
Țȁɩ ȂȍɩȗȍȦȝ̌ȄȌ̘ ȝȐȘ̘ȧǬ̠șȍȃ̞Ǭ̭Ȕ

ȕ̌ȇȇȆȣ MEA ENERGY AWARDS ǿȍ̌̑ȐȄ̠̏ ȯ
ȫǿȍȐǬȣȍȕ̎Ȑȧȕȍ̞ȇǬȣȍȗȍ̌Ȗȗȍ̭ȐȗȍȦȕ̞ȄȌ̞ǮȣȝǬȣȍȪǽ̐ȝȔ̌ȐȐȣȆȪȆȡȣǿȣȍȗ̡Ȅ̠̏ ȳ
ȪȆȏ̌Ȇȁ̭Ǭȍ̘Ȅ̠̏ ȮȲ ȃ̭Ȕȣǿȇ ȯȲȳȱ ȧȏȔȣ ȭȶɩȰȭ ɿȮȯɩȭȭ Ȇɩ

Ǯȣǿȏ̞ǽȣȏ̞ȁȏǬȍȍȇȕ̞̏ȐȨȏȂȔ̐ȡȇ
ȇȞȣȏ̞ȄșȣȔ̌șȧȄǿȫȆȫȔș̠ȝȍȦȎȡȇȧǬȔ̐ȣȌȆṶ̑ȍ̠





ȎȣǬȗ̍ǹȞȣǿȏȣȇȍ̐ȡȆ 
ȨȔȦȇȔȝ̞ȘȎȣǬ
ǮȣșȆȡǬ
ǿȆȪȆȧȇ̤ȡȐȕ̎ȏȆȪȞǹ̎
Ȏ̢Ȑȧǻ̐ȣȇȣȪǽ̐ǽ̠ȏ̞ȃȪȆ

ȡȣǿȣȍȗ̟ȂȇȣǬǻ̢̑Ȇ

Image from the Internet



ȨȔȦȡȣǿȣȍȕ̎ȏȆȪȞǹ̎Ȏ̢Ȑȇ̌ǬȪǽ̐

ȧǿȍ̤̏ȡȐȗȍ̌ȖȡȣǬȣȁȪȆ
ǬȣȍǿȏȖǿ̭ȇȕǮȣȝȡȣǬȣȁ
ǮȣșȪȆȝ̤̑ȆȄ̠̏ȗ̟Ȃ

ș̞̏Ȑȡȣǿȣȍȗ̟ȂȇȣǬ 
ǬȣȍǿȏȖǿ̭ȇș̞̏ȐȐ̎ȣșȇȣǬǻ̢̑Ȇ

Image from the Internet



ȍȦȖȖȗȍ̌ȖȡȣǬȣȁ
ȨȖȖȨșǬ
Split-type air conditioning system

ȍȦȖȖȗȍ̌ȖȡȣǬȣȁ
ȨȖȖȕ̎ȏȆǬȔȣȐ
central air conditioning system

Image from the Internet



Air handling unit schematic drawing view
Source: Shah et al., 2017



Indoor A ir Quality

Tightly constructed buildings
Increase insulation

Reduce ventilation for energy efficient measures
Reduce amount of fresh air for dilution and purge out of pollutants
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INDOOR AIR QUALITY

OCCUPATIONAL HEALTH 
AND SAFETY

and



INDOOR 
AIR QUALITY

COMFORT

VENTILATION

POLLUTION





15Buildings

(314 areas)
Å Department stores
Å Hospitals
ÅOffices
Å Universities
Å Hotels

15Buildings

(314 areas)
Å Department stores
Å Hospitals
ÅOffices
Å Universities
Å Hotels

IAQ 
Problems

Source: EGAT, 2015



őĶĚıĵŅĭŅĸőĶĚŐĶĴ ľƟŅĚĽĶĶıĽŇĬėƟŅĽŜŅĬńĔĚŅĬ

Carbon 
monoxide (CO)

Formaldehyde

TVOC

0%(0/62)

0%(0/60)

0%(0/38)

0%(0/303)

7%(21/318)

0%(0/226)

0%(0/62)

0%(0/60)

0%(0/356)

1%(3/383)

0%(0/310)

Carbon 
dioxide (CO2)

PM2.5

PM10

6%(4/62)

27%(17/62)

74% (46/62)

7%(23/319)

30%(95/319)

69%(221/319)

10%(12/117)

15%(18/117)

46%(54/117)

26%(99/383)

6%(24/383)

27%(104/383)

-

Percentage of exceedances



5th 10th 50th 90th 95th

5th 10th 50th 90th 95th

5th 10th 50th 90th 95th
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Conc. Distribution
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5th 10th 50th 90th 95th

őĶĚıĵŅĭŅĸ

Conc. Distribution

5th 10th 50th 90th 95th
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Conc. Distribution

5th 10th 50th 90th 95th

5th10th 50th 90th 95th

5th 10th 50th 90th 95th

ľƟŅĚĽĶĶıĽŇĬėƟŅ
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5th 10th 50th 90th 95th

5th10th 50th 90th 95th

5th10th 50th 90th 95th

Conc. Distribution
ĽŜŅĬńĔĚŅĬ161ıŊŘĬĪňŗ



ǬȣȍȧȚȣȧǽ̤̑ȡȧȝȔ̞Ȑ

ȡ̭ȗǬȍȉ̘ȕ̦ȣȆ̌ǬȐȣȆ

ȨȖǿȄ̠ȧȍ̠ș ȧǽ̤̑ȡȍȣ

ȕȣȍǬ̎ȡǮ̯ȇ̞Ȩȝ̐

CO, NOx, 
SO2, PM

VOC, O3, PM, 
formaldehyde

Allergens, 
PM

Bacteria, 
Mold

ȓȆȏȆǬ̌Ȇǿȏȣȇȍ̐ȡȆ

Asbestos

ȕ̠Ȅȣ
ǮȣșȪȆ

VOC, Lead, 
formaldehyde 

ȧȜȡȍ̘Ȇ̞ȧȎȡȍ̘

VOC, 
formaldehyde 

SOURCES 
Indoor air pollution



In 2020

COVID-19 Brings Indoor Air Quality Upfront
WORLD GREEN BUILDING COUNCIL



ǬȣȍȨȝȍ̎ǻȡȐȧǽ̤̑ȡȃ̎ȣȐʏ ȪȆȡȣǬȣȁ

ȔȦȡȡȐǻȆȣȂȪȞǹ̎
ɷȗȍȦȇȣȉ ȲȭɿȮȭȭȩȇǿȍȡȆɸ

Ȯɿȯȧȇȃȍ

ȔȦȡȡȐǻȆȣȂȧƯ̏Ǭ
ɷȗȍȦȇȣȉ <5-10 ȩȇǿȍȡȆɸ

ɪɪɪȧȇȃȍ

airborne

ǿȏȣȇȧơ̏ȏ 
ȗǬȃ̞ Peak = 7.39 0̒.25 m/s
ȗȣȆǬȔȣȐ   Peak = 6.72 0̒.23 m/s 
ȃ̦̏ȣ Peak = 5.45 0̒.29 m/s
(Ref: Hui et al., 2012)

SARS ȩǻ̐Ȟȏ̌ȂȪȞǹ̎ ȩǻ̐Ȟȏ̌ȂȆǬ ȡ̠ȫȖȔ̎ȣȏ̌ȉȫȍǿ Ȟ̌Ȃ ȩȏȍ̌ȕȡ̠Ǭṷ̏Ǭȡ̠Ȫȕʐ

ȩȏȍ̌ȕȫǿȫȍȆȣ ȯȭȮȶɪɪɪ



Source: http://news.mit.edu/2014/coughs-and-sneezes-float-farther-you-think

Ǯȣȝǭ̎ȣșȎȣǬǬȔ̐ȡȐǭ̎ȣșǮȣȝǿȏȣȇȧơ̏ȏȕ̯Ȑ
Ǭȣȍȁ̢ǬȘȣǻȡȐ MIT



Source: https://www.youtube.com/watch?v=k_GeXTPnHLs

ȔȦȡȡȐțȡșǻȆȣȂȪȞǹ̎
ȃǬȔȐȖȆȝ̤̑ȆȚ̞ȏȡș̎ȣȐ
ȍȏȂȧơ̏ȏ

Ȩȃ̎ ȔȦȡȡȐǻȆȣȂ

ȧƯ̏Ǭș̌ȐǿȐǿ̐ȣȐȡș̯̎ȪȆ
ȡȣǬȣȁȧȗ̜ȆȍȦșȦȧȏȔȣ
ȞȆ̢̏Ȑ



Source: 
https://www.nytimes.com/interactive/2020/04/14/science/
coronavirus-transmission-cough-6-feet-ar-ul.html

ș̌Ȑȩȇ̎ȇ̠ǻ̐ȡȇ̯ȔȨȆ̎ȪȎȏ̎ȣ ȔȦȡȡȐțȡșȄ̠̏ȇ̠ȧǽ̤̑ȡ
ȩȏȍ̌ȕȫǿȫȍȆȣ ȯȭȮȶ ȕȣȇȣȍǭǿȐǿ̐ȣȐȡș̯̎ȪȆ

ȡȣǬȣȁȩȂ̐ȆȣȆȧȝ̠șȐȪȂ



ǬȣȍȍȦȖȣșȡȣǬȣȁ
ȧȗ̜ȆȞȆ̢̏ȐȪȆȏ̞Ȍ̠ǬȣȍȔȂȗ̍ǹȞȣȇȔȝ̞ȘȄȣȐ
ȡȣǬȣȁȪȆȡȣǿȣȍ ȫȂșǬȣȍȂ̢ȐȡȣǬȣȁ

ǮȣșȆȡǬȄ̠̏ȕȦȡȣȂǬȏ̎ȣȧǻ̐ȣȇȣȧȎ̤ȡȎȣȐ
ȇȔȝ̞ȘȄ̠̏ȡș̯̎ȪȆȡȣǿȣȍ



ȗȍȦȧǮȄǻȡȐ
ǬȣȍȍȦȖȣșȡȣǬȣȁ

ǬȣȍȍȦȖȣșȡȣǬȣȁ
ȫȂșȌȍȍȇǽȣȃ̞

ǬȣȍȍȦȖȣșȡȣǬȣȁ
ȧǽ̞ȐǬȔ

Image from the Internet





ǿȏȣȇȧȕ̠̏șȐȪȆǬȣȍȃ̞Ȃȧǽ̤̑ȡȩȏȍ̌ȕȫǿȫȍȆȣ ȯ019

Assumption
ȗȍȦȧȇ̞ȆȫȂșȪǽ̐ WellsɼRiley equation
ǿȏȣȇȧȕ̠̏șȐȧȇ̤̏ȡȇ̠ǿȆȃ̞Ȃȧǽ̤̑ȡ ȮǿȆ ȪȆȝ̤̑ȆȄ̠̏ȗ̟Ȃ
ȍȦșȦȧȏȔȣȕ̌ȇȚ̌ȕ Ȯǽ̌̏ȏȫȇȐ
quantum generation rate = 48 quantum/h
Ȟ̐ȡȐǻȆȣȂ Ȳ x 8 x 2.5 ȔȖɩȇɩ



ȡ̌ȃȍȣǬȣȍȍȦȖȣș
ȡȣǬȣȁȧȄ̎ȣȩȍ̎

ǭ̢ȐȎȦȧȝ̠șȐȝȡ



6ACH

10L/s/person

10m3/hour/m2

ȡ̌ȃȍȣǬȣȍȍȦȖȣșȡȣǬȣȁ

Ȟȍ̤ȡ

Ȟȍ̤ȡ

CO2 concentration < 800 ppm



ȞȣǬȩȇ̎ȕȣȇȣȍǭȍȦȖȣșȡȣǬȣȁ
ȩȂ̐ȧȝ̠șȐȝȡ ȡȣȎȎ̦ȣȧȗ̜Ȇȃ̐ȡȐ
ȃ̞Ȃȃ̌̑Ȑȡ̭ȗǬȍȉȧ̘ȝ̞̏ȇȧȃ̞ȇ 
ȧȝ̤̏ȡȄȂȨȄȆǬȣȍȍȦȖȣș
ȡȣǬȣȁȎȣǬǮȣșȆȡǬȡȣǿȣȍ



ȫȗȍȨǬȍȇȗȍȦȧȇ̞Ȇǿȏȣȇȧȕ̠̏șȐǬȣȍȃ̞Ȃȧǽ̤̑ȡ 
COVID-19 ȄȣȐȡȣǬȣȁȪȆȡȣǿȣȍ



ȕ̞̏ȐȄ̐ȣȄȣșȪȞȇ̎

PM2.5ȪȆǽ̎ȏȐǯȂ̯ȞȆȣȏ





ȗ̍ǹȞȣǬȣȍȕȦȕȇȃ̌ȏǻȡȐ 
PM2.5 ȪȆȖȍȍșȣǬȣȁ

ȨȞȔ̎ȐǬ̦ȣȧȆ̞ȂǻȡȐ PM2.5



ǻ̐ȡȧȕȆȡȨȆȦȪȆǽ̎ȏȐȄ̠̏ȇ̠
ț̭̱Ȇȕ̯ȐǻȡȐȗȍȦȧȄȁȩȄș

Ǭ̞ȎǬȍȍȇǬȔȣȐȨȎ̐Ȑ

Ǭȣȍȧǻ̐ȣȇȣȡș̯̎ȪȆȡȣȁ̌ș
ȡȣǿȣȍȗ̟Ȃ ǽ̎ȏșȔȂǬȣȍ
ȕ̌ȇȚ̌ȕ PM2.5 ȩȂ̐ȡș̎ȣȐȆ̐ȡș 

38-45%



Infiltration ɷǬȣȍȍ̌̏ȏǾ̢ȇǻȡȐȞ̐ȡȐɸ

average infiltration rate (air exchange)

0.394 0.722 0.498

is unconditioned air that enters the building from a variety of paths

h-1 h-1 h-1

Source: Techapaphawitand Pongkiatkul, 2020



ȧȄǿȆ̞ǿǬȣȍȎ̌ȂǬȣȍǿ̭ȉǮȣȝȡȣǬȣȁ
ǮȣșȪȆȖ̐ȣȆ/ȕ̦ȣȆ̌ǬȐȣȆ 

ǬȣȍǿȏȖǿ̭ȇ
ȨȞȔ̎ȐǬ̦ȣȧȆ̞Ȃ

ǬȣȍȜȡǬȡȣǬȣȁǬȣȍȍȦȖȣșȡȣǬȣȁ


