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Air conditioning systems for underground spaces have to 
be designed for conditions different from those of ordinary 
buildings, such as heat discharge from trains, train draft from 
tunnels, and heat radiation from walls.  Heat discharge from 
trains and train draft from tunnels are loads that change by 
the second.  At the time of construction of many of JR East’s 
underground stations, however, those were estimated by hours 
and the peak load calculated based on past research results to 
decide the capacity of refrigerating machines.  Calculations also 
referred to wind tunnel test results using scaled-down models 
and estimations of the number of train passengers.

As Tokyo Station for rapid service on the Yokosuka and Sobu 
lines (hereinafter, the “Tokyo Station Sobu underground area”) 
is an underground station nearing the time to replace its air 
conditioning system, we can acquire data on actual operation of 
the existing system and the thermal environment on the platform 
to reflect those in heat load calculation.

Figuring out actual operation of the existing systems of 
Bakurocho, Shin-Nihombashi, and Shimbashi stations on the 
Yokosuka and Sobu lines for rapid service and the Tokyo Station 
Keiyo underground area that are adjacent to the Tokyo Station 
Sobu underground area as well, we have identified issues on the 
air conditioning system for underground stations.

Air Conditioning Method of Tokyo Station 
Sobu Underground Area2

For cooling underground stations, refrigerating machines 
and chillers of the system make cold water and unit type air 
conditioners (hereinafter, “air conditioners”) send out cool air.  
For ventilation, the system also includes air supply fans and 
exhaust fans.

Fig. 1 is a diagram of the air conditioning method for the 
Tokyo Station Sobu underground platform.  Here we will call 
this the usual mode.

Conversely, the air conditioning method to reduce the load at 
the track from outside, which has been clarified in the simulation 
to be explained later, is called the improved mode (Fig. 2).

Introduction1

Issues of Air Conditioning System of 
Tokyo Station Sobu Underground Area3

Air conditioning methods vary according to the time of 
construction of underground station air conditioning systems.  
The air conditioning system for the Tokyo Station Sobu 
underground platform was designed at a time when brakes that 
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JR East has underground stations on the Yokosuka and Sobu lines (for rapid service), the Keiyo Line, and other lines, and those 
are provided with ventilators, smoke control systems, as well as cooling systems that remove heat from trains, lighting and human 
bodies.  More than 30 years have passed since construction of many of those underground stations, so the heat load calculation 
conditions have changed and the calculation methodology has progressed from those at the time of construction.

This research article will report on case studies of energy saving where the air conditioning load was reviewed based on the thermal 
environment and the cooling system operation status of an underground station using the Sobu Line underground area at Tokyo Station 
as a model.  Thermal environment measurement of the underground stations for rapid service on the Yokosuka and Sobu lines and on 
the Keiyo line clarified that the humidity in those underground stations was high, requiring the removal of latent heat.
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Fig. 2  Tokyo Station Sobu Underground Platform
Air Conditioning Method (Improved Mode)

Fig. 1  Tokyo Station Sobu Underground Platform
Air Conditioning Method (Usual Mode)
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Fig. 5 shows the measurement results for the thermal 
environment.

Fig. 5 is a scatter plot of the measurement results, with 
enthalpy of the platform air on the vertical axis and enthalpy of 
outside air on the horizontal axis.

The outside temperature and humidity calculation conditions 
of JR East for the hottest hours in summer in Tokyo is 34 ºC 
temperature and 57.8% relative humidity, thus the enthalpy is 
81.6 kJ/kg.

When outside air enthalpy reached its peak (81.6 kJ/kg), the 
enthalpy of the platform air in the improved mode was lower that 
that in the usual mode, indicating that the thermal environment 
was improved.  This is a thermal environment equivalent to the 
platform heat load calculation conditions of 28 ºC temperature, 
60% relative humidity and 65.3 kJ/kg enthalpy.

4.2 Measurement of Heat Generated by Refrigerating 
Machines

In the same periods as the thermal environment was measured, 
we installed thermometers and flowmeters to the supply pipes 
to the platform and the concourse, measuring the amount of 
heat generated by the refrigerating machines.  Fig. 6 shows the 
measurement result.

Fig. 6 shows the amount of heat generation on the vertical 
axis and the outside air enthalpy on the horizontal axis.

The amount of heat generation at the maximum outside air 
enthalpy in the heat load calculation conditions was 1,208 RT 
in the improved mode, a reduction of approx. 200 RT from the 
1,415 RT in the usual mode.

convert braking force into heat was predominant.
As the heat discharge from bogies by braking was large at that 

time, it was estimated that the temperature at the track was higher 
than the outside temperature.  An air conditioning method that 
takes in large volumes of outside air was thus adopted.

Today, however, the mainstream of braking is regenerative 
brakes that convert braking force into electricity.  We thought 
that the air supplied from outside to on the track is in fact a 
burden to the system.

We thus carried out simulation of train heat discharge as 
shown in Fig. 3.

Fig. 3 clarifies that the heat discharge from series E217 rapid 
trains is approx. 58% less than the heat discharge from series 
113 rapid trains that were dominant at the time of construction.  
It is also reveals that heat discharge from air conditioner outside 
units now exceeds heat discharge from bogies.

Conducting thermofluid analysis on the platform shows that 
there was little air curtain effect; we confirmed that outside air 
flowed in to the platform and cool air flowed out under the 
platform (Fig. 4).

Cooling is for the passengers on the platform, however we 
found that incoming outside air raises the temperature on the 
platform and cool air is wastefully allowed to escape.

Identifying State of Air Conditioning at Tokyo 
Station Sobu Underground Platform4

4.1 Measurement of Thermal Environment on Platform
We carried out measurement of the thermal environment on the 
platform and the refrigerating machines in the usual mode and in 
the improved mode in the following separate periods.
a) Usual mode: July 24 - August 1, 2010
b) Improved mode: August 2 – 8, 2010
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Fig. 4  Analysis Results for Flow of Outside Air at Track to Platform

Fig. 3  Analysis Results for Heat Discharge from Trains

Fig. 6  Relation Between Heat Generated and Enthalpy of Outside Air
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Proposal for Improvement of Air Conditioning of 
Tokyo Station Sobu Underground Platform5

In the previous section, we explained that reducing intake outside 
air on the track could improve the platform thermal environment 
and reduce the heat load as well.  For further energy saving, we 
examined taking in return air to reduce the amount of outside air 
the air conditioner deals with.

Simply reducing the amount of outside air might push up 
CO2 and density of dust.  Carrying out an empirical test by 
gradually reducing the amount of outside air, we found out that 
no problems would occur even when reducing the current value 
of 190 m3/h/m2 on the platform level to 20 m3/h/m2.

Renovation work is required to allow intake of air.  We thus 
checked the load (Fig. 7).

Fig. 7 shows that the air conditioning load in the improvement 
proposal is expected to be approx. 1,100 RT, a reduction of the 
air conditoning heat load in the usual mode by approx. 670 RT 
(▲38%).

A 3,379 MWh (approx. 33%) reduction of power consumption 
was calculated to be possible if the improvement proposal is carried 
out (Table 1).

Identifying State of Air Conditioning of 
Underground Stations Other than Tokyo 
Station Sobu Underground Area

6

6.1 Air Conditioning Method of Other Underground Stations
Fig. 8 is a diagram of the air conditioning method of Bakurocho, 
Shin-Nihombashi, Shimbashi stations on the Yokosuka and 
Sobu lines for rapid service and of the Tokyo Station Keiyo 
underground area.

To Bakurocho and Shin-Nihombashi stations and the Tokyo 
Station Keiyo underground area, an air conditioning method 
completely using outside air is applied, while a method using 
return air is applied to Shimbashi Station.  However, use of air 
conditioners of Shimbashi Station that take in return air have 
been suspended since 2010 as a part of electricity conservation 
measures, so the air conditioning method shown in Fig. 8 (a) is 
now applied to all those stations.

6.2 Measurement of Thermal Environment
To measure humidity, we installed a hygrothermograph each to a 
point on the underground platform of each station in addition to 
the thermometers used to control platform cooling.

We measured the thermal environment on the platform of 
each station in the following periods separately in usual and 
improved modes.
c) Period with cooling: August 23 – 29, 2010
d) Period without cooling/heating: November 15 – 23, 2010

Currently cooling is controlled based on the platform 
temperature detected.  We confirmed that the platform 
temperature in each station in the period with cooling was kept 
almost at 28 ºC.

Fig. 9 and 10 shows humidity measurement results of 
intermediate stations and a terminal station.  An intermediate 
station in this article means a station where trains stop for a 
short time, and those include Shimbashi, Shin-Nihombashi, and 
Bakurocho Stations.  A terminal station means a station where 
trains stay a long time, and those include the Tokyo Station Keiyo 
underground area.  The vertical axis is the absolute humidity of 
the platform air and the horizontal axis is the absolute humidity 
of outside air.  The dotted diagonal line indicates that the 
absolute humidity of the platform air and the outside air were 
equal to each other.  The vertical dashed-dotted line is the peak of 
the outside air humidity in the heat load calculation conditions, 

Table 1  Power Consumption to Be Reduced
in Improvement Proposal

Power consumption [MWh]
Reduction 

rate
Usual mode Improvement 

proposal Reduction

Carrier motive 
energy 3,411 1,410 2,001 59%

Heat source 6,866 5,488 1,378 20%

Total 10,277 6,898 3,379 33%
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and the horizontal dashed-two dotted line is the humidity of the 
platform in the heat load calculation conditions.

Fig. 9 and 10 proved that the humidity in the intermediate 
stations was always higher than that of the outside air.  They also 
proved that the humidity in the terminal station in the period 
with cooling was kept at the calculated absolute humidity, while 
the humidity in the period without cooling/heating was slightly 
higher than the outside air humidity.

6.3 Heat Generated by Refrigerating Machines
For the amount of heat generated by the refrigerating machines, 
we used the data collected and stored by the existing monitoring 
system.  Fig. 11 shows the capacity of the refrigerating machines 
and the peak load on the day in the measurement periods when 
the outside air temperature reached its highest (August 9, 2011).

The figure shows that the refrigerating machines of each 
underground station on the Sobu and Yokosuka lines for rapid 
service were operated with low loads with very small amount of 
heat generation compared to the current refrigerating machine 
capacity.

Considerations7

One of the reasons why the humidity in the intermediate stations 
was high and the amount of heat generation was low compared 
to the refrigerating machine capacity is assumed to be that latent 
heat was large due to evaporation of sump water in tunnels and 
the sensible heat ratio was low.  In contrast, in the terminal 
station, sensible heat ratio is assumed to be higher than in the 
intermediate stations because sensible heat from outside units 
of train air conditioners became large while trains were in the 
station for a long time.

The existing refrigerating machines can deal with sensible 
heat, but they cannot sufficiently deal with latent heat.  Therefore, 
the amount of heat generated by refrigerating machines is small 
compared to the refrigerating machine capacity in intermediate 
stations with low sensible heat ratio, while refrigerating machines 
operate with high load factor in terminal stations (Fig. 12).

Analyzing the load using the simulator, we also found 
deviation from the actually measured peak load as found in 
Fig. 11.  This is assumed to be because the current simulator 
cannot accurately analyze latent heat conditions.

Conclusion8
Since we were able to verify that energy saving could be achieved 
in the Tokyo Station Sobu underground area by modifying the 
air conditioning method used there, we have partly changed how 
the air conditioning system is operated since 2011 as an effort for 
electricity conservation.  We are also planning renovation of air 
conditioners on the occasion of replacement of the equipment 
for the heat source.

In intermediate stations, the rate of latent heat is high, and 
existing refrigerating machines cannot deal with latent heat.  In 
order to improve the thermal environment on the platform of 
intermediate stations, we need to study and develop a new air 
conditioning system.

The current simulation cannot accurately analyze latent heat 
conditions.  We thus have to revise the heat analysis method to 
reflect analysis results in the heat load calculation approach at 
equipment replacement.
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Fig. 11  Refrigerating Machine Capacity and Heat Generated


