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Further energy conservation is desired for stations while maintaining thermal comfort.  In recent years, replacement of 
mainly small-scale stations (downsizing) has been underway, in which changes such as optimization of waiting room 
and station service office floor area, conversion to LED lighting, and electrification of air conditioning equipment are 
made.  In cold-region stations, the frame of the station building may also be insulated, with which a balance between 
energy conservation and maintaining thermal comfort can be expected by making operation of air conditioners and the 
like in winter more rational.  There is a close relationship between energy conservation and thermal comfort; but in this 
study, we focused on energy conservation.  For that, we selected a model station as a cold region small-scale station and 
conducted a basic study on the basic specifications for downsizing and improving insulation and the effects of that. 

2. Selection of Model Station as Cold Region Small-scale Station

2.1 Selection of Model Station
It is more economically reasonable to improve station building frame insulation at replacement of aged stations than at 
renovation of existing stations.  We thus studied insulation specifications for downsized stations with the insulation level 
in the housing sector similar in terms of scale as a target.  The effect of reducing energy consumed for air conditioning by 
improving insulation is assumed to be remarkable especially in cold regions, so we selected a station in a cold region of the 
JR East operating area scheduled to be downsized based on the findings of a measurement study (1) - (3) of the indoor 
environment in winter conducted for multiple stations in cold regions.  According to measurements taken in fiscal 2016, 
the station is located in a region where daily average outside temperature is lower than 10 ºC for 40% of the year and low 
temperature is below -10 ºC.  Table 1 shows an overview. 
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Overview of model station before downsizing
Year constructed
Structure

Passengers serviced
Floor area

Heating method

1915

106 m2

Approx. 1,200/day

Wooden single-story aboveground station

(Waiting room) Kerosene heater
(Office) Air conditioner, electric heater

Table 1  Overview of Model Station before Downsizing
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2.2 Overview of Model Station before Downsizing
The model station before downsizing (hereinafter, the “old station”) is a single-story wooden aboveground structure that 
opened in the early 20th century.  It has a waiting room and station service office within the building.  Components such 
as walls have no insulation and windows are single-pane glass, and the entrances have manually operated sliding doors.

The waiting room does not have air conditioners, and a kerosene heater is set up in the winter and operated at times 
when the station staff is on duty.  The station service office has two air conditioners and an electric heater at the foot area 
below the ticket counter, with those operated as needed by station staff.  Florescent lamps are used for lighting, and town 
gas is used in the station service office.  Fig. 1 shows the situation before downsizing.

2.3 Estimated Energy Consumption at Model Station before Downsizing
Energy sources for the old station are electricity, kerosene, and town gas.  In this study, we classify energy consumption into 
four types: lighting, air conditioners, kerosene heaters, and station work equipment, etc. (including living appliances), with 
electric load in the station building for electricity.  Annual electric power consumption was estimated by combining the 
results of measurements made in the month from January 2018 for all loads used in the station building and measurements 
made in the year from February 2016 for air conditioner electric power consumption.  Lighting is outdoor lighting set 
up on outer walls of the station building and interior lighting set up in the station service office and waiting room, and it 
excludes platform lighting and other lighting outside of the station building.  Lighting in the station service office is on 
when station staff is on duty, and exterior lighting and waiting room lighting is on from 30 minutes before the first train of 
the day to 30 minutes after the last train by timer and is constant throughout the year.  The same applies for station work 
equipment made up of ticket vending machines, copiers, and the like as well as living appliances made up of refrigerators, 
microwave ovens, and the like.  Note that electric snow melting equipment are outside the station building, so they are 
excluded.  Other than electricity, kerosene purchase volume of 770 liters annually and town gas usage of 10 m3 (both for 
fiscal 2016) were used for kerosene and city gas annual energy consumption.  The result for annual energy consumption 
of the old station converted to primary energy was estimated to be 180 GJ.  Fig. 2 shows the breakdown of that.  This is 
estimated to be about two to three times the annual energy consumption of an average detached house in a cold region.

Fig. 1  Model Station before Downsizing
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Fig. 2  Estimated Annual Energy Consumption at Old Station
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3. Study of Insulation Specifications of Compact Station for 
Achieving Energy Conservation

3.1 Selection of Elemental Technologies
Taking into account the situation of the old station, we studied specifications to achieve improvement in insulation and 
airtightness in the new station while considering economic rationality.  Fig. 3 shows a perspective drawing of the model 
station.

In terms of scale, the waiting room will be the same size as now, but the scale of the station service office will be about 
half the current size taking into consideration that only one person is on duty at the station.  

From an energy conservation perspective, in order to achieve insulation of the station building frame, the roof and 
walls will be filled with Styrofoam and glass wool and foundation insulation with air layer and insulation material under 
the floor provided.  Moreover, windows are large paths for heat to escape, so insulated sashes and Low-E multi-pane glass 
will be employed.  And in order to secure airtightness, auto-closing aluminum hanging sliding doors will be employed for 
waiting room entrances.  Finally, a windbreak room will be provided at the entrance from stationfront plaza to waiting 
room.  However, that will be left open during rush hours as many passengers pass through them.

For waiting room heating, electric air conditioners and the like will be standard instead of the current kerosene heater.   
Results of a questionnaire survey of waiting room users performed by the authors showed that some users felt that 
their feet were particularly cold in the waiting room in winter, and a reduction in the feeling of cold feet is expected by 
improving the insulation of the foundation.

In this way, by making the station building to be highly insulated and have high airtightness, a reduction in energy 
consumption by air conditioners in winter is anticipated.

3.2 Calculation of Change in Energy Consumption by Downsizing and Improving Insulation 
In order to calculate energy consumption at the new station with improved insulation, we used the “WEBPRO calculation 
support program (non-residential building, 2016 energy conservation standards)” technical information related to 
building energy consumption performance.  For station work equipment, we employed the aforementioned estimate 
values.  However, the thermal environment of an actual station such as opening and closing of doors with users going 
in and out of the waiting room was not covered in the evaluation.  Fig. 4 shows results of calculations for annual energy 
consumption of the downsized station with improved insulation.

The table on the left side of Fig. 4 summarizes insulation specifications of the old station without insulation and 
highly insulated new station.  The chart on the right side shows the annual energy consumption of the old station 
and, for comparison purposes, an uninsulated downsized station and highly insulated downsized new station.  Energy 
consumption of the old station is estimated to be about 180 GJ annually, while energy consumption is anticipated to be 
decreased to about 133 GJ by downsizing.  Note that the old station waiting room does not have an air conditioner, but 
an air conditioner was set for the uninsulated downsized station, resulting in about the same level of energy consumption.  
This is assumed to be because an increase in energy consumption with cooler operation in the summer is offset by 
rationalizing heater energy consumption in winter.  Moreover, by making the station frame highly insulated, annual 
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Fig. 3  Image of New Station with Improved Insulation
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energy consumption is estimated to be about 100 GJ.  Station service office and waiting room air conditioner annual 
energy consumption is anticipated to be reduced to about half compared with before insulation.  However, increase in air 
conditioner energy consumption due to ventilation when users enter and leave the station waiting room is not considered 
in this estimation.  We plan to evaluate the impact of that in the future by actual measurements. 

4. Issues in Verification

This study only goes as far as static conditions, in other words estimation of energy consumption assuming a completely 
closed space.  Therefore, taking into consideration the aforementioned basic study, we will evaluate the following issues 
based on measurement data in the new station with higher insulation. 

1)  Quantitatively identify the impact on users’ comfort and air conditioner energy consumption of intrusion of 
external air when people enter and exit the waiting room in winter.  Also, investigate the situation regarding use 
of air conditioners, lighting, and the like in the downsized station service office and estimate leeway in energy 
conservation by streamlining equipment operation.

2)  A rise in room temperature in the insulated waiting room is anticipated in summer.  Operation of air conditioners 
or ventilation by leaving entrance sliding doors and windows open are possible as station equipment operation, so 
identify change in energy consumption and thermal comfort.

5. Conclusion

We performed a basic study on how insulating stations frames and the like makes small-sale stations in cold regions to be 
energy conserving.  Energy consumption of air conditioners and the like in buildings and comfort of users from a thermal 
environment perspective are closely related, so in future verification we plan to perform quantitative analysis taking both 
of those into consideration.
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Fig. 4  Estimated Annual Energy Consumption after Downsizing and Improving Insulation


