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Air conditioning means keeping indoor air clean and providing 
a comfortable indoor space.  Air conditioning equipment is a 
generic name for ventilators, coolers, and heaters.

Heat pump coolers and heaters work at their best energy 
efficiency under specific operating conditions in a manner similar 
to with fuel efficiency for automobiles.  Therefore, running such 
coolers and heaters as energy-efficiently as possible allows energy 
conservation.

To cool a space is to remove the heat generated within that 
space and the heat flowing into that space from outside compared 
with the original (standard) heat energy status (temperature and 
humidity) of that space.  The heat to be removed is the “load,” and 
the ability of a cooler to remove heat is cooling “capacity.”  When 
cooling capacity is too small for the load, cooling is insufficient; 
conversely, when cooling capacity is too large for the load, energy 
efficiency is confirmed to be poor.1)  Accurately understanding 
the current load and selecting the cooler or heater of the most 
appropriate capacity hence enables energy conservation.

This paper covers the results of a survey of operation and 
the methodology of system design and calculation with an aim 
of improving calculation accuracy for loads specific to railway 
facilities.  The data used in this paper is the results of surveys and 
discussions by a working group consisting of air conditioning 
system design engineers from the Environmental Engineering 
Research Laboratory, the Construction Department, branch 
offices, field offices, and JR East group companies.

Station Restroom 
(Image-improving Restroom)2

In order to improve service quality of restrooms in the stations 
many passengers use, JR East is equipping them with coolers 
and heaters as well as powder room equipment and liquid soap 
dispensers (Fig. 1).  Such “image-improving restrooms” with coolers 
and heaters are referred to as “station restrooms” in this paper.

As station restrooms are used by a large number of passengers 
with high frequency, quantity of ventilation of a station restroom 
is significantly increased to reduce odor.  Temperature and 
humidity of the air to be ventilated thus greatly affect the results 
of calculation of air conditioning load and selection of equipment.

Introduction1

2.1 Air Conditioning Methods for Station Restrooms
There are two types of ventilation methods for station restrooms: 
the circulating and heating/cooling method where indoor air is 
circulated while being heating/cooling, and the “all-fresh” method 
where all intake outside air is heating/cooling (Fig. 2).

2.2 Survey of Operation of Air Conditioners
In verifying the method of calculating outdoor heat load, we 
carried out a survey of operation of air conditioners.  The places 
and periods of the survey are listed in Table 1.  At those places 
and in those periods, we collected temperature and humidity data 
inside/outside station restrooms and power consumption data of 
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Fig. 2  Air Conditioning Method for Station Restroom

Fig. 1  Image-improving Restroom (Kaihinmakuhari Station)

Station Air conditioning 
method

Heating/cooling 
capacity

(cooling, heating)
Period

Tokyo Circulating 22.4 kW, 20.0 kW
August 9 to 

September 13, 2013Okachimachi Circulating 16.0 kW, 14.0 kW

Nippori All fresh 16.0 kW, 14.0 kW

Table 1  Place and Period of Operation Survey for Air Conditioners
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Maintenance Manual”, an internal standard of JR East.  Due 
to spatial restrictions in stations and the balance with other 
restrooms, the actual number of toilets does not always agree with 
the number of toilets required.

Table 2 indicates that the use rate of station restrooms is 
around 70% of the number of toilets required.

As this result and the result of calculation of the number of 
persons per square meter based on the area occupied by each toilet, 
we specified a guide of 0.35 person/m2.  The rule for calculation 
other than calculation of outdoor air intake load and number of 
persons occupying is the same as the rule for ordinary rooms.

Ticket Vending Machine Room3
A ticket vending machine room is a room where ticket vending 
machines and fare adjustment machines are concentrated.  Since 
the heat from machines increases the room temperature, a cooler/
heater is installed to the room (Fig. 5).

3.1  Survey of Power Consumption of Ticket Vending 
Machines

The heat from ticket vending machines is proportional to the 
power consumption of the machines.  The power consumption 
shown in the catalog for the machine takes into account the safety 
factor to calculate power supply capacity.  Power consumption of 
those machines varies between in operation mode (while a user is 
purchasing a ticket, for example) and in standby mode (while the 
machine is waiting for operation by a user).

Table 3 shows the machines and operations surveyed, and Fig. 6 

heating/cooling equipment.  By multiplying the collected power 
consumption data by the rated COP (coefficient of performance) 
of air conditioning equipment, we estimated the quantity of heat 
actually processed.

The results of the survey revealed that, in the circulating 
and cooling method, concourse air taken in during ventilation 
accounts for a large percentage and that the temperature and 
humidity of the concourse air are lower than those of outdoor air, 
while outdoor air is directly cooled in the all-fresh method.  In 
calculating the load, we thus took into account temperature and 
humidity of the air taken in and the air conditioning method and 
decided to calculate by multiplying the sum of sensible heat load 
and latent heat by the coefficient of alleviation of outdoor air load 
obtained by measurement (Formula (1)).

q
O
 = r (q

OS 
+ q

OL
) ... (1)

  q
O 
: Outdoor air intake load [W]

  q
O 
: Sensible heat load [W]

  q
OL 

: Latent heat load [W]
  r : Coefficient of alleviation of outdoor air load (0.8, 1)

Fig. 3 shows the relation between the results of conventional 
load calculation, the results of load calculation using the 
coefficient of alleviation of outdoor air load, and the quantity of 
heat actually processed.  This demonstrated that introduction of 
the coefficient of alleviation of outdoor air load (r = 0.8) made 
the result of load calculation almost equal to the peak value of the 
actual measurement result.

2.3 Station Restroom Occupancy
A major indoor load of station restrooms is the heat generated 
from users.  For ordinary rooms, it is easy to calculate that load 
because the number of persons working in the room is roughly 
fixed.  On the other hand, the number of persons occupying 
station restrooms was estimated by their individual designers, 
and there was no uniformed rule of calculation.  We therefore 
decided to make a rule of estimating the number of persons in a 
station restroom based on a survey of the situation.

The place for the survey was the stations in Table 1 and the 
period was a few days within the periods in Table 1.  We recorded 
the number of persons entering and exiting the station restrooms 
every 10 minutes.  As an example, the survey results at Tokyo 
Station on August 20, 2013 are shown in Fig. 4.

Based on the survey results, we obtained the average number 
of persons occupying station restrooms.  Table 2 lists the use 
rate calculated from the number of toilet stalls.  The “number of 
toilet stalls required” in Table 2 is the number of toilets calculated 
from the number of passengers based on “the Station Restroom 
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Fig. 5   Ticket Vending Machine Room (left: outside, right: inside)

Fig. 4  Survey Results of Number of Station Restroom Occupancy

Average 
occupancy

Use rate
[%]

Tokyo
Actual number of toilets 14

13.1
93.6

Number of toilets required 21 62.4

Okachimachi
Actual number of toilets 15

6.0
40.0

Number of toilets required 9 66.7

Nippori
Actual number of toilets 9

7.7
85.6

Number of toilets required 11 70.0

Table 2  Average Number Occupancy and Use Rate for Station Restrooms

Fig. 3  Relationships Between Load Calculation 
and Quantity of Heat Actually Processed
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shows the measurement results of power consumption of a multi-
function ticket vending machine.  Fig. 6 indicates that the power 
consumption of the machine is slightly less than 400 W in operation 
mode regardless of the kind of operations made and slightly less 
than 300 W in standby mode.  Those values are less than the power 
consumption shown in the catalog by 20 to 250 W.

3.2  Survey of Rate of Simultaneous Use of Multiple Ticket 
Vending Machines

As the power consumption of a ticket vending machine varies 
between operation mode and standby mode, we need to take 
into account the time during which a user operates the machine 
to calculate the load.  Here, we refer to the rate of time where 
multiple ticket vending machines operate simultaneously as “the 
rate of simultaneous use”.

To figure out the rate of simultaneous use, we used the 
operation history data of ticket vending machines.  Since we 
predicted that the power consumption results would vary depend 
on the station size, we made a survey at six stations classified into 
three groups according to volume of passengers (Table 4).

Fig. 7 shows an example of the survey results on the rate of 
simultaneous use of ticket vending machines.  The rate at large- 
to medium-sized stations is just less than 60%, and it is just less 
than 30% at small-sized stations.  Thus, we defined the rate of 

simultaneous use as 60% for large- to medium-sized stations and 
30% for small-sized stations.

3.3 Calculation of Load of Ticket Vending Machines
Formula (2) is the calculation formula for heat load of ticket 
vending machines (Q

M
) using power consumption and rate of 

simultaneous use.  The heat load includes the safety factor because 
more power consumption and a higher rate of simultaneous use 
were estimated than were actually measured.

Q
M
 = (ε × R + (1 - ε) × S) × N ... (2)

  N: Number of ticket vending machines installed [units]
  S: Power consumption in standby mode [W]
  R: Power consumption in operation mode [W]
  ε: Rate of simultaneous use 

Underground Station Platforms4
Coolers are equipped to underground station platforms because 
temperature there becomes high in summer due to heat from 
trains and other heat sources (Fig. 8).

4.1 Breakdown of the Load in an Underground Station
Fig. 9 illustrates the relationship between the loads in an 
underground station, and Formula (3) clarifies the load in the 
underground station platform space q.2)

q = q
C 
+ q

W 
+ q

T 
+ q

L
+ q

P 
+ q

E 
+ q

OA 
... (3)

  q
C
: Load of heat absorbed/radiated by walls [W]

  q
W
: Load of train draft [W]

  q
T
:  Load of heat radiated by trains (including radiation by 
train coolers) [W]

  q
L
: Load of draft coming through openings [W]

  q
P
: Load of heat radiated from human bodies [W]

  q
E
:  Load from lighting equipment (including other related 
equipment) [W]

  q
OA

: Load generated by outdoor air intake [W]
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Fig. 6  Power Consumption Measurement Results 
for Multi-function Ticket Vending Machine

Fig. 7  Rate of Simultaneous Use of Ticket Vending Machines

Fig. 8  Underground Station Platform (Sendai Station, Senseki Line)

Table 3  Machines Surveyed and Operations

Machine Operations surveyed

Ticket vending machine
Multi-function ticket 

vending machine
Startup, Shutdown, Adding fare to Suica card, 
Printing Suica card usage history, Ticket purchase

Fare adjustment 
machine

Startup, Shutdown, Suica card fare adjustment, 
Cash fare adjustment

Table 4  Stations Surveyed

Station size
(volumes of passengers) Station (Ticket gate)

Large-sized
(more than 100,000 persons/day)

Shinjuku Station Southeast ticket 
gate, Yurakucho Station Ginza 
ticket gate

Medium-sized
(20,000 to 100,000 persons/day)

Asagaya Station, Odawara 
Station, Tabata Station

Small-sized
(less than 20,000 persons/day) Fusa Station

Direct exhaust
(heat discharge)

Heat radiation from trains

Heat effect load
in tunnel space

Rise of enthalpy
in tunnel

Load of
train draft

Heat radiated
from human body

Heat absorbed/
radiated by walls 

Load generated by 
outdoor air intake 
Ventilation load

Load from lighting
equipment (including
other related equipment) 

Load of heat absorbed/
radiated by walls 

Heat effect load
in platform space

Above ground
Under ground

Load in 
platform 
space

Load of draft coming
through openings

Fig. 9  Relationship of Loads in an Underground Station
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Among those loads, the load of train draft q
W
 and the load of 

heat radiated by trains q
T
 are different from the loads in ordinary 

buildings.

4.2 Load of Train Draft
Air volume of train draft varies according to the shape of the 
tunnel, train speeds, and other conditions.  Temperature and 
humidity of train draft also vary according to the depth of the 
tunnel and the wall temperature.  Thus, when designing an 
air conditioning system for an existing underground station 
platform, actual measurement of air volume, temperature, and 
humidity will improve the accuracy of load calculation.

Table 5 shows the measurement values for train draft and 
temperature and humidity in tunnels of underground stations.  
As train draft cannot be directly measured, the values are those 
measured at the end of the platforms.

Table 5 indicates that air volume of train draft, temperature, and 
humidity vary greatly among stations.  In actual load calculation, 
we obtain the train draft by multiplying the measurement value 
by the number of trains per hour, the coefficient of influence on 
the platform space, and the like.  The coefficient of influence 
on the platform space is the rate at which train draft affects the 
condition in the platform space.  Train draft goes out through 
the platform space, the track space, and the openings (Fig. 10).  
The coefficient of influence on the platform space is affected in 
complex manner by numerous factors such as shape of the tunnel 
and the location of the openings, and therefore it is very difficult 
to determine the coefficient of influence in a uniformed manner.

We are now studying the application of Computational Fluid 
Dynamics (CFD) analysis, aiming to improve the accuracy of the 
coefficient of influence on the platform space.

4.3 Load of Heat Radiated by Trains
Since part of the braking force of rolling stock is transformed 
into heat, bogies radiate heat.  Outdoor units of cabin cooling 
equipment on the roof of rolling stock also radiate heat.  A train 
is thus a moving radiator, and it becomes a load on the platform 
space while stopped at a station.  With an existing station, it is 
desirable to apply actual measurement values to load calculation 
as with train draft.

In cases such as stations to be newly built where actual 
measurement is difficult, load can be calculated based on the 
cooling capacity of the cooling equipment that is installed to the 
rolling stock, the regenerative factor, and the like.4)

Conclusion5
The loads of railway-specific facilities surveyed are explained 
in our internal guidelines, “Guidelines of Air Conditioning 
System Design and Calculation” used in system design work.  
The survey data and the case examples of system designing on 
which those guidelines are based are introduced in “Guidelines 
of Air Conditioning System Design and Calculation <Technical 
Data>,” also used to improve air conditioning system design 
technology and skill.

We will further work to improve our design technology and 
skill to contribute to energy conservation.
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<Legend>

Fig. 10  Image of Train Draft Flow

Table 5  Measurement Values for Train Draft and Temperature 
and Humidity in Tunnels

*Tunnel shape is different between on Sobu Line rapid service and Senseki Line.
(Results of survey by the Environmental Engineering Research Laboratory)

Sobu Line rapid service
Miyaginohara 

Station, 
Senseki Line

Omiya 
Station,

Saikyo Line
Shin-

Nihombashi 
Station

Shimbashi 
Station

Train draft
[m3/train] 16,000 20,000 8,000 8,000

Tunnel 
temperature [ºC] 28.8 25.8 26.5 27.2

Tunnel humidity 
[kg/kgDA] 0.0167 0.0176 0.0162 0.0143

Station structure 2 lines on a platform* 4 lines on
2 platforms


