
1-1. Need for ventilation
Air in living rooms, factories, and special purpose rooms can be polluted by carbon 

dioxide generated by breathing activities and steam, dust, and hot air generated 
during work. Contaminated air is harmful to health, impairs morale, degrades product 
quality and adversely affects the life of machinery and equipment.

Therefore, it is necessary to create a comfortable working environment by 
ventilating with fresh air.

Table 1. Human breathing

Fresh dry air

Nitrogen N2

Oxygen O2

Carbon dioxide CO2

Scarce gas and moisture

78.0 (%)

21.0

0.03

0.97

Exhalation

75.0 (%)

16.0

4.0

5.0

Table 2. Occupant density in the room

Room name

Office room
Meeting room

Lecture hall
Dining room

n person/m3

0.1 - 0.2 (0.15)
0.3 - 0.6 (0.5)
0.3 - 1.0 (0.7)
0.5 - 1.0 (0.8)

Table 3. Required ventilation rate for living rooms (reference value)

Type of room

Standard 
occupant 
density 

person/m2

Required
ventilation

rate
m3/m2•h

No. Type of room

Standard 
occupant 
density 

person/m2

Required
ventilation

rate
m3/m2•h

No. Type of room

Standard 
occupant 
density 

person/m2

Required
ventilation

rate
m3/m2•h

No.

1

2

3

4

5

6

0.2

0.24

0.2

0.3

1.0

0.6

6.0

7.2

6.0

9.1

30.0

17.7

Office (private room)

Office (general)

Bank sales office

Storefront

Restaurant and coffee shop (Standard)

Restaurant and coffee shop (luxury)

7

8

9

10

11

12

1.2

0.1

1.6

1.2

0.5

0.3

37.5

3.0

50.0

37.5

15.0

9.0

Banquet hall

Hotel guestrooms

Theaters and movie theaters (standard)

Theaters and movie theaters (luxury)

Breakrooms

Entertainment room

13

14

15

16

17

18

1.0

0.6

0.2

0.3

1.0

0.5

30.0

17.7

6.0

9.0

30.0

15.0

Small meeting room

Bar

Beauty salons and barber shops

Housing and apartment

Cafeteria (for sales)

Cafeteria (for non-sales use)

1-2. Type of mechanical ventilation
Mechanical ventilation is classified into the following three types according to the ventilation-related laws and regulations.

1-3. How to determine the required ventilation rate
There are various methods for calculating the required ventilation rate depending on the amount of CO2 generated by number of people in the room, the amount of waste 

gas generated by the use of fire, and other conditions. In determining the ventilation rate, fully consider the purpose of using the room and the condition of use, calculate 
the ventilation rate for each factor that requires ventilation according to the purpose of ventilation, and set the ventilation rate of the room with the maximum value.

Outside air Outside air

Outside air

Air supply fan Air supply fan
Exhaust fan

Exhaust 
Exhaust fan

Exhaust 

Valid 
exhaust port

Air supply port

Indoor
Indoor Indoor 

1) Method based on the occupant densities in the room

 Q = 30N  (when occupancy is determined)

 Q = 30A •n  (if the number of occupants is unknown) 

  Q : Required ventilation rate (m3/h)

  N : Actual number of personnel (person)

  A : Floor area of the living room (m2)

  n : Occupant density (person/m3)

Table 4. Occupied area per person

Building category RemarksOccupied area
per person

3m2

3m2

2m2

3m2

3m2

2m2

2m2

2m2

2m2

10m2

5m2

0.5 - 1m2

5m2

Restaurants and cafeteria

Coffee shop

Cabaret and beer hall

Japanese restaurants and rental rooms

Shops and market

Ball station and table tennis station

Dance hall and bowling alley

Pachinko parlor and go clubs

Mahjong Club

Japanese inn, hotel and motel

Special bathroom

Assembly hall and public hall

Office spaces

Floor area of the part for business use

“

“

“

“

“

“

“

“

“

“

Number of persons calculated per unit and 

number of persons who can be accommodated at 
the same time

Floor space of the office

2) Method based on the occupied area per person

 (For Mechanical ventilation equipment)

 Q : Required ventilation rate (m3/h)
 Af : Floor area of the room (m2)
   However, if there are valid openings such as 
   windows, subtract 20 times the area.
 N : Occupied area per person (m2)
   However, when N>10, it should be 10.

Q =
N

20Af

(NOTE)  1. The required ventilation rate is calculated assuming that the ventilation rate per person is 30m3/h so that the permissible indoor carbon dioxide concentration is 0.1%.
 2. Do not drop below the Order for Enforcement of the Building Standards Act, Article 20-2, paragraph 2.

Reference values for minimum ventilation requirements for animals
Per chicken (in a poultry house) ......................... 0.25 to 0.27m3/min (summer)
Per cow/pig (equivalent to 100kg) ...................... 3m3 min (summer)

* The ventilation rate of chicken is for the age of 10 weeks (2.2 to 2.4 kg/chicken).

* Figures set by the Metropolitan Development Bureau

(NOTE) 1. The above formula is based on Article 20-2 of the Order for Enforcement of the 
  Building Standards Act.
 2. "20" stands for 20 (m3/h and person) and is based on the ventilation requirements 
  based on CO2 emissions when an adult male is sitting quietly. If smoking is 
  suspected, a separate calculation is necessary.

Ventilation design

Fig. 1 (a) Class 1 mechanical ventilation system Fig. 2  (b) Class 2 mechanical ventilation system Fig. 3 (c) Class 3 mechanical ventilation system

Positive 
pressure

Negative 
pressure
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Table 5. Ventilation frequency (excerpt from hygienic laboratory guideline)

Category
Ventilation
frequency

General 
household

Restaurant

Japanese inn 
and hotel

Hospital

School

Theater and 
movie theater

Plant

General 
building

Public toilet

Type of room

Living room, bathroom, reception room
Lavatory
Kitchen
Cafeteria, restaurants, sushi shops
Oden-ya, Tenpura-ya
Cooking room
Guestrooms, corridors
Dance halls, dining hall 
Restrooms and lavatories
Cooking room and laundry room
Engine room and boiler room
Clinic rooms, patient rooms, office rooms, corridors
Waiting rooms, bathrooms, dining rooms, toilets, and 
respiratory care room
Laundry rooms, cooking rooms, operating rooms, and 
sanitizing rooms
Classrooms, libraries, lecture halls, and chemical 
laboratories
Gymnasium 
Lavatory
Cooking room
Guest rooms, corridor 
Smoking rooms, lavatory 
Projector rooms
Office rooms, general work rooms, telephone 
exchange rooms, spinning factories, printing factories
Battery room
Chemical plants and food factories
Woodworking plant
Foundry
Office room
Waiting room
Meeting room

Rooms where harmful or combustible gases are generated

6
10
15
6

10
20
5
8

10
15
20
6

10

15

6

8
12
15
6

12
20

6

10
15
20
50
6

10
12
20

20 or more     

Table 6. Ventilation system for rooms using fires

Room where fire is used Ventilation
frequency
(times/h)

Ventilation rate

Kettle room

Barber shop

Kitchen

(Remark) ○: Generally adopted method  △: Method that may be adopted
 The ventilation rate varies depending on the shape of the hood.

Reference 1)  Carbon dioxide (CO2) concentration in fresh air = 0.0003 (0.03%) =300PPm
 2)  The permissible concentration values are based on the standards of Japan 
  Industrial Safety and Health, etc.
 3)  Local ventilation is desirable except for the object generated from the 
  human body. The calculation formula for global ventilation (diluted ventilation) 
  is shown here. Assume that the outdoor air is cleaner than the indoor air.

5

40 - 60○

○

○

○

○

○ ○

△

○

○

○

Facotr requiring ventilation Ventilation method

3) Method of controlling room temperature, humidity, and cleanliness
  (For temperature control)

 Q : Required ventilation rate (m3/h) 

 Hs : Indoor sensible heat  (kJ/h)

 tr : Indoor allowable temperature (°C)

 to : Introduced outside air temperature. (°C)

4) Method according to the number of ventilation

Q =
0.069 (tr - to)

Hs

The ventilation requirement is determined by ventilation frequency shown in 
Table 5, depending on the location of the ventilation. 

Q : Required ventilation rate (m3/h) 

V : Building volume A x H(m3) 

a : Hourly ventilation frequency (times /h) 

A : Floor area (m2)

H : Height (m)

Q = V • a

　　(For humidity control) 

 Q : Required ventilation rate (m3/h)
 W : Indoor water vapor generation rate (kg/h) 

 Xr : Allowable room absolute humidity (kg/kg')

 Xo : Absolute humidity of the introduced outside air (kg/kg')

Q =
1.2 (Xi - Xo)

W

  (For cleanliness control)

 Q : Required ventilation rate (m3/h)

 K : Pollutant generation rate (m3/h)

 P1 : Concentration in fresh air (m3/m3) 

 P2 : Allowable indoor concentration (m3/m3)

Q =
(P2−P1)

K

The air volume of the fan is determined by considering leakage in the middle 
of the duct in the required ventilation rate. However, the figures in Table 5 
are for reference only and air volume should be planned in accordance with 
the laws and regulations relating to ventilation.

5) Method based on the theoretical exhaust gas

 Required ventilation rate when a ventilation fan or the like is installed

(1) When only a ventilation fan effective for ventilation is installed 
 Q ≥ 40kq 
  Q : Required ventilation rate (m3/h)
  k : Theoretical exhaust (m3/kg or m3/kJ) per unit mass of fuel burnt
  q : Burnt consumption of the combustion appliance (kg/h or kJ/h)

(2) When a ventilation fan or the like effective for ventilation is installed in an exhaust 
 cylinder with an exhaust hood
 Q ≥ 30 kq  (exhaust hood I type)
 Q ≥ 20 kq  (exhaust hood type II)

(3) When a ventilation fan or the like is installed on the chimney
 Q ≥ 2kq

C
lass 3 ventilation

C
lass 2 ventilation

C
lass I Ventilation

N
atural ventilation

Toxic gas 

M
oisture 

H
eat

O
dor A

ir

Table 7. Theoretical exhaust gas by fuel

Theoretical exhaust gas
Calorific value

City gas

LP gas (mainly propane)

Kerosene

50,232 kJ/kg

43,116 kJ/kg

0.000258 m3/kJ

12.9 m3/kg

12.1 m3/kg

Type of fuel

Fuel

The ventilation rate of the rooms using fire (kitchens, etc.) shall satisfy the 
sum of the required ventilation rate  of each exhaust hood(Building Standard 
Law), the face velocity  of the hood section(0.3m/sec or more), the 
ventilation frequency (40 times/h or more), etc.

(NOTE) The above formula is based on Article 20-3, paragraph 2 of the Order for Enforcement 
 of the Building Standards Act.

Com
bustion gas and 

oxygen supply 
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Hood type

Enclosure-type hood

Lateral suction type

Downward suction type

Upward suction type

Externally-mounted hood

Conveyance velocity

 (m/sec)

0.4

0.5

0.5

1.0

Hood type

Surrounding type hood

Lateral suction type

Downward suction type 

 Upward suction type

Externally-mounted hood

Conveyance velocity

 (m/sec)

0.7

1.0

1.0

1.2

Condition of the object

Gasous phase

Particulate 

Conveyance velocity (m/sec)

0.5

1.0

Fig. 4. Exhaust hood

High

Size
(around firesource)

Air collection
area

Material

Surface velocity

h

H

B

a

θ

V

1.0 m or less

-

h/2 or higher

5 cm or more

10° or more

Noncombustible
material

-

1.0 m or less 

-

Those capable of 
covering fires, etc.

Shape that can 
collect exhaust gas 

uniformly

Noncombustible
material

-

1.2 m or less

-

h/6 or higher

Shape that can 
collect exhaust 
gas uniformly

Noncombustible
material

-

1.0 m or less

1.8 - 2.0m

-

5 cm or more

10° or more

Stainless steel

Value by laws and regulations

I type hood
Practical valueHood that can 

be regarded as 
equivalent to 
an I-type hood

Type II hood

(NOTE)  1. When using a double hood, the width of peripheral slot shall be 10 to 20mm, and the 
  ventilation rate shall be 0.2 to 0.3m3/sec per 1m of the peripheral slot.
 2. The exhaust from the appliance that generates exhaust gas, oil, steam, etc. should be 
  ventilated with an exhaust hood type II.
 3. By ASHRAE applications 1982.

Ventilation of rooms where fire is used (calorific value of city gas: 20,930 kJ per Nm3)

Fan

Symbol Grid
Floor Type of room 

Ventila-
tion type

Area
m2

Volume
m3

Vibration frequency
times/h

Ventilation rate
m3/m2 • h

Ventilation air
volume

m3/h

Air volume by 
ventilation system 

m3/h
Remarks

Strain
name

Installation
location

Ventila-
tion type Appliance Fuel

type

Theoretical exhaust
gas volume k

m3/kg or m3/kJ

Fuel consumption 
q

Kg/h or kJ/h

Constant by 
exhaust system

Effective ventilation
volume m3/h

Ventilation volume by 
ventilation frequency

m3/h

Air volume by system
m3/h 

  2

30

“

“

“

“

“

“
  2

30

②

9,300

FE-2 Kitchen exhaust B1 Kitchen 1 55.4 232.7 40 9,300 9,300

FE-2 Kitchen

(Total)

1 Gas

“

“

“

“

“

“

“

“

“

0.000258

“

“

“

“

“

“

“

“

“

94,186

108,837

90,000

50,233

48,140

251,163

71,163

113,023

94,186

46,047

50

840

700

390

370

1,940

550

870

50

360

6,120 ①

9,300

①＜②

9,300＝

(NOTE)
0.3 - 0.5m/sec

1-4. Example of ventilation rate selection for kitchen exhaust fan 

Dish washer

Rice cooker 

Gas flyer

Fish roaster

Gas range

Gas table

Gas rotary cooker

1-5. Reference for velocity selection
Control velocity
The control velocity refers to the minimum suction speed required to capture 
dust, gas, vapor, foam, etc. scattered from source A at the dispersion limit 
point or at a certain point B within its dispersion limit, and to allow it to flow 
into the hood opening, as shown in the example in Fig. 5.

Conditions for generating 
contaminants Example Conveyance

velocity (m/sec)

0.25 - 0.5

0.5 - 1.0

1.0 - 2.5

2.5 - 10.0

When dispersed in a quiet 
atmosphere at virtually no velocity

Gas, vapor, fume, etc. generated 
from the liquid surface

When dispersed in a relatively 
quiet atmosphere at a low speed

When dispersed actively in a 
workplace with a fast airway

When dispersed at a high initial speed 
in a workplace with a very fast airway

Spray coating work in the booth type 
hood, intermittent container filling 
work, low speed conveyor, welding 
work, plating work, and pickling work

Spray coating work in the small depth 
booth hood, barreling work, conveyor 
drop, and crusher

Polishing work, blasting work and 
tumbling work

Table 10. Control velocity of the contaminant

Table 13. Control velocity for non-specified dust sources

Table 11. Control velocity against organic solvents

Table 12. Control velocity for a specialized substance with no 
specified control concentration

Fig. 5

Table 8

Table 9

Fire source

Control velocity

Scattering rate

Capture point

Inflow velosity into the opening

Kitchen appliance

Ventilation volume

Instantaneous
water heater

Instantaneous
water heater

Hot water reservoir

Technical data



Type of work Hood type and wind speed Conveyance velocity
(m/sec)

Conveyance velocity
(m/sec)

Velocity for powder conveying

Fig. 6

Table 14. (a) Velocity for powder/gas conveying Table 15. (b) Velocity for solid conveying

Conveyed material

18

10

7.5 - 9

18

18

18

7.5 - 10

35   
35   
32.5
27.5
29   
25   
22.5
20   
15   

Sand
Cement
Red iron and steel
Salt 
Wheat
Wool
Cotton
Pulverized coal
Sawdust

(NOTE) The above indicates the minimum recommended speed at which powder does not deposit.

Part of the duct

Velocity

Table 16. Velocity at the low-pressure duct and fan outlet/suction port (ASHRAE, 1963) （m/sec）

Housing

3.5

5.0 - 8.0

3.5 - 4.5

3.0

2.5

Public building

4.0

6.5 - 10.0

5.0 - 6.5

3.0 - 4.5

3.0 - 3.5

Plant

5.0

8.0 - 12.0

6.0 - 9.0

4.0 - 5.0

4.0

Housing

4.5

8.25

4.0 - 6.0

3.5 - 5.0

3.25 - 4.0

Public building

5.0

7.5 - 11.0

5.5 - 8.0

4.0 - 6.5

4.0 - 6.0

Recommended velocity Maximum velocity

Plant

7.0

8.5 - 14.0

6.5 - 11.0

5.0 - 9.0

5.0 - 8.0

(NOTE) Except for the air duct of high pressure 1 duct and high pressure 2 duct, the above is applied..

The power required to raise a certain air volume to a certain pressure is 
called theoretical power. This is calculated by the following formula:

Q : Air volume  m3/min
Pt : Total fan pressure (Pa)

In addition, the ratio of the theoretical power (AKW) to the motor shaft power 
(SKW) is the efficiency of the blower (   ).

(1) Fig. 6 shows the structure of the Pitot tube when static pressure and dynamic 

 pressure are measured simultaneously.

AKW =
Q×Pt

60000

(2) Calculation of air volume by Pitot tube

 To determine the air volume using a Pitot tube, calculate the velocity at each 
measuring point of the Pitot tube from the dynamic pressure Pd, and then 
calculate the air volume from the average value and the cross-sectional area of the 
pipe line.

A : Cross-sectional area of pipe line (m2)
Pd : Dynamic pressure (Pa)
  : Gas density (kg/m3)
V : Velocity (m/s)

Air volume Q = 60AV
 = 60A m3/min2Pd 

γ 

= AKW ×100%SKW

1-6. Air volume measurement with Pitot tube

1-7. Theoretical power

Hole for static pressure measurement

Hole for total pressure measurement

η

η

γ

Spray polishing

Car garage

Kitchen range

Grinder

Rock boreing (dry type)

Sieve 　 　
Spray coating 　 　 　

Fan inlet

Fan outlet

Main duct

Branch duct

Branch rising duct

 

Tailpipe and local hood

Wind speed at the front opening of the ceiling hood : 0. 5m/sec

Standard hood

Suction rate through hood opening: 0.8 to 1. 0m/sec

0.5 m/sec in booth cross-section

Technical data


