflow rate change,
turn on/off, in each multiple unit.
Several hundreds of AC units and ERV can be controlled.

21
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. . P MITSUBISHI
2-2 Air volume control for individual products ELECTRIC

Changes for the Better

Constant air volume control

Automatically adjusts the ventilation air volume against static pressure loss to ensure the air
volume required by the design.

By reducing the time and effort of adjusting the air volume at the site during installation,
ERV contributes to the installer's upper limit on working hours starting in April 2024.

Example: Model LGH-N50RXW Achieve constant air

500 volume regardless ' )
of the difference in J Designed static
Seeanl static pressure loss _T pressure loss curve
400 ""--._- High Fan
Speed With
Constant air . ‘
£ 3 300 volume control Without X
- .y Constant air :
. volume control Static pressure loss
gg F . curve at actual
2% 00 . A R
200 —~ T installation
Low Fan
Speed I
100 .
- No need to adjust
the air volume
% 100 200 200 w00 200 \ 00 o  aiterinstallation.

Air Volume(m3/h)

*The dashed line is a reference value.
(JIS B 8628: 2017 Test method outside the stipulations)

‘ Constant air volume control area ‘
= secure rated ventilation air volume

©Mitsubishi Electric Corporation ‘ 22
. . o e MITSUBISHI
2-2 Air volume control for individual products ELECTRIC

Changes for the Better

Multi-stage air volume control

Detailed settings such as adjustment of the air pressure balance in the room space are possible.

1) Itis possible to select from eleven levels of ventilation air volume and set to 3 fan speeds
(High, Low, Extra-Low).

2) ltis possible to adjust the ventilation air volume of each supply air and exhaust air and tune
the air pressure balance.

Previous model ‘ Booster Fan ‘ Latest model

No need to

It was necessary to [ i . It is possible to adjust the air .
install a booster fan to Ll volume of each Supply Air and install a
increase the air volume. | and Exhaust Air booster fan

f—) ‘I:I—J

X H) =
Increase Supply i Easy to adjust
air(SA) the SA volume.
.

Requirement 4+
Create a positive
pressure in the
room
— DA — SA — RA — EA — DA — SAI — RA — EA(\

High

100 200 300 400 500 600

Installation and adjustment of booster fans and dampers were required
= Easier to install and adjust as it is no longer needed

©Mitsubishi Electric Corporation | 23




2-2

Air volume control for individual products

Example of high school in Hokkaido (Sapporo)

CO:2 concentration on ventilating by opening the door between classes

5000
4500
4000
3500

—~

£ 3000
o

é‘ 2500
2000
1500
1000

500

z MITSUBISHI
ELECTRIC

Changes for the Better

8:00

Fig. Change of CO, concentration in the classroom (28.January.2021. 33 students)

HR Class-1 Class-2
) e g < g Break time:
Full opened door
L
Break time:
half opened door \ /
“/ ____________ T T T "~ i1 School standards
T Target
9:00 10:00 11:00

CO, concentration of 2,000 ppm even when the door is opened.
= Clearly lack of ventilation.

... because The door and windows are hard to open due to the snow and cold climate,
The number of teachers and students cannot be reduced. = CO, concentration rises

©Mitsubishi Electric Corporation ‘ 24
. . . . MITSUBISHI
2-2 Air volume control for individual products 5{%555%5”
Example of Nightclub in Tokyo (Ginza)
CO:2 concentration when the number of guests had been limited by reducing seats due to COVID-19
2200 Preparation ) Opening Hour “Closing‘
2000 1 - .
1800 g me—
/ \\ Maximum number of
. 1600 ] ‘ \ guests : 55
g_ 1400 / Y Predicted value
=
o 1200 ! o
O : \ B
1000 5 /\\ \_/ « Target level
800 ,/, Number of guests : 33 \\\
- Actual measurement value S~
600 =7 -
400
18:00 19:30 21:00 22:30 0:00 1:30 3:00

Fig. change of CO, concentration inside the shop (7. August. 2020)

CO, concentration of 1,400 ppm even if the number of people is limited
= It is necessary to adjust the ventilation volume while monitoring the CO, concentration

©Mitsubishi Electric Corporation
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Changes for the Better

2-2

Air volume control for energy-saving by connecting CO, sensor

Air volume control for individual products

Realizes energy-saving operation by adjusting the ventilation air volume
in conjunction with the CO, sensor

* It is assumed that the number of workers in the office will decrease
as telework and satellite offices become common.

* By minimizing the amount of outside air intake according to the indoor CO,
concentration, the air conditioning load is reduced, and energy is saved.

High CO, concentration
(many people)

Low CO, concentration

Automatically change
the ventilation air volume

i

=

©Mitsubishi Electric Corporation
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Changes for the Better

2-2

Air volume control for energy-saving by connecting CO, sensor

Air volume control for individual products

Result of ventilation air volume of ERV by changing indoor CO, concentration (Calculated)

600 |

500
$E a0
SE ol . . .
§g, 30 Air volume can be adjusted in
§2 w0 e 11 steps automatically

100 according Fo the indoor CO;

9,78 9 10 11 12 13 12 1% 16 17 18 19 20 2 22 concentration.

Time
* When the CO; sensor specified by Mitsubishi Electric is installed
(target CO, concentration is set to 1000PPM)

— 1000
g = S~
K] g_ 800 / e \_
v 400
200
07 & 9 10 11 12 13 1 - 16 17 18 19 20 21 22

! Calculation condition !
Indoor and Outdoor Air Conditions Time and operating conditions for Air Conditioning and Ventilation(ERV)

i

|
|
| - Air ERV(Previous model) ERV(Latest model) E
I Summer Winter Time L I
! oA | 35C 753% SC 719% Conditioning CO,-Sensor connected '
' RA | 27°c 528% [ 20°C 589% Variable air vol
| 8:00-20:00 ON ariable air volume Variable air volume '
' by detected CO; level '
i R by detected CO; level |
! (Fan speed:3 steps, 3 d:11 st '
! 20:00-8:00|  OFF Automatic learning : OFF) (Fan speed:11 steps) !

©Mitsubishi ElectricCorporation _ _ _ _ _ @@ttt Vkh—re—— —m,m/ — - ; — A+ — — — — — — — — — — — — — — _: 27




. . o e MITSUBISHI
2-2 Air volume control for individual products ELECTRIC

Changes for the Better

Air volume control for energy-saving by connecting CO, sensor

Calculation of Cost of electricity in AC and ERV <Ceiling concealed type>

Air Conditioner ERV
running cost running cost

Latest model

Latest model Air Conditioner ERV About 27% energy saving
With €O, sensor | running cost ru?g;?g by CO, sensor

5000 10,000 15000 20,000 25000 30,000 35000 40,000 45000 50,000

Electricity cost

Air volume control by using CO, sensor not only saves the ERV operating power
input, but also reduces the air conditioning load by improving energy exchange
efficiency of ERV and minimizing the amount of outside air intake.

| Calculation condition . i
1-Target room size 243m (=9.5x9.5x2.7m) X '
1*Maximum number of people in the room: 12 (occupancy rate 67% for 18 people calculated based on the standard number of people of 5m/person) i
1*Seasonal days and temp and humid conditions: Summer: 3.5 months (75 weekdays, 32 holidays), Winter: 3 months (60 weekdays, 30 holidays) .
1 *Equipment information: Air-Conditioner: Heating COP 3.6, Cooling COP 3.19, ERV LGH-N50RVX x 1 unit
1 *Ventilation frequency: 2.1 [times/h] (at maximum fan speed) -Target CO, concentration setting: 1000ppm - Electricity cost: 27 [¥/kWh] !
]

©Mitsubishi Electric Corpol

. . o e MITSUBISHI
2-2 Air volume control for individual products ELECTRIC

Changes for the Better

Visualization of the effect of air volume control

Display the indoor CO, concentration due to visualize the effect of air volume control

On the remote controller On the smartphone or tablet*
<ERV remote controller> <CO; indication image>
EE PM12:30 =
Soallobal SRTYoR- b
Sam % " % 10°C
|
BE BE 8% 20°C

1+ ~ C02
nhd | L 2K ]ZQQ I
i = ]

(PGL-62DR2)

*When using the “smart switch” and setting the loT
linkage function

On the product indicator

The color of the LED lamp
changes depending on the
concentration of detected CO,

gg_———g
—‘-—ﬁ_
==

——
==

(SKU-40EXC)
©Mitsubishi Electric Corporation (Japanese model information) ‘ 29




Technological Trends of
ERVs (Static Type) in

‘ MITSUBISHI
A7 ELECTRIC

Changes for the Better

Mitsubishi Electric unique transmission network(M-NET)

Bullding management
system

‘ Japan
e
Multiple unit control/network
©Mitsubishi Electric Corporation ‘ 30
. MITSUBISHI
2-3 Control of multiple products System controller ELECTRIC

System controllel Local
? 1 : remote controller

Changes for the Better

M-NET

e

-
g

s

e

Expansion
interface

@ | PAR-41MAA <

] arenh Full-dot LCD display
x| e i Air Conditioner . J
= . y v VRF(CITY MULTI)

:ﬁ:ﬂ PAR-U02MEDA
J¢ 2 ‘" Sensor function

Full-dot LCD touch panel

PAR-CT01MAA-S
Coler LCD touch panel

PAC-YT52CRA
ococme L. . i PAR-FL32MA
@  air conditioner functions o P

= | =1 &k

Wrelass Remat Contruise

! 2 LMAPO4-E ol glél:?v"v\nm

' N X

- =

BACnet® EW-50E M-NET £
AE-200E
MELANS ERV S
- - e Remote  [--———--
©Mitsubishi Electric Corporation (Export model information) controller ‘ 31




2-3 Control of multiple products System controller ELECTRIC

Changes for the Better

Using system controller to make the airflow rate change in multiple products

AE-200 (System controller)

*Up to 200 AC-indoor units and ERV can be managed
(when using 3 units of EW-50J)

» With the built-in web server function, it is also possible to
manage from a PC

* Functionality can be expanded with a license (option)
* E-mail notification is possible when an abnormality occurs

* Yearly/weekly schedules are provided as standard

Centralised controller
AE-200E

Ouldoor unit

< Points >
* Visualize the wasteful operation of air

conditioners with the energy management ' N
fu nct | on Indoor unit | Lossnay RVX/RVXT Indoor unit

e Usj i iti i il convarer o (W oo™ [ oo™
Using an extension controller, it is possible to (] conon o 5] o

manage air conditioning in a wide type of

buildings.(from small to medium-sized
b u I | d I n g S) Lossnay RVX/RVXT Lossnay RVX/RVXT

- Lossn:y remote - Lossnﬁy remote
eme EAT
©Mitsubishi Electric Corporation (Export model information) ‘ 32
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2-3 Control of multiple products System controller ELECTRIC

Changes for the Better

Using system controller to make the airflow rate change in multiple products

AE-200 (System controller)

Operation screen(Floor dlsplay)

Our air conditioners
and ERV can be
interlocked, so we can
respond to details.

Weekly schedule number

Floor selection = Number of units in error

8 Number of units whose
% ; filter sign is turned on i h
" VB © Mostine Room temperature 3 5
Room humidity
et
Area selection fave
i %

Group name

Group icons.
The icon indicates the
operation condition of the

Zoom-out/Zoom-in

Deselect-all Touch to display the

operation settings screen of
the selected group.

floor

Group name

Interfocked Interiocked
LOSSNAY ON *1°8 LOSSNAY OFF '8

oo

“Centrally Controlled” — —
= L = \ = -

Block name —!
ONIOFF—4 — Interlocked LOSSNAY
) N/OFF
Operation mode — . .
; o eoeed (2) ERV independent (non interlock)
et temperature —_| = — Fan spee:
ON OFF Error Schedule set 2 Schedule disabled ‘2
Air direction — — e)— @_
Fan speed of i pe "4 3% ﬂ % %
LOSSNAY — P —
Filter Sign Reset —
Energy-saving ON *1 HOLD ON Night purge ON/OFF | Operation suspended

Cancel —

o i Click to reflect the changes _‘ _ pr—

lick to return to the k

P B o 3% & < 3 / Sge
making any changes. — ] onpvene low) OFF (Gray)"3
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Japan

‘ MITSUBISHI
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Changes for the Better

Trends of
ERVs (Static Type)

in

conditioners

©Mitsubishi Electric Corporation

Interlock control

with air

‘34

2-4

Interlock control with air conditioners

z MITSUBISHI
ELECTRIC

Changes for the Better

Realizes energy-saving operation by adjusting the ventilation air volume in "not crowded"
cases by interlocking with the human motion sensor of the air conditioner

In the case of interlocking with Package Air Conditioner

Move Eye 360
- p & Presence
—1 I e /absence info
v
we a2 =3 &

interlocking cable
(PAC-SB81VS)

Aircon Remote Indoor unit

Controller

Air volume
change

Presence

Move Eye 360
DDetect
absence

Move Eye 360
(DDetect
presence

Detect the
number and

location of peopl =

Measure floor
temperature

M Send
presence info

* The motion sensor “Move Eye 360" is
equipped in our air conditioning indoor unit

* ERV are linked to AC and automatically
Control the ventilation air volume based
on the presence /absence of people in the
room

= When no one is present, ERV changes

automatically to the minimum ventilation
volume (*does not stop)

3 Extra Low fan speed control
by continuously receiving ERV
absence signals for a set time or
longer

*Settings can be changed in
units of 10 minutes from 10
minutes to 60 minutes.

@sSend
absence info
to ERV

High/Low ventilation

Extra Low ventilation

*Move Eye: A sensor that determines the presence of people in a room by detecting their position and movement.

Regtistered trademark of Mitsubishi Electric <Export model: i-see sensor>

©Mitsubishi Electric Corpor?
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Technological Trends of
ERVs (Static Type) in

‘ Japan
- ‘
Installation/Maintenance
©Mitsubishi Electric Corporation ‘ 36
o o MITSUBISHI
2-5 Installation/Maintenance #'w ELECTRC
ianges for the Detter

Facilitate adjustments and setting changes after unit installation

Even after the ERV is installed, you can select and operate the air supply and exhaust air
volume from a maximum of eleven levels by using the ERV Remote Controller (PGL-62DR).
= No need to access the ERV unit

Detailed fan speed adjustment

It is possible to change 3 air The air volume of each of the
volume (High Low Extra- 3 speed can be adjusted in
Low) from the main 7% increments on the
operation screen. dedicated air volume setting

screen.

v

AN
Pressure (Pa)

Conventional ERV
was set by the DIP
switch on"the,
circuit board in the
product.

©Mitsubishi Electric Corporation (Japanese model information) 37

100 200 300 400 500 600
Air flow volume (m3/h)
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Changes for the Better

Hanger bracket for replacement

It has been 50 years since we launched our ERV, and it has been adopted in many buildings.

N . E . t.
Equipped as standard with replacement hanger- fonger e hanger ongerbrocker
brackets that can be connected to existing 2008 model bolt 2008 model
hanger bolts (right figure). Hanger bracket
. . . - position LGH65
It reduces the on-site installation work such as 1991 model
anchor re-drilling, enabling cost reduction and

shortening of the installation period.

Replacement
hanger-bracket

(Latest model)
Hanger bracket
position LGH50
1991 model

Replacement hanger-bracket

Latest ERV

Model: LGH-RVX Past ERV models

(The position of the Hanger-brackets
ware different by product generation)

General life of building : 50 to 100 years
Expected life of ERV  : 13 years (depreciation years)
= ERV maybe replace at least once or twice during the life of the building

©Mitsubishi Electric Corporation ‘ 38
. . MITSUBISHI
2-5 Installation/Maintenance ELECTRC

Changes for the Better

Duct direction change

When ventilation equipment is installed
in the ceiling, other products
(lighting, air conditioner)

may be installed on the route of the
ventilation duct.

Avoid installations

I~
J [ where the ducts would

be blocked by lighting

or air conditioning
nghtmg etc units.

1EA OAT
/

©Mitsubishi Electric Corporation ‘ 39

The duct direction of OA and EA
can be changed from the product
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2-5 Installation/Maintenance
Keep the maintenance space using cardboard (Reuse)

When ventilation equipment is installed in the ceiling, the space for maintenance
may be unintentionally blocked by installation of ducts or other equipment.

Cardboard
packaging . .
| R \“.
| }  Duct
Vi II
| y
,/"Cardboard
/" packaging
! (Reuse)
II\ ’,V
=--Space for
Tape Duct

maintenance

The cardboard packaging of the product can be used as a jig for securing

maintenance space during construction (Reuse)
©Mitsubishi Electric Corporation ‘ 40
MITSUBISHI
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MITSUBISHI
ELECTRIC

©Mitsubishi Electric Corporation
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7. Transmission Rate of Various Gases and Maximum
Workplace Concentration Levels

Gas Transfer

M t AirVolume Exhaust Air Supply Air Transmission | Max. Workplace
g:ﬁ:riﬁgn:: Gas Ratio Concentration | Concentration Rate Concentrations*
Qsw/Qna Cra (ppm) Csa (ppm) (%) (ppm)
Measurement meihod | Hydrogen fluoride 1.0 36 <0.5 ~0 2
« Chemical analysis | Hydrogen chioride 10 42 <0.5 ~0
with colorimetric P
method for HeSOs Nitric acid 1.0 20 <0.5 ~0
) Sulfuric acid (H2504) 10 2.6 mg/m* ~ 0 mg/m? ~0 5
» Ultrasonic mathod
with gas Trichlena 10 85 136 16 25
concentration device | acetone 10 5 0.04 0.8 500
for CO, 5Fs
Xylene 10 313 <5.0 <16 50
+ Infrared mathod with
gas conceniration Isopropyl alcohol 10 3,000 <25 <0.8 200
device for COz Methanol 10 4 0.49 12 200
+ Gas chromatography | Ethanol 10 35 0.49 14
for others
Sy acetate 10 25 0.28 11 200
The fans are -
positioned at the air | Ammonia 10 290 725 25
supply/exhaust Hydrogen sulfide 10 15 0.24 16 5
suction positions of
the element Carbon monaxide (CO) 10 72 0.43 0.6
Measurement Carbon dioxide (COz) 1.0 37800 600 0.3
conditions: Formaldehyde 10 32 03 08
24°C, 85% RH -
Sulfur nexafluoride 1.0 16 0.8 0.7
* OA density for
CO:z is 500 ppm. Toluene 1.0 6.1 0.1 17 50

*Refered from the announcement No.369 of Ministry of Health, Labour and Welfare on 1st October 2004.

COPYRIGHT © 2014 MITSUBISHI ELECTRIC CORPORATION. ALL RIGHTS RESERVED.
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Humid recover etc

(2).Energy Recovery Calculation (Winter Example); LGH-100RVX-E

Supply Air

D.B. (°C) 16 16 0
A.H.(g/kg) 5.2 1.8 1.9
R.H. (%)

Enthalpy (kJ/kg)

Recovered heat (kW)

OA load (kW)

OA load ratio (%)

Indoor Unit
of
Air-Conditioner

Indoor Air

D.B. 20°C

AH. 7.3(g/kg)DA
R.H. 50%

Enthalpy 38.5(kJ/kg)DA

72.5%

Temp. efficiency: 80%
Enthalpy eff. (Heating):

Ventilation rate :
1,000m3/h

Outdoor Air

D.B. 0°C
AH. 1.9(g/kg)DA
R.H. 50%
Enthalpy 4.7(kJ/kg)DA

PTRIGHT © 2014 MITSUBISHI ELECTRIC CORPORATION. ALL RIGHTS RESERVED.
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Changes for the Better H u m i d recove r etc
(1).Energy Recovery Calculation (Summer Example); LGH-loow

0 - Exh Air
D.B. (°C) 27.4 33.4 - Exhaust
A.H. (g/kg) 13.5 22.2 " Temp. efficiency: 71.5%
[ R.H. (%) 59 68 *, Enthalpy eff. (cooling): 71.0%
Enthalpy (ki/kg) 61.9 905 / Ventilation rate : 1,000m3/h

Calculation example
27.4°C
=33.4°C- (33.4°C-25°C) X 71.5%

Recovered heat (kW)
OA load (kW)
OA load ratio (%)

Outdoor Air
D.B. 25°C D.B. 33.4°C
AH. 9.9(g/kg)DA A.H. 22.2(g/kg)DA
R.H. 50% R.H. 68%
Enthalpy 50.2(kJ/kg)DA Enthalpy | 90.5(klJ/kg)DA

COPYRIGHT © 2014 MITSUBISHI ELECTRIC CORPORATION. ALL RIGHTS RESERVED.
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Filters

Optional Filter lineup

Standard filter High efficiency filter Advanced High efficiency filter
PZ- RF8-E PZ- RFM-E PZ- RFP2-E(New)

(This filter is originally « Optional parts * Optional parts
equipped in the Lossnay) « Disposable * Disposable
« Optional parts as replacement « Replace once a year * Replace when clogging.
« Washable & cleanable or every 3,000 hrs *For detail refer to next page.
* Clean once a year
or every 3,000 hrs « Filtration specifications  * Filtration specifications
EN779(2012): M6 ASHRAE 52.2-2017: MERV16
« Filtration specifications ISO 16890: ePM10 75%  1SO 16890: ePM1 75%,
EN779(2012): G3 ePM2.5 80%,
ISO 16890: Coarse 35% ePM10 95%

GB/T14295-2008: YG class, 99.7%

(Collecting efficiency for particles that

are 0.5um or larger at rated airflow
*Filtration specifications are results of tests conducted H 9 )

by thi rd-pa rty and are not guara nteed values. COPYRIGHT ® 2014 MITSUBISHI ELECTRIC CORPORATION. ALL RIGHTS RESERVED. 45
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Maintenance

Standard-Filter and Core Maintenance

STEP 1. Freg. Once a year/
Every 3,000 hr

-Use a vacuum cleaner to remove
dusts on the surface.

-To remove persistent dirt, wash
with mild solution of detergent and
warm water (Under 40 °C).
*CAUTION*

-Refrain from washing the filters with
water over 40 °C and scrubbing them.
-Do not expose them to flame when
drying. Vacuum cleaner
Air filter

STEP 2. Freq. Once every 2 yrs/
Every 6,000 hr

-Use a vacuum cleaner and a soft brush
to remove dusts and dirt on the surface

of the Lossnay cores.

*CAUTION*

-Refrain from using a hard nozzle of the
vacuum cleaner. It may damage the surfaces
of the Lossnay cores.

-Lossnay cores should not be washed in water.

Do NOT wash in water.

Vacuum cleaner
(with brushi attachment)

Lossnay core

Corner

COPYRIGHT © 2014 MITSUBISHI ELECTRIC CORPORATION. ALL RIGHTS RESERVED. 46
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Performance assessment
framework for
smart ventilation systems
Hilde Breesch (KU Leuven, Belgium)
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Starting point

* Smart ventilation system (AIVC)

* Able to continually adjust itself to provide IAQ while minimizing energy use,
discomfort, noise

* Responsive to e.g. occupancy, outdoor thermal and air quality
* Can provide info about e.g. IAQ, energy use, need for maintenance

1

* Current practice in design of ventilation systems
* Driven by minimum requirements of individual indicators
* In mid-sized buildings: very conservative and inefficient
* Existing methods dependent on brainpower of engineer

_2
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Aim and goals

* Aim = determine performance-based framework for smart ventilation design
driven by optimisation during whole life-cycle

* Specific goals
* Define performance sub-indicators for indirect metrics
* Aggregate all sub-indicators into 1 general economic performance indicator
* Automate and optimise aerolic lay-out ventilation design
* improve and optimise positioning of connections to outdoor and indoor

* Focus: new + renovated mid-sized buildings (Q > 1000 m%h)
* Multi-family residential
* Schools

* Offices
* Care facilities (elderly homes)

_




TOWARDS 4\ FLANDERS
@ . SMART (& \\lE’\:\H%\ééyI?NNESRSHIP ﬂVxSO
ol B_| VENTILATION

Research method

* Performance assessment

General

(Economic)
performance
indicator

Acoustic

Resilience as a

(sub) Indicator for
sleep
environments

Occupant-centric
design

Usability of heat

performance (sub) recovery

indicator

performance
assessment

TOWARDS \« | FLANDERS
@ . SMART (& \\lE’\:\H%\ééyI?NNESRSHIP ﬂUXSO
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Research method

* Optimisation of system design

Air Positioning of
distribution openings and
system filtration
I I
Simulation CFD to . Optimising “Simplified”
based design irr!pr_ove Acoustical ImgL%\gﬂg dthe supplied CED _to
and control LIS O] design and ventilation air ventilation air optimize
optimisation of pressure drop ; 9 ; sl through location
air distribution in ventilation optimization f'ItrOltJ'g positioning of ventilation
networks SyStemS fitration openings openings
J
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Overview

* Introduction

* Performance assesment framework
* General performance indicator (Cony and Laverge, Ghent University)
* Resilience

e Optimisation of system design
* Principle
* Case study

e Conclusions

_6
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Performance assessment framework

@ .
Set a cost function accounting for

Hygro- Slee
Energy use Installation thermal IAQ Acoustics P
quality
comfort

User .-
. . Resilience
satisfaction
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Performance assessment framework

—_—

w o

Material

Maintenance
, — Hard costs
Operational
Installation
Health
Productivity loss — Soft costs

Learning disturbance

|
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Hygro-thermal comfort

Hygro-thermal comfort cost
* Hours of thermal discomfort can be calculated from initial simulation
» 2ndsimulation with ideal setpoint T° and infinite hot/cold power
- Hygrothermal comfort cost = AE,eeqX PPD

*  AE,..q: extra energy need during discomfort hours (electrical cost)
e PPD: Percentage of person disatisfied
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User satisfaction

User satisfaction cost
* Cost= productivity loss*productivity

Relative performance (%)

80
70
—— Present work = = = Jensen et al
Reelofsen w..x. Seppanen et al
60

3 25 2 45 41 05 0 05 1 15 2 25 3
Thermal sensation votes

Lan, Li, Pawel Wargocki, and Zhiwei Lian. 2011.

TOWARDS \« | FLANDERS
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Disability Adjusted Life Year (DALY) = Metric of harm

Planemad CC BY-SA 3.0
Rationale:
Mortality does not give a complete picture of the burden of disease borne by individuals in different populations. The overall burden of disease is
assessed using the disability-adjusted life year (DALY), a time-based measure that combines years of life lost due to premature mortality (YLLs)
and years of life lost due to time lived in states of less than full health, or years of healthy life lost due to disability (YLDs). One DALY represents
the loss of the equivalent of one year of full health. Using DALYs, the burden of diseases that cause premature death but little disability (such as
drowning or measles) can be compared to that of diseases that do not cause death but do cause disability (such as cataract causing blindness).

Definition:

One DALY represents the loss of the equivalent of one year of full health.

DALYs for a disease or health condition are the sum of the years of life lost to due to premature mortality (YLLs) and the years lived with a
disability (YLDs) due to prevalent cases of the disease or health condition in a population.

https://www.who.int/data/gho/indicator-metadata-registry/imr-details/158

World Health Organisation, “WHO methods and data sources for global burden of disease estimates 2000-2019.” 2020.
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Acoustics

Acoustical cost

*  Noisecyst = DALY, 50 X DALY cost + Productivity loss
e DALY cost; = life year cost + Productivity cost + health cost
* DALY, ;s Creation: 80

~
Q

&

FLANDERS
INNOVATION &
ENTREPRENEURSHIP

- Diseases induced

[
(@]

- Life impact of disease

a
o

- Probability of disease occurrence due to acoustic disturbance
* Productivity loss estimation :

- % of people Highly Annoyed by noise disturbance

- % of productivity decrease

H
(@]

30

Probabilty of annoyed from exposed (%)

35

40

45 50 55 60

Laden (dB)

65

L
0 TTTTT I T A LT T T T T T AT T T I T ririmd

70 75

References:
[EU-pasition paper; 2002,
TNO-INRO-2002-53; 2002
TNO, 2008

flUXso

- Aircraft

Aircraft-EU
road

rail
industry
windturbine

INQ, 2009
Miinzel et al., 2014
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IAQ cost

* IAQcost = X¥ DALY; X DALY cost; + SBS;os;
e DALY : Disability adjusted life years lost
*  SBS:sick building syndrome
e DALY cost; = life year cost + Productivity cost + health cost;

indexes)

Indoor Air Quality

FLANDERS

\ INNOVATION &
ENTREPRENEURSHIP

flU'Xso

Pollutant Health cost (€)
Benzene 46 000
Trichloroethylene 70971
Radon 25 526
PM 10 402
Cco 1085

*  SBS.ost = productivity cost X (POPSZ X productivity decrease + POPS X

*  POPS and POPS2: Percentage Of People with (SBS) 1 (POPS) or 2 (POPS2) Symptoms (from 1 to 3 days a week )
*  POPS and POPS2 : questionary input metrics but calculation formula exists (from indoor air pollution and indoor environmental

2

productivity decrease) x 2
5
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Overview

* Introduction

* Performance assesment framework

* General performance indicator

* Resilience (Al-Assaad and Breesch, KU Leuven)
e Optimisation of system design

* Optimisation method

* Case study

e Conclusions

TOWARDS & e fluxsg

\ ENTREPRENEURSHIP

®non
=3 | SMART
ol _| VZNTILATION

Resilience: why does it matter?

Expected indoor/outdoor Unexpected disruptive
conditions events
A

L

Building shifts drastically
from its IAQ design
conditions

Thermal comfort
Good breathable air quality
Energy efficient

(-) Accumulation of pollutants

(-) Acute exposure
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ventation  Resilience: how to assess?
1. Identify disruptive events
Mechanical disruptions Internal disruptions External disruptions
a9
°
L
Partial or complete i Occurs outside the
disruption in the Occurs inside the space L
: due to excessive indoor building envelope due to
operation of the ’ . o tdoor
o pollution event excessive outdoo
ventilation system (e.g., ollution (e.g., outdoor
: (e.g.,excess occupants P 9.,
fan failure, power beyond capacity of AHU) fire, traffic jams)
outages, fouling filters) y pacity
16
TOWARDS %\~ FLANDERS
= & B, fluxsg
w\' ST'ART . ?
o 1) ventation  Resilience: how to assess:
2. Quantify the aspects of resilience
C, (ppm)
Cmax .........................................................
Atl Atz
Abs_orpti Recover
vity y Crrl oo\ . Pollutant threshold reference
1 I [}
| I
Degree of | « o
A i impact i ; i i : i Time (h)

ty 41
\Shock occurrence (t;)

End of shock effects (t,)

Atgps = t, — t1: Absorptivity time

Atyec = t3 — t;: Recovery time
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vzntiation  Resilience: how to assess?

w o

0z

an ’i‘

3. Resilience score (RS)

Degree of impact

1.0 — Pollutant 1
— Pollutant 2
— Pollutant 3
Recovery Absorptivity
18
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Overview

* Introduction

* Performance assesment framework
* General performance indicator
* Resilience

* Optimisation of system design (Jorens, Kabbara and Verhaert, UAntwerpen)
& (Cony and Laverge, Ghent University)
* Optimisation method
* Case study

* Conclusions
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Optimization problem: objective

For a random floorplan: find ductwork configuration (= layout + sizing)
with minimum life-cycle cost

minimize (‘soft’ costs & ‘hard’ costs)

[c KR

- @ s W -20
-
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Input optimization method

Office 8 : 5 pers

Coffee Room 2 : 9 pers
o FI | Office 1: 4 pers Big Office : 18
oor p an \ Classroom : 35 pers ig Office : 18 pers

Office 2 : 4 pers )
. I t fI \ Y ..o Computer Classroom: 35 pers
npu prO les Office 3 : 5 pers ... rY) :33 pers e b
o o] |ecoee| [EEE- RN
. . 00000 °
- based on demand profiles/room Ottice 4 :7pers %o [s2258 e
.. | [ il ot
Office 5 : 6 pers ... ey
Flow rate , —
A Profile 1: soft cost 1 Classroom 3 : 35 pers b : : : :
Office 6 : 8 pers D am
. . — Jee 1 4 »
~» Profile 2: soft cost 2 o . of [e338 e 0 e 1114 pers\, Living Room : 1 pers
Coffee Room 1 : 15 pers P | Meeting Room 1 : 9 pers

Bedroom: 1 pers

l——— Meeting Room 2 : 18 pers

Classroom 1 :4 pers oo | Meeting Room 3 : 22 pers 8. 00 AM
) —_— ==
~__—» Profile 3: soft cost 3 u

Office 7 : 4 pers

e o
\ e J—— Office 9:5 pers
ecoe]| o o

Time

8u 12u 13u 17u
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.| Input profile x

! !
O pt i m i Z at i O n Soft costs (WP 2) Optimal ductwork configuration

for profile x (= layout + sizing)

for profile x

method I

Optimal hard costs (WP 3)
for profile x

}

‘ Solution x ‘

|

‘ Store solution x in list ‘best solutions’ ‘

-

x<n?

YES
X =x+1

NO

‘ Generate Pareto front ‘

TOWARDS 7\ FLANDERS
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Output optimisation algorithm
2(x) A

Pareto front

Soft costs and hard costs: not the same order of magnitude

> Pareto front instead of 1 optimized solution:

user can select solution according to preference

Pareto optimal points
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Case study: University of Antwerp: Building Z

=\ TOWARDS 7\« FLANDERS
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ventation  Case study |

Potential design method

s al R o

N
\V
\v
s
4
N
]

(O Fan = Duct -« Air Opening (© Fan = Duct - Air Opening

Existing design Optimized design

Total hard costs: 15% lower

I
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Overview

* Introduction

* Performance assesment framework
* General performance indicator
* Resilience
* Optimisation of system design
* Principle
e Case study
* Conclusions
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Conclusions

* Need for design guideance for smart ventilation systems
* Performance assessment framework for smart ventilation defined
* System optimisation design method developed
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Various building types

= Original formulation

N Productivity cost replaced by extra energy (electical Wh)
cost to reach minimum productivity loss

. Residential X Nyetirea + Of fice, X N,
Retirement house - Retirement housec,ss = cost retired fricecost workers
Nretired + Nworkers
Residential X N, + Office X N,
HOtels - HOtelCost — cost customers ff cost workers
N customers T N, workers
Student X N, + Of fice X N,
SChOOlS - SChOOlCost — cost students ff cost workers
Nstudents + Nworkers

. Student,,s; : Actually encountering difficulties to estimate learning
disturbance cost

TOWARDS \« | FLANDERS
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Sleep quality cost

Assu m ptlon S Good/ Probably Neutral/ Bad/ Probably Bad for sure
Many factors influence sleep quality goiod UGAFEIR bad
e Litterature may have divergent opinions I I I I

e Sleep quality is hard to quantify from environmental
parameters only - g 1

Good (-1) Neutral (0 Probably bad (1
- Improving sleep quality only from ventilation related -m 1) () B
parameters is complex T o047 17-28 <17 or >28
- Detection of bad environment for sleep quality is _— 40-60 <40 or >60

possible co2(ppm) 0,0351 750-1150  1150-2600
all bad conditions gathered = probability of sleep __ 35
disturbance is 1

Sleep quality = ¥ 1 From assessment to health cost

$q <0 >good * Translation, from sleep disturbance issue to DALY

0<Sq <1 probably bad * Equivalent of DALY lost per issue

Sq>1 - bad for sure *  Probability of issue with & without sleep disturbance

e Costinduced/issue
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EFFECT OF INDOOR TEMPERATURE DIFFERENCES
AND ZONING ON THE PERFORMANCE OF ENERGY
EFFICIENT VENTILATION STRATEGIES FOR DOMESTIC

BUILDINGS (Josue Borrajo Bastero)

GHENT
UNIVERSITY

ZONING AND HRV

S a4 i PR
fSUD fex 1'fsup 1 fex
f,H 6, fsfﬂ fex 0,
R —1>
' ey (1-f)H
o \Y \%

GHENT
UNIVERSITY




ZONING AND HRV: EXPECTED EFFECT

1-zone model

2-zone model

n,=07h'
200%
0%
- 0 0.5 1 39 P
J I} 3
e H/V (W/(m'K))
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‘ENERGY EFFICIENT VENTILATION

p 17 :
oty et reagpmle

- Heat exchanger(s) - Demand controlled ventilation - Demand controlled ventilation
Part of the heat can be recovered. Reduced aiflows -> Less conditioned - Heat exchanger(s)

air is released to the atmosphere
I:I:ko D D:@ A_}at'ng demand

@ =Annual ventilation heat losses
Q,=Recovered heat
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GENERIC ASSESSMENT METHOD

Maximum flowrates no HR Characteristic

No ventilation
ventilation scenario ventilation scenario

scenario

| @®

o
%

i3

20
T b Tivn 4}

Qpaxo = 56.9 kWh/m2/year Q 29.8 kWh/m?/year Q, = 22.7 kWh/m?/year
o D0 =38.1 kWh/m?Zjyear & 5.8 kWh/m?/year @, = 0 kWh/m2/year
&
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INDICATOR/METRIC

G0
(Qmax,O - Q) / (Qmax,o - an)
Q
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EFFECT COOLING

Ventilation heat losses (+)

V)

E Pmax,0
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§ Amplification
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Ventilation heat gains (-)
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Heating Demands (+)
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QHV
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Qmax,o,c
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Shifting
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Cooling Demands (-)

MODELING
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VARIATIONS

ED o #dh 40 B A

Detached Terraced Semi Detached Apartment (NL) Big detached
house (BE) house (NL) house (IE) 2 versions house (IE)

™ +

. o) o
Insulation (U-values: ~0.35 W/m2/K)  U-values: ~0.15 W/m2/K Weather bl * Berlin
Level ( 2 ACHso 0.6 ACH50 (4) ~ Brussels

New construction Passive house

/ & Mrarrse'i_lle

e o °
Occupation 44 4 ﬂ T i
Profiles (2) Total combinations:

- 2 full time workers - 1fulltime
worker 6X2X2X4 = 96
- 1ladult at home

- 1lteenager
—_ - 1kid

StROBe

GHENT
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VENTILATION SYSTEMS

Ventilation m;::;s (16) VST3 VST, .
i i recovery TRy = 2 —
3a VST3 b 4 DC —
3b VST3 X DC Jd.
ic VST3 b4 De
3d VsT3 b 4 DC
4a VST4 b 4 DC
50 ¢ VST5 v CAV
Sh e VST5 J cAv
5cc VsTS v cAV VST7
5d VST5 v DC
Se VST5 A DC
sf VSTS v DC
5 VST5 v DC
7a_c VST7 J cAV
7b c VST7 v CAV
7eic VvsT7 v CAV
7d VST7 7 DC

* DC = Demand Controlled ventilation
CAV = Constant Air Volume
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HEATING AND ZONING

T.g/26oc Always ON
All zones are heated

8/26 °C

:

T, Full local
on if someone is present in the zone

No
[T 0 T J T | e |

:

Outdoor temperature
Te,ref

(T, + 08Ty + 04Ty 5 +0.2T,0,5)

I,

24
=
11T} Total combinations: BC x vent. x heating modes x scenarios I 6x2x2x4x16x2x(2+1/16) = 6336 simulations
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RESULTS

Reduction in IAQ vs Reduction in Heating Demand (Q)
Detached (BE) hi TZ_1_3

1 S

N

+

0.8

0.6

0.4

Reduction in IAQ
[(Max[CO,] - [CO,])/(Max[CO,] - min[CO,1)]

0.2

o

0.2 0.6 0.8 1

Reduction in Heating Demand
[(maxQ-Q)/(maxQ-minQ)]
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VenSysType, ventilation system
NV, NV

VST3, 3_Ref
VST3, 3_Ref0.67
VST3, 3_Ref0.33
VST4, 4_Ref
VST4, 4_Ref0.67
VST4, 4_Ref0.33
VSTS, 5_Ref
VSTS, 5_Ref0.67
VST5, 5_Ref0.33
VST7, 7_Ref
VST7, 7_Ref0.67
VST7, 7_Ref0.33

+ ®H o 4 mH o + m o + m o

RESULTS

(QmaxO'Q) Vs (QmaxO'an)
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VST, Ventilation system
*® VST3,3.D.SC
VST3,3 D.E
VST3, 3_A.V4AP
VST3,3_RHB3
VST4, 4_RHB3
VSTS, 5_Ref
VSTS, 5_Ref0.67
VSTS, 5_Ref0.33
VSTS, 5_A.DXAE
VSTS, 5_RE+
VSTS, 5_D.EP
VSTS, 5_D.EC
VST7,7_Ref
VST7, 7_Ref0.67
VST7, 7_Ref0.33
VST7,7_RET




HEALTH VS ENERGY

VST, Ventilation system
% VST3,3_D.SC
VST3,3_D.E

*
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1 * ® VST, 5_A.DXAE
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E 06 ¥ i
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EFFECT OF ASSUMING UNIFORM T

@ = Annual ventilation heat losses

Non uniform

0 0 @) ¢ @ @,=Annual heating demand
1 @:.8

Temperature 7
& @
Q Qu ?
Uniform Single-zone version
Temperature
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- -0
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EFFECT OF ASSUMING UNIFORM T

Qo
Q’E(Qu
Q S
Q
”””””””””” Qe
Q.
DC DC
HR HR
< < &
x Qma 0 — Q > 10 The non-uniform temperatures scenario has a better energy performance.
Nivma 0 — X Qma 0~ Qnv
NivmaxOu % 9ma Ou — Qu < 10 The uniform temperatures scenario has a better energy performance.
Qma Ou = Qnvau
TTE 0 6 simulations involved
GHENT
UNIVERSITY 17
No HR, DC HR, CAV HR, DC
—— —_———— -
—_— N Tt & i
—=s— —a—— g
14 —oa— -
VST, Vent. system VST, Vent. system " VST, Vent. system -
12 » ysT3,3a ® VSIS, 5a.c o = VST5,5d S
g o* VST3, 3b = VSTS5,5b.c " S o *  VSTS, Se 3 -
2 JE ”E? S A L ?  o; TENEEGE GRS
é ® VST4,4 = VST7,7bc x  VST7,7d
L_Z- 0.6 + VST7,7cc /
0.4 r
02 ’u."" pc (®) (®9 Hr DC HR
ul] 02 0.4 06 08 1 12 14 0. 0.2 04 06 08 1 12 14 p 02 04 06 08 1 1.2 14
Nwvmaxop -] Mo [ Nvmaxow ]
- The energy performances are similar, but uniform
temperatures show a slightly better energy performance
(differences in performance around 5 %).
- VST3 have the lowest energy performance.
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Proposal to promote airtightness In
non-residential buildings In Japan

May 19, 2023
Taisei Corporation
Kiyoshi Hiwatashi

This content is under study by the study group “Proposal for the
Realization and Dissemination of a System for Airtightness in Non-
residential Buildings Toward Carbon Neutrality” in the Consortium for
Bui lding Research and Development.

The Situation of Airtightness in Non—Residential Buildings in Overseas Countries

- Around 2000, the U.S. and the U.K. began to establish
measurement and evaluation standards for airtightness in
non-residential buildings.

- Since then, airtightness of non-residential buildings and
accumulation of airtightness data have been progressing.

ASHRAE 90. 1-2016 Other than low-rise

residential

US.A Washington State, Buildings with more sl

Seattle Code than 4 floors

USACE large Build. ASTME779-10, ASTME1827
i ATTMA TSL2 Office ATTMA TSL2

" ATTMA TSL2 Warehouse ATTMA TSL2

DE Passivhaus All buildings 1509972, EN13829
upys (ool Mol (001 O Commercial ASTME779-10, ASTHE1827

Code (IECC) '

No Codes Tight

JPN  Values are reference Average No Standards

values Loose -
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The Situation of Airtightness in Non—Residential Buildings in Japan

» In Japan, airtightness of high-rise buildings was
measured in the 1980s, and reference values for
airtightness were presented.

- However, no progress has been made since then.

ASHRAE 90. 1-2016 Other than low-rise

residential
U.S.A Washington State, Buildings with more el
Seattle Code than 4 floors
USACE large Build. ASTME779-10, ASTME1827
UK ATTMA TSL2 Office ATTMA TSL2
" ATTMA TSL2 Warehouse ATTMA TSL2
DE Passivhaus All buildings 1S09972, EN13829
e poo Uil Enflei Commercial ASTME779-10, ASTME1827
Code (IECC) _ '
No Codes Tight
JPN  Values are reference Average No Standards
values Loose

- To change this situation and promote air tightness in
nog—re3|dent|al buildings, the following proposals are
made.

1 Proposal to create a network utilizing current
airtightness testing businesses for residential
buildings

2 Proposal to establish measurement and evaluation
standards with reference to the U.S. and the U.K.
standards

3 Proposal for training content

4 Proposal for setting airtightness performance
requlrements

5 Proposal to approach the Climate Citizens Assembly

6 Recognition of a sense of speed in the proposed
schedule for the start of the system s operation




1 Proposal to create a network utilizing
current airtightness testing businesses
for residential buildings

Airtightness Testing Certification System for Residential Buildings in Japan

B IBECs(Institute for Built Environment and Carbon Neutral for
SDGs)
-In Japan, IBECs is an association that provides training,
testing, and certification for airtightness testing for residential
buildings.

IBECs is an organization affiliated with the Ministry of Land,
Infrastructure, Transport and Tourism.

M Qualification method

-Business operators are registered after training and passing the
“JIS A 2201 Airtightness performance test method for houses
using a blower ” course.

B Registered Business Office
- About 1100 business offices are registered nationwide. (as of

April 2023).




Questionnaire survey and community networking

B Questionnaire survey
*We will conduct a questionnaire survey of these offices to

see if they are also interested in airtightness
measurement of non—residential buildings.

B Community networking
We will also encourage the creation of a community

network.

*The objective is to have each region conduct a study
session on airtightness testing methods and airtightness

installation for non—residential buildings.

Questionnaire survey and community networking

* And, the objective is to have them take on the
role of spreading the information to the local

residents.

B Proposal for expensive test equipment

*In addition, since airtightness testing equipment is
very expensive, for large buildings, it is necessary
to consider a system in which multiple businesses
In a region can take measurements together.




2 Proposal to establish measurement and
evaluation standards with reference to
the U.S. and the the U.K. standards

. 9o
Measurement Standards in the U.S.

*In the U.S., ASTM standards have been developed for a variety of

airtightness-related content.

*The 16 standards listed in the table below cover the areas of field

and laboratory airtightness test methods, materials, and commissioning.
Fields | | Standard number

ASTM E779-19

ASTM E1827-22

ASTM E3158-18

ASTM E783-02(2018)

Airtightness Testing Methods at Building
Sites

Identification Methods for Leakage Points at ASTM E1186-22

Building Sites
Airtightness ASTM E283/E283M-19
ASTM E1424-22
Fittings Laboratory Test Method ASTM E2319-22
ASTM E1680-16(2022)
ASTM D8052/ D8052M-22
Test Specimen fabrication method ASTM E2357-18
Test Method (Material) ASTM E2178-21a
Calibration of air volume ASTM E1258-88(2018)
Material Specifications ASTM E1677-19

C L p q ASTM E2813-18
ommissioning | Procedure ASTM E2947-21a
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Measurement Standards in the U.K.
Standards in the U.K. were developed by ATTMA.
(The Air Tightness Testing & Measurement Association)

The standard is based on ISO 9972 and is classified into 4
categories according to the complexity of the building, as
shown in the table below.

There are no standards except for airtightness testing
standards in ATTMA.

‘Standard No.‘ Classification
TSLT Simple Building

TSL2 Nom-Simple Building
TSL3 Complex Building
TSL4 Passivhaus &lLow Energy Building

BN =

Measurement Standards in Japan

*In Japan, there are no standards for airtightness testing of
non—residential buildings at present.

=JIS A2201 is a modified version of ISO 9972 for Japanese
residential buildings.

«JIS A1516 is a laboratory airtightness test method for fittings.

-JIS B9330 is the standard for calibration methods for general
fan airflow.

‘ Standard No. ‘ Field
1 |JIS A 2201:2017 |Airtightness Testing Methods at Building Sites

2 |JIS A 1516:1998 |Fittings Laboratory Airtightness Test Method

3 |JIS B 9330:2000 | Calibration of air volume




Proposal for development of measurement standards

“In Japan, there is a need to establish measurement
and evaluation standards as soon as possible.

*In order to respond quickly, it is acceptable to initially
introduce foreign standards basically as they are.

*Modifications will be made as necessary.

* A candidate for a standard would be ATTM, which is
simpler and explains specific procedures.

-ATTMA is based on ISO 9972, which is the same as
JIS A 2201.

The ATTMA evaluation standards are for each

buiIdini tiﬁe.
Proposal for development of measurement standards

*In Japan, there is currently no accumulated data, so the
same evaluation standards should be adopted as in the
U.S.

*The standards for materials and commissioning should be
supplemented with those of ASTM.

*The set pressure should be set from 50 Pa to 75 Pa in a
stepwise manner, taking into consideration the number of
test equipment required.

The USACE 2012 wind—unaffected method should be
adopted.

*For the purpose of dissemination, a pattern in which the
ventilation openings are not closed should be adopted as
the basis in order to reduce labor and cost.




Airtightness class for fittings

10000

Japanese fittings standards JIS A
A1 1516 and ANCI/ASHRAE/IES
1000 A= standards for airtightness
performance are compared.
100 A-3
A-4 Japanese standards are classified as
Q 10 = 0.5 grade A-1 to A-4.
m?/(h-m?) __(for curtain wall)
1 %Vvﬂgﬁauﬁnding) The standgrc_is are A-2 or lower for
—<,As?e3,1bly general buildings and A—-3 for
0. curtain wall) soundproofing, thermal insulation, and
| Material dustproofing buildings.
0.01 ANSI/ASHRAE/IES
10 p, 100 Jendards 50 There is also 0.5 grade for curtain

wall.

However, there are no standards for airtightness of materials and
no standards for airtightness of the exterior envelope of non-
residential buildings.

Airtightness class for fittings

10000

The ANCI/ASHRAE/IES standards
1000 A are stratified into three categories.
A-2
100 A-3
The standards for those
A blies have high
a "0 EEEEE 05 grade arss'em ies have higher
m3/(h-m?2) (?;CTC‘,‘:?S wal)  ajrtightness performance than the
I u
1 (Whole building) | Japanese standards for fittings
—{ Assembly .
o1 (including and curtain wall.
curtain wall)
Material
/ / . .
oot o " S s01 It is considered necessary to
a 2016

reconsider the Japanese
standards for fittings and curtain
wall.




3 Proposal for training content

]

Training Course in Japan

Ml Japan
*In Japan, IBECS conducts airtightness testing
courses.

*This course is targeted at residential buildings, and
there is no course for non—residential buildings.

Course Length — 3 hours

Classroom learning , Certification Examination and
Registration — ¥28,050(About $200)




Training Course in the U.S.

B In the case of ABAA

(Air Barbour Association of America)
In the U.S., the case of the ABAA is mentioned as an
example.

The ABAA has 3 types of training courses

(1) Whole Building Airtightness Technician Program
(Blower Door Technician Training)

(2) Auditor Courses (Field Auditor Training)
(3) Installer Course

Whole Building Airtightness Technician Program

*Whole Building Airtightness Technician Program is
Comprehensive training program covering ASTM, CGSB,
ISO Standards and USACE test methods.

Course Length: 5 Days
Conceptual Learning: 2Days
Hands—on Training: 2Days
Performing a Test: 1Day

Training Course Fees:
Members — $2,500.00 (About ¥340,000)
Non—Members — $2,850.00 (About ¥380,000)




Auditor Courses (Field Auditor Training)

B The role of the Field Auditor

The role of the Field Auditor is performing quality
assurance audits of air barrier assemblies on new
commercial and institutional construction projects
during installation.

Course Length: 2.5 Days

Total Fees

(Training Course Fees, Certification Exam
Certification Registration)

Members — $1245.00 (About ¥170,000)
Non—-Members — $1445.00(About ¥195,000)

2

Installer Courses

M Installer Courses (2 Courses)

(1) Self-Adhered & Fluid Applied Installer Training Course

(2) Spray Polyurethane Foam & Self-Adhered Installer
Training Course

Course Length: 2.5 Days

Total Fees

(Training Course Fees, Certification Exam Certification
Registration)

Members — $1445.00 (About ¥195,000)

Non—Members — $1945.00 (¥About 260,000)




Training Course in the U.K.

B The Case of ATTMA in the UK.

ATTMA in the U.K. also has training courses for air
tightness testers at each level, similar to ABAA.

23

Proposal for training courses in Japan

*Pre—planning for airtightness testing is important for
non-residential buildings because they are larger and
more complex than residential buildings.

= Therefore, it is important to have a training course that
includes more detailed pre—planning methods and
practical skills.

" Training on installation methods and supervisors is also
necessary.

*In order to respond quickly, it is proposed that the
content of training courses in the U.S. and the UK,
which have a proven track record, be introduced directly
to Japan at first.




Proposal for training courses in Japan

*In order to increase the number of qualified personnel,
subsidies for acquisition of qualifications are also
proposed.

In addition, subsidies for the purchase of expensive
testing equipment are also proposed.

25

4 Proposal for setting airtightness
performance requirements




Survey Results in the U.S.

In the study, new buildings in different jurisdictions with mandatory
air tightness requirements were compared to new buildings without
air tightness testing requirements.

The results showed that buildings built with the intent to meet the
performance requirements for air tightness achieved the target
values.

New buildings built without performance requirements were
generally shown to be less airtight.

T 5

4.20 R 5 10 M

® Tmax. 19 -

KFS' 36 & 4 08 &
|5 £
<292 3 i 06 g
o S o) Performance §
<1.68% 2 Boquisment_¢ 04 &
5] - Requirement )
0.84 8 1 Rviga 02 8
0.002 o 00 g

E New Construction with No Requirement USACE Washington £

£ (31 Buildings) (245 Buildings) (37 Buildings) £

S S

z z

Distribution of test results for each set of buildings in different juisdictions

This figure was quoted from “lllustrated Guide Achieving Airtightness ”
published by BC Housing, Canada.

https://www.bchousing.org/research—centre/library/residential-design—construction—guides/illustrated—guide—achieving—airtight

Proposal for setting airtightness performance requirements

In Japan, the actual situation of airtightness performance
has not yet been investigated.

It is important to accumulate airtightness performance
data and set the required performance.

The number of non—-residential airtightness testing
companies will be increased and the understanding of the
public will be deepened in order to accumulate data.




5. Proposal to approach
the Climate Citizens’ Assembly

29

.s  »H
Outline of the Climate Citizens’ Assembly

Climate Citizens’ Assemblies were held at the

national political level in France and the UK. in
2019-20.

This attempt is also spreading to local governments.
In Japan, the first one was held in Sapporo in 2020.

Recently, Musashino City and Tokorozawa City
have also hosted the conference, and many local
governments are planning to do so in the future.

Members are randomly selected from the general
public and are gathered in proportions that
represent a microcosm of society.




Outline of the Climate Citizens’ Assembly

The number of members ranges from a few
dozen to about 150.

Citizens spend weeks or months receiving
information from various experts, deliberating,
and making recommendations to the national
and local governments.

The national and local governments will make
use of the recommendations in their policies.

Questionnaires on visions of future |ife

- At Climate Assembly Sapporo 2020, participants
were asked to complete a questionnaire
regarding their visions for their future lives.

* An analysis was conducted on the results of the
qguestionnaire, using the strength of support and
the scattering of opinions as indicators.

- “Improvement of residential thermal insulation”
and “Spread of energy—efficient buildings” were
strongly supported, and there was little
scattering in opinions.




Questionnaires on visions of future |ife

However, awareness of airtightness is
lower than that of thermal insulation.
— It is important to raise awareness of

airtightness improvement

It is important that a network of air
tightness measurement companies in each
region create a system to disseminate
information to the public.
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6 Recognition of a sense of speed in
the proposed schedule for the
start of the system s operation




Sense of schedule to be operational in 2030

*This is a proposed schedule for a target of having the system
operational by 2030.

*We realize that it is a very tight schedule.

It is necessary to start operation as soon as possible at a
realistic speed.

I_mﬂﬂlﬁﬁ 2027 | 2028 | 2029 | 2030
Examination of measurement standards ..............
Tl W | (||

Promotion of airtightness testing equipment

Grasping the actual airtightness performance

(S B~ N JC R o)

Acquisition of information on airtightness
construction methods

(=]

Training of construction engineers

7 Consideration and establishment of
assessment standards

8 Dissemination to citizens’ meetings

9 Starting operation of the system (Step 1)

- N

Thank you for your attention.
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Trends in building and ductwork
airtightness in different countries

WORKSHOP “TOWARDS HIGH QUALITY,

VALERIE LEPRINCE
LOW-CARBON VENTILATION IN AIRTIGHT CEREMA
BUILDINGS”
NOLWENN HUREL
MAY 19T 2023

PLEIAQ/INIVE

May 19t 2023 Valérie Leprince — Cerema
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VIP series on Building & Ductwork Airtightness

Series of Ventilation Information Papers (VIP) published by the AIVC

* Title: “Building and ductwork airtightness - National trends and requirements”

* Authors found in various countries via the TightVent Airtightness
Associations Committee (TAAC) and the AIVC board members

* Template prepared: similar structure for all papers

* Already 7 published papers:

* Estonia (VIP 45.1) * Latvia (VIP 45.5)
* Spain (VIP 45.2) * France (VIP 45.6)
* Czech Republic (VIP 45.3) * Greece (VIP 45.7)

* Belgium (VIP 45.4)

* Available on the AIVC website: https://www.aivc.org/collection-keys/vip

* Overview summary in preparation

May 19t 2023 Valérie Leprince — Cerema

Countries included in this overview (12)

I

. Included published VIPs .
- I Belgium - W France NE. ol
- [ Czech Republic - EmmLatvia R o Son ">
- = Estonia - Spain S i & ST
Included VIPs in preparation b \f-». 4
- @l china - Norway
s Greece - Switzerland*
- == Netherlands* - E=usaA /
[[] Other VIPs expected ] /}7

- Australia - Japan
- Germany - UK

*Information on building airtightness only

May 19t 2023 4 Valérie Leprince — Cerema




ng airtightness
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ﬁ Envelope airtightness indicators

Flowrate Devided by :
at
p Envelope area Building vol -
Gso (M*/(h.m?)) nso(h?) Airtighntess indicat
SIS IS irtighntess indicators
sove [P -_zagzl,l;-;// i
- y a - envelope are:
=7=w7 o T SRR
Guio (m*/h) ¥4 50 Pa - internal volume
[J 50 Pa - both indicators used
- Qapasut (M?/(h.m?)) (450 and n50)
. 10 Pa - useable floor area
(qv10)

. + - . : . 4 Pa - envelope area floor
Il BE: Average of p* and p~; external dim. enclied [QFoSu)
1 1 FR: Floor excluded from the envelope area [l Various (ACHSO : CFMSO0/:
== LV: ng4 also sometimes used SLA at4 Pa)
= NL: g,39s0metimes divided by the floor area

ns, and ACH50 also used
== USA: various indicators: ACH50 ; CFM50/ft?%;
Specific Leakage Area (-) at 4 Pa
6 Valérie Leprince — Cerema

May 19t 2023




ﬁ Mandatory envelope airtightness requirements

Mandatory requirements?

Court Values
y for: y ?
y Indic. (unit) Max. values
Residential buildings Qapasurt * 0.6 for single-family YES, by test or certified
(m3/(h.m?)) |+ 1for multi-family quality management
approach
Residential houses, Qso + 3,0for natural vent. y
homes for the elderly, (m3/(h.m?)) |+ 2,0formech.vent
hospitals, + 1,5for heat recov.
kindergartens, and *  4,0forindustrial build.
public buildings A

~aIz All buildings ? Qo (L/s) 200 up to 500 m?, pro W
: rata above
Stricter in EPC: about 0,6
- /m?of floor A
YES

NO | All buildings ng (h?) + 1.5forall buildings
£/ .
2= targe? of 0.6 for
dwellings
ES Residential build. > 120 ng (h?) +  6if Vol//Env. Area <2 YES, by test or calculation
m?, with mandatory «  3ifVol//Env. Area >4 with a formula:
E controlled mech. or + Interpolation in between CoX Ag+Cax Ay
hybrid vent. system ngo =0.629 Ve
US | Residential buildings in ACHS50 +  3nationally YES, by test (sampling

Sinfew locations with | allowed for muti-family)

% some states that have
adopted the IECC very mild climates

energy codes

May 19t 2023 Valérie Leprince — Cerema
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US: it depends on the states, most jurisdictions use a prescriptive approach and do not model energy use (IECC:
SIM; dynamic infiltration rat; California: SIM; fixed infiltration rate)
LV,NL, CN: no information reported on the model

Equilibrum pressure model

Default values
Type of model Country Details
Used? | Values | Comments.
] Constant value (per CH Not a variable: fixed additional outsit_!e air volume flow of 0.15 m3/(h.m?) (net floor area reference) regardless of
building surface) the quality of the envelope (not possible to use test values)

> Fixed tabulated air infiltration rates (m3/h) given for different types of windows and doors; for chimneys and

= Tabulated values ventilation boxes (not possible to use test values)

x
Q£

Q. Leakage-infiltration BE Viny = 0.04 * v5o * Ap YES | VERY penalizing vso: 12 Test not officially mandatory but

= “:ﬂo l] m?/(h-m?) for heating; O for | necessary for the EP calculation

8 cooling
o] EE Qing = qs0-A/X YES | Penalizing gso (m3/(h.m?)): | Other possibilites:

c A: area of the building envelope (m?) - detached house: 4 (6for |- Use 1.5m3/(h-m?)tobe

L E X: factor depending on the number of minor renovation) justified by test later

a storeys (ranging from 15 to 35) - other buildings : 2,5 (4) - Useofa calculated "declared

© air leakage rate”

3 Simple infiltration NO [ Common case: ny,; = n50.0,07 NO Requirements can be used prior

o model (SIM) but depends on number of facade - to the test
\2 exposed and degree of exposure to wind

o ES Fixed infiltration rate estimated fromng, | YES | Calculation of ng, by a

g ‘ E with hypotheses (wind speed of 2,8 m/s, formula: Coa s . Building airtightness in EP

Cp values per facade, n=0,67; etc.) — 0629 Ao +Cndn >
3 Rpg SRl =F——= calculations
cz Method 1 of the standard EN 16798-7, NO ~ Common practice: use
E with an hourly time step recommended ng, values at level | Constant value
(pressure calculated by a mass balance according to CSN 73 0540-2 Tabulated values
FR equation) YES | Non-residential: Qapygye : No default values for residential Leakage-infiltration ratio
I] 1.7 or 3 m?/(h-m?) depend. | buildings: minimum requirements ) . .
on the building use to be justified Simple infiltration model

It depends
No information reported

EEEEOOO
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ﬁ Building airtightness test protocol

National qualification for testers National guidelines

Existi
ng?

Number
or% ng?

Name Name (year) Specificities

150-
190 (FL.)

STS-P 71-3 (2014), mandatory Testsinp”and p (or correction if not

By BCCA and SKH onlyinFl. possible)

Credit: airtightbuildingsolutions

T/CECS 704 (2020) Tracer gaz method allowed

annex of TNI 73 0330 Method for testing multi-family build.
A.BD_CZ (mandatory for | 15 (30-

members)

New Green Savings (NGS) For buildings in this energy
guidelines performance programme

Qualibat FDP50-784 Application guide of EN ISO 9972

Seminars by
Aerosteganotita

Some qualified with

Retrotec, FliB, ATTMA In accordance with LVS EN 9972:2016

Some qualified by SKH NEN 2686 Testsinp®and p~

- - There are si

ds in use not lyil irely with 1ISO 9972

Trainings by

In accordance with UNE-EN ISO 9972:2019
manufacturers

Minergie airtightness guideline | for building and test preparation (test

qualified with FLIB (RiLuMi) in accordance with EN S0 9972)

Standard ASTM E779 for multipoint measurements

energy auditor
certification (ABNSI/BPI- | ?
1100-T-2014) by BPI

Standard ASTM E1827 for single point measurements (50 Pa)

More commonly used: ANSI/RESNET 380 or blower door manufacturer's
instructions (more simple than ASTM standards)

May 19t 2023 Valérie Leprince — Cerema

ﬁ Building airtightness tests performed

idential Non-residential Public database Residential ~ All Non-residential
Country buildi e T )
isting? In charge: % of tests 100%
New: alm. 100% Flanders: VEKA 100%
BE I] deep retrofit: - quality frameworks like [ All from
~25% BCCA this QF
cN Bl unknown e < N
o4 ~=| <15% - ABD_CZ ~3% &
Ee - ~25% = = - -
FR I] 100% very few Qualibat (since 2007) 100%
very very few - Aerosteganotita ? % 50%
public: 70-80% y
5-15% = s 40%
industrial: 5-10%

Some data gathered (Retrotec’s 30%
-10%
NE : 5-10% rCloud, SKH scheme, Uni. of Twente) 5
No B ~10% R R 20%
One-time effort: 400 cases (INFILES i
ES E Unknown . 10% Industrial
Project ) — EEE— =
CH §d ~5% survey of Minergie —E 0%
9,

us IS >50f;] Ldsetlzzg)s on - 0ld one from LBNL (150 000 entries) ol :vrivown

May 19t 2023 Valérie Leprince — Cerema




ﬁ Guidelines to build airtight [v—Tv—

—
Guidelines to build airtight “l-" x

Country — p—
“ Existing? | Name Details/Comments J

Technical Guidance on building
BE I] airtightness (by Buildwise)

Technical Information Note : recommended principles for constructing airtight buildings

N - Guideline T/CECS 826 (2021) applies to_the design, construction, and acceptance of airtight materials for building
construction

cz : Standard CSN 74 6077 recommends several technical solutions for an airtight design of the window-to-wall interface

EE 5 m Estonian national standard under development

FR I Carnets Mininfil (2010) Design and impl ion guide for designers, craftsmen and construction companies

GR - =

NL - Some facturers of building provide guideli

NO _11,|: = Airtightness issues are importantin the Norwegian building research details database
Basic Document for the Energy . . i s T .

E Saving in Buildings (DB HE1) Construction and wor of the g envelope for good airtightness

ES

UNE 8529:2016 Joints and discontinuities on the thermal envelope
+ SIA 180, SIA 4001,... Standards that relate to specific components (roof, wall, window....)
CH

RiLuMi for Minergie

Guidelines in many individual programs, usually in the form of checklists.
US% Examples : ENERGY STAR Qualified Homes, Version 3 (Rev. 04), Inspection Checklists for National Program Requirements ; IECC Air
Barrier and Insulation Inspection Checklist ; BPI Technical Standards for Certified Shell Specialists.

May 19t 20 Valérie Leprince — Cerema

Ductwork airtightness (10 countries)
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| 10 countries included (not NL and CH)

s

. e
™ % O
< 4 Zo? J‘/‘fﬁ 5

K > (/ ®,

¢ \ K

. A} N §

&

[l Included published VIPs Sundfiinnt
- Belgium - France IJ’%‘D‘;
Czech Republic - Latvia & T

Estonia - Spain CJ
s " U 1
Included VIPs in preparation
China - Norway : ol
Greece - USA A

[ Other VIPs expected

- Australia - Netherlands*s/ >

- Germany - Switzerland*

- Japan - UK
*Information on building airtightness only

May 19t 2023
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| Ductwork airtightness indicators

Air leakage limit (fmax)
according to the test pressure
(py) [m.5™.m?]

Not classified

0,0675 x p,%% x 1073

0,027 x p,%% x 1073

0,009 x p,%®5 x 10-3

0,003 x p,>%> x 1073

0,001 x p,%®5 x 1073

* European countries: f (m3/(s.m?)) Airtightness classes
Flowrate divided by the ductwork .
Previous name | New name
area
Use of airtightness classes ——— ATC7
. USA: CFM25/ft? ATC®
Flowrate at 25 Pa divided by the A ATC5S
floor area B ATC4
* China: Q (m3/(h.m?)) C ATC 3
Flowrate divided by thg ductwork D ATC 2
area (pressure not defined)
ATC1

0,00033 x p,%6> x 1073

May 19t 2023
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| Mandatory ductwork airtightness requirements

Mandatory requirements?

Values

datory
ors Indic. Mandatory justification ?
Max. values
(unit)
New and ClassB YES (by test since 2007 -
retrofitted UNE-EN 12599) butin
buildings practice: not always tested)

Some cases / CFM25 J/| ENERGY STAR & IECC: I N
States (CFM)[ | Max (8 /100 ft2; 80) ¢
California & ASHRAE 62.2: 4
6% of total system airflow >
North Carolina: 6 /100 ft?
Kentucky: 12 /100ft?; ... é
Mandatory ductwork

airtightness requirements?
Permitted air leakage rate m3/(m2:h)
Design p
Rect. metal duct Round metal duct . No

e e P4 Yes (in at least some cases)
<500Pa <0.1056P © <0.0528P © - no mandatory justification
500-1500Pa <0.0352P 065 <0.0176P °& [ Yes (in at least some cases)

>1500Pa <0.0117P 95 <0.0117P 05 =BT atOr Ut F Ao

May 19t 2023 Valérie Leprince — Cerema

| Ductwork airtightness in Energy Performance Calculations

Default values
Country Details
Used? Values Comments
BE non-residential: NO
[l residential: can be valorised through a R
reduction in the factor m (valorising the
execution quality of the vent. system)
FR The ductwork airtightnessinfluencesthe | YES [2.5ClassA Any other class used in the EP
l] total air change rate of the internal calculation has to be justified
volume (included in the calculation of the
ventilation flow rate)
USA | Amultizone air flow and thermal modelis | YES | 15% prior to 2013;
(Califo.) | used to calculate the impacts of duct (CA) | 5% since 2013 No'irformationon oilier states
% leakage as a reference that other (introduction of duct perf.
compliance software must match Requirements in 2013)
R Dl S8 (] . 2 EE, S, LV: Not included in the EP calculation
Ductwork airtightness in EP

GR, NO: No information provided calculation ?

. Yes (in at least some cases)

H No

. No information provided

May 19t 2023 Valérie Leprince — Cerema




| Ductwork airtightness test protocol

National qualification for testers

National guidelines

Country

Existi | Mandat Existi
ng? | o2 |Name g2 | Name (vear) Specificities
e [ - - €
CN B R a
(2 accredited laboratories
@ : to test products)
EE = -
FDE 51-767 - sampling rules for multi-family dwellings
(Tests have to comply rules to select a sample of houses among a group of houses, and a sample of
I] . < ductworks for buildings than include more than 5 fans.
" Qualibar (133 testers) f;g'f'g;ﬁi;;:d EN requirements regarding the preparation of the ductwork
1259'9) reference pressure difference of the test depending of the type on building

corrections that shall be applied for particular situations

Y] :

) i
NO -

Usually: technicians who
install the system also test
it

es g

BPI (BPI 2017 ANSI/BPI-
1200-5-2017) and RESNET

H-—_=

For residential:

- More commonly used for residential: ANSI/RESNET 380

- More advanced test methods in ASTM Standard (ASTM E1554)

- In California (and ref. in ASHRAE 62.2): California Building Energy Efficiency Standards, Residential Appendix
RA3.1 (CEC2019)

ial: also fixed-p! thod:

For

e duct testing

17
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| Ductwork airtightness tests performed

Residential Al Non-residential
i anti Public database 100%
Country | Residential buildings No': idi al
Cines Existing? In charge: % of tests 90%
(not public: VEKA in .
BE I] <1% Flanders) limited
CN - Very few = = 70%
cz E Very limited for special installations €%
Few (usually no test) | Public: almost 100% Estonian buildin %
g
EE E . 100% ? 50%
10-15% registry °
rRILE Few (1323 tests in 2020) Cerema 100% 40%
GR Close to 0% 30%
Lv = Very few - -
NO Gl N/A - .
ES E Rather low -
>50% (depends on .
us % thie sttes) - Old one from LBNL (150 000 entries)

Bles : Unknown

Valérie Leprince — Cerema




| Guidelines to build airtight ductwork [v—]v—

May 19th 2

del build ht d rk V-‘ x
Guidelines to build airtight ductwol
Country ‘/--, J.——
Existing? | Name Details/Comments
Standard GB 50738~ . , " 1 i . . .
2011 and JGJ 141-2017 Stipulated: material selection, production, installation and inspection, etc.
Every producer provides his product with installation description
RKAS guideline
DTU 68.3 (national Rules for design and installation of ventilation systemsin buildings.
standard) Widely required by building owner for insurance purposes
California: California building standards include thorough instructions for duct and envelope sealing
Many organizations provide training for testing and sealing ductwork:
US DOE Building America: BSC information on duct sealing for all climates
Energy Star duct sealing guidance for homeowners
SMACNA HVAC Duct Construction Standards - Metal and Flexible
ACCA Quality Installation Specification
19 Valérie Leprince — Cerema

Thank you for your attention

And thank you to the VIP authors:

Il BE: Liesje Van Gelder (BCCA), Maarten De Strycker (BCCA), Christophe Delmotte (Buildwise), Arnold Janssens (Ugent)
El CH: Michael Wehrli (TheCH)

CN: Jie Hu, Guogiang Zhang, Zhengtao Ai (Hunan University)

B CZ: Jifi Novak (CTU), Daniel Adamovsky (CTU, UCEEB), Jan Vitou$ (CTU, UCEEB)

E2 ES: Timo Hoek (airtest), Irene Poza-Casado (UVA), Sergio Melgosa (eBuilding)

E= ET: Targo Kalamees, Jaanus Hallik, Alo Mikola (Tallinn University of Technology)

Il FR: Bassam Moujalled, Adeline Mélois (Cerema, LOCIE)

GR: Theodoros Sotirios Tountas (F.U.V.)

== LV: Andrejs Nitijevskis (IRBEST Ltd), Latvia Vladislavs Keviss (IRBEST Ltd), Nolwenn Hurel (PLEIAQ)
= NL: Frans Dam, Rob Dam (Retrotec EU)

E= NO: Tormod Aurlien (NMBU)

B= US: lain Walker (LBNL), Steve Emmerich (NIST)
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Airtightness Testing of Large
Buildings

lain Walker
Scientist
Building Technology & Urban Systems Division

] BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION homesiblgov 1
PRttt Energy Technologies Area

Why are we testing?

m To meet building regulation for air tightness
requwements
— To limit air flows that
 Increase energy use
+ Lead to moisture issues and other building failures

* Prevent proper HVAC operation, e.g., maintaining building
pressurization

— To assess construction quality and identify flaws during construction
process

m Typical metrics:
— Air flow at fixed pressure m3/h (cfm or L/s) at 50 Pa or 75 Pa
— Normalized by surface area: m3/h/m? (cfm/ft?) at 50 or 75 Pa

m Examples: €
BUILDINGTECHNOLOGYMHMD&QN‘l In US 0 40 Cfm/ftz at 75 Pa (7 m3/h/m2)

hnologies Area

seRkELEY LA

bulldlngs Ibl.gov 2

— International Green Construction Code: 0.25 cfm/ftZ at 75 Pa (4
m3/h/m2)\




ASMR 2

COo0 Formatting issue: this bullet does not fit on screen for me
Collin Olson, 2023-05-08T19:17:26.859

Large Building Testing Issues

m Pressure uniformity
- Resistance of interior air flow paths
- Wind and stack effects

m Moving enough air
- Need a lot of fans or one really big one
— Safety issues - noise, slamming doors, high air speeds, opening fire doors
- Power (independent circuits, generators or battery capacity)

m What about occupants? Can we only test when empty?

m Operation of other air moving systems and general building
control

— Building HVAC system
— Building zones

\M BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildings.lbl.gov 3

Rt  Energy Technologies Area




Background - Current Test

Methods

m IS0 9972 & EN 13829
- has requirement for <10% pressure difference variation

- Lowest measuring point > 5 times natural pressures: this gets unfeasibly high
- Multipoint testing at several induced envelope pressures
m  ASTME779
- “Single Zone" if internal pressure differences < 5% of inside to outside pressure difference
- Limits height x temperature difference to 200 mK
- Multipoint testing at several induced envelope pressures
m  ASTM E3158 Standard Test Method for Measuring the Air Leakage Rate of a Large or Multizone Building
- Instructions for building preparation
- Pressure uniformity if internal openings > 2m? and flow less than 2800 L/s.
— Multipoint testing at several induced envelope pressures + single point testing (50 or 75 Pa)
- Internal pressure differences <10% of induced envelope pressure
m  PassivHaus Guideline:
- Considers deviating from standard test procedures:

- Changing measurement pressures so that they all have the same sign: either the whole building is pressurized or the
whole building is depressurized (Not very satisfactory because different parts of the building are at different
pressures and traditional analysis assumptions are invalid?)

o] BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION

Energy Technologies Area buildings.Ibl.gov
A51K 4
C0o0 Maybe not, granted, but modeling suggests this is a good rule

Collin Olson, 2023-05-08T19:25:24.886




Example from PassivHaus
Guideline

20 000
Pressure may not be attainable
(seetext)
18 000
g 16 000
E
—_
© 14000
o
(=]
5 12000
g Vs = 10.700m%h
R e (€= =T~T
T, Measuring points of the underpressure |
s measurementwhere only parts of the Q
= 8000 ' puyilding experienced underpressure. I 28
g Measuring points are therefore, | & 3
& o000 hotusedforevaluation. oF
c I 32
< | 83 E
4000 - - a8 Z
No measuring points, = 3
2000 as the natural pressu | ® 5 £
differenceis already | g
36 Pa ' =
0 ¥
=) ?UL‘?D'nN&: 0 10 20 30 40 50 60 70 8 9 100 110 120 130 140 ingsiblgov 5

Measured pressure difference at ground floor [Pa]

Ideas for large/tall building
testing

m Use many fans at different locations
m Measure pressure differences at multiple locations

m Wait for favorable weather: small temperature differences and
not windy

m Test when unoccupied for window/door/HVAC control

m Need data automation: multiple air flow and pressure location
measurements need to be combined

Sl BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION

[RRRAR  Energy Technologies Area
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Tall Building Example - Three
towers in Austria

YNy

buildings.Ibl.gov 7

Tall Building Example - Three
towers in Austria

Floors > 36 floors + 32 floors 35 floors
+ 2 basement | | + 2 basement | | + 2 pasement
h> 125m 108 m 115m

=

‘- (L (1]

BUILDING TEC A E

i Energy Technologies Arc

seRkELEY LA




Where to install fans?

Estimate that 18 fans will be needed
120,000 m3/h

\M BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION

Rt  Energy Technologies Area

buildings.Ibl.gov 9
Quelle: www.digpresse.com

Example fan locations

<

34. Floor 31. Floor

&=

22. Floor

ﬁloor 4 , ” < I

12. Floor

’ e .
TE%; 2. Floor
o 01

Jis{mgs o (s oy -
W Ground II I Sources WWEDLaisg, com—2 Ground I II Salirce: ywniepressescomi IENCIC LT
Floor Floor Floor

BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildings.bl.gov 10
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Uniform Pressure Difference?

125m

35

Sl BUILDING TECHNOLOGY & URBAN SYSTEMS

[RORAR  Energy Technologies Area

Stack Effect - a significant
challenge

Tower 3, Test in Feb. 2021

Estimation of natural building pressure =t e
some weeks BEFORE the test
* building height 125m

* inside temperature 20°C

* outside temperature -1,5°C

sl BUILDING

[ERRAR]  Energy Technolc

Neutral




Air Barrier

Building Preparation

m Close all exterior doors and windows

m Fill all drains for sinks, showers, toilets

m Dampers in ventilation system

m Dampers in ducts for fire control

m Open all interior doors
- 1200 wedges!

gl BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION

I Energy Technologies Area

Internal air flow paths -

m Stairs - narrow and only 2 or 3 doors/flo E

m Lift Shaft - fall protection + other safety «

HEHEEBEEEIE

=
=]

HEEEE

o= [v]w]s ]| |e|e|E

buildings.Ibl.gov 14




Measure pressures at
multiple locations

Measuring stations for the building pressure differences

.‘..'.H.N....n....._s'lEEmlzz:M:I:csuuuzma:sus

Sl BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION

Ground Floor

= . e E 4x building press. difference
oL 34. Floor between inside / outside
on 4 sides of the building
] Intern

pressure difference between

two points inside of the building
to see if there is a pressure drop of
induced pressure

e buildings.Ibl.gov 15
What sort of results do we
get?
Table 2: Results of the Airtightness Measurements
Tower 3 Tower 2 Tower 1
qso depressurization 52.700 m*/h 75.970 m*/h 69.937 m*/h
Qso pressurization 66,800 m*/h 75.760 m*/h 69.222 m*/h
qso average 59,750 m*/h 75,865 m*/h 69,580 m*/h
nsp air change rate 0.78 h! 1.10 h?! 0.98 h'!
Qeso air permeability 3.8 m*hm? 4.2 m*hm? 4.3m*hm?
im “L 29".15!‘[\:‘(3 .‘I'SF:‘(";tINOLOGY& URBAN SYSTEMS DIVISION buildings.Ibl.gov 16




Example #2 ASHRAE RP 1478
|'\

s

'IJJM.

Building Types

m 16 buildings
m 4 to 14 stories
m 7,000 to 24,000 m?

C Off‘ces unlv S|ty

ret aa §S and

m Use modified ASTM
E779 using multiple fans

g BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION
P Energy Technologies Area




Building Complexity a Major
Challenge

T
;)

B
|
|

Tenth Floor

L | | ‘ ] ey 4
( [ F ) 7=\ /n

SORAR  Energy Technologies Area

n " oy ms ms s + b
Sl BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION p 1‘1 = ‘,t

L

4 ~buildings:|bl.gov 19

First Floor

Sl BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION

[RRRAR  Energy Technologies Area

One building was also pressurized and depressurized using the
building HVAC system. How easy is it to control the HVAC system? o1

Measuring surface area for normalization not obvious: 2-15%
difference between testing team and independent 3™ party

Enclosure pressures measured on upper floors need not be
included in the baseline or test point calculations because they

have little effect on the average and significantly increase wind

noise co2

Questions about what is inside/outside the pressure boundary; e.g.,
what to do about mechanical rooms?

Sealing HVAC system openings is very important and attention
must be paid to HVAC system dampers - particularly gravity
dampers that can open and close at different test pressures.

buildings.lbl.gov 20




A51/K 20

Ccoo Title needed
Collin Olson, 2023-05-08T19:31:19.278

co1 I can talk about that one. We had an interesting event which caused the building to reach + 160 Pa.
Collin Olson, 2023-05-08T19:32:04.528

C02 Uniform INDUCED pressures is ensured if pressure differences measured internally stay near zero.

Collin Olson, 2023-05-08T19:33:16.420

Lots of building to building

variability

¢ CFM75/ft2 Mean +1STD

-1STD < Depressurization — Pressurization

4l

o
3
.l

o©

0

o
\

o

w

o
L

CFM75/ft2 total enclosure
o
&

o
(¥
o

L
L

0.10 - » b

o
w
-
~
-
wn

(] BUILDING TECHNOLOGY 0 3
$8  Encrey Technologies Area

Building 1D#
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Recommendations

m General
— Use multiple fans and pressure measurement locations
—Whole building needs to be positive or negative pressure
— Test both pressurization and depressurization
— Need careful envelope and HVAC system preparation

m Austria three towers:

— A temperature difference from 8 K-10 K should not be
exceeded for buildings with a height of up to 125 meters -
this corresponds to 1000 mK to 1250 mK. NOTE: ASTM E
779 has a limit of 200 mK

— While testing, the wind speed should be equal or below 3
on the Beaufort scale.

\H BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildings.lbl.gov 22

Rt  Energy Technologies Area

Stephanie Rolfsmeier, Emanuel Mairinger, Johannes Neubig, Thomas Gayer. 2022.
Measuring airtightness of 100-meter high-rise buildings (lessons Learned). Proc. AIVC
Conference 2022.

Terry Brennan, Gary Nelson, Wagdy Anis and Collin Olson. 2013. ASHRAE 1478:
Measuring Airtightness of Mid- and High-Rise Non-Residential Buildings
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Comments and Questions

Measurement for Exterior Wall Airtightness of
High-Rise Buildings Using Stack Effect/Individual
Air Conditioning and Outdoor Air Entering
through Entrance Doors

19 May 2023
Yuichi Takemasa, Kajima Technical Research Institute
Shin Hayakawa, Hayakawa Building Environment Laboratory

1cAIIMA G, TECHNICAL RESEARCH INSTITUTE
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1. Backgrounds and objectives




Backgrounds and Obijectives (1)

® A simple test method of airtightness that uses buoyancy caused by
stack effect in a high-rise building was developed in 1980s in Japan.

® \When doors are opened near the ground floor or the rooftop, it is the
same as pressurizing or depressurizing the building with a blower.

® The amount of airflow in and out of an open door or window at this time
corresponds to the amount of air supplied and exhausted by the blower.

® Based on these results, the equations for the inflow and outflow
volumes at the exterior wall can be formulated to estimate the
airtightness of the exterior walls.

® Through the activities of Technical Committee of AlJ, we calculated the
amount of air leakage at the exterior walls of 3 model buildings (low-
rise, middle-rise, and high-rise buildings) and developed equations that
can manually calculate air infiltration rates.

Backgrounds and Obijectives (2)

® \We also developed a method to measure the airtightness of the
exterior walls on a reference floor using individual air-conditioning
systems for each floor, which began to be widely used in 2000s.

® This method is introduced and measurement results are discussed
in this presentation.
® We also report measurement results for outdoor air volumes

entering through entrance doors and resulting heating loads in a
high-rise building in winter, considering large impacts of stack effect.




2. Simple test method of airtightness using buoyancy
caused by the stack effect in a high-rise building

Test Method of Airtightness using Buoyancy by Stack Effect
Developed new method to measure wall airtightness using stack effect

® Generate 3 equations for 3 conditions by changing the opening status
of doors/windows on top and ground floors.

® Airtightness of exterior walls on top floor (aAg), standard floors (aA;),
and ground floor (aAg) are calculated by solving the 3 equations.
Here, aA stands for “equivalent opening area (cm2/m?)”.

o A|rt|ghtness of exterior walls for 3 buildings were measured

Neutral

= (ed)s VIZVJBP + 2 (@A) V257 JAP) | aPx ?i
Qe
m=-th

Q, = 2;,‘ (0d)rV2gY[AP] + (M)nmm

Eloof

Since the values in the root mark, denoted by K, K,, and K can be obtained as measurement
results, and @, = (@, can be assmned, the above-mentioned equations will bg

Ko (@d)s + ﬁ;Ki (2A)zy — Kp(@d)p = 0 , 1)

FIG. 2—Ordinary state, 7




Outline of Building A

® Middle-rise Office building of 9 floors with RC structure.

. 22. 5M {
=2 =4
-

z '] t Y
w Openable A
© window
(4]

Office

room
S sl B ».4»4»:5‘_ ><] |

FIG. S—External appearance (Building A). FIG. 6—Flan of lyploe! ﬂoor.

Measurement Results for Building A

Atmospheric air -0.2°C

temperature
Wind direction N
" p2t Wind velocity 0.4 m/s
EV
P1F ghag
y ® 6.37(aA)c+20. 20{aA)r—3. 66(ad) =0
9F : 2F window
ol : n .................................... ( 4 )
1 Normal 32.30(eA)r—6.53(aA)z=2.33
7 :. -E' state
6l :\ X 8 TN L S ereeessssieisiersie st ( 5 )
ol ” 8 3.26(aA);—21.64(aA)r—6.09(aA)s=—1.83
al 5 -\éa ................................... ( 6 )
' .
st ? \' :
L ® oA; can be calculated
ol '?/ > 10 +20 (kg /nd) by these equations.

12 14 16 18 20 A ! s il .
Temperature {°C) -2 -IO 0 10 200 a)
Inner/outer pressure difference
of building

FIG. T—Measured resulls.




TABLE 1-—Process of calculating coefficient K of Eq 4,

*3 specific welght of alr

*4 sign (Ap) = ( 1, AP»0)
(~1, AP<0)

¥*1 Height from the ground level to 1 m above the floor

*2 External wall pressure difference (inside vs. outside)
When AP>0: Indoor air (15.7°C)
When AP<0: Outaide air (0.1°C)

Floor No, Height'l AP’z2 7*33 sign(AP)Jng|API‘4 K
{m) (kg/m"} {kg/m™)
*
R 31.6 (0.56)"° ] 3.662 K=3.66
9 28,2 0.32 1.222 2.771
8 24.8 0.05 1,097
7 21.4 (~0.14) -1,884
6 18.0 -0.33 -2.,891 K=-20.20
5 14.6 ~0.53 1,293 -3.667
4 11.2 -0.88 -4.725
3 7.8 -1.03 -5.,113
2 4.4 {-1.32) 5,788
1 1.0 -1.6 -6.368 Kg=-6.37

*S Figure in parentheses shows estimated value and others are measured values.

Process of Calculating Airtightness of Building A
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precast concrete curtain walls.
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FIG. 8—FExternal appearance (the building on the right).
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room
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FIG. 9—Typical floor of Building B.

Outline of Building B

® High-rise office building of 17 floors with steel structure and

11
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Measurement Results for Building B

P2
Pl
izl @ Top-floor
door 1/3
16 L open
T
15t i © Top-floor
door 2/3
14 open
13t ® Top-floor
door
1zl Fully open
1neE
10} temperature
of stalrway
9F L

/ ® Normal
condition

© Measured
value

Atmospheric air 4.0°C
temperature

Wind direction S
Wind velocity 0.4 n/s

0 +20 +30 (kg o)

B S S—
12 14 16 18 20

FIG.

Teaperature {°C)

10—M.

-0 0

0 20 30 Ga

Inner/outer pressure
difference

ed result of Buil

ding B.

g

------------------------

® oA; can be calculated
by these equations.
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Outline of Building C

® Super-high-rise office building of 55 floors with steel structure
and metal curtain walls.

FIG. 11—Plan of typical floor of Building C.
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Measurement Results for Building C

© ®>@—D 42
20760 REL 7 [
ol /‘/ / I
51t 4 Top-floor small
18104 49 CASE 4 '_.’4 door open
at small and ?
Sk door fﬁ?w open ," CASE 2 J: V)
of 7/ Top-floor largo - 14.55(ad)c—127. 16 (ad);—9. 75(aA)r=13.22
. | door open : (12)
CASE S LR LR LR S R R LR LR
wp i
| door fulry ;' CASE3 k1
11580 closs = 23369 14.57{aA)c—118.91(aA)r—9. 36 (ad)s=15. 63
zr ' i Room = omsmsenaesiseeeee s (13)
7y B
ERLE On
| : ; CASE4 £
at : 14.77(aA)¢—107.59(aA)r—9. 16 (aA),=18. 54
19
wb YL s (14)
15)
4938 13
n
A ‘ //;m ® oA; can be calculated
PP | {es perature .
1IN by these equations.
$2 2 aPro 118 8
00 V5T i7 =T o0 v 2 3 4 St W{)
Pressure diffeernce Temperature
FIG.-21 Pressure fluctuations due to top-floor entrance/exit door kept open
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Measurement Results for Airtightness of Exterior Walls

® Based on the measurements, airtightness of exterior walls are
summarized as below.

Measured Airtightness of Exterior Walls

_— | Equivalent Opening
Building type Area
8 Floors, RC Structure, Tight
Aluminum Sash, Sliding Window 0. 5cdf/ of
RC Structure, 9 Floors, Tight
Steel Sash, Fixed Window 0. 8cdf /o
Steel Structure, 55 Floors, A
Metal Curtain Wall, Fixed Window . Sed / o verage
Steel Structure; 17 Floors, Precast Loose
Concrete, Steel Sash, Fixed Window 2. 8cd /' nd

15




® Based on the measurements, airtightness of exterior walls are
categorized as below.

Categories of Airtightness of Exterior Walls

Cast-in-place RC R Tight ( Average .
Metal Curtain Wall Average | Loose
Precast Concrete Curtain Wall v Loose

Tight: Around 0.5 cm,/m, or smaller
Average: Around 1.0 cm,/m,
Loose: Around 2.0 cm,/m, or larger

Categories of Airtightness of Exterior Walls

16

3. Guideline for amount of air leakage at exterior walls
made by Architectural Institute of Japan (AlJ)




Plans for Model Buildings A, B and C

Calculated amount of air leakage at exterior walls for 3 model buildings

f—24m——— v
| = =
T T |
e 5 1 L
3 £ ;] T N T
B N = J .
B = '
ﬂl -H—L 35m
iy Standard floor Entrance floor
Standard floor Entrance fldor
Building A (Low-rise building) Building B (Middle-rise building)
L—J
= PR [EH _BEE =
45m r:::_]
Standard floor Entrance floor

Building C (High-rise building) 18

Wind Velocity Setting for Simulations

® Vertical wind profile was assumed for 3 model buildings.
Height [m] 110F

Wind direction is always
45° to the building

70

Building C

Building B

Building A
10

0 5 fO

Wind velocity (™/s ) Scale of model buildings
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Airflow Network Model for Building C

® Air leakage at exterior walls are calculated using airflow network model.

Stair A EV(H) EV(E) StairB
3250 EV(M) 2020 EV/(L)
; 6300 2660
StairA  Office Stair B P u@ﬁﬁh’i’m [ "L’_’Hfl;—'m
&) 9 EV(E) o N, s by S 1650 T~ 60 2210 |7
@ Iy /’__\""\(Q EV(H) 28F 20~ | 18] . 2
4 L . . ) N~ A -
‘ i _ ‘\\ EV(M) uF \\zmm _E':\ b || 2100 |
T e el 1510~ A 520 d

2IF

Airflow network model for Building C Calculated results of air movement in

Building C when there is no wind
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Air Change Rate by Infiltration through Exterior Walls of Standard Floors

® Infiltration through exterior walls for standard floors was evaluated by simulation.

® Results were summarized as Guideline for Calculating Cooling/Heating Loads of
Society of Heating, Air-conditioning and Sanitary Engineers of Japan (SHASE).

Air Change Rate [1/h]

1.0 I I I
No wind
Outdoor temp: 0°C
0.8 Indoor temp: 22°C
Outside Doors: Closed

0.6 e o
0.4 - Infiltration through 2F
exterior walls (entrance floor)
0.2 P“"“w' Average value for
1 Infiltration through exterior

., walls of standard floors

0 10 203, 40 50 60 3,, 80 90 100 B0 pi1ging height [m]
v m H% 21




4. Method to measure the airtightness of the exterior
walls using individual air-conditioning systems

Outline of Measured High-rise Building

— EV Hall O 8 Measurement points for pressure difference

Pr : =~ GardenY2FL ’
g 2 3 (2-stor¥ atrium) o
10 A H :
N ] R

5 TIFL

e ot W s B P Vs W

Plan of the standard floors Section of the building
(2 stories)
23




Outline of Pressurization System

Upper floors

------- 7F
Fresh Air AHU
— N O
X 16
16F
O—KP\ 0Measurement floors
Pressure N [ NV 15F
difference AP
1] AHU 14F
1 x16 |
Fresh Air Air volume Q
Lower floors
— o
Fresh Air 23
__AHMW___§
*16 12F

h=8.4m

h=4.2m

® Pressurized air volume Q and

pressure difference AP were

measured by changing Q by
controlling AHUs.

= ® Pressure difference between
measurement floors and
upper/lower floors were
controlled to be nearly zero.

24

Pressure Difference vs. Air Infiltration Volume

® Pressure difference vs. air infiltration volume was clarified by this

measurement.

® The results are equivalent to the airtightness of exterior walls of 1.25 to

1.67 cm?/m? (“Average”).

Air infiltration volume [m3/h/m?]

| Median -y =

4

va

lue \

0.7171

B

Minimum value : y = 0.3501%%709 —
mPRE]
eB/NMNE

d 10 15

Pressure difference [Pa]

20
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5. Measurements in a high-rise building for outdoor air
volumes and heating loads through entrance doors in
the winter

Outline of the Measurement

® Qutdoor air volumes and heating loads through entrance doors were measured
in a high-rise building in the winter (37 stories and 147m high).

® \We compare the case when both automatic and revolving doors were normally
operated and the case when opening doors were always used.

® Opening status of doors, pressure differences at entrance doors were measured.

|:| Automatic door |:| Revolvmg door

2F Plan




Measured Results for Opening Ratios for Entrance Doors

Opening ratio [%
pening ratio [%6]_, ¢ 16 emmanam <2818 S

- l:g ‘N ‘7 ‘Normally‘op?ra:\tédjtlrn‘e ‘—I’ ' % - : _E ||I o Open'ng ratIOS fOf entranCe
& ol SRR @A"wmat;;;;’:;:g;;vs ;;_‘ doors were measured using
g0 | W e ] door sensors.
% g & Y 7 TR R
0 ¢ i S T 0 A
utomatic door normal .
o e Mo ..y% By always ~ using automatic
@ 0| el ?perateaume 1 . e [z2] doors, opening ratios became
) o R © t_ . Automatic dooralways_ _\
- W oy ' very large compared to the
20 |- .
0 DoV S o normally operated case.
lgg i ) Normally operated time "—" :_Aftz?::;:e?io(?i%nl?oerg)‘a"y
= | - i - ‘ - " Wk _'Au_Toma’tié d:oor al\)va :s
% 23 L i Autmmatlc doornormally ﬂﬁ*\/l S f)penalfed:(19 Fe’b)*
e i operated (16 Feb) - [ D ' _ .
=E 20 | : i N : “
0 bier . vt b Ao M atiBA.
100 - e — T
g &2 INormaIIy ‘operated time . i & - - ; | IEI— Automatic door normally
g 60 T | g Y : ! TV operated (16 Feb)
% :g o : : _ﬂ \ i _ Automatic door always
I RS operated (19 Feb)
0 M _;__,__,_w.‘b.( J . i H . .
0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00 Time
Measured Opening Ratio for Entrance Doors 28

Measured Pressure Difference and Air Velocity at Entrance Doors

Pressure |
2 ISE 219
difference [Pii;f A Elhﬁzﬁ#i!ﬁ A198 EMHH@Ei!ﬁi - ® Measured pressure

60
| i o . Autzrr:n:r’(;:ez:‘o(:%n:erg)law o dlfference at entrance
F40 L ) doors can be converted to
= VY P ir velocity at the entrance
H S i = i ' : ‘ , ."Af" v‘*’ . air velocity a
# 20 wo’“kwm% ¥ - l‘*,"*"‘wt A doors using Bernoulli
g I o r B -‘ rAT utomatic door always ‘ u@ Equatlon
0 - : : : s -1 Gperated (19 Féb) b

0:00 3:00 6:00 9:00 12:00 15:00 t8:00 21:00 0:00 Time
Measured Pressure Difference at Entrance Door No. 4

Air velocity [m/s] Automatic door always

6 S ‘ e g e “= 1 3 | operated (19 Feb) P
= . ' -
E 4 Normally operated time g 1 : R P H
= ! 2 L WU
I i
& . Lo 5
! 2 ! d
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P ST
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Accumulated daily outdoor air volume through entrance doors
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Accumulated daily heating load through entrance doors

i
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Accumulated Daily Outdoor Air Volume & Heating Load through Entrance Doors
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Automatic door always )
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S

_|.. Automatic door normal
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i
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e g y
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Automatic door always
operated (19 Feb)
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. ‘
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® Accumulated outdoor air
volume through entrance
doors became large when
automatic doors were used
for a long time.

® Accumulated heating loads
became also large when
automatic doors were used
for a long time.

® Revolving doors are effective
to reduce heating loads in
the winter.
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6. Conclusions




Conclusions

® A measurement method of airtightness that uses buoyancy caused by stack
effect in a high-rise building was introduced.

® Based on the measurements, airtightness of different types of exterior walls
were analyzed and categorized.

® \We calculated the amount of air leakage at the exterior walls of 3 model
buildings (low-rise, middle-rise and high-rise buildings). Results were
summarized as Guideline for Calculating Cooling/Heating Loads of SHASE.

® Another method to measure the airtightness of exterior walls using individual air-
conditioning systems for each floor was also introduced and measurement
results were discussed.

® Considering the large impacts of stack effect, measurement results for outdoor
air volumes entering through entrance doors and resulting heating loads in a
high-rise building in the winter were also discussed.

® Air volume infiltrated through entrance doors in high-rise buildings is very large
especially in winter and it's important to make the lower part of the building

airtight to reduce heating loads caused by air entering through entrance doors.
32

Thank you for your attention!
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Airtightness of large buildings in Japan

current situation and a proposal for the future

Takashi Hasegawa & Haruki Hasegawa
Eikan Shoji

t-hasegawa@eikan.co.jp

Introduction

MEIKEN LAMWOOD Corp. Head Office




MEIKEN LAMWOOD Corp. Head Office
Al) (Architectural Institute of Japan)
Annual Architectural Design Commendation 2022

Reasons of the commendation

Shows the company’s core competency using CLT
material abundantly.

Deeply thought both in beauty and function
Highly airtight and the way to achieve the level




The process might be future model

)

Architect ‘

Project Manager

Pen check & Audit

Builder

Our role

Continuous Air Barrier
main theme of Building Commissioning Blower Door Test, twice




Location and comportments

Meiken Lamwood Corporation Head Office

Location and climate

BLURAHE FHEE REJETS7

Meiken Kogyo Office
Maniwa Okayama Highest temperature
40 °C(104°F)

| Lowest temperature | —

~Hilly Basin Climate | -10C 4P

) 10.0




Basic information

e 2-story building
forming one large
space

* Total floor area:
1,000 m?

* Enclosure area:
2,235 m?

* Volume:
5,428.4 m3

(roughly)

Specification: Roof, Wall, and Base
No word “Air Barrier” nor "Continuity”




But air barrier materials were well arranged




Process to improve air
tightness

What was done in this project

Three checks for continuous air barrier

@ 2019 May. : Air barrier materials were checked
@ 2019 Aug. : Pen check started
@ 2019 Oct. : Intermediate inspection




o WAIAC+AEE

barn
LARLEEZFNUTRERGED KEHN B —4EM B BEEL - MBS — KL RESRTL

Air Barrier Materials ,Products,
and component

Modified bituminous roof membrane

Tyvec Sheet
Tyvec Sheet
Wooden doors &Windows

WEFER

Cast-in-place concrete

@Pen check (2019 Aug.~)
By Architect & Project Manager




@Pen check (2019 Aug.”~)




15t test (2019 Dec.)

* Measured air tightness:
5.15 (m3/h@75Pa/m?)

* Goal : ASHRAE 90.1 requirement
7.2 (m3/h@75Pa/m?) or less

= PASS

Leakage was found




Leakage was found

Red lines are Air

There was discontinuity
Eyes and hands enable to reach
Another solution preferable

2"d test (2020 Feb.)

e 15t test:
5.15 (m3/h@75Pa/m?)

| = —

==

| * 2nd test:

| , 4.16 (m3/h@75Pa/m?)

- =19.2% improved




* ASHRAE 90.1:
7.2 m3/h/m? 75Pa

* USACE Protocol
4.572m3/h/m? 75Pa
(0.25CFM/ft?2 0.3in)

* Passive house
1.78m3/h/m? 75Pa
(0.6ACH50)




Meiken Lamwood report
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i Without pen-check
Steps and improvement ithout pen-chec

® ASHRAE 90.1:
7.2 m3/h/m?

Without additional sealant
® USACE Protocol
4.572m3/h/m? (0.25CFM/ft?)
® Passivhaus
1.78m3/h/m? (0.6ACH50)

1st test 2nd test

Consideration

Importance of airtightness / reducing heat load




REDUCING HEAT ENERGY

Heating Load

Greenbuild2017

\ p
HEATING ‘B HEATING
LOAD N . ENERGY
(kw) ! (kBTU/st/yr)

By
Rocky Mountain Institute

Blower door test / Air tightness test in Japan

- Commercial buildings: hardly

- Residential buildings: possibly




2 coincidences

On the way to build a zero energy
building, among the approaches
with latest technologies, reducing
air leakage which is old school,
worked best.

Greenbuild 2017 Tl&, [EEEHA] OH 4 OYRICH
b B %R HL) M AEBIAFEA STz B & A
L7277 —YENEFITIE. ZEB EBICHRD KX %)
RED725 LEORAEROMER (T5 55 0HIHK
Bilk) L9 &b THEM A FEZ 5728w ) i
Hotco BY 7 T4 7EMIHLTE, BRMRESED

Article of BELCA NEWS Jan. 2018]

REDUCING HEAT ENERGY

Heating Load

HEATING | | HEATING
LOAD s ,  ENERGY
(kW) = (KBTU/st/yr)

REDUCING HEAT ENERGY

Heating Load

HEATING
LOAD
(kW)

Greenbuild2017

HEATING
ENERGY
(kBTU/st/yr)

208 : By
Rocky Mountain Institute




Rocky Mountain Institute Innovation Center

(LT T TR

It seems cold.

RMI's new headquarters in Basalt, Colo.

Rocky Mountain Institute Innovation Center

Built in 2016 Passive performance: Air tightness
Essential for both energy efficiency and comfort

CO I O ra d O The Innovation Center is one of the most

airtight office buildings measured

LEED Platinum certified e

s
T ight than the conventional
commercial building.

P a S S ive H O u Se Ce rt i fi e d Advanced materials combined with strict

construction details avoided leakage and
made the building's incredible air

PHIUS+ Source Net Zero Siptness posse
Project and meets

Architecture 2030 goals

Very airtight (0.36 ACH)




RMI ZEB GREEN BUILD 2017

W Ventilation M Infiltration ™ Exposed floor ™ Floor Slabs ® Roof ®m Windows mWalls

Impact of air-leakage= 57% of Total (0.4CFM )

- 75 Z
30 30 30 e
L P | 2

()
w

(18

0.4CFM-0.05CFM
47% of total loss decreased

(
CODE BUILDING SIPS R67R0OO0F WINDOWS 0O.05CFM VENTILATION

Past experience




ALL Passed, but half failed Code requirement without pencheck

Size CMH/cm2 CFM Without
m?2 @75Pa @75Pa Pen-Check

Meiken 1,000 4.16 0.231

Office 6,460 5.06 0.281

Office 2,392 4.46 0.248 Passed

Office 2,655 5.003 0.278 Passed

Office 2,567 5.00 0.278 Passed
Training Accomodation 2,000 3i2i 0.178

Office 3,600 6.21 0.345

Church RC 1,188 0.000 Passed

Building Structure

Value These passed USACE requirement, 0.25 cfm/sf 0.3 IW
These would not have passed ASHRAE requirement, but for Pen-check

Japanese engineers think BECx is difficult and special?

What is Building Enclosure?

e \Water barrier

Exterior finish (water control layer)

Water control layer * Air barrier

Air control layer (air control layer)

Thermal control layer .
* Vapor barrier

Vapor control layer
Structure - (vapor control layer)

Service * Thermal barrier

Interior finish

(thermal control layer)




BE is consist of 4 barriers, which have order
J. Lstiburek

Inportance

Barrier

Principle

Gravity

Vapor Pressure

Thermal

Enough Amount

Order of occurence

Beginning

Barrier

Age

Water

Ancient

Thermal

1930's

Sheet Polyethylene
Air & Vapor

1950's

Air

1980's




Air barrier made BECx possible

Building Practice * ASHRAE 90.1
Note No. 54

Thg Difference Between a Vapour Barrier Building: 7.2 m?®/h/m? at 75Pa

Air Barri
Sk Assembly: 0.72 m*/h/m? at 75Pa
Material: 0.072 m3/h/m? at 75Pa

by R.L. Quirouette 1985

BECx: Building Enclosure Commissioning

2005

ASHRAE Guideline 0, The R
By 2012
Brian H. Neely 200 NIBS Guideline - 3, Building Enclosure Commissioning Process
NIBS Guideline 3, Exterior Enclo

Senior Project
=: 2w for the Commissi

(B;VIBllan H.. :leely 2013
e fisocetes 201 ASHRAE Standard 202, The Commissioning Process for
ASTM E2813, Standard Pract Buildings and Systems (Joins ASHRAE GL-0)
Commissioni

2014
ASTM Standard Guide for Buiiding Enciosure Commissioning
ASTM/NIBS Memorandum g (Replaces NIBS GL-3)
Enclosure Co!

air barrier

association of
die d
air barrier

By Mr. Brian Neely Gale Associates a b a a
association of

2015-Present
ASTM/NIBS BECx Certification and Training Program




Points for improvement

Meiken Lamwood

Points to improve airtightness from BECx
view

Start earlier

Recognize what and where Air Barrier is

Check if new material is air barrier
Air barrier Plan at schematic design




@ Start earlier

Importance of Design Phase Review

-

By Mr. Brian Neely

Amad, 7

bearn

LALEEEN LTREKIWED AN Z—HEM ELTRE T EYRE TP YART Y DET IN

Air Barrier Material & Product

Modified bituminous roof membrane

Tyvec Sheet
Tyvec Sheet
Wooden doors &Windows

Cast-in-place concrete




@ Check if new material is air barrier

Test sections  CLT is NOT air barrier
‘ ‘ material, while plywood is.

* Test has to be done

* ASHRAE 90.1 requirement
Material
0.072 m3/h/m? at 75Pa

Technology for a better society

T“»\_ A ~ Air leaks from CLT itself

Moisture content greatly affect air
leakage




@ Air barrier plan at schematic design

ARCHITECTURE

A-001 ABBREVIATIONS, REFERENCE SYMBOLS, AND GENERAL NOTES
A-002 INTERIOR WALL DETAILS
A-003 INTERIOR WALL TYPES
A-004 INTERIOR WALL TYPES
A-005 'UL WALL TYPES

A-101.1 FIRST FLOOR PLAN - NOTATIONS

A-101.2 FIRST FLOOR PLAN - DIMENSIONS
A-111 FIRST FLOOR REFLECTED CEILING PLAN
A-121 ROOF PLAN
A-131 AIR BARRIER PLAN
A-132 AIR BARRIER DETAILS
A-201 'NORTH AND SOUTH ELEVATIONS
A-202 'EAST AND WEST ELEVATIONS
A-301 BUILDING SECTIONS
A-302 'BUILDING SECTIONS

A A

. . Without -check
Potential to improve S

® ASHRAE 90.1:
7.2 m3/h/m?

Without 1st test

® USACE Protocol
4.572m3/h/m? (0.25CFM/ft?)

® Passive House
1.78m3/h/m? (0.6ACH50)

1st test 2nd test




Conclusion and proposal

Proposal: Let’s start study air barrier

AB is a new concept,
architectural term having clear criteria,
which is different from what we Japanese imagine.

Free Text : BSC, ABAA, NIBS, IECC, and etc.




Proposal: Let’s start study air barrier

- First step: pen-check
- You will see the importance if you try it

- The word “Importance” means that you might find large or long
enough gaps to be astonished with and laugh, not tiny holes

. Itis not difficult to pass CODE requirement.

Proposal: Let’s start study air barrier

i sc gu_ilding air barrier
cience.com

Corporation a b a a

association of
america




Thank youl!

Reference

Meiken Lamwood website

AlJ Annual Architectural Design Commendation 2022

RMI Innovation Center Year 1 Insights, Results, and Lessons Learned Current as of February , 2017
Ayako Omura[1 A >4 54 7 EJL & LEED, 2018
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SINTEF [Air leakage thorough cross laminated timber (CLT) constructions]
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IMPORTANCE OF AIRTIGHTNESS

Moisture Acoustics
Mold Sound
formation transmission i i
Infiltration of

cool/warm air

Ventilation
problems

Less thermal
—> resistance in

Odor transport [¢— Problems related insulation

with air leakage

N Air bypassin
Unfiltered P J
" p —> heat
intake air

exchanger

Air quality
Cold surfaces User increased

Spread of fire
od o temperature
Energy
Fire safety Thermal
comfort

Ex L \,
e 5% Cerema Difficulties with 1SO 9972 2

LLLLL & TERRITOIRES DE DEMAIN

I AIRTIGHTNESS REGULATIONS IN EUROPE

* Increasing number of tests performed in
Europe

* Testing = important part in national
energy regulations

 Testis used for :
No regulations

» Measuring air leakage in buildings to fulfill -
w Airtightness recommended values
energy performance Standards @ Airtightness default values that can be improved

> Comparing relative airtightness of buildings ol

Mandatory systematic testing
» Determining reduction or air permeability Poza-Casado et al. (2020)
after implementation of improvements

Ex L \,
s S Cerema Difficulties with 1SO 9972
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ISO 9972: FAN PRESURIZATION METHOD

EUROPEAN STANDARD EN ISO 9972

NORME EUROPEENNE

EUROPAISCHE NORM September 2015

ICS: 91.120.10 Supersedes EN 13829:2000

English Version

Thermal performance of buildings —
Determination of air permeability of buildings —
Fan presurization method

(ISO 9972:2015)
Performance thermique des batiments — Warmetechnisches Verhalten von Gebauden —
Détermination de la perméabilité a I'air des batiments — Bestimmung der Luftdurchlassigkeit von Gebauden —
Méthode de pressurisation par ventilateur Differenzdruckverfahren
(ISO 9972:2015) (ISO 9972:2015)
= %
L = Cerema Difficulties with 1SO 9972 4

I ISO 9972: FAN PRESURIZATION METHOD

* Describes measurement procedure and calculation
methods for determining airtightness

» To obtain comparable and credible results, it needs
to be
» Reliable and valid for different kinds of buildings
» Reproducible under challenging environmental conditions

> Consistant with other standards

* Recent scientific works + more experience in field
testing > need to improve ISO 9972!

vvvvvvvvvvvvvvvvvvvvvvvvvv

R f '
FRANCAISE r\( erema Difficulties with ISO 9972 5




WORKING GROUP ON ISO 9972
Collection of data and knowledge from experts in the field

Provision of a proposal for revision of ISO 9972, that

allows performing tests even under challenging conditions
is a more reliable calculation procedure + improved uncertainty estimation

Is consistent with other standards
Collecting a comprehensive list of relevant issues with survey among

experts
process in ISO/TC 163/SC 1 technical committee

.t.
REPUBLIQUE
NCASE

Ful
FRA
s,

No formal revision - provision of best knowledge for official revision
Difficulties with ISO 9972 I

I WORKING GROUP AFFILIATIONS
woaan | [ACIN: o
UK | CHINA | MALAYSIA QV %
oo B >
‘0" SOLUTIONS @ TALLINN UNIVERSITY e
y et
=2 <:>’\
y 8 ﬁs)
3 Q
o, ) ;
7 3 E BlowerDoor cmbH Qﬁv
BERKELEY LAB g MessSysteme fiir Luftdichtheit d q‘@
a0l FOS
Uni idad deValladolid ¥ / \ @g ‘\é’é‘,ﬁ'}'
= WOHLER N e
iR Cerema| L2Q ﬁ e
- )/ J /
E_Eg""'c‘*%"“ ‘,% Cerema Difficulties with 1SO 9972




REASONS BEHIND A NECESSARY REVISION

.....................................................................

Limitations on measurement reliability | = result's consistency over time

+
+ Building preparation o CPrOGUCDIy
* Wind speed and temperature measurements

* Placement of external pressure taps

» Duration of pressure/airflow measurements

* Induced pressure differences

* Type of regression

vvvvvvvvvvvvvvvvvvvvvvvvvv

Ex \,
e Cerema Difficulties with 1ISO 9972

I REASONS BEHIND A NECESSARY REVISION

Limitations on measurement reliability

B e e e e e e e e .

. . . s AN
* Building preparation /
g prep <~ * + How intentional openings
* Wind speed and temperature measurements should be sealed, closed, or
\ left open during tests
* Placement of external pressure taps , _
|+ Influences final results *
* Duration of pressure/airflow measurements . o
ura P : » Avoid ambiguities in the
* Induced pressure differences ' standard
« Type of regression "I_ _____________
* Rolfsmeier et al. (2011), Leprince & Carrié (2014) Work has not started yet

Ex \,
e 5% Cerema Difficulties with 1SO 9972
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REASONS BEHIND A NECESSARY REVISION

Limitations on measurement reliability

‘ Buﬂdmg preparatlon /I Unclear information on where

« Wind speed and temperature measurements ¢ 2nd how (orif) to measure wind
‘' speed and ambient 09917_

» Placement of external pressure taps temperatures \S

» Recommendations are given
for temperature and wind
measurements *

» Duration of pressure/airflow measurements

o - —

* Induced pressure differences

S N e e e e e e e e e e e e e e o e
* Type of regression
* Novak (2019) Proposal finished
%ﬁ'&;ﬁ%‘ ‘yg Cerema Difficulties with 1SO 9972 ﬂ

I REASONS BEHIND A NECESSARY REVISION

Limitations on measurement reliability

* Building preparation

* Wind speed and temperature measurements
* Placement of external pressure taps

» Duration of pressure/airflow measurements
* Induced pressure differences

* Type of regression

nnnnnnnnnnnnnnnnnnnnnnnnnn
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REASONS BEHIND A NECESSARY REVISION

Limitations on measurement reliability

* Placement of external pressure taps

99,17‘ :

Location of pressure taps used as reference

for every pressure measurement - location
not clearly stated

e

» Especially for zero-flow pressure
measurements, clarification if taps should
be placed *

* Delmotte (2021), Hurel & Leprince (2021)

..........................

Next to the building

Pressure difference
across envelope

Further away
from the building

Equilibrium internal

pressure

Work has started - more
research needed
Difficulties with ISO 9972

I REASONS BEHIND A NECESSARY REVISION

Limitations on measurement reliability

* Building preparation !
* Wind speed and temperature measurements |
» Placement of external pressure taps :

)

* Duration of pressure/airflow measurements
. \
* Induced pressure differences '

* Type of regression

* Prignon et al. (2021), Hurel & Leprince (2021)

..........................

P T T T T —

* Averaging test results makes
readings more reliable in
presence of wind

» Recommend extending the
duration to 60 s, recording 1
data point per second *

Work on proposal has started

Difficulties with ISO 9972 13




REASONS BEHIND A NECESSARY REVISION

Limitations on measurement reliability

* Building preparation

* Wind speed and temperature measurements !
Lo Number an_d level of

* Placement of external pressure taps I pressure differences may
: influence test reproducibility

* Duration of pressure/airflow measurements ’ _ _ ,
% » Adding option of single-

* Induced pressure differences T point test? *
N e e e e e e e e e e e e e e e e e
* Type of regression I
* Hurel & Leprince (2021) Work has not started yet
::;z:’;e&%‘ “;’( Cerema Difficulties with ISO 9972 I

N - —

I REASONS BEHIND A NECESSARY REVISION

Limitations on measurement reliability

* Building preparation

* Wind speed and temperature measurements
* Placement of external pressure taps

» Duration of pressure/airflow measurements
* Induced pressure differences

* Type of regression

nnnnnnnnnnnnnnnnnnnnnnnnnn
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REASONS BEHIND A NECESSARY REVISION

Limitations on measurement reliability

+ Type of regression
12 , ,
\.3,0‘3"a Least square regression shall be used to determine
airflow coefficient C and pressure exponent n

» Weighted line of organic correlation (WLOC) uses
standard uncertainty at each pressure/flow data
point as a weight + optimizes in x and y-direction

> Improves predictability of airflows and reduces
variability in Cand n *

* Delmotte (2017), Prignon et al. (2018), Kdlsch & Walker (2020)

nnnnnnnnnnnnnnnnnnnnnnnnnn

800

700
=
=600 1
&

£ 500
I}

QL 4
2 400

4
2 300
<)

<

100

E
= 200 4

e QLS
= WLOC

®  Measurement data

0 20

Work on proposal has started

4‘0 6‘0 8‘0 100
Pressure Difference AP in Pa

Difficulties with ISO 9972

Limitations on measurement validity

 Airflow corrections
+ Calculation of building volume and area
* Limits on zero-flow pressure measurements

* Knowledge of uncertainty

¢ Errors due to measurement instruments, measurement
protocol and analysis

» Errors arising from physical model assumptions

nnnnnnnnnnnnnnnnnnnnnnnnnn

04 .

= determination of the value
intended to be measured

.......................................................................

Difficulties with ISO 9972




REASONS BEHIND A NECESSARY REVISION

Limitations on measurement validity

Airflow corrections

Calculation of building volume and area

Limits on zero-flow pressure measurements
Knowledge of uncertainty

Errors due to measurement instruments, measurement
protocol and analysis
Errors arising from physical model assumptions

..........................

Difficulties with ISO 9972 H

I REASONS BEHIND A NECESSARY REVISION
Limitations on measurement validity

Airflow corrections
1

oo!
\s°

Airflows must be corrected to standard conditions of
temperatures/pressures - tests can be compared
» Simplifications assume:

Pi T,
Genv =qm ( fat ] =qm (_e]
P
barometric pressure negligible,

blower door calibrated close to reference conditions

ncloseto 0.5*

1=n 1-n
= Pe o Ty
CL - Cenv (_] = Cenv {_
Po
*Walker et al. (1998)
M

..........................

Difficulties with ISO 9972 H




REASONS BEHIND A NECESSARY REVISION

Limitations on measurement validity

» Airflow corrections

2
o Airflows must be corrected to standard conditions of

O
)
temperatures/pressures - tests can be compared

» Giving modern computing equipment - simplification
not necessary anymore *

Pi T,
Geny ZQm( At ]sz(_eJ
Pe Tint

1-n T
P
CL = Cenv (_e] R~ t!"‘emr {_OJ
Po Te

* Carrié (2014) Work on proposal has started
;E.jc& ) Cerema Difficulties witn 150 9972 [
I REASONS BEHIND A NECESSARY REVISION
Limitations on measurement validity
. . coTTTTETEEETEEETEETTT \\
* Airflow corrections ;' » Every country has different ‘I
7 O
« Calculation of building volume and area A measures for building !
\ volume/area - difficult to :
* Limits on zero-flow pressure measurements | compare I
|
« Knowledge of uncertainty , > Common standardized :
I method to compare results

* Errors due to measurement instruments, measurement ! could be converr)ﬂent ,'
protocol and analysis ~ /

» Errors arising from physical model assumptions

nnnnnnnnnnnnnnnnnnnnnnnnnn

Work has started - more

research needed
Difficulties with ISO 9972 21




REASONS BEHIND A NECESSARY REVISION

Limitations on measurement validity

 Airflow corrections
+ Calculation of building volume and area
* Limits on zero-flow pressure measurements

* Knowledge of uncertainty

¢ Errors due to measurement instruments, measurement
protocol and analysis

» Errors arising from physical model assumptions

..........................

u
e *)i.-?( Cerema Difficulties with 1SO 9972

I REASONS BEHIND A NECESSARY REVISION

Limitations on measurement validity

* Limits on zero-flow pressure measurements

099"7‘ AP, = Pressure difference between inside and outside
© when building is not artificially pressurised

If AP, > 5 Pa > test not valid!

e This constraint shall limit influence of wind and
temperatures on uncertainty — leak distribution has
influence as well *

Ideal case (To=Tin)
With stack effect (T, <Tin)

* Carrié et al. (2022), Mélois (2020)

u
e *)i.-?( Cerema Difficulties with 1SO 9972

..........................




REASONS BEHIND A NECESSARY REVISION

Limitations on measurement validity

* Limits on zero-flow pressure measurements
60991" If AP, > 5 Pa > test not valid!
\

* This constraint excludes testing of high-rise buildings
from being tested according to the standard *

Ideal case (Te =Tin)

» Possible solution: only recommend that AP, < 5 Pa +
include AP, (+ maybe variability) in uncertainty
calculation

With stack effect (To<T)

* Peper & Schnieders (2019), Rolfsmeier et al. (2022)

Work on proposal has started

R I
pei W ierema Difficulties with ISO 9972

..........................

I REASONS BEHIND A NECESSARY REVISION

Limitations on measurement validity

Airflow corrections

Calculation of building volume and area

Limits on zero-flow pressure measurements

Knowledge of uncertainty

¢ Errors due to measurement instruments, measurement
protocol and analysis

» Errors arising from physical model assumptions

..........................
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REASONS BEHIND A NECESSARY REVISION

Limitations on measurement validity

* Knowledge of uncertainty

> Errors due to measurement instruments, measurement
protocol and analysis

* Errors of measurement devices given as maximum
permissible measurement error (MPME) - used as -:-
influence parameter in uncertainty calculation Proposal finished

* Inclusion of uncertainties from building preparation, I
reference values or sampling

Work has not started yet

..........................

R I
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I REASONS BEHIND A NECESSARY REVISION

Limitations on measurement validity

* Knowledge of uncertainty

» Errors arising from physical model assumptions

2
od! Assumes that airflow rate through all leaks can be

n
approximated as flow through a single opening * qpr =Cy, (Apr)
- Power law

* Model error increases for high wind speed and stack effect -

» More work necessary to understand and quantify errors M kil
research needed

* Delmotte (2021), Carrié (2022)

\
iéf%&%‘ b) L Cerema Difficulties with 1ISO 9972
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REASONS BEHIND A NECESSARY REVISION

Limitations on measurement validity

Full Dataset, z>=2.0&z < 2.0

0.3

. z<20

. z2>=20
024 — Fity=—0.11*e"124*1x 4+ 0.10
0.1

Qpr =Cy, (Apr)n

; 0.0
B
Work has started - more
-0.2 research needed
-0.3 T T T T T T T
-10.0 -1.5 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0
i . P_s / Delta PO
iﬂ‘?&r \Tﬁf Cerema Difficulties with 1ISO 9972 28
I OUTLOOK
o Thank you!
. From 2024:
Revision on ISO level
End 2023: Benedikt Kolsch
Proposition of new
() versions with Cerema
Mid-2023: conducted research Benedikt.koelsch@cerema.fr

Proposition of new
versions for issues
ready to revise

R P
pei W ierema Difficulties with 1SO 9972 29
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Review of on-site studies testing
buildings airtightness durability

May 19th 2023

Yearof
Sample Mean air At permeabilty
Country | 5270 ons. Age (years) permeatiity n | Mai material iy Reference
Wax +120%
[onew | 2010 12 0.6ACH Concreteblocks | Mean: +36% | (Brackeetal.
Jouses Min: 3% 2016)
Belgium e | o0 7 Max : +200% (Verbeke and
Aoy |20 0512 094 ACH (low-energy Mean: +38% | Audenert,
houses) Min -35% 2020)
Wiax. 7 +60%
17 new Mean: +6% / (Proskiv,
Canada | 171 | 1085 3 /then 11 15ACH Wood i o
Min: -/ 16%
Flouses AZB
11 (or tested
Czech | 4new 35% ;
Romblc | housss | 2007 regués:;{;mean 0.57 ACH Wood House o 2ya79, | (Novak,2018)
House D: +103%
30 new et (ADEME
houses 2009 56 1.8 ACH Concrete blocks anm4-50% 2016) P
France -
Fiolow Brick (36) , | Wax. +180%
Sthew; | 08 18 138 ACH Concrete blocs Mean: s20% | (Mouieact
(19), Wood (6) Min: -38% .
Znew Tthouse 0% | (Feistetal,
Hotisea: 1990 25 0.6 ACH Concrete blocks 2 house +34% 2016)
Wood (9] “calmost aways
German | 17 new Composie (4) within the (Peperetal,
y houses ? 14105 042ACH Concrete (2) solid measuring 2017)
@ accuracy”
T ew ? (Ehorn-Kiuttig
houses | 2% 2 OSTACH | (passivehouses) | Mean:+24% | "oiq) 5000)
Wax: +580%
6new (Hansén and
sweden | S1E | 1900 1020 0.64ACH Wood Mean: +162% | (Hanses and
Min: -1%%
Max: +154%
23new Wood and (Philips et al,
houses | 2007 &3 4o concrete blocks Mean 2> 2011)
lin: -33%
v 5 new Max+30% (Jez Wingfield
onew | 2005 1 5ACH Concrete blocks Mean:+4% e
Min: -22% .
Wax: +140%
I | Rk 10-13 BACH Wood Mean: +15%
Jouses 2003
Min: -25%
s i vac s | 305
e | G 57 10 ACH Wood Mean: 0%
Min: -40%
houses
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Review of on-site studies testing
buildings airtightness durability

200%

175%

150%

125%

100%

75%

50%

25%

Mean change in measured air permeability

0%

-25%

-50%

May 19th 2023

©0,5< Meann50>1
©1< Mean n50>2
@2 < Mean n50
®0,6<n50<4

Airtightness is not robust

—> Significant changes in air permeability
with time are observed for at least part of
the tested houses in all studies except one
study (Peper et al., 2017).

16

18 20 22 24

Mean building age (time between the two measurements)

26
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Review of on-site studies testing /‘
buildings airtightness durability w

Airtightness tends to deteriorate after

,
200% T A

175% ; completion

150%
- The mean change in air permeability is

2% ©0,5<Meann50> 1 positive for all studies. The average of all

©1< Mean n50>2
@2 < Mean n50
®0,6<n50<4

100% mean changes weighted by the sample

75% size gives an increase of 24%.

50%

25%

0%

Mean change in measured air permeability

-25%

-50%
Mean building age (time between the two measurements)

May 19t 2023 Valérie Leprince - Cerema

Review of on-site studies testing /‘
buildings airtightness durability w

Changes in airtightness are highly

200% .
'

175% : variable

150%

-> For each study results differ

125% T considerably between the tested houses,
Lo ©1<Meann50>2 with almost always at least one

©2 < Mean n50 presenting an improved airtightness (by
75% ®0,6<n50<4

up to 40%) and almost always at least one
presenting a very deteriorated
l airtightness (by up to 580%).

50%

25%

0%

Mean change in measured air permeability

18 20 22 24 26

-25%

-50%
Mean building age (time between the two measurements)
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Review of on-site studies testing /‘
buildings airtightness durability w

Changes in airtightness occur quickly
175% ; : after construction

200% .
'

150% -> The mean change in measured air

125% 8075 2 MEBnna05 1 permeability does not seem to clearly

100% ©1<Mean n50>2 increase with the building age, which
©2 < Mean n50 would mean that changes occur mostly

75 ©0,6<nS0<4 within the first (1 or 2) year(s) of the

building use. This is suggested in the

study with the largest sample size

® (Moujalled et al., 2021) and confirmed by

‘ a study with buildings tested regularly

. where air permeability increased mainly
in the first years (Novak, 2018).

50%

25%

0%

Mean change in measured air permeability

-25%

-50%
Mean building age (time between the two measurements)
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Review of on-site studies testing /‘
buildings airtightness durability w

Changes in airtightness in absolute terms

200% .
'

175% : seem correlated to the initial air

150% permeability level

125% 7 00,5<Meanns0>1 —> The mean change in measured air

©1< Mean n50>2
@2 < Mean n50
®0,6<n50<4

100% permeability are given in percentage and

there is no clear difference between the

75%

three levels of initial air permeability so
changes in absolute terms are bigger for
o initially more permeable buildings.

50%

25%

0%

Mean change in measured air permeability

-25%

-50%
Mean building age (time between the two measurements)
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Review of on-site studies testing AN
buildings airtightness durability 92

200% E . ..
: Changes in airtightness does not seem to

5% I strongly depend on the main
s | e L ' : :
3 150% : construction material
g :
£ ;
@ 1255 : © Various materials N - Both wooden and concrete
E 100% g © Concrete blocks constructions were sometimes found to
Q 1
ig— #Weod have a durable airtightness and other
lv '

' © Unki I h . . C e
E : rknown (low energy houses) times a strongly deteriorated airtightness.
‘s 50% +
B !
2 H i
S 25% i :
& ' ®
i} i |
S 0% ! :
? 14 16 18 20 22 24 26
2% | Ei
-50%
Mean building age (time between the two measurements)
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Key factors for airtightness change
over time

Possible factors of airtightness DECREASE over time:

eBuilding’s natural “movements”:

g 7
*Heating houses for the first time; 2 s zﬁ‘“
eShrinkage of mastic E O
e Structure movements and packing S r/ J\ ! p——
Solid Ty T Tm
polymerfpart

eExternal interventions:
oDrilling hole into the envelope, unless it is done with concern on the air
barrier system protection (Novak, 2018).
e Installation of cables or ductwork after the completion of the building
(for example to rooftop solar panels) (Verbeke and Audenaert, 2020).
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Key factors for airtightness change AN

over time W

Possible factors of airtightness DECREASE over time :

eSpecific building materials and construction types:
e Uncertain impact of the number of storeys: 2-storey houses seem to deteriorate more than 1-storey ones
(Moujalled et al., 2021) but houses generally become leakier than flats (Philips et al., 2011)
o Air barriers made of plasterboard seem to deteriorate in average more than air barriers made of
polyethylene membrane (Proskiw, 1998) (Johnston and Lowe, 2006) ) (ADEME, 2016)
o Air barriers made with membranes can also, however, potentially strongly deteriorate: timber frame
dwellings showed the largest change in airtightness when compared to plastered masonry (Philips et al.,
2011), especially in case of exposed wood frame roofs (Moujalled et al., 2021)

*Poor workmanship

eUnsuitable implementation conditions

May 19t 2023 Valérie Leprince - Cerema

Key factors for airtightness change AN

over time W

Possible factors of airtightness IMPROVMENT over time :
e The settlement: the installation of carpets and floor finishes after the original test, the presence

of plugs in electrical sockets
o Wood expansion with humidity (Durabilit’air 1)

e The user reducing the air inlets to decrease the heating load (Ramos et al., 2013)
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Uncertainties in airtightness testing w

Part of the difference between tests results may not be due to the airtightness change with time but due to

; %
e Measurement device uncertainty;

e Seasonal variation of airtightness; %
s Regression model. ’g %

May 19t 2023 Valérie Leprince - Cerema

test uncertainty. Deviations in airtightness testing are due to:

e \Variations in the testing protocol (including building
preparation and testing equipment installation)

e Wind and thermal draft impact;

Experiments in a controlled
environment
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Loads on the air barrier and +
equivalent artificial ageing ==

Table 1 Fatigue test representing typical UK service
loads in 50-year exposure period

e Various load types:

Number of  Perceatage of
cycles  design pressure

o Pressure load (mechanical ageing): fatigue tests Pying = 2. p. Cp.v? T 2
e Thermal & humidity loads (physical ageing) ]
o High temperature & RH are effective in artificial ageing of :
polymers, of which many adhesives consist 10,5 li
e The estimation of these thermal and humidity loads is j§ )
however difficult 60 17,1
e Outdoor weathering loads (irradiation and wetting)
* Some sealing products as building joints can also be used on the outdoor side of the wall. Durability tests -

should include in this case ultraviolet (and possibly infrared) irradiation as well as wetting tests.
» Tapes intended for indoor vapor-barrier application can be affected by solar radiation or wetting during
the transportation, storage or construction period. d

May 19t 2023 Valérie Leprince - Cerema

Review of ageing tests for airtightness|
durability assessment =

o Artificial ageing for INDOOR air barrier components/systems

13 studies

from
8 countries

o Ageing of OUTDOOR sealing products

- Less critical but can also impact the building airtightness durability
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Key points for laboratory airtightness | -
durability assessment e

The airtightness durability depends on many factors and further research are needed to better define

each impact:

Product manufacturer; compatibility problems between products; implementation conditions; type of loads _I ﬂ l |
|s,,..“r

Importance of testing the durability of wall assemblies rather than products alone
a b)
Mechanical resistance tests (peel, shear, ...) of products alone seem not relevant for the wall assembly durability assessment

o

All load types should be included in the protocol
Different impact of the various constraints (extreme temperature, humidity or pressure) depending on the air barrier type

Necessity to test simultaneous loads
More representative of reality and necessary

General standardised procedure is missing

The ageing strategy has to be consistent with real solicitation of product

May 19th 2023

Valérie Leprince - Cerema

Implementation conditions impact

May 19th 2023
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Workmanship

4 main issues identified:

o Workmanship quality and reproducibility

o The application of minor technical solutions and educational sessions allowed to
reduce the specific air leakage rate by 27% on 14 houses (Colijn et al., 2017)

o (Bohmetal., 2021) : large differences in airtightness performance for identical types of houses
- the most important parameter influencing the resulting airtightness values was the control of the
implementation of individual building details during the construction of a building.

o Last minute corrections (J. Wingfield et al., 2008) @
» secondary sealing may have benefits in the short-term to pass the airtightness test yss ¢
but is prone to degradation over a relatively short time Sy el
\E a0 UTE
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Workmanship

4 main issues identified:

o Airtightness tests reproducibility and repeatability
(Bracke et al., 2016):

* Reproducibility: with special attention to airtightness : variance coefficient of 12% on 15 buildings
(VS 28% with no special attention to airtightness in (Laverge et al., 2014))

» Repeatability: 2 houses tested up to 10 times a day, on respectively 7 and 6 different days = standard deviation
of respectively 1.1% and 2.7% and a maximum variation within the same day of respectively 3.5% and 7.7%

» small preparation details such as locking doors can be determining for passing the test for passive houses
(necessity of having the same operator testing all houses when studying airtightness durability)




Workmanship

4 main issues identified:

o Compatibility of products with implementation conditions

o (Fufaetal, 2018): importance of the surface condition for the adhesion performance with the necessity of a good
adequation between the intended and actual tape use, and a special treatment of the substrate when required

o (Van Linden and Van Den Bossche, 2020) : tested 18 sealing materials = faulty workmanship has a significantly
greater impact on the material performance than artificial ageing

o (Necasova et al., 2017): building joints submitted to external environment - “in most tested cases, diversion from
the above-given steps resulted in failure of the sealed joint”

May 19t 2023 Valérie Leprince - Cerema

Temperature, humidity and dust
conditions

Main study: (Antonsson and Emanuelsson, 2018)

o Durability of 3 airtightness systems (# manufacturers) tested with air permeability
measurements before and after artificial ageing for 3 implementation conditions:
o Ideal conditions: normal indoor laboratory climate
o Cold and humid environment: about 5°C and 90-95% RH on both sides of the wall

o Dusty conditions: artificial dust (made of crushed concrete sieved to a grain size of max.
0.063 mm, gypsum and wood sawdust) sprayed against the plastic foil

o The artificial ageing was done through heat treatment with 7 days under a
temperature of 60°C for system 1 and 3 and 70°C for system 2 and a RH of 50%. The
authors estimate that it is the equivalent of respectively 25 and 50 years of natural
ageing.
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Temperature, humidity and dust
conditions

Manufacturer 1

Manufacturer 2 Manufacturer 3
10 10 10
\

9 . . . . .
— Depending on the product used for the sealing of the wall, the implementation conditions can
§ 7 more or less impact both the initial airtightness level and its durability
s S5 i
© o ol
g - 4 - 4
z ‘S 3 2
S 3~ i £ o 3 S 3
= e - = T
< 2 ~ ~ s - < 2 | < 2

1 N ’ — 1 == 1

= ; ; ; ::} i : : :
0 = = 0 0 - > 6
-150 -50 50 150 -150 -50 50 150 -150 -50 50 150
Pressure (Pa) Pressure (Pa) Pressure (Pa)
—— Ideal cond. - before ageing —— Cold & humid — before ageing —— Dusty — before ageing
== |deal cond. — after ageing == Cold & humid — after ageing == Dusty — after ageing
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Aerosol transmission route of respiratory
pathogens and their mitigation strategies
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Topics
+ Transmission route of infectious respiratory pathogens
+ Physical and biological characteristics of SASR-CoV-2 in
the air

+ Primary engineering mitigation strategies for
respiratory infections

- Ventilation
- Filtration

- GUV (Germicidal Ultraviolet)




Transmission route of
infectious respiratory pathogens

Traditional definition of
transmission route

Infection prevention and
control of epidemic- and
pandemic-prone acute
respiratory infections

in health care

The mode of transmission of respiratory
infections have been classified as contact,
droplet, and airborne.

WHO Guidelines

The World Health Organization (WHO)
defines respiratory aerosols with a @i

particle size of >5 um as droplets and

dried respiratory aerosols with a particle | The recommended distance to
size <5 um as droplet nuclei (i.e., residue | avoid infection varies from 1 m

of dried respiratory aerosols). Droplet per WHO and in parts of

and airborne infections are defined by Europe, to 1.5 m in Australia, to
droplet transmission and droplet nucleus | 2 m in the USA, Canada and the
transmission, respectively. UK.

Randall K., et al. How did we

WHO Guidelines. Infe ction prevention an d get here: what are droplets and aerosols and
how far do they go? A historical perspective

control Of ep idemic-and pandemzc—p rone acute on the transmission of respiratory infectious

respiratory infections in health care. 2014 diseases. Interface Focus 11: 20210049.
https://doi.org/10.1098/rsfs.2021.0049




Classifying droplet infection and airborne infection with 5 um as the threshold
diameter is a dualistic medical dogma that has not been proven by direct

measurements.

Greenhalgh T, et al. Ten scientific reasons in support of airborne transmission of SARS-CoV-2. Lancet
2021;397:1603-5. doi:10.1016/50140-6736(21)00869-2.

William Wells was the first person to rigorously study the size of spray-borne
droplets vs. airborne aerosols. In the 1930s, he conceptualized a dichotomy of
spray-borne droplets (=100 pm) that reach the ground before they dry, vs.

aerosols (<100 pm) that dry before they reach the ground (thus referred to as

“droplet nuclei”).
Jose L. Jimenez et al. What were the historical reasons for the resistance to recognizing airborne transmission
during the COVID-19 pandemic? Indoor Air. 2022;32:e13070. https://doi.org/10.1111/ina.13070

In fact, =5 um of SARS-CoV-2 has been detected in the air.

::ri::n: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) detections in the air of rooms of Chia PY, et al.
Detection of air and
Patient Pay of S-ympton'll.s reported on day of Clinical Ct Airborne §ARS-C30V.-2 i A 0 | . lers used surface contamination
illness air value? (RNA copies m 2 air) particle size .
I 9 Cough, nausea, dyspnea 33.22 ND >4pm NIOSH by SARS'COV'Q. mn
B o hospital rooms of
ND - SKC filters infected patients.
v 5 Cough, dyspnea 18.45 2,000 >4 pm NIOSH . .
1384 -4 pum NatureCommunications
ND <Tpm .
3 5 Asymptomatic® 201 927 >4um NIOSH (2020) 11 ‘2_800
96 1-4pm https://doi.org/10.1038
ND <1
“m /s41467-020-16670-2

ND none detected.
PCR cycle threshold value from patient's clinical sample.
bPatient reported fever, cough, and sore throat until the day before the sampling. Patient reported no symptoms on the day of sampling, however was observed to be coughing during sampling. 5

The WHO emphatically declared on March 28,
2020, that SARS-CoV-2 was not airborne

FACT CHECK: COVID-19 is NOT airborne

The virus that causes COVID-19 is mainly transmitted through droplets
generated when an infected person coughs, sneezes, or speaks. These
droplets are too heavy to hang in the air. They quickly fall on floors

or surfaces.

You can be infected by breathing in the virus if you are within 1 metre of a
person who has COVID-19, or by touching a contaminated surface and then
touching your eyes, nose or mouth before washing your hands.

To protect yourself, keep at least 1 metre distance from others and
disinfect surfaces that are touched frequently. Regularly clean your hands

Tha message woreading on social meda

thoroughly and avoid touching your eyes, mouth, and nose. @ ot Metp 1209 misnAcmaton
Verity the facts bedore sharing

March 28 2020 ¢Coronavitus  #COVID19




Transmission of SARS-CoV-2: implications for infection
prevention precautions

Scientific brief P N
%@v World Health

9 July 2020 ¥ Organization

This document is an update to the scientific brief published on 29 March 2020 entitled “Modes of transmission of virus causing
COVID-19: implications for infection prevention and control (IPC) precaution recommendations” and includes new scientific
evidence available on transmission of SARS-CoV-2, the virus that causes COVID-19.

Overview

Outside of medical facilities, some outbreak reports related to indoor crowded spaces (40) have suggested the possibility of aerosol
transmission, combined with droplet transmission, for example, during choir practice (7), in restaurants (41) or in fitness classes.(42)
In these events, short-range aerosol transmission, particularly in specific indoor locations, such as crowded and inadequately
ventilated spaces over a prolonged period of time with infected persons cannot be ruled out. However, the detailed investigations of
these clusters suggest that droplet and fomite transmission could also explain human-to-human transmission within these clusters.
Further, the close contact environments of these clusters may have facilitated transmission from a small number of cases to many
other people (e.g., superspreading event), especially if hand hygiene was not performed and masks were not used when physical
distancing was not maintained.(43)

Fomite transmission

Respiratory secretions or droplets expelled by infected individuals can contaminate surfaces and objects, creating fomites

Another person can then contract the virus when infectious particles that
pass through the air are inhaled at short range (this is often called short-range
aerosol or short-range airborne transmission) or if infectious particles come
into direct contact with the eyes, nose, or mouth (droplet transmission).

@v World Health
y /¥ Organization

/ﬂ‘ Health Topics v Countries v Newsroom v Emergencies v Data v About WHO v

Home / Newsroom / Questions and answers / Coronavirus disease (COVID-19): How is it transmitted?

Coronavirus disease (COVID-19): How is it transmitted?

23 December 2021 | Q&A

The English version was updated on 23 December 2021.
I Ay ] E l Francais

(emes | [

WHO TEAM
How does COVID-19 spread between people? e WHO Headquarters (HQ)
We know that the disease is caused by the SARS-CoV-2 virus, which spreads between people in several Related

different ways.

Transmission of SARS-CoV-2: implications for

« Current evidence suggests that the virus spreads mainly between people who|are in close contact with infectioh;preverition precautions

each other, for example at a conversational distance. The virus can spread from an infected person’s
Access the publication

person can then contract the virus when infectious particles that pass through the air are inhaled at

short range (this is often called short-range aerosol or short-range airborne transmission) or if

infectious particles come into direct contact with the eyes, nose, or mouth (droplet transmission).

¢ . How the COVID-19vikus is transmitted

« The virus can also spread in poorly ventilated and/or crowded indoor settings, where people tend to
= Sy o e e BRI /DEI 4 AERE [




« aerosols (<100 pum)

.. © large droplets (>100 um)

Source: Marr LC, Tang JW. A

paradigm shift to align

transmission routes wi

th

mechanisms. Clin Infect Dis 2021;

73 (10): 1747-1749.
https://doi.org/10.1093

/cid/ciab722

Traditional definitions of
“airborne” and “droplet”
transmission have been shown to
be misleading, and revised
definitions of transmission routes
are more closely aligned with the
actual mechanisms by which
pathogens are transferred from
one person to another (Marr and
Tang 2021). These revised routes
are (1) inhalation of aerosols, (2)
spray of large droplets, and (3)
touching a contaminated surface

Source: ASHRAE Positions on
Infectious Aerosols.

Approved by the ASHRAE Board of
Directors October 13, 2022

Expires October 13, 2025

Physical and biological characteristics of
SASR-CoV-2 in the air
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>< Aerosol A suspension of solid or liquid particles in a gas. The
term aerosol includes both the particles and the suspending gas,
which is usually air. Particle size ranges from 0.002 to more than 100

um. (currently a generation definition: 0.001 - 100 pm)
(William C. Hinds. Aerosol Technology, Second Edition, 1999)

’<Bioaerosol is an aerosol comprising particles of biological origin
or activity which may affect living things through infectivity,
allergenicity, toxicity, pharmacological or other processes. Particle

sizes may range from aerodynamic diameter of circa 0.5 to 100 pm.
( Christopher MW. and Christopher SC. Bioaerosols handbook. Lewis publishers. 1995

2¢Since SARS-CoV-2 is released from the mouth with the air, so it is
in the state of aerosols in environment

Figure. Multiphase Turbulent Gas Cloud From a Human Sneeze

« Source

Turbulent Gas Clouds and
Respiratory Pathogen
Emissions Potential
Implications for Reducing
Transmission of COVID-19.
JAMA.2020;323(18):1837-
1838.
https://doi.org/10.1001/jama.2

020.4756 11
120 It turns out that particles <10 um are

2 20 suspended in still air for a longer time (1
z 100 1 2 s | ey terminal sting velociy um for 14.4 hours; 5 um for 35 minutes; and
RN L IR Bl R i ey 10 jun for 9 minutes).
5 = 801 z 720 ] Koy Field measurement results show the highest
oy £ 0 - E Eiz and average velocities in occupant spaces
E 8 g . are 0.4 m/s and 0.1 m/s, respectively 0.1-0.4
< E 40 | E) . ] m/s (10~40cm/s) . Therefore, aerosol
% 7 10 50 30 40 50 €0 70 80 90 100 particle <10 pm are easily transported over a
; 20 Particle diameter [um] long-range (even up to the inlet air) in the
2 ] indoor airflow during the operation of air-
= 0 e I e — conditioning and/or ventilation equipment.

0 10 20 30 40 50 60 70 80 90 100
Particle diameter [pum]

Hayashi M, Yanagi U, Azuma K, Kagi N, Ogata M, Morimoto S, et al. Measures against COVID-19 concerning
Summer Indoor Environment in Japan. [pn Archit Rev. 3(4):423-434, 2020. https://doi.org/10.1002/2475-8876.12183

18 18

Air velocity 0.05 m/s +;D) i Air velocity 0.2 m/s +§g B
um i
18 \ 20 um 5 ~  — 1] 20 um
w10 pm w10 um
Elz \\ e E12 e
£ 09 £o9
0.6 0.6
0.3 03 .
REHVA COVID-19 guidance document, Ver 4.1,
e 2" % & & m = . . 4 « &« wu .| How tooperate HVAC and other building service
ECaneeavele Bitancaye g systems to prevent the spread of the coronavirus

Figure 2. Traveling distance estimates for different sizes of droplets to be carried by room air velocities of (SARS-COV—2) dlsease (COVID- 1 9) mn Workplaces

0.05 and 0.2 m/s before settling 1.5 m under the influence of gravity. The travelled distance accounts for ’

movement after the initial jet has relaxed and is calculated with the equilibrium diameter of completely 202 1 04 1 5 .

desiccated respiratory droplets (um values in the figure refer to equilibrium diameters). With turbulence

distance travelled is less, but settling time is longer. 12




Nasopharyngeal
nasal passage, pharynx, larynx

Inertial impaction

Turbulent airflow

Tracheobronchial
trachea, bronchiand
bronchioles

Laminar airflow
Brownian diffusion

Gravitational
sedimentation

Alveolar region

Phase 1
Generation and exhalation

« Generation mechanisms

« Viral load at generation sites

« Size distribution of exhaled aerosols
« Number of virions in aerosol

1.0

Inertial
impaction

e
®

sedimentation |

4
B

0.4

Deposition efficiency(-)

0.2

Alveolar

Nasopharyngeal

alveolar ducts and sacs

Phase 2

Transport

« Settling velocity and residence time in air

« Size change during transport

« Persistence of viruses in aerosols

« Environmental factors: temperature, humidity,

0.01 0.1 1.0 10 100

Diameter (um)

Phase 3
Inhalation, deposition and infection

« Size distribution of inhalable aerosols
« Deposition mechanisms

« Size-dependent deposition sites

« Deposition site susceptibility

airflow and ventilation, UV radiation

+<5pum #100-5pm

. L]
Oral 2
Laryngeal s
.

Bronchial .

. .' . °
Bronchiolar ° *

. ] °
Alveolar °

L] L

particle shrinkage: 25-50% of initial diameter

Fig. 1. Airborne transmission of respiratory viruses. Phases involved in the airborne transmission of virus-laden aerosols include (i) generation and exhalation;
(i) transport; and (iii) inhalation, deposition, and infection. Each phase is influenced by a combination of aerodynamic, anatomical, and environmental factors. (The
sizes of virus-containing aerosols are not to scale.)

Source: Wang CC, et al. Airborne transmission of respiratory viruses, Science 373, 981 (2021). https:/doi.org/10.1126/science.abd9149 173

Primary engineering mitigation strategies
for respiratory infections
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(Environment)

Threshold

Three elements; infectious agent, host and environment
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Mitigation strategies for respiratory infections by transmission route

Contact (direct, indirect) In my presentation, <100um particles classified to
aerosol; aerosols contain droplets;

>100um particles classified to droplets.

In the medical field, particles <5pum are called
droplet nuclear.

* Hand hygiene
» Surfaces cleaning

Droplet, >100pm >100um; terminal settling velocity >0.3m/s
- Avoid the 3Cs It only takes about 5 seconds for the lease to fall from
- Wear a mask a height of 1.5 meter to the floor.
+ Ensure social distancing Indoor airflow velocity 0.1m/s : estimate traveling
distance
100pm: 0.5m; 50um: 2m; 10pum: 52m; S5pm:324m
Aerosol, <100pum
» Behavior change (avoid 3Cs. wear a mask)
* Ventilation
» Air purification (central system air filtration, local air filtration)
- GUV

16




Ventilation
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Equivalent ventilation rate (air changes)

In case of the collection efficiency of the air filter is 90%

polluted air

Air filter

s
SRS
AR P N2

[245000005555%
14444229934424

R
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\v\v\v\\\v\v\v\v\v\%

CixQ*n:

2
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2200000222

Equivalent ventilation rate

90, Q*n

C*Q*(1—n)
©)

clean air

polluted air

Mass balance: C;* Q—C;* Q* n=C;* Q * (1—n)

C: concentration, viruses/m3; Q: ventilation rate, m3/h
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Central air conditioning system

Return air

Return air 4 h'!

Joseph G. Allen; Andrew M. Ibrahim. Indoor Air Changes and

Potential Implications for SARS-CoV-2 Transmission. JAMA May

25, 2021 Volume 325, Number 20
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UV lamps

Central system filtration

Air filter

UVGI .

O

EACH 5.6 h'!
(2+4X90%=5.6)

(MERV14 ; >1um
collection efficiency 290%

Takashi Kurabuchi, U Yanagi, Masayuki Ogata, Masayuki Otsuka, Naoki Kagi, Yoshihide Yamamoto, Motoya Hayashi, Shinichi Tanabe, 2021.
Operation of air-conditioning and sanitary equipment for SARS-CoV-2 infectious disease control. Japan Architectural Review. 4(4): 608—

620.2021. https://doi.org/10.1002/2475-8876.12238
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Azuma et al. Enviro | Health and P
https://doi.org/10.1186/512199-020-00904-2

ive Medicine

(2020) 25:66

Environmental Health and
Preventive Medicine

Environmental factors involved in SARS-

CoV-2 transmission: effect and role of

Check for
updates

indoor environmental quality in the
strategy for COVID-19 infection control

Kenichi Azuma'"®, U Yanagi?, Naoki Kagi®, Hoon Kim*, Masayuki Ogata® and Motoya Hayashi®

_Igpt
=1—c¢ Q

P,

Yl A

P; = probability of infection (-)

C = the number of infection cases (p)

S =number of susceptible individuals (p)
I'=number of infector individuals

p = pulmonary ventilation rate of a person (m?3/hr)
g = quanta generation rate (1/hr)

t = exposure time (hr)

Q = room ventilation rate with clean air (m3/hr)

100 1

S

&

Z10 4\

= 1T quanta=100 h-!
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= 13 \ quanta=50 h!

quanta=10 h-!
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Figure 2. Probability of infection vs. equivalent change

per hour

Conditions: I =1 person; p = 0.48 m%hr; t = 8 hours; floor

aera = 500 m? room volume =1,300 m,
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Ventilation rate for mitigating aerosol transmission

In the early 20th century, Billings proposed, and ASHRAE’s
predecessor society ASHVE recommended, outdoor airflow rates
of 30 cfm/person (14.2 L/s-person) (51 m3/h-person) based on
considerations of infection prevention (Janssen. 1999)

systematic reviews of research on the quantitative relationship
between risk of infection and ventilation rate have concluded that
sufficient data to specify minimum ventilation rates for infection
control does not exist (Li et al. 2007).

WHO recommended minimum outdoor airflow rates of 10 L/s-
person (21.2 cfm/person) (36 m? /h-person) for nonhealthcare
facilities and 60 L/s-person (127 cfm/person) (216 m?3 /h-person )
for most spaces in health care facilities (WHO 2021).

Source: ASHRAE Positions on Infectious Aerosols.
Approved by the ASHRAE Board of Directors October 13, 2022
Expires October 13, 2025 21

TABLE 1.
Proposed Non-infectious Air Delivery Rates (NADR) for Reducing Exposure to Airborne Respiratory Diseases;
The Lancet COVID-19 Commission Task Force on Safe School, Safe Work, and Safe Travel

Volumetric flow rate Volumetric flow rate Volumetric flow rate
per volume per person per floor area
ACHe cfm/person L/s/person cfm/ft? L/s/m?
36m‘/h-person
0.75 + ASHRAE minimum 3.8 + ASHRAE minimum
Good 4 21 10 < i . o
outdoor air ventilation outdoor air ventilation
50m‘/h - person . -
1.0 + ASHRAE minimum 5.1 + ASHRAE minimum
Better 6 30 14 " —_ ’ —
outdoor air ventilation outdoor air ventilation
>1.0 + ASHRAE minimum >5.1 + ASHRAE minimum
Best >6 >30 >14 R S " -
outdoor air ventilation outdoor air ventilation

LANCET COVID-19 COMMISSION
TASK FORCE ON SAFE WORK, SAFE
SCHOOL, AND SAFE TRAVEL.

NOVEMBER 2022.

https://staticl.squarespace.com/static/
5ef3652ab722df11fcb2ba5d/t/637740d4
0£35a9699a7fb05£/1668759764821/Lanc
et+Covid+Commission+TF+Report+No

v+2022.pdf

The Lancet COVID-19 Commission
Task Force on Safe Work, Safe School, and Safe Travel

Proposed Non-infectious
Air Delivery Rates (NADR)
for Reducing Exposure

to Airborne Respiratory

Infectious Diseases

NOVEMBER 2022
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inertial collision

interception

O

diffusion

Brownian motion

Electrostatic

An air filter collects suspended
particles near the filter media by
mechanisms such as inertial
collision, interception, diffusion,
and electrostatic attraction.
Besides this, there is also a
gravitational sedimentation

Minimum Efficiency Reporting Values(MERVs)
and Filter Efficiencies by Particle Size

Colorimetric
MERV |0.3-1.0 pm | 1.0-3.0 pm | 3.0-10 pm method
1 n/a n/a E3<20 -
2 n/a n/a E3<20 -
3 n/a n/a E3<20 -
4 n/a n/a E3<20 -
5 n/a n/a 20=E3 -
6 n/a n/a 35=E3 -
7 n/a n/a 50=E3 40
8 n/a 20=E, 70=E3 40
9 n/a 35=E, 75=E3 50
10 n/a 50=E, 80=E3 50
11 20=E, 65=E, 85=E3 60
12 35=E; 80=E, 90=E3 75
13 50=E; 85=E, 90=E3 90
14 75=E; 90=E, 95=E3 95
15 85=E, 90=E, 95=E3 98
16 95=E, 95=E, 95=E3 -

n/a: not available,
Source: ASHRAE Standard 52.2-2017.

Takashi Kurabuchi, U Yanagi, Masayuki Ogata, Masayuki Otsuka,
Naoki Kagi, Yoshihide Yamamoto, Motoya Hayashi, Shinichi Tanabe,
2021. Operation of air-conditioning and sanitary equipment for
SARS-CoV-2 infectious disease control. Japan Architectural Review.

4(4): 608-620.2021. https://doi.org/10.1002/2475-8876.12238 24




SARS-CoV-2: measurement result 1

<lpm ND
1-4um 1384 RNA copies/m? (40%)
>4um 2000 RNA copies/m3 (60%)

When using a MERV12 filter When using a MERV13 filter
=40% % 80% +60% X 90% =40% % 85% +60% X 90%
=86% =88%

SARS-CoV-2: measurement result 2
<lum ND

1-4um 916 RNA copies/m? (50%)
>4um 927 RNA copies/m3 (50%)

When using a MERV12 filter When using a MERV13 filter
=50% X 90% +50% % 95% =50% X 85% +50% % 95%
=85% =88%

Source: Chia PY, et al. Detection of air and surface contamination by SARS-CoV-2 in hospital rooms of

infected patients. Nature Communications (2020) 11:2800https://doi.org/10.1038/s41467-020-16670-2

25

GUV (Germicidal Ultraviolet)
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Microbial response to GUV exposure can be modeled as a single
stage exponential decay or a two-stage exponential decay, and the
response may include a shoulder.

Figure 5.1 illustrates the complete microbial decay curve.

13
Shoulder

019  First Stage

Second Stage

Survival Fraction

Kowalski WJ, 2001. Design and

Optimization of UVGI

Air Disinfection Systems. A Thesis in

0.01 T T T T T T Architectural Engineering. The Pennsylvania
0 1 2 3 4 5 6 7 8 State University The Graduate School

Time, seconds College of Engineering

Figure 5.1: Two-stage Decay Curve with Shoulder for Staphylococcus aureus.
Based on data from Sharp (1939).

S, 1 surviving fraction of initial microbial population (—)
S — e_kl t k : standard rate constant (cm?2/uW-s)
t I : intensity of UVGl irradiation (uW/cm?)
t : time of exposure (s)
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Upper-Room GUV
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Source
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An April 2, 2020, expert consultation from the Na-
tional Academies of Sciences, Engineering, and Medi-
cine to the White House Office of Science and Technol-
ogy Policy concluded that available studies are consistent
with the potential aerosol spread of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), not only
through coughing and sneezing, but by normal
breathing.! This response to a White House request for
arapid review of the literature likely contributed to the
recommendation from the US Centers for Disease Con-
trol and Prevention (CDC) that healthy persons wear
nonmedical face coverings, when in public, to reduce vi-
rus spread from undiagnosed infectious cases.

Althonoh clear avidenca of narcon-to-narcon
Anougn Giear evigence o persgn-ic-persen

airborne transmission of SARS-CoV-2 has not been
published, an airborne component of transmission is
likely based on other respiratory viruses such as SARS,
Middle East respiratory syndrome, and influenza. While
airsampling for SARS-CoV-2, inaclinical setting, has dem-
onstrated detectable viral RNA, the extent of transmis-

ing costs when intake air must be heated or cooled and
dehumidified. Portable room air cleaners may be a
potential solution, but depending on room volume,
their specified clean air delivery rates generally add too
few equivalent air changes per hour to provide
adequate protection against airborne infection. In con-
trast, commercially available upper-room GUV air disin-
fection (with an effective rate of air mixing) has been
shown, in clinical settings, to reduce airborne tubercu-
losis transmission by 80%, equivalent to adding 24
room air changes per hour.3

In resource-limited settings, where air disinfection
depends on natural ventilation, upper-room GUV may

ha incroacinaly imnortant agwindowe ara clocad diia to
cgindreasing:y imporiantas WinGows are GGoseG Gue e

use of ductless air conditioners in response to global
warming and severe outdoor air pollution. In resource-
rich settings, upper-room GUV can be retrofitted into
most areas with sufficient ceiling height. GUV technol-
ogy is effective against viruses that have been tested,
including influenza and SARS-CoV-1.*°

JAMA July 14, 2020 Volume 324, Number 2
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ARTICLES

Effect of ultraviolet germicidal lights installed in office ventilation
systems on workers’ health and wellbeing: double-blind multiple

crossover trial

James A Hanley, Thomas Rand, Donald K Milton

Exhaust Retumn
air air duct

Q Return fan
Air mixing 7
dampers.
o UVGI lights
Supply fan
: M
Outside | Humidifier| Supply
slr Filter Cooling coil ~ @ir duct
leating coil and drip pan

Summary

Background Workers in modern office buildings frequently
have unexplained work-related symptoms or combinations of

symptoms. We assessed whether ultraviolet germicidal
irradiation SUVGIE of drip_pans _and_cooling coils _within

ventilation systems of office buildings would reduce microbial
contamination, and thus occupants. workrelated symptoms.

Methods We undertook a double blind, multiple crossover
trial of 771 participants. In office buildings in Montreal,
Canada, UVGI was alternately off for 12 weeks, then turned
on for 4 weeks. We did this three times with UVGI on and
three times with it off, for 48 consecutive weeks. Primary
outcomes of selfreported work-related symptoms, and
secondary outcomes of endotoxin and viable microbial
concentrations in air and on surfaces, and other
environmental covariates were measured six times.

Introduction

The office or office-like indoor environment is now the
workplace for more than 70% of the work force in North
America and western Europe."> Most of these people work
in buildings with sealed exterior shells, in which highly
automated heating, ventilation, and air conditioning
systems, run by only one or two operators, control the
indoor environment.” Many reports have documented
health problems related to this work environment;** their
resolution could result in health benefits for as many
as 15 million workers, and economic benefits of
$5-75 billion per year, in the USA alone.?

Most occurrences of illnesses in workers in these
buildings, which are termed non-specific building-related
illnesses’ or symptoms?’, remain unexplained,> but
evidence suggests that microbial contamination of
building air-conditioning systems plays a part. Cross-
sectional studies have consistently detected increased

THE LANCET - Vol 362 * November 29, 2003 * www.thelancet.com 31

Table 7

The impact of UV radiation on coronaviruses.
UV type Virus UV irradiance Distance Time Log reduction Reference
UV-C (254 nm) CCoV 7.1 pW/cm? 1m 72 h 4.8 Pratelli (2008)
UV LED (267 nm) HCoV-0C43 6-7 mj/cm? No data 60 s 3 Gerchman et al. (2020)
UV LED (297 nm) HCoV-0C43 32 mj/cm? No data 60 s 3 Gerchman et al. (2020)
UV LED (286 nm) HCoV-0C43 13 mJ/cm? No data 90 s 3 Gerchman et al. (2020)
UV-C (254 nm) MERS-CoV - 122 m 5 min 591 Bedell et al. (2016)
UV-C (254 nm) MERS-CoV 0.2 J/cm? No data >3.8 Eickmann et al. (2018)
UV-C (254 nm) MERS-CoV 0.05 J/cm? No data 29 Eickmann et al. (2018)
UV-A (365 nm) SARS-CoV-1 2133 pW/cm? 3 cm 15 min 0 Darnell et al. (2004)
UV-C (254 nm) SARS-CoV-1 134 pW/cm? No data 15 min 53 Kariwa et al. (2006)
UV-C (254 nm) SARS-CoV-1 134 pW/cm? No data 60 min 6.3 Kariwa et al. (2006)
UV-C (254 nm) SARS-CoV-1 4016 pW/cm? 3 cm 6 min 4 (below detection limit) Darnell et al. (2004)
UV-C (260 nm) SARS-CoV-1 (strain P9) >90 pW/cm? 80 cm 60 min 6 Duan et al. (2003)
UV-A (365 nm) SARS-CoV-2 540 mW/cm? 3cm 9 min 1 Heilingloh et al. (2020)
UV-C (222 nm) SARS-CoV-2 0.1 mW/cm? 24 cm 10s 0.94 Kitagawa et al. (2020)
UV-C (222 nm) SARS-CoV-2 0.1 mW/cm? 24 cm 30s 251 Kitagawa et al. (2020)
UV-C (222 nm) SARS-CoV-2 0.1 mW/cm? 24 cm 60 s 2.51 Kitagawa et al. (2020)
UV-C (222 nm) SARS-CoV-2 0.1 mW/cm? 24 cm 300 s 251 Kitagawa et al. (2020)
UV-C (254 nm) SARS-CoV-2 1940 mW/cm? 3 cm 9 min Complete virus inactivation Heilingloh et al. (2020)
UV-C (254 nm) SARS-CoV-2 3.7 mJ/cm? 220 mm - 3 Bianco et al. (2020)
UV-C (254 nm) SARS-CoV-2 0.849 mW/cm? No data 08s Reduced below a detectable level Storm et al. (2020)
PX-UV SARS-CoV-2 - 1m 1 min 3:53 Simmons et al. (2020)
PX-UV SARS-CoV-2 - 1m 2 min >4.52 Simmons et al. (2020)
PX-UV SARS-CoV-2 - 1m 5 min >4.12 Simmons et al. (2020)
DUV LED SARS-CoV-2 3.75 mj/cm? 20 mm 1s 0.9 Inagaki et al. (2020)
DUV LED SARS-CoV-2 37.5 mJ/cm? 20 mm 10s 34 Inagaki et al. (2020)
DUV LED SARS-CoV-2 225 m]/cm? 20 mm 60 s =33 Inagaki et al. (2020)

CCoV — canine coronavirus, HCoV-0C43 — human coronavirus 0C43, MERS-CoV — Middle Eastern respiratory syndrome coronavirus, SARS-CoV-1 — severe acute respiratory syndrome
coronavirus 1, SARS-CoV-2 — severe acute respiratory syndrome coronavirus 2, PX-UV — pulsed-xenon ultraviolet light, UV LED — UV light-emitting diodes, DUV LED — deep ultraviolet

light-emitting diode.

Source

Science of the Total Environment 770 (2021) 145260.

https://doi.org/10.1016/j.scitotenv.2021.145260
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Response

Summary

The main engineering mitigation strategies
for respiratory infections is to control
exposure load below the threshold, that is
lowering the concentration of viable virus
indoors.

1) Dilution by ventilation. Increasing the
air dilution rate also means can shorten
exposure time to the viruses.

>

Dose 2) Removal by filtration and/or increase
equivalent air changes per hour.

Threshold

Dose-response relationship

3) Sterilization by UV rays (GUV).

33

Mask: air filtration Sunlight: UV sterilization
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Thank you for your attention !
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1.Introduction

The law for environmental health in buildings (LEHB) in 1970

> It was believed that sick building syndrome could be prevented by LEHB in the 1970s.

» The recent studies showed that the rate of sick building syndrome in offices is not low.

» One of the factors in the nonconformity rates of indoor air environment is thought to be energy saving in buildings
since the 1990s.

70 T T T T T
Standards for environment and health management in buildings Revision of Act on Rationalizing Energy Use
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;.‘_.; ; Efficiency Act #—C02
= ™)
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T L M A —— Airflow
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Owner of buildin, T A
Obligation o Building maintenance < ——HCHO
Selection Opinion business 10
cleaning, of air envil L
. cleaning of ducts for air adjustment, drinking
Engineer water quality test, cleaning of drinking water o .
(building environment and Supervise storage tanks, cleaning of drainpipes, 0 ol
(i (TN Faitd) prevention of animals, etc
o 1990 1995 2000 2005 2010 2015 2020 2025 2030

System based on the law for environmental health in buildings (LEHB) Non-conformity rate of indoor air environment
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@
Health risks in Japanese houses caused by adaptation to new living style in cold and hot seasons - 9
> Japanese houses based on wooden axis structure are suitable to to Japanese hot humid summer. /‘,\ﬁ
-
» Low insulation and much air leak caused low indoor temperature in winter and chemical pollution b A
AND HEALTH
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2. Countermeasures against COVID-19 in indoor spaces by the Japanese government

@ The first analysis on indoor environment in COVID-19 cluster cases (MHLW Cluster Control Team, 27 February 2020)
The first analysis on the influences of indoor environment upon indoor infection
* Initial infection clusters occurred in a houseboat, a sport gym, a hospital and a temporary venue in Snow Festival.
* In all cases ventilation was poor and humidity was high.
* When people gather and have a lot of activity, they release vapor, CO2 and virus.
* Poor ventilation leads to high humidity, the high concentrations of CO2 and virus.
* Density and physical activities make the volume of virus release and suction larger.

* Influence of humidity upon virus inactivation and infection was unknown.

Poor ventilated closed space v
.H.Ig.h . »|  High humidit
humidification T 5
v H H
High vi
Dens‘e and clqse contact . P High virus release > 8 V|ru.s PI High infection risk
Physical exertion and vocalization concentration

High CO2
concentration

High CO2 release >

Analysis on Indoor environment and cluster infection




(2) Effective Ventilation Methods in “Closed and Poorly-Ventilated Indoor Spaces” in Commercial Facilities, etc.
(MHLW,30 March 2020)

Three conditions of COVID-19 outbreaks ~ BERISOSEERSOEEIEA ~

) . MESOEBEVERZEM) 2
* The expert meeting against COVID-19, showed 1.C10S0M SPACES i poe vertain. ;
e —— ETH= i
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outbreaks occurred (9 and 19 March 2020) .
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* The required ventilation rates in the Act on Maintenance of Sanitation in Buildings (30 m? per hour per person) ((D PR (R R RN, !ﬁﬂ!ﬂ.)lu:&ﬁi)
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B3¢ DRBICEITIBENBLEINTVILERBL, HrEnTL
« If the ventilation rates are lower, the number of persons in the space should be reduced. BUESS, REREORR. BERSOMIEREBUICTCL.
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* Ventilation times should be twice or more per hour (opening a window wide for several minutes once or more per

half an hour).

pIne

* If two or more windows are in a space, windows facing each other should be open to make an air current. Effective Ventilation Methods in “Closed and Poorly-

Ventilated Indoor Spaces” in Commercial Facilities, etc.

(3 Measures against COVID-19 Concerning Summer Indoor Environment in Japan ( NIPH, May 2020)
Motoya Hayashi, U Yanagi, Kenichi Azuma, Naoki Kagi, Masayuki Ogata, Shoichi Morimoto, Hirofumi Hayama, Taro Mori, Koki Kikuta, Shin-ichi Tanabe,

Takashi Kurabuchi, Hiromi Yamada, Kenichi Kobayashi, Hoon Kim and Noriko Kaihara

[In every indoor space]
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@) Effective Ventilation Methods in “Closed and Poorly-Ventilated Indoor Spaces” in Winter (MHLW, 27 November 2020)

Effective ventilation and the prevention of the negative influence of low indoor temperature on health.

v" Continuous window opening, heating and adequate temperature and humidify
(18 °C or higher and 40% or higher.)
v’ CO, monitor (under 1000 ppm) and air cleaners (HEPA filter, 5 m3 /min/10 m?)

[ ] &= it
[
Heater Heater

Ventilation using two sides opening  Ventilation using one side opening  Ventilation using one side opening and useless spaces

Season Intl.0.0r < — 6 e 4 Ventilation methods and the characteristics
condition* opening opening

Cooling §/23°C 5 Twoside Twoside « Ventilation rates change with outside wind speed and direction.

season | (SRH70%) Small opening Large opening « Ventilation rates will be larger with two sides opening.

Mild 18~28°C Two sides * Opening area has to be controlled according to weather

season (RH40 ~70%) | Large opening conditions (wind, raimn, snow, etc. ).

Ventilation rates change with the temperature difference between
inside and outside.

Heating |18°C= One side One side + Ventilation rates will be steady with one side opening and steady
season |RH40%= Small opening Large opening indoor temperature.

+ Supply air has to be heated using a heater near an opening and/or
using the next space

* Temperature and humidity have to be controlled according to people’s physical condition.

Window opening methods in cooling season, heating season and mild season
Jpn Archit Rev | October 2021 | vol. 4 | no.4 | 608-620
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Ventilation Methods in “Closed and Poorly-Ventilated
Indoor Spaces” In winter

® Opinion by Advisory Board on COVID-19 Control (MHLW,30 July 2020)

Three conditions of COVID-19 outbreaks

* At the first stage of the COVID-19 pandemic, its infection route was assumed to be through “droplets containing virus”

and “contact with virus”.

* However, in Japan, around the time when the basic policies toward COVID-19 were adopted in February 2020, other

infection routes were pointed out and the measures were taken.

Recently “micro-droplet infection” has been recognized in the world. However, while walking outside, shopping or

dining at a shop or a restaurant where infection control measures are taken, or commuting on well-ventilated trains, the

possibility of “micro-droplet infection” is assumed to be weak.

® Infection Routes of SARS-CoV-2 (National Institute of Infectious Diseases (NID), 28 March 2022)

A person becomes infected with SARS-CoV-2 through the exposure of an aerosol containing infectious virus emitted

from the nose or mouth of an infected person.
The main three infection routes are:

i. breathing in an aerosol containing virus floating in the air (aerosol infection)
ii. the attachment of droplets containing the virus on bare mucous membranes such as mouths, noses, or

eyes (droplet infection)

iii.fingers touching bare mucous membranes after touching droplets containing virus or touching the

surface of things with virus (contact infection)




Effective Ventilation Methods in an Emergent Proposal (Subcommittee on Novel Coronavirus Disease Control,14 July 2022)

(D To prevent Aerosol Infection + (2 Droplet Infection in necessary

(D Measures to prevent Aerosol Infection § i i § § i §
~Alarge-aerosol B smallfloating:
onthe air-current - - - aerosol diffusion

The relationship between infectiousness and the particle size of
aerosol has not been clear, so the following A and B is desirable

A. Prevent infection caused by large aerosol on air current
= Physical distance, Prevent the steady air current.

B. Prevent infection caused by small floating aerosol diffusion

= Ventilation rate 30 m3/h person, C02 under 1000ppm. The possible movement and transmission of aerosol in indoor environment

Effective Ventilation Methods s xsiommits on rovel coronmvins vecase controt 2022071 Effective Ventilation Methods e on sixommiie on norel coronaviris pisse cortrot 220714
202207221 Haychi, CHonma Uanag, t .

Measures to prevent ‘1 Aerosol Infection® + 2 Droplet Infection** are necessary
. cton caued by breathing n losing serosel.

Air current which prevents aerosol infection

of tall p:

i In case of a room with two windows on each opposite side, ation points
exhaust air from the window of the area with high aerosol emission using eledric fans and take fresh air T Tl prbtions should be setn the parallel directicn to s cument.
1 Measures to prevent Aerosol Infection in from the window cn the opposite side : desners e
‘Taking the following measures (A and B ) is desirable because the relationship between infectivity and Priveikiaioli SRR T R Y W e S, "
the particle size of aerosol has not been clear. -
A Measures to prevent infection caused by large aerosol on air current to keep enough physical High serosol emission Lowaerosol emission | o or door ®
Consideration points in case of 10W pATtitions pustors oves bane sesed pescn'ses

distance from another person and to prevent the steady air current in a lateral direction using the
swing mode of electric fans or air-conditioners, etc

B. Measures to prevent infection caused by small floating aerosol diffusion in a room: to secure the
recommended ventilation rate (301 per hour per person or more and lower than 1000 ppm CO,

= Fresh air supply I the distan

concentration) [
2 Measures to prevent droplet inf 1 to wear facial masks and to set partitions to prevent the direct In case of a room with a ventilation fan, |In case of a room without any
exposure of droplets especially when high emission of droplets is expected exhaust air with the fan and take fresh air in from the window on the || fans or windows,
opposite side. collect aerosol with an air cleaner
large aerasol on the air current ‘small floating aerosol [ ) i o A
o diffusion Rt =
g e -
7 e sty & m e
(e o
S 1l
of environment

Atmosphere 2023, 14, 150. https:/ /doi.org/10.3390/atmos14010150

3.Investigations on the building environment of COVID-19 outbreak cases

L T

uilding Building and spread of infection
Structure, equipment, and maintenance Behavior in building
(Building type, usage history, region, etc.) (Activity, stay time, etc.)
R 2 2 Infected people
Indoor environment Virus behavior

- le . .
Air environment l Virus release I Spread of infection
(Ventilation, filters, etc.)
| Risk of infection
Thermal environment (Virus concentration)
(Inactivation by temperature and ‘
humidity, etc.) ’ infection } >
Infected people
Infection mechanisms in buildings “Research on risk assessment of emerging and re-emerging infectious diseases
1. Infectious and medical effects of and implementing crisis management functions
viruses Health and Labor Sciences Research Grant.
2.Effects of Indoor Environment I. Infection mechanism and countermeasure effect in the indoor environment
and Effects of Infection Control 1. Investigations on building environments of COVID-19 outbreak cases
3.Virus infectiousness, Exhibition halls, restaurants with music and entertainment, offices, call centers, hospitals,
countermeasure effect, and scale facilities for the elderly, ice arenas, etc.

of damage




II . Investigations on building environments of COVID-19 outbreak cases

Motoya Hayashi, Hirofumi Hayama, Mori taro ,Koki Kikuta, Yoshinori Honma, Naoki Kagi, U Yanagi, Asako Hasegawa, Sayaka Murata, Kenichi Kobayashi, Michiko Bando
Hoon Kim Isao, Noriko Kaihara, Novel Coronavirus Infection Control Headquarters, Cluster Control Team, National Institute of Infectious Diseases, Local governments,
public health centers, facility officials, related organizations, companies

Basics of ventilation measures to prevent I hirflow by Air conditioning N
""""" <L and ventilation
A. Infection caused by large aerosol on air current e SoTe. . Diffusion inspace

Release

B. Infection caused by small floating aerosol diffusion

Movement

Gravity fall by airflow

Consideration of countermeasures

» Investigation on the influences of ventilation
properties upon the cluster infection.

» Improvement proposals (usage restriction,
emergency response, repair, etc.)

E =

Measurement of indoor air environment
> Air conditioning and ventilation system
» Operation and maintenance
> Airflow rates and pressure difference between rooms
» CO, concentrations monitoring data
» Experiments on aerosol movement
using tracers(aerosol, smoke, CO,)

7
< Movement to
*§ next spaces

Movement of floating droplet (aerosol) in building
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@ Wards for uninfected patients in hospitals

® 8 hospitals were investigated, from Hokkaido to Kyushu .
® The age after construction was form 10 to over 30 years.

® Poor ventilation was recognized in 4 hospitals, caused by
the aging of the equipment, energy and cost saving.

4 \ !
CO2 generation by dry ice COz2 concentration meter  Pressure gauge
Number of . "
Hospital |infected people Ventilation of patient room Ventilation properties and the operation of air conditioning and ventilation system
i. NHF* was used for a week in a treatment room where ventilation rate was 10% of the design value.
A 2001 Oh —& i ii. The ventilation rate of the ward reduced to 30% of the design value.
A h;‘;ir:;'seasg; Conido oot iii. Outside air supply stopped at night to keep indoor temperature.
° ;‘ ;‘ iv. Air supply rates were 4-31% of the design value in patient rooms.
v. Aerosol flowed from patient rooms to corridors, especially when the door was opened.
e i. NHF* was used in patient rooms.
s Approx.50 in SA RA ii. Air supply rates were close to the design value, but exhaust rates were about 50% of design value.
cooling season | Coridor Patient room iii. Air supply stopped for about 3 minutes every 30 minutes to save electricity cost.
;‘ ;‘ iv. Aerosol flowed from patient rooms to corridors especially when air supply stopped.
T
A 1501 L o —Oo* i, NHF* was used in patient rooms.
pprox. in .. o, . . . .
C heating season | corior FA oont room ii. Supply rates and exhaust rates were about 50% of the capacity of heat exchange unites, in patient
% rooms.
A~
OA j$,7 1—
i. NHF* weas used in patient rooms.
D Approx.10 RA SA . . . .
Corridor Patient room ii. Supply rates and exhaust rates were about 50% of the design values, in patient rooms.

* NHF(nasal high flow): high oxygen concentration and humidity is sent continuously from a tube attached to the nose
13




Hospital A

® Ventilation and airflow in the ward where a cluster occurred in winter. DTreatemt (2.0) o single bed (2.0)
(2570) (470) 250 @6 beds (2.0) A Staff (2.0)
OAD SAF 1166 Trentment 570 (630)_ O
fo] reatmen 0] > OA
OA = SA > 7 > < Other wards
@t o > ‘T e _ 200
CADM 570 [1083] <
] RAD [o] (1366620) T
=W = R’ e—— = 150
EAD (1940) 6 Beds (0] £ o
RAF > 9 rooms > <
1083 (1660)"™ 318 m? > Hall and Dirty spaces T
EA: Exhaust air, OA: Outside air, RA: Return air, [1083] 362 é ty sp £ 100 y = 0.2646x
SA: Supply air, CA: Circulation air, D: Damper, F: Fan 0] (400) Corridor __p| (Toilet, bath, 2 y =0.2159x
C: Cooling, H: Heating, W: Water vaporization, 108 361SM  [(1580) | stock, dry) g B e R
OHU: Outdoor air handling unit Single Bed (0] 951 112 m 50 4 L--"A
n > 5 rooms > [951] - - y =0.1755x
(D_AFR) Design airflow rate (m*/h) (400) 67 m? _
M_AFR :Measured airflow rate (m?/h) 1{8? (500) o i 0| ®e |
[N_AFR] : Predicted airflow rate at night (m3/h)
Celling height = 2.4 m St 126 0 50 100 150 200 250 300 350 400
Airflow through the open doors of the rooms - Staff Station [0] o (1580) Designed AFR (m3/h)
(540) +4 rooms | 951 i
Operation of OHU and heating systems with radiators 126 102 m? [951] + Toilet(5.0) @ Bath(5.0)
@ OHU was operated from 5:30 to 21:30. [0l (360) A Stock(5.0) X Dust(5.0), Dry(15.0)
@ CAD has closed CA in the COVID-19 outbreak case. 750
@ Indoor spaces were heated by panel radiators. 132 EA
@ Indoor temperature was controlled 25~27°C. [132]
® Indoor humidity was controlled 20~30RH%.
=
Corridor Room A (6-bed room) Corrido E 500
P I Bath Tolet | st g y = 0.3146x +
or i
. 743 SA 42 m¥H oo Aﬂ Space 3 R'=09746 | -
o 1 3 Co2 — _ COzRelease 2 -
262°C me/h release . 28.4 °C 24RH% Panel corico B N B | a H=800 mm 14 250 e
23 RH% radiator N = .
72% n H -
B .| d €02 concentration K
L 701 H o= e B s
’9 m3/h Room B Room A Room C (T&DTR-76U) 0
Py 2 Py 0 250 500 750 1000 1250
nn Measurement points ( CO2 concentration, Temperature, Relative Humidity) 48:}M/H 42.L]M/H 54.QM/H Designed AFR (m3/h)
Ventilation rates and airflow by tracer gas, etc. Measured airflow rates and the design value
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Hospital A

® The ventilation rates were calculated in rooms of the ward using measured data on ventilation and indoor environment.

® The expiratory concentrations from the infected were calculated and compared with the concentrations when the
ventilation rates meet to the design values.

® The ratio of the expiratory concentrations toward those under the design ventilation rates, were 0.3 — 7 in Single bedroom
(SB-1~6), 0.3 -170in 6 bed-room (6b-1~9) and 3.4-100 in treatment room (ST-NFH).

2

e . . 1000.0
® NHF was initially used in poorly ventilated N
(10% of the design value) treatment room. s Xgﬁ”ﬁ'{:;"(”;fL?r:’f‘;'cfeze)”*
. T w
® During the outbreak, large numbers of TE . |
patients used 6 bed-rooms. 285
® The possibility of Aerosol infection €% < < - Acg';ﬁ“"”(—f_ '?O‘z';’)pe”
. . . o + on Intecte
could not be denied in poor ventilated © g ®
. - C
rooms in the ward. 55 100 ==
TS % ¥y o1 ® 1% @ ¢ Condition_2 Door closed
T S 3 % ® + OHU on (1 infected)
24m « €
Corridor I Room o =3 1.0 Do mm—
. SA g¢ B R RoweeY
\e ) g8 flftﬂ @ Condition_1 Door open +
L i ) & OHU off (1 infected)
¢ n can be obtained from the
airflow balance of the room. 0.1
Quoor | [0 PO S T U S AR o AN
+ » | o o o o o o o o o o o o o o E
(%]
Calculation of ventilation rates in heated patient Predicted ratios of the expiratory concentrations from the infected,
rooms using measured data on ventilation, etc. toward those when the ventilation rates meet to the design values

15




MHLW Notice "About ventilation equipment when treating new coronavirus infection” 7 April 2021

Health Crisis Report |

Cluster infection in hospitals

"About ventilation equipment when treating new
coronavirus infection” (7 April 2021)

(DDuct shedding (construction, renovation,
earthquake, etc.)
@Narrowing of ducts (dust in exhaust, etc.) ‘

according to the investigation results = -
(30 March 2021) \ In-room infection ‘ Out-of-room infection
s 2 Eas
Administrative liaison by MHLW e e ( (04, [3:4)

Poor airflow and air pressure
(@DOpening door of patient room

« The Japanese government has already noticed (@®Damper close (earthquake, mechanical @)Loss of supply/exhaust balance
that adequate ventilation should be provided in vibration, etc.)
the treatment of patients infected or possibly @Ventilation stop for energy-saving, cost- ‘
infected with COVID-19. saving and keeping indoor air environment

 The recent investigation showed the influence of - First aid ‘
the poor ventilation upon the outbreaks in Inspection of air conditioning and @Window opening ventilation ‘
hospitals. ventilation equipment @Air Purifier

« The following ventilation measures are proposed (DConfirmation of ventilation (air volume, (@Temporary ventilation equipment
here. airflow direction measurement) ‘ (exhaust system, .etc.)

@ Inspection (the measurement of ventilation rate, @Opti.miz.ation of {:\ir conditionir!g and @Temp'orary.partltlons (sgats, etc)
etc) ventllgtloq (continuous operation) Con§|derat|on for opening and

@ Cleaning and repair of ventilation equipment, (3Cleaning filters, fans, etc. closing room doors
etc. - -

® Temporary measures until the improvement of l Cleaning and renewal of air conditioning and ventilation equipment, renewal of buildings

ventilation system (opening windows ,etc.)

Cluster infection due to poor ventilation and countermeasures
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(2) Ice arenas for ice hockey

® Large infection-clusters occurred in two ice arenas in Hokkaido.

National High School Selection Ice Hockey Tournament

Investigation
» Contact and droplet infection in practices and tournaments.
» Possibility of aerosol infection due to
ice arena-specific behavior (heavy physical exertion) and
ventilation properties (stagnation of cold air) .

3
tes per its area (m/hm) were
0, concentrations after release
air on the ice rink.

1.8 ni/hni

Measurement poh\ut ?

Bl Pavers
(CO2 concentration, Temperature, HW%!"‘.

28m |

a2

Measures to prevent aerosol infection among players
v Remove perimeter panel to improve ventilation on ice rink

v’ Set CO2 concentration monitor to check ventilation efficiency

v Set fans to reduce aerosol concentration around players' benches

iz Protective glass

i Layer 3 Protective glass |
3 2

[ i

1.6m Layer 2 Protective glass f§

Asia League Ice Hockey Tournament

Investigation

» Aerosol moved to spectators with air conditioning airflow.
» Airflow direction met to infection ratios at each seat area.

P oy Ly
/45 (13%) 16/68 (24%) 22/77 (29%) g
& 22/76 (29%) 19/74 (26%) 5/44 (11%)

6/57 (11%) o s 8/60 (13%)

3/56 (5%)
2/54 (4%)

o (T CEJ
/61 (7%) [ SzconR T 0/52 (0%)
8/69 (12%) || 9/100 (9%) 2/78 (3%) | 4/67 (6%)
9/91 (10%) 3/83 (4%)

» Many players released virus with heavy physical exertion on ice rink.

i SA 21000 ni/h SA 21000 mi/h
EA 12000 mi/h (OA 6000 mi/h) (OA 6000 mi/h)

Ventilated Layer
E(=1 RA_15000 ni/h

RA 15000 mi/h
=8

Door open - — _ _
a8 -

\
1

Countermeasure fan|

16000mi/h

Countermeasures for spectators
B » Exhaust from bottom and supply from top.
~_ » Prevent aerosols moving to spectators’
seats.

Cold air Stagnation

17




(3 Office spaces used as call centers
® |Infection-clusters occurred in many office spaces used as call centers.

Investigation

» Possibility of aerosol infection due to

telephone call staff's continuous talking at desk with 3 side partition to prevent droplet infection,
guidance stuff's access to desks and talking with telephone staff in high concentration space,
poor ventilation caused by malfunction of ventilation system with a CO2 sensor,

high concentration zone by steady air current of a circulator behind infected staff.

CO2 senser OHY
PAC n ’W‘ €)= O0A < ! .
SA K2 Humidifier 1 1
& i EEEES
o H Damper EA | o | il
Ll [PAC] 1T e
£ VAV l N S
e o RA CO2 800ppm I 1"
1 N N N | S
= Measured CO2in Room3-5 1 [
1200 | e
10 || €Oz senser I =
- 2 "™ | | tocontrol OA l e
5| [PAC] g T i
o< VAV \é f"ﬂ 1 118
S b:z 1 | e
£ S Y N
g| [PAC VAV w s e L,@{,,,J[____

~o———@ Circulator behind the infected

L\ A O,

Measures to prevent aerosol infection

v" Repair CO2 sensors and ventilation control
v Removal of circulators and Installation of air purifiers
v" Reduction of staff density

CO2 conc. (ppm)

|
| , —® Tracer gas COz release

//'. CO2 monitor

M Initial infected staff

O secondary infected staff
Infected staff

B Uninfected staff

High concentration zone

I’4

e
Secondary infected persons

A primary infected person
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4. Infection control and Energy Conservation in Buildings for Post-COVID-19
"Committee on Air Conditioning, Ventilation in the Post-COVID-19" by Institute for Built Environment and Carbon Neutral for SDGs

Global warming influences upon public health now and in future.
» Global warming increases the risk of emerging and re-emerging infectious diseases by the change of
ecosystem and the thaw of permafrost.

> Effective solution sets for both infection control and warming control is an emergent task in architecture as well as

other fields.

Viral infection
pandemic

Infection risk

Technology

Investment

-

v

Implementatio
n

Evaluation

Infectiousness assessment
(Indoor environment,
concentration, time)

Risk Monitor
Concentration, density,
behavior

Risk reduction
(Air conditioning, ventilation,
air purification, UV, etc.)

Management
(Technology, Cost, Energy,
Regulations, Systems)

Building
Energy saving

Carbon neutral
+

Building hygiene
i}

Design ~ Maintenance
(Standards, Systems)

+

|

Climate Change
and Disasters
A

| Global warming

A
SDG s Sustainable
Development Goals

Research and developments for energy saving and health in building under the age of viral infection pandemic and global warming




Conclusion

» In large buildings, poor air environment has increased since the 1990s.

> Ln Pouses, poor air environment influenced upon the health of the residents
efore.

» Under COVID-19 pandemic, ventilation measures were carried out immediately
(March 2020).

» Soon, the influences of ventilation measures upon indoor environment were
considered (May 2020, February 2020).

» Investigations on the air environment of cluster cases showed the influence of
poor ventilation upon aerosol infection (2020-2022).

» Effective ventilation methods to prevent two types of aerosol infection were
recommended (July 2022).

> Ford”Pgst COVID-19”, the balance of infection control and energy saving must be
studied.
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Thank you very much.
Motoya Hayashi

e 1979-1988 Hokkaido University Faculty of Engineering, graduate school of Engineering (Sapporo)
“Natural ventilation of buildings considering wind pressure fluctuation “

e 1988-1999 Sekisuihouse Itd. (Tokyo, Osaka, Shizuoka) Tokyo planning office and Research institute
“Adaptation of light steal structure to cold climate”, “Hybrid ventilation system “

* 1999-2014 Miyagi Gakuin Women'’s University Department of Lifestyle and Space Design (Sendai)

“Countermeasures against Sick house problems (Building Standard Law on Sick House Issues, 2003)
“Annex38 “Sustainable Solar Housing (IEA 2000-2005)”

2014- National Institute of Public Health (Wako) Research managing director
“Environmental health in buildings(LEHB1970)”, “Planning of welfare facility for infection control”
e 2020 Hokkaido University Faculty of Engineering (Sapporo)

“Countermeasures against COVID-19 in buildings




Using pathogen-free air to reduce
infection risks in buildings

Dr Christopher Iddon
Dr Benjamin Jones

University College London

University of Nottingham

W|IAIRB£:DS

AIRBODS.ORG.UK

Airborne Infection Reduction through Building Operation and Design for
SARS-CoV-2 (AIRBODS)

» UKRI funded
* Lead by Professor Malcolm Cook

» Loughborough University, University College London, the University of
Cambridge, the University of Nottingham, the University of Sheffield and
London South Bank University

» Aims to quantify the risk of transmission of SARS-CoV-2 in buildings, and
thereby offer guidance on the ventilation operation and future design of

non-domestic buildings

* Participating in the UK Government's Events Research Programme | |-/ %t
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Overview

* Mass balance model

* Uncertainty in viral emission rates
* Personal risk

* Population risk

W|IAIRB£:DS

Mass balance model

i HVAC filtration
Ventilation _

HVAC

Momentum-induced Tt 2
deposition and sorption e Recirculation

\

Suspension of
aerosols 5 ==k
Inhalation -..*, - Emission

Ventilation / I
Deposition of ‘

Absorption in larger droplets Infiltration
the respiratory tract

Biological decay
° °

Sorption and
ballistic deposition

W|IAIRB£:DS




Mass balance model

1. Gains
1. Emission from a person, G (#/s)

2. Entry from outside via ventilation [none]
3. Entry from outside via infiltration [none]
4. \Virus already present in the space [none]

@

The steady state number of viral genome
copies in a space as a function of time is:

G
2. Losses Mhe = —
. . . . . JSS L
1. Dilution via ventilation, g (s) @
2. Surface deposition, Y (s) _ _ _
3. Biological decay and UVC denaturing, A (s1) The concentration of viral genome copies
. . ’ is space dependent
4. Respiratory tract absorption, ¢ (s) P P 3
5. Filtration, w (s) Ngs/M
Here,p = +Y +A+(+w JHE
Viral load
| ( % S ?E i i (:\ \\_/
2 s |8 : .
oy a ) e (5]
2 = = B >
= = g g S
[ S S o = v
5 2 ol T B £
I3 3 Viral genome 5 b
) > & 0
>o 2 o
s & °
e 1 N IW 3 c
< | ¢ N W o
v S Critical @
- o Severe L >
2 iliness ?
e =
5
" Mild- <
/. moderate
',‘ illness
5 0 5 4 6 8 10 12 14 e

Time since symptom onset (days)

W|IAIRB£:DS

Cevik, M. et al. (2020) ‘Virology, transmission, and pathogenesis of SARS-CoV-
2’, BMJ (Clinical research ed.), 371, p. m3862. doi: 10.1136/bmj.m3862




Viral load

A - Severe (218 y) Nonsevere (218 y)
124 2 DFSO 4 DFSO 7 DFSO 10 DFSO
°
S:é 9 " «
€3 -
Za <«
5§38 6
T e
&8
g
c 3
0 v vt v )
0 30 0 30 0 30 0 30
Density (%)
® @
= — L 3
™ i .-’ -.‘.
888 A I R B%ijjiDS Chen et al (2021) SARS-CoV-2 shedding dynamics across the respiratory tract, sex, and | clele
disease severity for adult and pediatric COVID-19 https://doi.org/10.7554/eLife.70458 >

Viral load - historical perspective

Variability in the infectivity of different patients These calculations suggest that the index
was far greater than we realized at the time of case may have been exceptionally infectious
the previous report. It is now apparent that a and that the secondaries may have been,
statistical mean infectivity for far advanced on the average, only about one tenth as
tuberculosis cannot be approximated by taking the infectious

A Ao a q A Airborne spread of measles in a
average infectivity of any 6 patients in this stage S A "

of the disease. Two of our patients produced 19 Riley et al 1978
out of 22 infections in guinea pigs even though

62 patients occupied the ward during the period

under consideration. The astounding infectivity of

these two patients in comparison with the others

was related in part to the infectivity of their

sputum. The number of organisms seen on smear

was high and the infectivity for guinea pigs ex-

posed to artificially atomized sputum was also

hlgh Aerial dissemination of pulmonary tuberculosis: A o @
two year study of contagion in a tuberculosis ward ® ol &g 1
Riley et a 1959 S
™ * l®
888 A I R B%ijjiDS doi 10.1093/oxfordjournals.aje.a120069 | clele
doi 10.1093/oxfordjournals.aje.a112560




Relative Exposure Index
ZnScenario X

Relative Exposure Index =
Z nDefined scenario

nput ____| value

Room Volume 148.5m3

Number of Occupants 32

Breath rate 0.44m3/hr

Respiratory activity 75% breathing, 25% talking
Occupation time 7 hr

Air flow rate 160l/s (equivalent 5l/s/p) e

o ’ AIRBZ:DS UK Junior School Classroom

Relative Exposure Index

14 e e e e

828 A I R B & DS Jones, B. et al. (2020) ‘Modelling uncertainty in the relative risk of exposure to the SARS-CoV-2 virus by airborne aerosol
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5 person office REI = 10 50 person office REI = 1

-

[nput _|Value oput_Jvalue __|

Room Volume 150m? (30m3/person) Room Volume 1500m?3 (30m3/person)
Number of Occupants ) Number of Occupants 5

Breath rate 0.54m8/hr Breath rate 0.54m?/hr

Respiratory activity 75% breathing, 25% talking Respiratory activity 75% breathing, 25% talking
Occupation time 8 hr Occupation time 8 hr

Ventilation air flow rate y 50I/s (= 10l/s/p, 1.2ach) Ventilation air flow rate y 500I/s (= 10l/s/p, 1.2ach)
Biological decay A 0.6ach (= 25I/s) Biological decay A 0.6ach (= 2501/s)
Deposition y 0.4ach (= 17I/s) Deposition y 0.4ach (= 170l/s)

Total removal (equivalent
ventilation) @

Total removal (equivalent

(B AL ventilation) @

2.2ach (= 920l/s)

W|IAIRB£:DS
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Probability of Infector

P(I) =

0.8¢

Probability, P(I)

0.2+

0
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Number of Infected People, T

Figure 1: The probability of a number of infected people, I, present in the Big Office

(dark) and Small Office (light). P(I), when C' = 1%.
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Ventilation

2.5% Absolute PPl values are illustrative
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Figure 6: The effect of increasing the per capita ventilation rate, vV N~=!, in the Big
Office on the PPl and the TR when the per capita ventilation rate in the Small Office is
a constant 101s~! per person. All values are illustrative.
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volume and ventilation flow rate are fixed for a designed occupancy of 50 people
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What next?

Part 5

W|IAIRB£:DS

What next?

* A new focus in IAQ generally
* However, there are limits to what we can do to make building resilient

» There are limits to the effect ventilation can have on transmission risk in buildings
(community infection rate, high emission rate, social distancing)

» Personal and population risks are different

* When a building is occupied, there is no such thing as zero risk

» We must re-evaluate existing ventilation systems

» We must consider behavior (using systems appropriately)

* Regulation? (periodic demonstration of performance e.g. Sweden)
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AIVC Workshop, May 2023, Tokyo

Revision of ISO17772-1 and
EN16798-1 Standards Dealing with
Indoor Environmental Quality

Bjarne W. Olesen

Intl. Centre for Indoor Environment and Energy,
Technical University of Denmark

International Standards
Indoor Environmental Quality

* EN16798-1 and ISO 17772-1:
* EN TR 16798-2 and ISO TR 17772:

DS/CEN/TR 16798-2:2019

EUROPEAN STANDARD EN 16798-1 TECHNICAL REPORT CEN/TR 16798-2
NORME EUROPEENNE RAPPORT TECHNIQUE
EUROPAISCHE NORM May 2019 TECHNISCHER BERICHT May 2019
Supersedes EN 15251:2007
English Version
:“ghSh Version Energy performance of buildings - Ventilation for buildings
Energy performance of bﬁlﬁs&ings - Ventilation for buildings - Part 2: Interpretation of the requirements in EN 16798-1
- Part 1: Indoor environmental input parameters for - Indoor environmental input parameters for design and
design and assessment of energy performance of buildings assessment of energy performance of buildings addressing
addressing indoor air quality, thermal environment, indoor air quality, thermal environment, lighting and

lighting and acoustics - Module M1-6 acoustics (Module M1-6)




Suggested procedure

» There is a need to revise ISO 17772-1 and -2 (foreseen as ISO
52007) in parallel to the revision in Europe of EN 16798-1.

— CEN has decided not to do the revision through a Vienna agreement. It is
however still important that the two standards do not conflict with each
other.

» There is a wish to make a clearer distinction between the different
parts; and therefore, have separate parts for Thermal Comfort,
Indoor Air Quality, Lighting, Acoustic; but still as one standard.

It is also important that the content is aligned to the existing
structure and content of ISO17772

Committees involved

e ISO/TC 163 Thermal performance and energy use in the built
environment

o ISO/TC 163/WG 4 Joint ISO/TC 163 - ISO/TC 205 WG: Energy
performance of buildings using holistic approach

e |ISO/TC 205 Building environment design
o ISO/TC 205/WG 3 Building Automation and Control System
(BACS) Design
e |SO/TC 274 Light and lighting

o ISO/TC 274/JWG 1 Energy performance of lighting in buildings
(joint working group with CIE-JTC 6)

e ISO/TC 43/SC 2 Building acoustics




Structure for 52007

Document and title Responsible Committee(s)
ISO 52007-1 Overarching standard Overarching TC163/205)WG
150 52007-2 Technical Report with members from TC274

and TC43/5C 2

ISO 52007-3 Thermal Comfort Thermal Comfort
I1SO 52007-4 Technical Report and TC163/205JWG

Guidance for part 3
I1SO 52007-5 Indoor Air Quality Indoor Air Quality
ISO 52007-6 Technical Report and TC163/205IWG

Guidance for part S
ISO 52007-7 Lighting TC 274/JWG 1 (- CIE JTC6)
ISO 52007-8 Technical Report and Collaboration route recommendation

Guidance for part 7 expected from the ISO/TC 274/JAG
ISO 52007-9 Acoustic TC43/SC2
IS0 52007-10 Technical Report and

Guidance for part 9

Categories

Category Level of expectation

IEQ, High
IEQ, Medium
IEQ, Moderate

IEQ,y Low

* The categories are related to the level of expectations the occupants may
have.

* A normal level would be “Medium”.

* A higher level may be selected for occupants with special needs (children,
elderly, handicapped, etc.).

* Alower level will not provide any health risk but may decrease comfort.




Recommended thermal comfort categories for design
of mechanical heated and cooled buildings

Category Thermal state of the body as a whole
PPD Predicted
% Mean Vote
| <6 -0.2<PMV <+0.2
| <10 -0.5<PMV<+0.5
]| <15 -0.7 <PMV <+ 0.7
]| <25 -1.0<PMV<+1.0

Temperature ranges for dimensioning and hourly calculation
of cooling and heating energy in three categories of indoor

environment

Type of building/ space Category QOperative Temperature for

Energy Calculations

o

C
Offices and spaces with Heating (winter Cooling (summer
similar activity (single season), ~1,0 clo  season), ~ 0,5 clo
offices, open plan offices,
conference rooms, I 21,0 - 23,0 23,5 - 25,5
auditorium, cafeteria,
restaurants, class rooms, I 20’0 - 24’0 23’0 N 26’0
Sedentary activity ~1,2 met
e Y 111 19,0 — 25,0 22,0-27,0

v 17,0 — 26,0 21,0 - 28,0




Temperature ranges for dimensioning and
hourly calculation of cooling and heating
energy in four categories of indoor

environment

Heating : « Temperature ranges consider for the four
Cooling season, . . .

season (0.5 clo) categories of indoor environment

Cat. (1.0clo) oC recommended for sedentary work (1.2
°C met) in [SO 17772-1.

| 21.0-23.0 23.5-255 * Air velocity is assumed below 0.1 m/s

I 20.0-24.0 23.0-26.0 and the relative humidity is 40% for

I 190-250 22.0-27.0 heating seasons and 60% for cooling

seasons.

IV 17.0-250 21.0-28.0

This will work for establishing design values for dimensioning of
heating and cooling systems by using the lower value in heating
season for the heating system and the upper value in cooling
season for the cooling system.

Issues

e The method do not explain what to do regarding room temperatures in
shoulder seasons (spring, fall)

- The standard recommends defining heating season when the outside running
mean temperature is below 10 °C and cooling season when it is above 15 °C.

- As comfort criteria for spring/fall you may use 0.75 clo or use the adapted
model during those seasons

e No yearly Key Performance Indicator (KPI) for thermal comfort, while for
energy you have one value kWh/m?2 per year

— A KPI can be calculated based on the percentage of occupied hours inside the
categories of indoor environmental quality defined in ISO 17772-1.

- The score assigned weighted values for % time spent in each category, and
provides a single value from 1 (Best) to 5 (Worst) equation (2)

TCS =%Cat.I+1+ (%Cat. 1l —%Cat.I) * 2+ (%Cat. Il — %Cat.Il) * 3 + (2)
(%Cat. IV — %Cat.11I) 4 + Y%outside * 5
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 activity levels lie most of the time in the range of 1,2 - 1,6
met

 clothing insulation can be varied according to momentary
preferences from 0,5 to 1,0 clo

» access to operable windows
* less than 4 persons per room
* such as dwellings and office buildings.

Issues-Adapted Method

e When to use adapted method is still unclear
e What to do in mixed-mode buildings?




CRITERIA FOR INDOOR AIR
QUALITY ~VENTILATION RATES

COMFORT (Perceived Air Quality)

HEALTH

PRODUCTIVITY
ENERGY

- o

Indoor Air Quality

e Design parameters for indoor air quality shall be derived using one or
more of the following methods:

1. Method 1: Method based on perceived air quality;
2. Method 2: Method using limit values for individual substances
3. Method 3: Method based on predefined ventilation air flow rates.




Concept for calculation of design ventilation rate
Method 1

People Component Building Component

Breathing Zone

Outdoor Airflow
Ve = R, A,
Minimum /
I/s/Person Building Area
Number of Minimum
People I/'s/m?

Basic required ventilation rates for diluting emissions
(bio effluents) from people for different categories

Expected Airflow per non-
Category Percentage adapted person
Dissatisfied l/(s.pers)
I 15 10
| 20 7
]| 30 4
v 40 2,5%

*The total ventilation rate must never be lower than 4 I/s per person

ASHRAE Standard 62.1 : Adapted persons 2,5 1/s person (Cat. I1)




Design ventilation rates for diluting
emissions from buildings

for health

Low polluting Non low-
Very low . .
. building polluting
Category polluting -
- building
building (s m?) li(s m?)
l/(s m?)
| 0,5 1,0 2,0
I 0,35 0,7 1,4
i 0,2 0,4 0,8
\") 0,15 0,3 0,6
Minimum total
ventilation rate 4 |/s person 4 |/s person 4 |/s person

Example on how to define low and
very low polluting buildings

Low emitting Very tow emitting
SOURCE products for low products for very
olluted buildings | 0" Polluted
P 9 buildings
Total VOCs TVOC
<1. 3 < 3
(as in CEN/TS 16516) |~ 1000 Ha/m 300 pg/m
Formaldehyde <100 pg/m? < 30 ug/m?®
Any C1A or C1B
classified < 5 pg/m® < 5 pg/m®
carcinogenic VOC
R value (as in
CEN/TS16516) <1.0 <1.0




Issues

e Need for better emission data for building materials, furniture etc.
e Difficult to estimate what building type you have

» Where

qsupply

Total ventilation rate

9 o1 :n°qp+AR'qB

qsupply - qtot/ Ey

g, = the ventilation effectiveness (EN13779)

= ventilation rate supplied by the ventilation system
q,,~ total ventilation rate for the breathing zone, 1/s

n = design value for the number of the persons in the room,
q, = ventilation rate for occupancy per person, I/s, pers
A= room floor area, m?

gz = ventilation rate for emissions from building, 1/s,m?




Example of design ventilation air flow rates for a single-person
office of 10 m? in a low polluting building (un-adapted person)

Airflow
Low- per non- Total design ventilation air flow
Cate- polluting |adapted rate for the room
gory building |person
l/(s*m? IIs l/(s*person) 1/(s* m2)
l/(s*person)
| 1,0 10 20 20 2
Il 0,7 7 14 14 1,4
1 0,4 4 8 8 0,8
v 0,3 2,5 5,5 5,5 0,55
Design ventilation rates
qp | qp qB qtot qs qtot qB qtot
S
o= minimum
g > g £ ventilation
s
= § §.o E 4 rate
% & % S N& 1/ I/s |1/s,m2| 1/s,m? |1/s,pers|1/s,m2 | 1/s,m2 |l/s,pers| 1/s,m2 | 1/s, m? |1/s,pers
g c = E|(sm?)| pers.
>
= for occupancy | for very lo-w-lfﬁ)tlluted for low-polluted for non-low-polluted
only building building building
Single office I 10 1 10 0,5 1,5 15 1 2,0 2 3,0 30
11 10 0,7 7 0,35 11 11 0,7 1,4 1,4 2,1 21
11 10 0,4 4 0,2 0,6 6 0,4 0,8 0,8 1,2 12
v 10 0,25 2,5 0,15 0,4 4 0,3 0,6 0,6 0,9 9
Landscaped I 15 0,7 10 0,5 1,2 18 1 1,7 2 2,7 40
office
11 15 0,5 7 0,35 0,8 12 0,7 1,2 1,4 1,9 28
I 15 0,3 4 0,2 0,5 7 0,4 0,7 0,8 1,1 16
v 15 0,2 2,5 0,15 0,3 5 0,3 0,5 7,0 0,6 0,8 12
Conference I 2 5 10 0,5 55 11 1 6,0 12,0 2 7,0 14
room
11 2 3,5 7 0,35 3,9 8 0,7 4,2 8,4 1,4 4,9 10
I 2 2 4 0,2 2,2 4 0,4 2,4 4.8 0,8 2,8 6
I\ 2 | 125 | 25 | 015 |14 18| (3)4 03 | (16)4 | 141l o6 1,9 4




Type of  Occu- Cate- Occupants Additional ventilation for Total

building/ pancy gory only building (add only one) I/s-m?
space person/m2 CEN /s person 1/s-m>
ASH- CEN CEN CEN ASH- CEN ASH-
RAE low- Non-low- RAE Low RAE
Rp polluting polluting Ra Pol.
building  building
Single A 10 1,0 2,0 2
office 0,1 B 2,5 7 0’7 1’4 0,3 1’4 0,55
(cellular
office) ’ g Y
Land- A 10 1,0 2,0 1,7
Scaped 0,07 B 2,5 7 0,7 1,4 0,3 1’2 0,48
office
C 4 0,4 0,8 0,7
Confe- A 10 1,0 2,0 6
rence 0,5 B 2,5 7 0,7 1,4 0,3 4’2 1,55
room
C 4 0,4 0,8 2,4

11/s m?2 =0.2 cfm/ft?

HEALTH CRITERIA FOR
VENTILATION
ISO 17772-1 and prEN16798-1

Minimum 4 1/s/person




Specific Pollutants-Method 2

The ventilation rate required to dilute a pollutant shall be calculated by this equation:

Gy 1
R Eq (2)
Ch,i - Ch,o Ey

where:
Q, is the ventilation rate required for dilution, in litre per second;
Gy is the pollution load of a pollutant, in micrograms per second;
Chi isthe guideline value of a pollutant, see Annex B6 , in micrograms per m?;
Cho is the supply concentration of pollutants at the air intake, in micrograms per m~;
gy is the ventilation effectiveness

NOTE. Ch;i and Cn, may also be expressed as ppm (vol/vol). In this case the pollution load Gy has to be
expressed as I/s.

wo T e
Pollutant Indoor Air Quality guidelines
uidelines 2010 . . .
i 2005 WHO guidelines values for indoor and
Benzene X - .
T outdoor air pollutants
mg/m? 1h
Carbon monoxide ?nean: 35 mg/m?®
8h mean: 10 mg/m?
i e 100 There is a need for health/comfort
ormaldehyde ) - i .
— A mean 10 criteria for other substances
aphthalene /m3 -
} » 1h mealrjf200 pg/m? . . .
Nirogen doxide | Amual mean 40 | Particles must be included in the
Poveromate | No safe ove can be standard
Hydrocarbons (e.g. N dfetelrmirl\ed b -
Benzo Pyrene A Bla]P)
100 Bg/m?®
Radon (sometimes 300
mg/m?3,

country-specific)
No safe level can be

Trichlorethylene

determined
Annual mean: 250
Tetrachloroethylene
ug/m?
10 min. mean: 500
Sulfure dioxide - pg/m®  24h mean:
20 mg/m3
Ozone - 8h mean:100 ug/m?

24h mean: 25 pg/m3

Particulate Matter
Annual mean: 10

PM 2,5
pg/m3

24h mean: 50 pug/m?®
Annual mean: 20
pg/m3

Particulate Matter
PM 10




% DISSATISFIED (PD)

%
60

50

40

30

20

10

0

CO, as reference not consistent with Method 1

Category C

PD =395+ exp (- 15.15+ Cco, " %)

Category Corresponding CO, concentration
above outdoors in PPM for non-

adapted persons

I
L R

0 500 1000

1500

2000

2500 3000 p

CARBON DIOXIDE ABOVE OUTDOORS (Cco,)

pm

Table B2.5 - Example of equivalent increase in CO, levels indoor for the total ventilation rates
specified in Table B2.3

Type of building | Category | occupancy ACO; [ppm]
or space 3
person/m” | very low- Not low-
polluting | low-polluting |polluting

| 0.1 370 278 185
Singlaofics Il 0.1 529 j[397 265
I 0.1 926 694 463
IV 0,1 1389 1010 654
| 0,07 317 222 139
, I 0,07 454 317 198
Land-scaped office M 0.07 221 555 347
I\ 0,07 1235 794 483
I 0.5 505 463 397
Conference room I 0.5 722 ]..661 i
I 0.5 1263 1157 992

v 0,5 1462 1389 1502
| 1,33 535 517 483
e I 1,33 765 738 690

11l 1.33 1347 1300 1208

IV 1.33 1576 1398 1576




Issues

e Target CO, concentration should correctly be set as difference between
inside and outside

e Target CO, concentration for the same level of air quality depends on
occupant density

e Should we allow to use a dynamic formular for individual substances
(meeting rooms, class rooms, etc.)

e If air cleaning technologies are used and partly substituting for outside
air the resulting room concentration of CO2 will be higher for the same
level of air quality.

Cat. | Method 2 Method 1
COz2 above Single office
outdoors Low-pol. building
CO2 above outdoors
PPM PPM
(I/s*pers.) (I/s*pers.)
| 550 (10) 278 (20)
II 800 (7) 397 (14)
III 1350 (4) 694 (8)
v 1350 (4) 1010 (5.5)
Building and Environment 206 (2021) 108387
Contents lists available at ScienceDirect - E:E/Igne”rﬁ
Building and Environment | \ 4 R IS k— b ase d
) . y . LA . .
ournal homepage: www.elsevier.com/locate/buildenv
o ventilation
'.) .
Respiratory infection risk-based ventilation design method e d e S | g n

Jarek Kurnitski ", Martin Kiil >, Pawel Wargocki ®, Atze Boerstra >, Olli Seppénen ',
Bjarne Olesen “, Lidia Morawska &h

Supply
A o
M[_Xln_g Extract
ventilation
o 15m
£ Removal mechanisms:
"oy o .
S . Ventilation
5 . Particle filtration
= . Disinfection
g . Deposition
B . Deactivation
&
€ | High
Q " 5
g | airborne Low ventilation rate
8 | exposure
w
=
k=
s
High ventilation rate
| -
Ll
Distance from the infection source, m




Ventilation rate equation at given probability

Assuming steady state and substituting C,,, and E, and considering that outdoor air ventilation
rate Q = A,V results:

(1-n)lq p(1-ns)D
p=1—e Q+(Agep+k+ks)V

« Solving this equation for outdoor air ventilation rate Q (m3/h) gives

_ (1 —=n)IqQp(1 —ns)D

In =)

Q — (Aaep + k + kp)V

e (masks and air cleaner included)

REHVA

Federation of %

European Heating, S Z
Ventilation and https://www.researchgatenet/publication/350111 147vP['0prmt__'f‘A_m‘vL
Air Conditioning

Associations e

Example criteria for personalized
systems

Aspect Requirement

‘Temperature’ control At workstation level, the (operative/equivalent) temperature is adjustable

winter with a response speed of at least 0,5 K/minute within a range of 5 K, from
18 °Cto 23 °C.

‘Temperature’ control At workstation level, the (equivalent) temperature is adjustable (with a

summer response speed of at least 0,5 K/minute within a range of 5 K, from 22 °C
to 27 °C.

Fresh air supply control Local fresh air supply (per workstation) is adjustable from around 0 to at
least 7 1/s.

Delivered air quality For requirements related to air cleaning technology: see Annex K.

Installation noise Noise level - with the personalized system in the highest setting - should
not be higher than 35 dB(A).

This is a topic under IEA -EBC Annex 87 “PECS”




Air Distribution Effectiveness

&y

_C-Cy
C[_CS

CEN Report CR 1752 (1998)

Concentrations:

C: exhaust air
Cs supply air
C, breathing zone

Mixing ventilation

Mixing ventilation

Displacement ventilation

Personalized ventilation

> — = L,
= ﬁ
T supply - | Vent. effect.| Tsupply - [ Vent. effect.| T supply - | Vent. effect. | T supply - | Vent. effect.
Tinhal T inhal T inhal T room
°C - °C - °C - °C -
<0 0,9-1,0 <-5 0,9 <0 1,2-1,4 -6 1,2-2,2
0-2 0,9 -5-0 09-1,0 0-2 0,7-0,9 -3 1,3-2,3
2-5 0,8 >0 1 >2 0,2-0,7 0 1,6-3,5
>5 0,4-0,7
Issues-PECS

No. available test standard

Must be designed/dimensioned for a more narrow temperature range
How much can you relax requirements to the ambient system?
Issues are part of EBC-IEA Annex 87




ISSUES for REVISION

* Not consistent requirements based on CO,
* Need to include criteria for particles
* Need criteria for substances not included in WHO guideline

* Demand Control Ventilation based on CO, requires different set-points:
* Influenced by occupant density
* If required ventilation is partly substituted by air cleaning

* Ventilation and cross contamination (pandemic, flue, etc. )

* Personalized Environmental Control Systems (personalized ventilation)
* More focus on ventilation efficiency

* KPI’s for yearly performance

Thank You

bwo@byg.dtu.dk




Pawel Wargocki \ ;%, 7
International Centre for Indoor Environment and Energy 2
DTU SUSTAIN, Technical University of Denmark (DTU) y
pawar@dtu.dk

Role of air cleaning in
infection control
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Preface

Whatwill it take to make diners feel safe indoors? Nearly 60% feel uneasy
eating inside, so restaurants try sterilizing UV wands, tabletop air
purifiers as winter looms.

T — Chicago Tribune

How to Keep the Coronavirus at Bay
Indoors

Ehe New ork Eimes

By Apoorva Mandavilli Tips for dodging the virus as Americans retreat from colder

weather: Open the windows, buy an air filter — and forget the
UV lights.

T,

Study uncovers safety concerns with

some air purifiers EurekAlert!

Joint university research finds some air purifiers may actually increase harmful

Sepl. 27, 2020

airborne chemicals
-

h 11 :_IlulTw-oleklule
. . =i P, here has never been
More Than 1(20 Missouri Schools. a better business (or
Have Bought ‘Often Unproven’ Air- planetary) climate in
Cleaning Technology m which to calm and

stoke your anxieties
about dirty air.

CLEARING THE AIR

Do Air Filters In HVAC Systems Offer Protection
Against Coronavirus Indoors? It Depends [piscover

There are air filters that can catch particles laden with SARS-CoV-2. But whether or not the filtration happens depends

on other factors.
| F '
i ¥

Schools spending millions on air purifiers often sold

using overblown claims
By Laurengeber and Christina Jewe:n. Kaiser Health News heblth

By Lesi Nemo | 3l 17, 2020 11:45 AM

m Caution to the Wind

1 Desperate to reopen and loaded with timulus cash schools are spending millions on high-tech purifers But are they safe?

MAY 27, 2021

= e [T EER
The lonizer in Your School May Not Do Much to Fight Covid

99 percent of viruses. y ai air filters are

more effective.
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Objective

* The true (/ hope) story about the effects of filtration and air
cleaning on reducing the risk of infectious disease in occupied
buildings (with no potential of adverse effects).
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Introduction
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Recommendations

ASHRAE EPIDEMICTASK FORCE

Core Recommendations for Reducing Airborne Infectious
Aerosol Exposure

The following recommendations are the basis for the detailed guidance issued by ASHRAE Epidemic Task
Force. They are based on the concept that within limits ventilation, filtration, and air cleaners can be
deployed flexibly to achieve exposure bject ints that may fort,
energy use, and costs. This is done by setting targets for equivalent clean air supply rate and expressing
the performance of filters, air cleaners, and other removal mechanisms in these terms.

1. Public Health Guidance - Follow all current regulatory and statutory requirements and
recommendations, including vaccination, wearing of masks and other personal protective
equipment, social distancing, administrative measures, circulation of occupants, hygiene, and
sanitation.

2. Ventilation, Filtration, Air Cleaning
2.1 Provid

specified by applicable codes and standards.
22 13 or better levels of
2.3 Only use air cleaners for
24 air cleaners,
posur

3. Air Distribution - Where directional airflow is not specifically required, or not recommended as the
result of a risk assessment, promote mixing of space air without causing strong air currents that
increase direct transmission from person-to-person.

4. HVAC System Operation
4.1 Maintain temperature and humidity design set points.

4.2 Maintain equivalent clean air supply required for design occupancy whenever anyone is present
in the space served by a system.

4.3 When necessary to flush spaces between occupied periods, operate systems for a time required
to achieve three air changes of equivalent clean air supply.

4.4 Limit re-entry of contaminated air that may re-enter the building from energy recovery devices,
outdoor air, and other sources to acceptable levels.

5. System Commissioning ~ Verify that HVAC systems are functioning as designed.

The Lancet COVID-19 Commission Task Force
on Safe Work, Safe School, and Safe Travel

The First Four Healthy
Bu

ilding Strategies

Every Building Should
Pursue to Reduce Risk

3.UPGRADE AIR FILTERSTO 4.
MINIMUM EFFICIENCY
REPORTING VALUE (MERV) 13

HVAC systems often have ar filters to

from COVID-19

JuLY 2022

'SUPPLEMENT WITH PORTABLE AIR
'CLEANERS, WHERE NEEDED
Free-standing, plug-in portable air cleaners with
high efficiency particulate ar (HEPA) filters capture

thatis brought indoors and from air that s
recirculated within the building.

are deployed,
when sized correctly”

~Benefits related to reducing the risk of COVID-19

gy

9
h f MERV 1.

the transport of airborne particles while systems

viral material

are operating, which
infectious disease transmission within rooms and
between rooms

+Benefits beyond disease transmission:
Enhanced filtration can reduce indoor concentrations.

Portable air cleaners can reduce indoor
concentrations of any airbome particles and
reduce the sk of harmful particle-induced
impacts on neurological/cognitive respiratory,

igin (eg.
cooking, cleaning or vacuuming, frequent use of
printers) o outdoor origin (e.g, vehicle traffic,
wildfres, desert dust storms). Expostre to fine
particulate matter s associated with reduced
cognitive function and reduced respiratory and
cardiovascular health e stausssesr

+Feaslbllity:
Portable air cleaners are cost-effective, flexible
solutions to reduce the risk of airborne infectious
disease transmission in spaces where other
ventiation and filtration modifications are
impossible, or where bulding occupants seek

~Feasibility:

Filter upgrades may not be possible for all
HVAC systems; HVAC professionals should be
consulted before flter changes are made ina
building. Annual material, labor, and fan
energy costs associated with the use of MERV.
13 fitration in a hypothetical 500 m office are:

estimated to be $156.%

additional reassurance about air quality:
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Non-infectious air delivery rate

(NADR)

The Lancet COVID-19 Commission
Task Force on Safe Work, Safe School, and Safe Travel

Proposed Non-infectious
Air Delivery Rates (NADR)

for Reducing Exposure
to Airborne Respiratory
Infectious Diseases

NOVEMBER 2022

TABLE 1.

Proposed Non-infectious Air Delivery Rates (NADR) for Reducing Exposure to Airborne Respiratory Diseases;
The Lancet COVID-19 Commission Task Force on Safe School, Safe Work, and Safe Travel

Volumetric flow rate
per volume

Volumetric flow rate
per person

Volumetric flow rate
per floor area

ACHe

cfm/person | L/s/person

L/s/m?

Good

21 10

2.8 + ASHRAE

outdoor air ventilation

outdoor air ventilation

Better 6 30

1.0 + ASHRAE minimum
outdoor air ventilation

5.1 + ASHRAE minimum
outdoor air ventilation

Best >6 >30

>14

>1.0 + ASHRAE minimum
outdoor air ventilation

>5.1 + ASHRAE minimum
outdoor air ventilation
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May 12-2023: ASHRAE 241 and CDC

CDC Centers for Disease Control and Prevention

CDC 24/7: Saving Lives, Protecting People™

ASHRAE Standard 241P 5 h
Advisory Public Review Draft a C

Control of Infectious Aerosols

Tabie 5-1 Minimum Equivalent Outdoor Air per person for Infection Control Rates in Brecthing Zone

EQAi
Occupazcy Category CF\Uperzon Liz/perzen
OfSce 40 20
Educational Facilities 30 23
Food and Beverage Facilities 0 20
Residential 30 23
Retazl 20 10
Gym $0 0
Pablic Assambly spaces 20 10
Place of religicus wonkbip 30 13
Healthcare exam room () 30
Healthcare patient room 180 S0
Healthcare res:dent rocz 80 40
Common Sreatment are S0 43
Healthcare waiting room 120 60

(=}
—
(=

M

Aerosol transmission, long range

7
« small aerosols | « .
® large aerosols "% w =T g 8 s 6
© large droplets 8 = E o y ¥ . OUtdOOI"
>100 um ° * B
: ’ 5 alr
4 Virus
inactivation
3 .
Particle
2 deposition
: ] No air
. , cleaning
. 0

Loss rate (h*')

Sources: Morawska et al. (2020); Johnson et al. (2004); Van Dormalen et al. (2020); Hussein and Kulmala (2008); ANSI/AHAM AC-1
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Aerosol transmission, long range

« small aerosols | « g s . . = . 7
ol Outdoor
>100 um 6 .
g air
° Virus
4 inactivation
3 Particle
deposition
) 2 Air
T, , ] cleaning
0

Loss rate (h)

Sources: Morawska et al. (2020); Johnson et al. (2004); Van Dormalen et al. (2020); Hussein and Kulmala (2008); ANSI/AHAM AC-1
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Air cleaning
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= The effect of air cleaner => additional
dilution/removal => lower risk
< ya i Cref ? - — —E =550 =——E =970 =--n- E=1510
k Q-Co+E IR
«— Crcf =L C ol
” Q+k-V o
QI CO -ld 70 *
—_— 9 w
ua 40
>
—<F~F—  Cuc Qcap E 2
<+ QCo+E B
K _ 0 © o |
“ e | Cac Q+k-V+Qcapr g .
\Vi o 0 2 4 6 8 10 12
Q C§ ﬁ \ L (h1), total loss rate (ventilation,
deposition, filtration, and inactivation)
Sources: Miller et al. (2021)
DTU
-—
>

Air cleaning technologies

Technology Mechanism of Key parameters Example
action
“subtractive” Bemgving or e Airflow rat.e FiIte'rs,' electrostatic
technologies |nact|va.t|ng targeted F‘.':\ce velocity N precipitators _(ESPs),
. contaminants from * Single-pass efficiency sorbent media (for gases),
(filters, . . - .
sorbents) mdoor. air when th'ey . . excitation media, UVGI
come in contact with  * Potential for by-product formation
the technology
Adding constituents * Type, concentration and dose of additives lonizers, bipolar ionization,
“Additive” to the air to remove * Potential toxicity of additives needle point discharge,
technologies particles, inactivate * Potential for by-product formation ozone, plasma, hydrogen
(electronicand  microorganisms e Airflow peroxide, PCO, reactive
reactive air and/or react with * Face velocity oxygen species, oxidants,
cleaners) chemical * Location with respect to space fumigation, UVGI
contaminants * Recirculated vs 100% OA
Hybrid @

Courtesy of Gall and Stephens
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Courtesy of Gall and Stephens

Common test standards

M

Test Standards
(Rating Metrics)

ASHRAE 52.2 (MERV)
1SO 16890 (ePM)
1SO 29463 (HEPA)

Technology Target Pollutant(s)

Fibrous media filters Particles Proprietary standards (FPR,MPR)
Portable air cleaners:
AHAM AC-1 (CADR)
Sorbent Gases ASHRAE 145.2
Ultraviolet germicidal Air: ASHRAE 185.1

Microbial particles

irradiation (UVGI) Surfaces: ASHRAE 185.2

Electrostati . . -
precip?ictartzsrsa(IIECSPs) Particles+ No rating; some ozone emission standards (UL 2998) x

loni I . . .
sggfasﬁgzalsgf_' Particles+ No rating; some ozone emission standards (UL 2998) *

ASHRAE Standard 62.1-2019 requires any air cleaning technologies to comply with UL 2998 (0 ppb ozone)

(=}
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Position documents providing guidelines  pgj HAE@‘\

All filtration and air-cleaning technologies should be accompanied by data

documenting their performance regarding removal of contaminants; these data

should be based on established industry test standards. If not available, scientifically ASHRAE Position Document on
controlled third-party evaluation and documentation should be provided. Filtration and Air Cleaning

Devices that use the reactivity of ozone for the purpose of cleaning the air should not

be used in occupied spaces because of negative health effects that arise from Approvad by ASHRAE Board of Directors
exposure to ozone and its reaction products. Extreme caution is warranted when Ja"”::)::“”
using devices that emit a significant amount of ozone as by-product of their January 29,2013
operation, rather than as a method of air cleaning. These devices pose a potential risk

to health.

Commissioning, active maintenance, and monitoring of filtration and air-cleaning devices
are needed to ensure design performance.

In the absence of robust information regarding safe levels of ozone, the precautionary principle should be used. Any ozone
emission (beyond a trivial amount that any electrical device can emit) should be seen as a negative and use of an ozone-
emitting air cleaner, even though the ozoneis an unintentional by-product of operation, may represent a net negative impact
on indoor air quality and thus should be used with caution. If possible, non-ozone-emitting alternatives should be used. pa—
1791 Tullie Circle, NE - Atlanta, Georgia 30320-2305
. . L . . . . 404-636-8400 + fax; 404-321-5478  wwweashrae.org
Attentionmust be paid to certain air-cleaning technologies that claim to produce radicals (e.g.,hydroperoxy, peroxy, and
hydroxyl radicals) that become airborne (gaseous state) as a means of effecting air cleaning/treatment
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Air filtration
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THE RELATIVE SIZE
uF PARTIGLES HUMAN HAIR 50-180um >

FOR SCALE

Fram the COVID-19 pandemic to the US.

‘West Coast wildfires, some of the biggest

threats now are also the most microscopic. -

A particle needs {0 be 10 micrans () or FINE BEACH SAND 90um *
Tess

re it can ba inhaled inte your

respirstary tract. But just how small sre
L ekt GRAIN OF SALT 60um »
Here's a look at the relative sizes of

some familiar particles 3
WHITE BLOOD CELL 25pum »

GRAIN OF POLLEN 15um

DUST PARTICLE (PM1a) <10pum »

RED BLOOD CELL 7-8pm 7

Oy, Pollen can trigger allergic reactions.
D% and hay fever—which 1in 5
O americans experience svery year.

RESPIRATORY DROPLETS 5-10um »

DUST PARTICLE (PMa.s) 2.5um »

* The visibility limits for what the naked
oye Gan see havars around 10-40Um,

BACTERIUM 1-3um »

WALBFIRE SMOKE 0.4 0.7um + ‘/ E,
~ CORONAVIRUS 0.1-0.5um ,. . ‘ p

T4 BACTERIOPHAGE 0.225um &

e co e e
e e

to carry smaller particles within them,
such as dust or coronavirus.

0.5 um
(0.2-100 pum)

P o =] Wildfire smoke can persist in the air for
. 5 =1 several days, and even months.
& s,

Sources: Visual Capitalist
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HEPA: At least 99.97% efficient at
filtering 0.3 pm (most penetrating)
particles in standard tests

M

\\\\\

v 99% efficient

80% - MERV 16
2 60% - 2
< 14
E MERV 13
o 40% -

Impaction & interception

0.01 0.1 03 1.0 10
Particle Mean Diameter, pm
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ASHRAE Recommendations: MERV 13

MERV 8 + MERV 11 = MERV 13

MERV 11 + UVC 60% = MERV 13
MERV 8 + UVC 80% = MERV 13
MERV 11 + HEPA CADR 150= MERV 13

MERYV 8 + HEPA CADR 300= MERV 13

Courtesy of Zaatari
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Do-it-yourself (DIY) portable air cleaners,
e.g. Corsi-Rosenthal

Sources: Sactown Magazine
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No field data, only modeling

m Without using mask m With mask
RC - Reference case (case 3a, ventilation (7 L/s-person)+ MERV 8 filter with a default quanta generation of 1 quantum/h)
a - ventilation + MERV 8 filter b - ventilation + MERV 8 filter + mask
c - ventilation + MERV 13 filter d - ventilation + MERV 13 filter + mask

e - ventilation + MERV 8 filter + portable air cleaner(s) f - ventilation + MERV 8 filter + portable air cleaner(s) + mask

Not in compliance Comply with or exceed
1 ]
1 1
VR = 2.8 L/s-person , VR=4.3 L/s-person VR =7 L/s-person , VR =10.5L/s-person
120% - (40% of code i (70% of code (100% of code | (150% of code

requirement) requirement) i requirement) i requirement)

100% | ggg-----="TTee ! 1 Reference (3a)

80%

60%

40%

Relative risk of infection

20%

_1a lb 1c 1d 1le 1f 2a2b 2c 2d 2e 2f 3a 3b 3c 3d 3e 3f 4a 4b 4c 4d 4e 4f

Scenario case number

Sources: California Department of Public Health
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Sources: Buonanno et al. (2022)

Field validation with increased ventilation

100000 ¢

mmonthly IP, w/o MVS
Cimonthly IP, w/ MVS daily 1C, Marche region

10000 -

)
£ 1000
5 E
2 [ monthlyIC,woMVS  __.--""" 492 551 L
é’ monthly IC, w/o MVS e IC=incidence cases
S L L-="7 181 — .
S W o IP=incidence proportion
l:- 48 monthly IC, w/ MVS
= 2 13
9O 10 § |, oriam e S : "

[ 24 27

] E
E 0.9
0.1 | - -
Sept. 2021 Oct. 2021 Nov. 2021 Dec. 2021 Jan. 2022
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Other air cleaners




oy =
" Electronic Air =S
Cleaners —-EACs,or |[E ", ." .

additive air cleaners

4 broad categories and But the mechanism is Fact 1: Free radicals

MANY MANY names E the same: _.9 and/or ozone produced
- - - | O
ergg;c;%agal:l)wcHsg;ggggn Create reactive ions, (O Fact 2: Indiscriminate
(O Peroxide (DHP) ] mixtures of reactive LL and unpredictable
Z oxygen species (ROS), reactions
) L ozone, hydroxyl
- Bipolar O radicals, superoxide
lonization/Corona Q@) anions, etc. in air that
Discharge/ Needlepoint react with airborne
lonization contaminants
- Oxidants
- Fumigation
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UVGI and UVC

UV-C energy: 265 nm optimum wavelength for damaging DNA and RNA.

@ What?

» Air and/or surface

» Upper room, in duct, portable

How much?
* On the fly air disinfection: Minimum target UVC dose

(254 nm) of 1,500 uyWes/cm? (1,500 pJ/cm2) to get 99%

removal.

* Should be coupled with mechanical filtration
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Challenges
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Major misconceptions and problems

* Efficiency vs. effectiveness or efficiency vs. CADR
* Production of ozone or other reactive species

» Chemical transformations producing new species, (potentially) toxic
pollutants

* CADR vs. noise, noise vs. Efficiency

« Commissioning, maintenance, operation, monitoring, documentation




DTU
= CADR Scales With Volume of Test Chamber

Consider the following test result: What is the CADR if the
tested in a chamber with

* 99,99% removal in 30 minutes volume...

2 netlog [net% E

5 removal removal]

? 1 —1 [90%]

é" —2 [99%] 100 ft3? 30 cfm
%% F —3 [99.9%]

£=01 —4 [99.99%]

g —5 [99.999%]

5 —

% 0.01 1 ° [99.9999%] 1000 ft3 ? gfon?

0 15 30 45 60 75 90
Time in chamber (min)

A wide range of CADRs can all claim 99.99% removal
in 30 minutes, depending on test chamber volume

DTU . . . . P
= Calculation of efficiency in realistic indoor
environments https://www.pdx.edu/healthy-buildings/ace-it
Consider the following test result: 2) Comparison calculation
loss rate (1/h)
* 98.3% removal in 60 minutes control (w/ device off) 1.5
test (w/ device on) 35
* Table/graph concentration: control, test Effect of device 2.0
, 3) Scaling to indoor setting
: Floor area 1,000 ft?
5 Ceiling height 8 ft
o Volume 8,000 ft3

Clean air changes per

hour (ACH) provided 0.31 /h
|bv device

control test
To get 5 ACH, we need to install in this
classroom 16 units.

- Manufacturer recommendation is 1 device for 4 classrooms:

- For 4 classrooms to achieve 5 ACH, you would need 4 x 16 = 64 devices!!!
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p=g ore exampies
>
| TrcHnical FEATURH 5000
=== [ontral
. 0D e
E M = Teat
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= 40004 .
= ~
5 N
E— i 8 Other removal
= - £ 300 A \ ~ ! )
Interpreting Air Cleaner : ; RonfJochansns 47%
g \ :
= N\ S~
Performance Data i % ’
i LN
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Removal effect (¢) Effectiveness (f)

v Cref(CAC) — Crer = Cac -100 [%]
Cac

or

CADR
Q+k-V

szﬁwherefz

* Fractional reduction in pollutant concentration that
results from application of an air cleaner in indoor
volume/space.

« Effectiveness is judged against other removal
processes (by deposition rate and ventilation)
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Ozone
Standard/Protocol Mea.surlng g Thresholds
time space /volume
Standards for Electric Air Cleaners, US Measuring Chamber/
Underwriters Laboratory (UL standard ozone 24 h 3 50 ppb
. 33.1m
867) concentration
Electric Air Cleaners, Canadian Measuring . .
Standard Association (CSA C-187 ozone 24 OIS (C Tl 20 ppb
. weight average) rto UL standard
C1.7.4) concentration
Reduced Energy Use Through Reduced
Indoor Contamination in Residential Calculate ozone _ Chamber/ 55m? :
Buildings, NCEMBT (NCEMBT 061101),  generation rate
US report
National Research Council Canada Calculate ozone ) 3 (suggest not
(NRC) standard generation rate Gz S8 exceed 50 ppb)
Sources: Afshari et al. (2022)
>
>
>

Byproduct generation, incomplete oxidation

» Aldehydes — formaldehyde, formic acid, CO

» Alcohols — aldehydes — acids — shorter carbon chain alcohols and acids
—formaldehyde, methanol — CO, and H,O

* Benzene — phenol

+ 1-Butanol — butanal (butyraldehyde), butanoic acid, ethanol, acetaldehyde,
(propanal (propionaldehyde) and propanol, propanoic acid) — (ethanol,
formaldehyde) — methanol, formaldehyde and formic acid

» Ethanol — methanol, acetaldehyde, formaldehyde, acetic acid, formic acid

* Methanol — methyl formate (measured in liquid form only), formaldehyde,
methylal (formaldehyde dimethyl acetal

» Toluene — benzaldehyde, benzoic acid, cresol, benzyl alcohol, phenol, benzene,
formic acid

Sources: Mo et al. (2009)
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By-product, example

Building materials

20
[ P<0.003

M Purifier Off|_

People

— P<<0.001 —‘

15 " P<0.005 7

(decipol)

Perceived air quality

low (18 L/s) intermediate
(50 L/s)

Outdoor air supply rate

M Purifier Off|_

— P<<0.001

]

|

low (12 L/s)

intermediate

(25 L/s)

Outdoor air supply rate

Sources: Kolarik and Wargocki (2010,
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New evidence:
human oxidation field

M

» The presence of any ozone
should be avoided (also in the
reactor)

+ Skin oils + ozone => non
insignificant yields of OH radical
=> significant reactions in the air

RESEARCH

INDOOR AIR QUALITY

The human oxidation field

lﬁnlmi"r. Fascale S. L Lakey”, Youngbo Won®, Manabu siﬁnf' Dwu!w!l! Rim?,
Charis L Weschier**, Nifng Wang', Lisa Emie’, Mengze L1 Gab

p-uwnm‘ Jonathan Wiliams'*

Hydraxy (OH) radicals are. highly reactive species that can axidize most pollutart gases. in this

study high concentrations of

OH raicals were found whe:

mk-ﬂ!zws«ihm ina

of total OH reactivity, speciated alkenes, and oidation pndllds were consistent with those

‘obtained from a chamically expict mads. Key to

(16), lurger exprsed body surfaces ane bigher air
temperature and humnlny\lﬂl

In this sy, messurements were mnducted
in a elimate-controlled stainless steelcharber
(e Fig. 1) with three different groups of four
adul subjects on four separae days (indluding
twe replieates from the same growp) (20). The
ai change rate (ACR) (32 hour-*)and 0 con-
centration [100 parts perbillion (ppb) at the

let and 35 ppb indooes] used in this ex
‘perimient were chasen for repmdacing a reak
istiescenaria based on the expecied Odecrease

(ACR

e fild

5 (EMHO)

he

times that the total air volume in a room or

space is compl
o g Pt umum ket

infuux i
chemicals indoors and, ffrmately, human health.

onth Americans and Europeans spend,
anaverags, -90% of their time indoors
{including home, workplace, dnd trans-
‘port) ¢1,3), Within this enclosed space,
pants are exposed fo a multitude

es, including

ottdoor pollutants that penetrate indoors,
igaseous entissions from building materials
and furrishings.ind produets of human activ-
ities such as coaking and cleaning (3} In
addition, the occupants themselves are a
potent mabile source of gaseous emissions
from breath and skin (human bioeffluents)
as well as primary and secandary particles
). Characterization of these indoar sources
and the main ech: g

the axidation, Heti

in partieular ultraviolet light, which & largely
filtered out by glass windows, so that primary
prduction of O indoors viaOf'D) is el ble.

and spatial distr-
bution of OH radicals generated by humans

upon expasure o Oy, This oxidative field is
proxtucect in olation fram other indoar ares
‘or sinks of OH. A steady-state approach was
applied, combining measured total OH reas-
tivity (OH loss frequency in s7'), measured

Aol gh e O8 s b gt it | oiokealns o sl eoution
hartificial light by ysi d i
natural light and HOND i alkene mactions.

present, O entering the building from outside
is gemerally considered to be the principal -
dmnt indoars (7). Nevertheless, previous studies
have highlighted the potential importance of
alkene omnalysis (5-17) in genersting OH via
p= 7 i

Far comparison, the OH levelk were also de-
termined by an independent method using
isoprene and its oxidation products. In the

final step, the empirieally derived OH levels

‘and measrememts were eompared with those
biained i d

particularly when reactive moloeules sueh as
limonene from air fresheners or cooking are
e ,

inetic modd, and these results were used o
simulate high spatial and tme-resolved OH

key to understanding indoor air quality (5)
it el f e -phase species in

of indoor OF e ranged from
10° 1010 molecules e, which s substantially

uid dynamics (CFD) model To investigate the
existence and wiriability of spatial concentra-

higher than oudocr nightime:

outside ai
by orrenyt (O radcals, which are formad

daytime atmospheric OH
coneentration levels in some regions (§-18).

whena
of qzone (0) fan excited cygen atom, O ()]
reacts with water. Longer-wavelength photol-
yiis of nitrous seid (HOND) andformaldehyde
{HCHO) also provides small additional OH
sourves outside, asdoes the ight-independent
azonalysis of alkenas via Criegee intermediate
formation (6). By entrist, the indoor env-
ronment is less influenced by direct sunlight,

‘Naneof the medel ar mes-
ik dind

tion gradients @an
evaluation of the experimental rosuts using
the same underfloor air disgibution from a
‘pectomted foor aking with intensive air mixing

enviranments and therefore the underlying
ehemical influence of humans, Yet with every
breath, humans exhale reactive alkenes such
15 isoprene, which can axidize to farther
alkenes such as methyi vinyl ketone (MVE)
and methacolein (MACK) (16} Moreovss, O,
reacting at the skin surtace with the skin-oil
saqualene (Coobsa),

attheaverage
as in the experiment, (i) the same ventilation
‘conition of the experifent without any mixing
fasts st an indoor Oy eoncentration of 35 ppb
tosimulte a residential condttion, i) airjets
supplid st ceiling height and an indoor O,
oot s iio Suiam sooies
condition, and (iv)
indoor

almast 50% of the unsatmrated arbon atoms
on human skin, releases a host of alkene-
containing compounds 1o the air, induding

Eerami acetone, &-nethylS-heplendone (-

Sy
ot
‘2o ol L m sl
e ———)
Heuiatno! eeprane Scicom e i acrd s
y

i 2 S S e Egraere,
ety o i o Bk M. G5k

L

MHO), 01 pten-2-one (OH-6-
MHO), 4-methyl-8-0x0-4-nanenal (4 MON),
“methyl+oetemeLéhial $4+-MOD), and trams-
2-nonenl (7). Thew species bave the potential
to react further in the gas phase, either to
generate O thowgh readion with O, o o
deplete OH through direct reaction with the
alkene. Therefore, humans have the potential
o profoundly affect the odative emironment
indons, particularly in aras of high ocupancy

was 5 prb.

Results

Total OH reactiviy of human emissions

Figure 2 shows the OH loss frequency (total
OH reactivity) measured diectly in the cham-
ber. The total OH. reactivity of the gas-phase
human bioeTluents vas, on average, 5 £ 45
in the absence of O, ad 34 2 165 " when O,
wits present (mean vakie + measirement errar,
determined at equilibrium in the last 15 min
Defore volunteers left the chamber). In the
absence of Oy, the daminant OH sinks were
reactive compounds in buman breath feg,
isoprene 34%), whereas in the presence of s,

106

same as (iif) except the 5

g 150 YRR J0 ANSIo U] [EXUIRS L W Ei0 200510 s
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Toxic
pollutants?
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Unwanted Indoor Air Quality Effects from Using Ultraviolet C Lamps

for Disinfection

Frans Graeffe,* Yuanyuan Luo, Yishuo Guo, and Mikael Ehn*

[\/E ate This: s/ doiorg/10.102)facs esten 2600807

[0 IO

ACCESS| il Mevics & More | ®

ABSTRACT: Ulkaviolt germicidal imadistion (UVGI) is known
1o inactvate various viruses and bactei, incuding SARS-CoV-

nds vy spplid specilyin il Gl Ths mctton
ihe high photon cnenges causing molcula bonds to
meleas ar wced, umanted

ted with adverse health efects, suggestin

that the impact of UVGI devices on indoor air qualiy (IAQ) should be studied in miuch more detail. The highvintensity device in
s study was inended forshot durtions i umoccuped ooms, butloweneasy devicesforcontinuous s i occpied
ect
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roaches remain argely

unezplored.
KEYWORDS: indoor air quaby, disinecion, air cleaning, secondary

W INTRODUCTION

In the vake of the COVID-I9 pandemic, th
increasing interest for methads to slow the spresd of the vir.
Ultraviolet germicidal madistion (UVG1)," which uses ultra-
violet C (UVC) adiation to inactivate bactera and viruses, has

but this topic remains debatable.™
depend on 4

intensity, and tim
In the atmosphere, the photolyzing sbility, ie. abilty to
break molecular bonds, of solar UV radiation initializes the
e pa ottty
< ACS Publications = —

chamistry, UVG, air polltants

unwanted gas- and partcle-phase compounds can have adverse
human health effects,”'~" aising concerns about using UVC
radistion from the indoor sir quality (AQ) o

Review

| Effects of

y Air P

XIANG Wang'2, WANG Weigang' %, DU Libo'2, ZHAO Bin'3, Secoes sy 8.5

LIU Xingyang'2, ZHANG Xiaojie'2, YAO Li'2 and GE Maofa'2

S:w-dvv 3¢ pallctants. orginsting from gaseous palutants

exth in 20197 With mere and mere people pouring inte
trban aress. the populstion and sizes of memopslitins

envirorment mach more complex i heze sseas’ For exsanple.
the rapid formation of secondary pasticies could mot be fully

7 P e
in Beiing, China~*

Seconcary poilcant: Atmozpere, Toscsioges! eect
Pusic nesitn Particiate matter

1 Introduction

primany sir peitsnts such a2 it owide and mitogen

highiight the heslth sk of secondary
snd dramatically raize the standazd
. which is vital in secondary poliutant formation’,
but the hesih sisks of secondary poliatants xre highly
ncertain o First o all. e i mainly de b bhe fact Shat
the formation of secondary poliutants nvelves 3 vasiety of

3 the zame time Second. the existing regulstory fameerk

poch

inhs sy we simped

and puiculate components when using 4 commercial,
highintensity UVC devic, o detenmine whether potentially
negative IAQ impacs can be expected. Utlzing state-ofthe.

cpecialy ¥ mans
fonic or harmful substnce were alss emitied it the
stmosphere. profoundly atfecting the ecology. envirenment

s gy e semmenedy chcficy sl
partide number and size distributions produced
UVC light exposure.
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chemicals, with e consideration given to the products of
theis sxidation in the stmozphere™, Mainly due to the lack of
experimentsl dsts for idenbiying complex mistues of
Chemicals in the s #he fransformation of poliutants & the
troposphese presents a formidable snaiybical challenge. Thisd.
the impact of xis poliution on heslth is umially 3 long-term.
process". Alhough there aze many longterm population
Gt becsuse of the limitations of the aforementioned snalysic
3nd testing methods, # 12 diffindt b shudy the toxicity
mechanism of diferent secondary polistants idepth. In
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Impact on energy use, cost-benefit
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a. Natural ventilation with window opening

@ Natural Ventilation

b. Natural ventilation + portable air cleaner

a. Exhaust ventilation with exhaust fan

@ Exhaust Ventilation

b. Exhaust ventilation + portable air cleaner

a. Mechanical ventilation with heat recovery

N AN N

@ Mechanical Ventilation

b. Mechanical ventilation + recirculation / filtering

Unpublished: Tsafara (and Wargocki) (2021)
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Energy Implications, Danish School

Cumulative primary energy cost of risk reduction - P and R,

7.8% to 1.1%
(5.6t0 0.9)

33.0%to 1.1% 90.10

(14.7 to 0.9)

132.10
86.4% to 1.1%

(17.0to 0.9)

reproduction number (Rc)

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00

Reduction of probability of infection (P) and classroom

Primary Energy Cost (kWh/m?)

m1lb W23 m2b W33 W3b

Unpublished: Tsafara (and Wargocki) (2021)
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- Cost vs. Benefit - Boston 50k ft2, 250 Occupants
Total Annual Outside Air + Filtration Cost Cost per Effective ACH
Bare Minimum Good Bare Minimum Good
(3-4 ACH) (4-5 ACH) (3-4 ACH) (4-5 ACH)
100% OA| n/a n/a 100% OA n/a n/a $14,305
'VRP+30%) . . VRP+30% . .
$18,100 $18,738 $19,834 $6,033 $4,685
VRP ® ® VRP . o
$15,384 $16,047 $17,182 7 $5,128 $4,012
IAQP ° > IAQP . ®
$10,340 $11,050 $12,261 38 $3,447 $2,763

Courtesy of Zaatari
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US Office Carbon Impact of Different Strategies

Million Metric tons of CO2/year
All US Office Buildings
110 MMT CO2/year
28 coal power plants
23 million cars

and carbon impacts

All strategies with MERV13 filters deliver “Excellent
Air Quality” (5-6 ACH) but with very different costs

20 MMT CO2/year
5 coal power plants 16 MMT CO2/year
4.3 million cars 4 coal power plants 9 MMT CO2/year

3.5 million cars 2 coal power plants
2.1 million cars

100% OA MERV 13 MERV 13 MERV 13
VRP +30% VRP IAQP

Courtesy of Zaatari
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Epilogue
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Take home messages (w/strong personal bias)
Air cleaning as a measure to reduce infection risk

* Qutdoor air: yes (and no)
» Air cleaning and filtration: yes and no

« MERV13 and higher: yes

* Portable air cleaners (HEPA): probably yes
» UVC/UVGI: probably yes

» Additive technologies: (probably) no

» Reactive species: (probably) banned

» Lack of proper testing methods
» Lack of verification in actual applications
»  Weighting risks
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Developing regulations to
improve IAQ and ventilation
in Belgian buildings

Peter Wouters — Arnold Janssens

Structure of the presentation

* Introduction

e 2006 - Ventilation related requirements in the context of the EPBD

* 2015 - On site performance checks of declared building airtightness levels
* 2016 - On site performance checks of residential ventilation systems

* 2019 - Federal regulation regarding wellbeing on workplaces

* 2022 - Federal regulation on indoor air quality

 Conclusions




Introduction

* 1991: Belgian standard NBN D50-001 with specifications regarding
ventilation in residential buildings
—>In practice very limited impact due to no compliance framework

* Since 2006: Starting with the adoption of the EPBD: stepwise evolution in
regulatory specifications regarding ventilation in buildings

* Regulatory context: Belgium is a federal country
* Federal government

* 3 regional governments (Brussels capital — Flemish Region — Walloon Region)
* In charge of energy policy in buildings

North Sea

ANYNY3IO

FRANCE




2006 - Ventilation related requirements in the context of the EPBD

* EPBD? - see presentation by Jaap Hogeling
* EPBD refers since first version in 2003 to indoor air quality

* Belgian context:

* Transposition of this EPBD directive is the responsibility of the 3
Regions, in practice for new buildings to a large extent a similar
approach

* What type of points of attention in Belgian context?
1. Minimum air flow requirements for all new buildings
2. Energy efficiencient ventilation is stimulated — see next slides ,

3. Legal framework for allowing innovative solutions — see next
slides

4. Database with reliable product data

5. Energy performance declaration at the end of the works (‘as rrancE
build’)

6. Strict compliance and infringement framework

ANVINYIO

NEW buildings

Single family dwellings Apartments in multifamily buildings
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DEEP energy RENOVATIONS

Single family dwellings

100% 100%

HEAT RECOVERY VENTILATION

50.64% 48.38% 50.00% 49.17%
50%

Demand controlled

50%

4734% [l 5081% I 48.78% I 4938%
MECHANICAL EXHAUST

0% — — = - ——
2016 2017 2018 2019 2020

2015 2016

Apartments in multifamily buildings

HEAT RECOVERY VENTILATION

30.75% £2.05%
.75%
41.15% I

Demand controlled

66.87% st B 0% W s626%
58.11%

MECHANICAL EXHAUST

2017 2018 2019 2020

NO VENTILATION NATURAL VENTILATION

2006- Ventilation related requirements in the context of the EPBD

Belgian energy legislation stimulates energy efficient ventilation by various ways:

* Benefits in case of heat recovery ventilation

* Benefits in case of demand controlled ventilation

* Fan power is taken into account

* Airtightness of ductwork can be taken into account

* Quality of installation can be taken into account (installed flow rates, balancing

of flow rates,...)




Assessment of innovative systems

* By principle of equivalence
* Manufacturers can submit a request

* Based on the identified performances, a reduction
factor is determined based on extensive simulations

* In practice since 2010:
* Regulations allow for the application of residential
demand controlled ventilation (DCV)

* 130 ventilation systems assessed through equivalence,
mainly MEV

* Generic DCV-classification method with reduction
factors in regulatory calculations since 2016

* 150 ventilation systems with declared performance on the
residential market

Strict compliance framework

» EPB-assessor reports status after completion of works

* Non-compliance with regulations = fines

e Rules are very clear and integrated in software tool:
* E.g. Ventilation: 4 € per missing m¥h
* Example:

* Requirement in bathroom: 50 m¥h
* Ifin reality only 10 m%¥h: fine = 4*(50-10) = 160 €

* No need to involve judge in decision process




“Reliable” product data

... these data will be accepted by the government in context of this regulation

Bienvenue sur le site web EPBD

DONNEES PRODUITS PEB
RECONNUES
La reconnaissance des données produits
PEB est un service que les Régions
proposent a tous les intéressés pour leur

WWW. e p bd . b e fournir des données de produit

présentées de maniére conviviale et qui

donnent une sécurité juridique pour les
calculs réalisés dans le cadre de la

réglementation PEB.

P \ bruxelles
7“ ' Vlaanderen e
‘\ \ Is energie v

\ brussels ee

PROCEDURES DE LOGICIELS D'ECLAIRAGE
RECONNAISSANCE DE RECONNUS
DONNEES DE PRODUITS

Il contient aussi la liste des logiciels

La reconnaissance des données de Y
d'éclairage reconnus pour le calcul de la

produits PEB est basée sur un ensemble variable auxiliaire L ainsi que les

de: procedures quigarnTisentqie s informations sur les procédures de

données de produits seront acceptées
reconnaissance.

sans réserve par les administrations.

-

—
—
§'

Example: Performance data heat recovery systems

AAA
BBB
ccc
DDD
EEE

P bruxelles.
7" . Vlaanderen ragnement
8 \ e e
brussels we Wallonie




Examples of typical performance data for residential heat recovery units
from EPB-productdatabase

SFP (W/(m3/h)) Thermal efficiency (%)

1,4

0,0
0 200 400 600 800 1000 0 200 400 600 800 1000

Flow rate (m%¥h) Flow rate (m¥h)

Max. power/ max. flow rate

Structure of the presentation

* 2015 - On site performance checks of declared building airtightness levels
* 2016 - On site performance checks of residential ventilation systems

* 2019 - Federal regulation regarding wellbeing on workplaces

* 2022 - Federal regulation on indoor air quality

* Conclusions




2015 - On site performance checks of declared building airtightness levels

* Observations:

* Energy performance calculations take airtightness into account. If no test results
available, default value to be used (12 m3h.m? at 50 Pa)

* In NZEB buildings, poor building airtightness has a big impact
* Airtightness testing becomes important (and good results!)
* Not evident to assume that test results are always reliable

* Approach: .
* Quality framework developed by Flemish government (2015) (
* 150 to 190 qualified airtightness tester companies
* Random onsite audits for min. 10% of tests
* All measurement data gathered in database
* More than 100.000 tests done '

|
https://www.aivc.org/resource/vip-454-trends-building-and-ductwork-airtightness-belgium?volume=33977

NETHERLANDS
Y
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Evolution of share of residential EPB declarations with air tightness test .

100% -

40%

% of submitted declarations

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year of building permit




Evolution of share of residential EPB declarations with air tightness test .

100%

84%

NO TESTING
DEFAULT VALUE 12 m¥%h.m?

80%

60%

40%

% of submitted declarations

20%

0%

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year of building permit

Average air permeability (m%*h/m?): leakage flow rate @50 Pa divided by heat loss area

3.8 3.9 38 38 38 s

4
4 o 3.5 34
33
L
75 35
3 37
2 Slight improvement in average test results

BUT evolution of 1% to 100% of buildings are tested

Average leakage rate (m¥h.m? at 50 Pa

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year of building permit




Control of declared airtightness results

Leakage flow rate checked by 3" party (m%h)

8000

7000

6000

5000

4000

3000

2000

1000

y=099%9% >
R = 0.9976

o

Reliable testing!

1000 2000 3000 4000 5000 6000 7000 8000

Leakage flow rate communicated by tester (m¥h)

Difference declaration - control

Control on declared air flow rates

10%

0%

-10%

-20%

-30%

-40%

-50%

-60%

s ‘
5000 10000 15000 20000 25000

SMS [m3/h]
Leakage flow rate communicated by tester (m%¥h)




Conclusions regarding airtightness approach

* No requirement to test — no minimum airtightness requirement — default
value of 12 m¥h.m? building envelope

* In practice testing not needed in the beginning (2006 - no strong energy
requirements) but now (2023) in practice necessary with the severe
energy requirements

 Quality control framework leads to reliable test results
* Overall large societal acceptance for airtightness testing

* Indirect advantages are important: better design — better execution —
better acoustics — less risk of moisture problems

* [t has been a major driver for innovation by industry

Structure of the presentation

* 2016 - On site performance checks of residential ventilation systems
* 2019 - Federal regulation regarding wellbeing on workplaces

<

* 2022 - Federal regulation on indoor air quality = wuse I« /Ry

LN - NETHERLANDS
b3 )

* Conclusions
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2016 - On site performance checks of residential ventilation systems

e Observations:

* Air flow rates in practice depend to a large extent on the quality of the
works

* Substantial part of installed residential ventilation systems didn’t perform
in practice as specified in EPB calculations

e Action:

* Implementation of a quality framework with on-site performance checks
* Main features:

* Only assessment of air flow rates and fan energy

* Measurements only after installation

* To be done by competent person with appropriate measurement equipment

* It can be done by an independent person or a person involved in the project

* 10% of systems are checked immediately afterwards by control body

2016 - On site performance checks of residential ventilation systems

* In practice impact of quality framework residential ventilation:
* Very good coherence between declarations and control measures

* Overall impact of EPB for ventilation systems?
* Ventilation systems installed in ALL new buildings
* Clear tendency towards very energy efficient ventilation systems
* In more recent years correct air flow rates in residential buildings when installed (FL)
* Missing: checks on acoustical performances and performances during lifetime

https://www.aivc.org/resource/quality-framework-residential-ventilation-systems-flemish-region-belgium-feedback-after
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 Conclusions
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2019 - Federal regulation regarding wellbeing on workplaces

* Till 2016:
* Requirement of 30 m%h for each employee (not for other persons)
* In practice often no ventilation or poorly performing ventilation
* In practice not possible to enforce

* Since 2019 new regulation
* Requirement in terms of minimal air flow rate or maximum increase in CO,
concentration
* Requirements depend on other pollutants:
* If in line with low-polluting building: 25 m¥h.person OR maximum CO, increase of 800 ppm
* In other cases: 40 m¥h.person OR maximum CO, increase of 500 ppm
All employers must carry out a risk analysis and set up an action plan
For existing buildings in practice large freedom in terms of duration for
implementation
But potentially very strong incentive if transparency in performances
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* 2022 - Federal regulation on indoor air quality

ANYWNY3IO

November 2022 - Federal regulation on indoor air quality in public spaces

* In context of COVID (2020-2021)

¢ Maximum concentrations of CO, concentrations was imposed during certain
periods for hotels, restaurants, pubs, cultural sector and sports sector

* There was a strong increase in awareness of the importance of good indoor air
quality
* In October 2022, the federal parliament adopted a law with requirements
in terms of indoor air quality in public spaces
* IAQ-sensors to be installed, at least CO, sensors
* Risk analysis and action plan to be implemented
* Certification and labelling of these spaces
* There is a potential role for air cleaning devices

* In practice:
* Law becomes only effective after adoption of Royal and Ministerial decrees
* These decrees are expected in 2023 and 2024
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VENTILATION REQUIREMENTS NEW
BUILDINGS AND MAJOR RENOVATIONS

ON-SITE CONTROL OF RESIDENTIAL
VENTILATION PERFORMANCES

STIMULATING ENERGY EFFICIENT
VENTILATION NEW BUILDINGS

ON-SITE CONTROL OF BUILDING
AIRTIGHTNESS

IAQ/VENTILATION REQUIREMENTS
IN WORKPLACES

IAQ/VENTILATION REQUIREMENTS
IN PUBLIC SPACES

FLEMISH
REGION

BRUSSELS
REGION

WALLOON
REGION




Conclusions

* The role of regulations is crucial in Belgian context for wide scale uptake
of good IAQ and ventilation

* Since 2006, substantial progress has been achieved
* In terms of air flow specifications and compliance
* In terms of energy efficiency and compliance
* In terms of stimulating innovative ventilation systems
* In terms of achieving more airtightness buildings

* However, , €e.8.:
* Performances during lifetime of installations, including maintenance
* Acoustical performances
* Robust approach for existing buildings

Airtightness and internal air
flows in multifamily buildings

lain Walker
Scientist
Building Technology & Urban Systems Division
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Why is internal leakage
important?

m Contaminant Transport
— Odours (cooking, tobacco smoke)
— Moisture
— Health (particles, airborne pathogens)

m Pest control
- Insects, mice, rats, etc.

m Heating and cooling energy use
- Stack and wind effects

m Fire Safety
— Fire and smoke spread

m HVAC air flow & pressure control

Sl BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION
EEAE]  Energy Technologies Area
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Building and Environment 157 (2019) 366-379

S. Yoon, et al.
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Fig. 1. Airflow in high-rise buildings caused by the stack effect and wind pressure in winter.




Air leakage IN/OUT through
elevator and stairwell shafts 1

Ventilation Air IN

(Mechanical + Pressure)

<

Air flow IN/OUT
through open
g :
Wind Pressure \ et
=2 Airintermittently
N *
exhausted OUT using
S H bathroom/kitchen fans
“Energy Consumption and Conservation in Mid- and High-Rise Natural Ai r-Leakage
Residential Buildings in British Columbia.” 2012. RDH Building NP IN/OUTthrough
Engineering. I: Enclosure
Interior Air-
/ leakage between
Stack Effect > suites/common
Buoyancy - r- areas/floors
Pressure ™
Air flow IN/OUT
<& » through entry

BUILDING TECHNOLOGY & URE

Rt  Energy Technologies Area

buildings.Ibl.gov 4

Iving Odour Transfer Problems in Your Apartment

Rt  Energy Technologies Area

Stack Effect - Typical Highrise Conditions

BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION

Stack Effect - Compartmentalized Floors and Suites

“Energy Consumption and Conservation in Mid- and High-Rise
Residential Buildings in British Columbia.” 2012. RDH Building

Engineering.

buildings.Ibl.gov
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Where are the leaks?

Electric wiring

Plumbing Wall cavities

A
R ‘IVIS]ON

Images form Rohr et al. 2018. Individual unit and guard-zone air tightness tests of apartment buildings. AIVC Conference Proceedings.

Airtightness Metrics

m Air flows at fixed test pressure of 50 Pa: cfm50/ft? or
L/s/m? or m3/h/m?

—Sometimes 75 Pa is used for high rise applications
m Total leakage: all surfa«eems most common
m Leakage to outside
m Leakage to inside

m Normalization Areas: boundary areas or exterior
envelope

~ m Can be volume normalized to Air Changes per Hour
cof Ef;&ﬁiti&;i?(ﬂ@ﬂ?‘" SYSTEMS DIVISION buildings.blgov 7




North America Standardized
tests

Tests for exterior envelopes also applied to testing individual

units - no standard tests for interior leakage

CGSB 149.10 - exterior envelope testing

CGSB 149.15 - uses building HVAC system for envelope leak testing

ASTM E779 - confirms single zone conditions and has limit on stack effect of 200
°Cm (building height x temperature difference)

ASTM E1827 - confirms single zone conditions and has single point testing

ISO 9972 - exterior envelope testing

ATTMA Technical Standard L1-2012 & L2-2010 - UK standards for enclosure testing,
L2 has guidance for testing large buildings

I Encrey Technologies Area

David Bohac, Lauren Sweeney, Robert Davis, Collin Olson, and Gary Nelson. 2020. “Energy Code Field Studies: Low-Rise Multifamily Air Leakage

PRSI BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildingslblgov 8
[oerqet]  Energy Technologies Area
|
Testing “row” house v
Unit 1 Unit 2 Unit 3
e —
Internal leakage
measurement
principles:
dp=sopa ¥ Paul Morin, TEC
1. Neutralize unit to unit
pressures Figure 5. Compartmentalization test of single unit in a garden-style building
" ”n
2. Subtract “guarded Qs - o
result from total to get | ] !
leakage to outside e v s i
separate from unit to ?0:2! =Q Unit 1 Unit 2 Unit 3
unit leakage 0% = Qs — =
dP=0 dP=0
Q Qz i
dP=50Pa dP=50Pa *  dP=50Pa P b, TEG
Figure 7. Single-unit exterior test for three units in a single-story garden-style building
[} BUILDING TECHNOLuu1 o unwriv w1o1imio wiviowon buildingslblgov 9

Testing.” Washington, DC: US DOE. https://www.mncee.org/sites/default/files/report-files/LRMF_AirLeakageTesting_FinalReport_2020-07-06.pdf.




Testing common-entry
buildings

..n....] I dP=50Pa

i

f4 ]

ALt

1 |

Paul Morin,

Figure 6. Compartmentalization test of single unit in a common-entry bt

Paul Morin, TEC

Figure 8. Single-unit exterior test for a single-story common-entry building with six units

BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION David Bohac, Lauren Sweeney, Robert Davis, Collin Olson, and Gary Nelson. 2020. “Energy Code Field Studies: Low-RiseD .
0 Ponac, 1 A " © " uildings.lbl.gov 10
Energy Technologies Area Multifamily Air Leakage Testing.” Washington, DC: US DOE. https://www.mncee.org/sites/default/files/report-
files/LRMF_AirLeakageTesting_FinalReport_2020-07-06.pdf.
Test # 1 - Pressurize Suite (Adjacent Suites Open to Exterior) Test # 2 - Pressurize Suite and Floor Above
_I: e —
Testing with corridors
1 1
® & T ® & U
s ° +50Pa ] s ° +50Pa “H
H é:o- o et 5 L 5 o -
8 e 8 et ..
0Pa 0Pa
- -
—— ——|
Section View — Floor Above and Below Plan View — Test Floor Section View — Floor Above and Below Plan View — Test Floor
Test # 3 — Pressurize Suite, Floors Above and Below Test # 4 — Pressurize Suite, Floors Above and Below, and Hallway
0Pa 0Pa
1 1
& & Toget] & J
s = +50Pa > % +50Pa
5 5 = B % gu = —
5
3 8 1 0Pa a o | £
¥ L]
0Pa 0Pa
. I .
——— = —
Section View — Floor Above and Below Plan View — Test Floor Section View — Floor Above and Below Plan View - Test Floor
Test # 5 — Pressurize Suite, Floor Above and Below, Hallway and Left Suite Test # 6 — Pressurize Suite and All Adjacent Interior Surfaces
0Pa +50 Pa
i d
© & L] s &
S s || «ora S s || o
: i N
2 - g t
& 5 |l & 3 &
3 3
+50 Pa +50Pa
+ I >+ I
Finch, G, Straube, J., & Genege, C. (2009) Air Leakage Within Multi-Unit Residential — — -
i ‘Section View ~ Floor Above and Below Plan View~ Test Fioor Section View ~ Floor Above and Below Plan View ~ Test Floor buildings.Ibl.gov 11

Testing and

Envelope Council. 529-544.

for Building

f e. Pr

of 12th
Canadian Conference on Building Science and Technology. Montreal: National Building

‘igure 6.5: Balanced Fan Pressurization/Depressurization Method Schematic (Finch,

2007




Results vary building to

building and unit tou
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Bohac et. al. (2020) (Report) LRMF study. Center for Energy and Environment MN

Results vary unit to unit

Bohac et. al. (2020) (Report) LRMF study. Center for Energy and Environment MN
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3.0

Construction Type
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= w 1.0
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N X
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0.0
[16], [43], [45] [162],[197] [38], [41], [45], [183]
N =43 N=25 N =51
B=6 B=13 B=13
Concrete structures Concrete structures
" . Wood-frame
with steel stud and with all concrete
" ig structures
concrete partition walls partition walls
BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildings.bl.gov 14
Rt Energy Technologies Area Lozinsky, Cara H., and Marianne F. Touchie. 2020. “Inter-zonal Airflow in Multi-unit Residential Buildings: A Review of the Magnitude and e
Interaction of Driving Forces, Measurement Techniques and Magnitudes, and Its Impact on Building Performance.” Indoor Air 30 (6): 1083—
1108. https://doi.org/10.1111/ina.12712.
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=9
= 80 50%
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[184] [41] [42] [16] [38] [183] [182] [37] [204]*
N=23 N=6 N=6 N=6 Ni=5, N=27 N=14 N=8 N=9
B=7 B=2 B=4 B=1 B=1 B=3 B=$ B=2 B=4
+ - . . . .
Interior air leakage includes suite entrance door air leakage.
Concrete structures Wood-frame and
. Wood-frame . .
with steel stud and concrete R No information
concrete partition walls structures
BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildings.lbl.gov 15
kLRl Energy Technologies Area Lozinsky, Cara H., and Marianne F. Touchie. 2020. “Inter-zonal Airflow in Multi-unit Residential Buildings: A Review of the Magnitude and

Interaction of Driving Forces, Measurement Techniques and Magnitudes, and Its Impact on Building Performance.” Indoor Air 30 (6): 1083—
1108. https://doi.org/10.1111/ina.12712.




S lea kage Testing before and after exterior
breakdown 8 vetors
envelope sealing

gn® iy
“ [ ]
** g W Suites Above and Below
0. L
oy » M Corridor

s 167 L/s,26% =
| |

o u Suite Entrance Door
-

W Suites to Left and Right

M Exterior Enclosure - Post-Retrofit

99 L/s, 15% S=Exterior Enclosure Airtightness
Improvement
27 L/s, 4% Airflow Rates at 75 Pa

Ricketts, L, and J Straube. 2014. “A Field Study of Airflow in Mid to High-Rise Multi-Unit Residential Buildings.” In , 1414th
Canadian Conference on Building Science and Technology - Toronto, Ontario 2014

2 ‘! S‘E’LI;ZE‘E:EJSI’:\&EINOLOGY&URBAN SYSTEMS DIVISION buildings Ibl.gov 16
US New Construction Leak
Breakdown Summary
m High rise/common corridor
—2-3% to each unit to each side
—10-15% to each unit above or below
—20-35% to corridor
—30-55% to outside
m Midrise/walkup - no corridor
—2-3% to each unit to each side
—10-15% to each unit above or below
—75% to outside
SNl BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildings.Ibl.gov 17
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Air Leakage of Common
Areas
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Common Area % of Whole Bldg Volume
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How much air flow?

Pressure differences are lower than across envelope therefore air
flows much lower

Bohac, D. L, M. J. Hewett, S. K. Hammond, and D. T. Grimsrud. 2011. “Secondhand
. . . 0 . Sm fer and Reductions by Air Sealing and Ventilation in Multiunit
Tracer gas stu dies: typica | |y 4% ... but SOMetimes sdii B v oo sconons smoke ranster
Reductions by Air Sealing and Ventilation.” Indoor Air 21 (1): 36-44.
https://doi.org/10.1111/j.1600-0668.2010.00680.x.

100

Flow to suites above and below only

90 d for Suite 302 and Suite 1103.
80
M Corridor
70
W Suite to Right
60 :
W Suite to Left
50 ]
W Suite Above
40 !
W Suite Below
30 i
H Extenor Ricketts, L and Straube, J, 2014. A field study of Airflow in Mid to High-Rise Multi-Unit
2 . Residential Buildings. 14th Canadian Conference on Building Science and Technology, Toronto,
1 | Parklng Garage ON. http://rdh.com/wp-content/uploads/2015/01/CCBST-2014-A-Field-Study-of-Airflow-in-
High-Rise-Multi-Unit-Residential-Buildings-LR15.pdf
° .
0 — == ' ' ,

Suite 301 Suite 302 Suite 303 Suite 1101 Suite 1102 Suite 1103
FIGURE 2: Chart showing source of airflow into suites for six suites at the case study building
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Contaminant Concentrations CONTAM Modeling Study

Worst-case annual concentration of shadow contaminants found in non-source zone

o _Shadow Source Worst case contributions at 62.2 leakage
¥ e 8 - @ _ level:
= Middle * CO,25ppm (~4%)

: = op 8 - « PM2.50.1 pug/m3 (~2.5%)

3 * Formaldehyde 0.7 pg/m3 (~3%)
S & 4
3 ° e Typical contribution from other units at is
‘g 8 - about fifty times lower than the worst case
S &1

24 Bottom and middle level sources transport

¥ o much more to other units
2 e

o J o
i PM and Formaldehyde more sensitive to
E 8 - l ‘ leakage due to deposition mechanisms

o - 8 ‘ Q4

00501 02 03 1 S 00501 02 03 1 S 00501 02 03 1
Leakage Leakage Leakage 5
CO; (ppm) PMy s (g/m’) FRM (ug/m’)
Measured contaminant transport in "tight construction”: CO, (0-
]2 3%), PM2.5 (Unmeasureable)er v s e s v yecose o o buidings bigov 20

Multifamily Unit Compartmentalization. Calfornia Air Resources Board TEREport.

Contaminant Concentrations CONTAM Modeling Study
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Energy Saving Example

M. Carlsson, M. Touchie and R. Richman/Energy & Buildings 199 (2019) 20-28

ANNUAL SPACE HEATING ENERGY
BY FUEL AND RETROFIT TYPE [ekWh/m?]
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Fig. 2. Simulated annual space heating energy by fuel and retrofit typebuildingslbl,gov 22

Recent Advances

iris opening
Jayarathne. 2023. Advancing Building Air Leakage Measurement and Modeling: New gpstree:m and™~a ,
Measurement Methods And Experimental Analysis Of Crack Flow Behavior. PhD. Thesis, st‘;‘:{:s r::::ure
Boston University differelfce

m New test methods to save time and improve

ZMPT device (panel/fan) | APyt = Pynic = Patm
- —_—
Punic > Ppiag APine =(Pynic — Ppiag

accuracy of separating internal and external
leakage

éwindaw + Qextunic = Qintunit

Use a second flow measuring and modulating
device

APgiag = Phiag — Paim

Manipulate and record a range of pressures

Pom = 0
IAP(‘H = pUmr o Pa!m

BD

and flows

Multipoint fitting (c/w fixed 50 Pa test) - more
accurate representation of |0} g

Flow

——

Punic

'

—

> Ppuag APine =|Pynic — Ppiag

flow/pressure behaviour

'

' ZMPT device (fan)

Qfan + Qextvnic = Qintunic

C 4 Lever to adjust

Taps for

APpiag = Ppiag T Patm

measurement

Pom =0

BD




Tightness Standards

m ASHRAE 62.2: 0.2 cfm50/ft? (100 L/s/100 m?)
— Was 0.3 cfm50/ft? (150 L/s/100 m?) - standards are getting tighter

m LEED certification by the US Green Building Council:
up to 2 points for certification rating based on
different tightness levels between 0.0675 to 0.195
cfm50/ft?

m Passive House (exterior envelope):

—0.08 cfm50/ft? (40 L/s/100m?2) for more than 5
stories

) ovone oo Qe@eefn 50/t2 (30 L/s/100m?2) 5 stories and under 2

Questions/comments

Contact info: iswalker@Ibl.gov
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