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The job of railway operators can be said to be the provision 
of transport services by operating trains and stations.  JR East 
consumes a tremendous amount of energy in railway business with 
train operation systems and building systems at 5.06 billion kWh 
of electric power and the equivalent of 88,000 kiloliters in oil.  
Of that, approx. 80% is consumption by train operation systems.

With an aim of reducing energy consumption and constructing 
a railway system more considerate of the environment, the 
Environmental Engineering Research Laboratory works on 
R&D mainly on “establishment of energy management” and 
“application of energy conservation technology to railway 
systems.”  It also conducts R&D for “Technological innovation—
Forging strategies for conserving energy and the environment” 
under “Pursuing Unlimited Potential” as stated in JR East Group 
Management Vision V - Ever Onward.  Fig. 1 shows an image of 
realizing the energy and environment strategies.

Issues in Promoting Technical Innovation for 
Energy and Environmental Strategies2

Various issues come up in promoting technical innovation for 
realizing the energy and environmental strategies: utilizing 
renewable energy from the perspective of energy generation, 
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making train operation and building systems to be energy-
conserving from the perspective of energy consumption, 
integrated operation and optimization of energy-consuming loads 
and energy supply from the perspective of energy consumption/
supply.  The issues in promoting technical innovation for the 
energy and environment strategies are laid out in Fig. 2.  The 
Environmental Engineering Research Laboratory is working on 
R&D to overcome those issues. 

Efforts in Achieving Technical Innovation for 
Energy and Environmental Strategies3

3.1 Utilizing Renewable Energy
Renewable energy includes solar, wind, and air heat.  Fig. 3 shows 
the definition of renewable energy.  This section introduces R&D 
on utilizing air thermal energy and geothermal energy.  
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Fig. 2  Issues in Promoting Technical Innovation for Energy and 
Environmental Strategies 

Non-fossil energy sources

Renewable energy sources

Things that can be used as sources of energy for electricity, heat, or fuel products 
and are not fossil fuels (crude oil, petroleum gas, combustible natural gas, and coal 
or fuels derived from them as prescribed by movement ordinance)

As defined in the Act on Special Measures Concerning Procurement of Electricity from 
Renewable Energy Sources by Electricity Utilities

Solar, wind, and other non-fossil energy sources confirmed to be permanently used 
as energy sources as prescribed by government ordinance.

1 Sunlight
2 Wind power
3 Hydro power
4 Geothermal power
5 Solar heat
6 Heat in the atmosphere or other heat occurring naturally
7 Biomass (organic mass originating as animals or plants that can be used as a
   source of energy)

Fig. 3  Description of Renewable Energy
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control that secures optimum time for recovering underground 
temperature according to the operating status and maximizes 
operating efficiency and geothermal usage. (Fig. 5) 

3.2 Approach to Energy Conservation
In order to take on the task of energy conservation, we first need 
to know the situation of the load.  Energy consumption has a 
structure whereby first there are services that must be provided, 
rolling stock and facility equipment capacity are required to 
provide the services, and finally that capacity demands energy 
consumption.  Energy consumption alone cannot be reduced 
without reducing load.  Energy conservation can thus be achieved 
by the approach of measuring and assessing to know the load, 
making changes to reduce load, and building optimal systems 
that meet the load (Fig. 6).  This section introduces the R&D 
in energy conservation for train operation systems and building 
systems we are working on from that standpoint. 

3.2.1 Research on Energy Conservation in Train Operation Systems
In order to analyze the status of driving energy consumption 
when trains are running, we measure the status of consuming 
train running energy and energy for auxiliary equipment such 
as air conditioners.  We are also working to identify issues for 
reducing the amount of consumption of driving energy (powered 
running energy reduction, regenerative energy increase/effective 
use, etc.).  For driving energy, we conducted measurements 
on the single-track Sagami Line.  Based on that method of 
measuring, we identified the status for the Yamanote Line with 
complex measuring conditions and for the Shinkansen running 
at high speed over long distances. 

3.2.1.1  Efforts in Quantifying Driving 
Energy (Conventional Lines)

Measuring on the Yamanote Line was 
done simultaneously at rolling stock and 
substations.  The Series E231 rolling stock 
used was equipped with the Train Information 
Management System (TIMS), and TIMS 
measured overhead contact line voltage and 
integral power consumption while the train 
was running.  Utilizing this function, we 
conducted measurements with a recording 
device attached that enables measurement 
data to be recorded for a specified period 
of time.  At the substations, we measured 

3.1.1 Research on Utilizing Air Thermal Energy
We have worked on research for utilizing heat pumps for use 
of air thermal energy as the heat source for water-sprinkler 
snow melting equipment on the Joetsu Shinkansen.  In that, we 
worked to reduce boiler consumption of fossil fuels by preheating 
water in a water tank by atmospheric heat using heat pumps.  
And to make the most effective use of energy for preheating, 
we developed a method for optimal control of existing boiler 
systems and multiple heat pumps and conducted long-term 
endurance tests from fiscal 2012 to fiscal 2014.  From those tests, 
we confirmed the effect of reducing boiler fuel consumption and 
CO2 emissions.  In the future, we will study introducing those 
results in actual operations. (Fig. 4) 

3.1.2 Research on Utilizing Geothermal Energy
Geothermal heat pump systems have high heat pump efficiency 
due to geothermal energy being constant almost year-round, 
so energy conservation ability is high.  Moreover, they are 
environmentally friendly because exhaust heat is expelled 
underground.

While we have confirmed the energy conservation effects of 
geothermal heat pumps in research up to now, the issue came 
up of underground temperature rising to decrease the operating 
efficiency of heat pumps.  In the future, we will work to increase 
the capacity of the geothermal heat pump system installed on 
the grounds of the Research and Development Center of JR East 
Group.  We will also work on research such as for a method of 
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bus line voltage and the feeder circuit voltage.  From those 
measurements, we identified the electric energy of powered 
running and regeneration, energy consumed for running, and 
auxiliary equipment energy consumption for one loop traveled 
on the Yamanote Line.  We were able to find out that regenerative 
energy is used effectively as the regeneration factor is almost 
constant on the Yamanote Line and almost no regeneration 
throttling occurs. (Fig. 7)

In the future, we will proceed with further analysis of data 
such as overhead contact line voltage behavior and work to reduce 
driving energy consumption, expand the range of regenerative 
braking use, and establish a driving method optimal for energy 
conservation. 

We are also working to identify the driving energy situation 
for limited express trains and suburban operations, and we will 
conduct studies to achieve energy-conserving operation in line 
with the results of measurements in commuter line sections. 

3.2.1.2 Efforts in Quantifying Driving Energy (Shinkansen)
For Shinkansen measurements, we utilized functions of the 
information management device (S-TIMS) for the Series E5 
Shinkansen and conducted measurements with ammeters and 
recording devices built in to power converters (CI) attached to 
primary through tertiary wiring of transformers (MTr) of all units 
to more accurately identify pantograph point current. (Fig. 8)

As a result, we found that driving energy by constant speed 
control makes up 80% of all running energy.  Therefore, we will 
work on development in the future for energy conservation in 
constant speed control.

3.2.2 Research on Energy Conservation in Building Systems
In the conventional method of measuring air conditioning load 
for underground stations, we faced the issues of wind induced 
by train operation (train draft) and the level of accuracy of air 
conditioning load accompanying that.  Calculated values and 
actual operating values of air conditioning equipment diverged 
greatly. 

Accuracy of underground station air conditioning load 
analysis thus needed to be increased.  To do that, we analyzed 
flow of air into and out of tunnels by actually measuring train 
draft on platforms and applying numerical fluid dynamics 
(moving body CFD analysis) in a highly accurate manner, and 
conducted environmental measurement of underground tunnels.  
We also separated air to be cooled into blocks and developed an 
“underground station air conditioning load simulator” to lead 
to energy conservation in underground stations by considering 
a new calculation model to reflect the level of impact of air 
entering from tunnels by individual block (Fig. 9).

The simulator developed was for stations with an island 
platform between two tracks, so we will further work on 
developing load analysis simulation compatible with two islands 
and four tracks.

3.3 Formulating Energy Conservation Management 
The cycle of energy conservation management has an order 
whereby the energy flow is “visualized,” “analysis and evaluation” 
are conducted to produce an “energy conservation proposal,” 
and that proposal is “implemented” (Fig. 10).  The following 
introduces R&D efforts in formulating energy conservation 
management.

3.3.1  Formulating Energy Conservation Management for a 
Model Branch Office

With the Omiya Branch Office as a model, we visualize the 
electric energy data of major facilities such as substations and 
some stations, identify the amount of electric power in branches, 
analyze and evaluate, and conduct research to formulate energy 
conservation management that will allow electricity-saving to be 
even easier to implement.

To identify the amount of electric energy used, we studied 
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a method of finding points related to energy conservation.  
In that, we consolidated in a cloud system the station energy 
consumption (visualized output data of station electric power 
displays and meter data from electric power companies) and 
amount of electric power supplied from substation (output data 
of Maintenance Information Collected System (MICS) data 
converter newly developed).  Based on that data, energy usage of 
the whole branch or by individual station is analyzed. (Fig. 11)

We will continue to apply a method of analyzing by individual 
station to workplaces that serve as models for energy conservation 
while coordinating with the Omiya Branch Office and verify the 
results of evaluation.

3.4  Study of Application of Storage Batteries to Railway 
Systems

JR East developed a catenary and battery hybrid-train system 
in 2009 and commercial operation of the Series EV-E301 
(ACCUM) equipped with that system started in March 2014 
on the Karasuyama Line.  However the batteries the train is 
equipped with are large and heavy, so making those compact and 
light is an issue that needs to be overcome. 

Storage battery technology is advancing at a remarkable pace, 
and both output and capacity of storage batteries for hybrid 
and electric automobiles in particular is increasing.  To apply to 
railway systems automobile storage batteries where performance 
is increasing remarkably and to make storage batteries for traction 
circuits compact and light, we considered requirements and 
issues for applying automobile storage batteries to rolling stock, 
selected automobile storage battery cells appropriate for rolling 
stock, considered modules and units necessary for equipping 
batteries to rolling stock, and created and verified prototype 
modules. (Fig. 12)

In the future, we will conduct bench tests and equip batteries 
to the NE Train test vehicle and conduct running tests and 
other confirmations to compare battery characteristics, behavior, 
performance in relation to current batteries, and other items.  
From that, we will verify practicality of applying those to catenary 
and battery hybrid-train system. 

Conclusion4
This article has introduced our efforts for reducing energy 
consumption.  It is important to “know (identify) the opponent 
(load)” in order to proceed with efficient energy conservation.  
One cannot fight without knowing the opponent.  Only by 
doing that will we be able to “visualize” and analyze/evaluate” 
data, consider energy conservation, and arrive at proposals. 

At the Environmental Engineering Research Laboratory, we 
go forward with R&D on elemental technologies and applied 
technologies for energy conservation.  From that, we hope to 
propose ways to reduce environmental burden.
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