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JR East is one of the few companies in Japan to hold both electric generation and transmission capabilities in energy supply 
and demand for the company’s railway operation and business operations.  We thus set down in June 2017 environmental 
targets for fiscal 2030.  Those are very ambitious targets to reduce energy consumption for railway operation by 25% and 
CO2 emissions by 40% comparted with fiscal 2013.  The Environmental Engineering Research Laboratory at the Research 
and Development Center of JR East Group is conducting various development in order to achieve the environmental targets.  
That laboratory opened in April 2009, making it 10 years old.  It initially started with development of hybrid railcars, but 
today it conducts development in energy conservation for wayside equipment as well as rolling stock and combinations of 
those.  The organization for that is composed of personnel working in the areas of equipment machinery, electric systems, 
and transport rolling stock, with those personnel working on development in an organic manner without being conscious 
of divisional boundaries.  

There are three things that JR East bases its R&D in the energy and environment strategy on.  First is the “Sustainability 
Report”, a management policy on the environment.  Second is the “Mid- to Long-term Vision for Technological Innovation” 
announced in November 2016 (Fig. 1).  And third 
is the “Move Up” 2027 group management vision 
announced in July 2018.

The “Mid- to Long-term Vision for Technological 
Innovation” presents JR East’s vision for technical 
innovation for the first time.  The concept utilizes 
“forecasting” based on more than 140 years of railway 
technology amassed while anticipating the ideal form to 
achieve in the future, aiming to “backcast” the concept 
for what should be done now to achieve that.  That 
will be promoted by open innovation to achieve new 
ideas that overcome the boundaries of conventional 
thinking, utilizing IoT, big data, AI, and more. 

Energy Diversification in Research and Development and 
Environment Strategy of JR East

1. Introduction

Abstract
JR East holds electric generation and transmission capabilities in energy supply and demand for the company’s railway operation 
and business operations.  We thus set down in June 2017 environmental targets for fiscal 2030.  Those targets are to reduce 
energy consumption for railway operation by 25% and CO2 emissions by 40% compared with fiscal 2013.  Moreover, the group 
management vision “Move Up” 2027 promotes Environment, Social and Governance (ESG) management with “preventing 
global warming and diversifying energy sources” in particular conducted in major efforts towards achieving the group philosophy. 

In light of this, the Environmental Engineering Research Laboratory at the Research and Development Center of JR East 
Group is working on “reduction of railway operating energy consumption” where the greatest energy conservation effects can 
be expected and “development for energy diversification” looking forward with an expectation for future breakthroughs.  This 
paper introduces the energy conservation strategy and gives an overview of energy diversification in R&D at JR East.
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Fig. 1  Mid- to Long-term Vision
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Meanwhile, “Move Up” 2027 promotes ESG management with “preventing global warming and diversifying energy 
sources” in particular conducted in major efforts towards achieving the group philosophy. 

In “preventing global warming”, we work to reduce CO2 emissions based on the “Sustainability Report”, but this is a 
target that cannot be achieved simply by applying existing technologies.  For that reason, efforts by R&D personnel are done 
in “development where results can be expected by introducing existing technologies”, where an outcome can be seen in a 
short amount of time, and “development for energy diversification” that does not lead immediately to outcomes but where 
there is an expectation for future breakthroughs looking forward.

And in the area of “diversifying energy sources”, we are working on more than just utilizing existing storage technologies.  
We are also proceeding with development for applying technologies to power sources that do not rely on just fossil fuels.  
That includes studying storage technologies that do not rely on chemical reactions, such as flywheels, and utilizing hydrogen 
fuel cells. 

2. Preventing Global Warming

Train operation energy makes up 70% of the energy consumed by the JR East Group.  We thus proceeded with introduction 
of energy-conserving rolling stock such as the Series E235, which has been gradually introduced to the Yamanote Line, in an 
effort to reduce that energy consumption, and 96.2% of all rolling stock was changed to energy-conserving rolling stock by 
the end of March 2018.  However, replacing rolling stock involves investments. Meanwhile, by enabling operation energy to 
be visualized by measurement, we found that we could possibly gain energy-conserving effects by revising ordinary operating 
methods.  We have decided to work on this in conjunction with front-line personnel as it could contribute to environmental 
management without relying on new major investments.  First, we created running patterns (energy-conserving running 
patterns) that provide the most energy savings out of those that satisfy running time requirements, with data obtained from 
measurements as the target.  From simulation results, approx. 20% energy savings could be expected, so we preformed test 
runs with those patterns on the Chuo Line and Utsunomiya Line with the cooperation of relevant branches and crew offices.  
While there was some variance in test results, we found that energy savings of 4.3 to 25% could be expected.  However, 
operation becomes complex when driving according to those, so we first added to cabin monitors display content that 
provides information on energy-conserving driving to drivers (for example, effect of modifications done by the driver).  
In this way, we enabled front-line staff to modify how driving is done, taking into consideration energy conservation by 
means such as installing terminals that allow reflection on energy-conserving effects of one’s own driving at depots.  We are 
currently starting discussions with front-line staff on what to do to support energy-conserving driving for drivers in the cabin 
through the result of their utilizing those.

In order to reduce the consumption of the train operation energy that makes up 70% of the energy consumed,  
major replacement of rolling stock 
with energy-conserving vehicles is 
underway as previously mentioned.  
It could be thought that energy-
conserving running patterns would 
be introduced to automated driving 
of trains, which does not involve 
human operation, but there are some 
lines where automated driving cannot 
be immediately introduced.  For lines 
such as main lines where medium- to 
long-distance trains run, technology 
that supports humans is thought to 
hold the key for introducing energy-
conserving driving.  

Reduction in energy needed for 
driving is also done for wayside 
equipment.  One specific measure 
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Fig. 2  Coordinating Energy Between Wayside and Onboard
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is development for effective use of regenerative energy generated at train braking.  Mechanisms whereby storage batteries 
are set up at substations and regenerative energy generated is stored temporarily and discharged when needed have already 
been put into practical use at locations such as Okegawa substation on the Takasaki Line (lithium-ion batteries) and Kuki 
substation on the Utsunomiya Line (nickel-hydrogen batteries).  Because charge and discharge of storage batteries is done 
by observing the voltage of overhead contact lines, such behavior cannot necessarily reflect the presence of trains on the line.  
In other words, there may be cases where discharge happens even without train presence and charge happens even without 
regenerative energy.

We are therefore conducting research to introduce control utilizing train location information to regenerative energy 
storage systems and reduce unnecessary charging and discharging to enable more compact storage batteries and increase their 
life.  Proving tests for that have been conducted on the Onuki substation on the Uchibo Line.  We found that it is possible 
to reduce battery size by 30% or increase the lifespan by reflecting train location.

The two development projects of “energy-conserving running patterns” and “regenerative energy storage systems that 
utilize train location information” may seem to be completely separate.  But if regenerative energy storage systems can know 
train location information under the assumption that trains run according to energy-conserving running patterns in normal 
operation, we will be able to predict where the train is under powered running and where to apply the brakes and possibly 
achieve intelligent energy-conserving control (Fig. 2).

3. Development for Diversification of Energy Sources

At JR East, we believe that it will be impossible to achieve environmental targets by relying solely on existing technologies in 
our aim of reducing energy consumption.  Additionally, we cannot overlook the possibility that it will become more difficult 
to obtain existing energy sources and media and that costs will rise.  We are thus actively proceeding with development in 
new technologies that could be introduced to railway business.  One develoment we started working on in fiscal 2018 is 
“superconducting flywheels” (press release (in Japanese): https://www.jreast.co.jp/press/2017/20180320.pdf) for which we 
concluded a basic agreement on technology development with Yamanashi Prefecture and the Railway Technical Research 
Institute (RTRI).  Also, we continue to work on development for utilization of hydrogen, specifically installation of fuel cells 
to railway rolling stock.  The following covers utilization of fuel cells for rolling stock. 

In utilization of fuel cells for railway rolling stock, we equipped the NE Train (New Energy Train) test car with those in 
2008 and conducted tests.  At that time, test were performed as mechanical equipment, not railway rolling stock, for legal 
reasons, and those were done on closed track.  Tests were done just as technology was at its start for automobiles as well at 
the time, and the fuel cells employed were not technologically mature, meaning there were issues in terms of fuel efficiency 
and performance stability.  That led to 
development being halted. 

Moving forward a few years to 2014 
saw commercialization of fuel cells for 
passenger cars.  And proving tests for 
railway rolling stock using fuel cells are 
scheduled to start in other countries.  In 
Germany, in particular, use of hydrogen 
in combination with renewable energy 
is being promoted, with Alstom starting 
commercial operation of two test train 
sets in September 2018.  In general, fuel 
cells using hydrogen are clean for reasons 
such as the fuel cells themselves not 
emitting CO2.  But current production 
of hydrogen is mainly done by electrolysis 
using electric power generated by fossil 
fuels so we cannot say it is clean when 
looking at the overall picture considering 
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issues such as generating efficiency.  However, for cases where hydrogen can be produced as a byproduct of petroleum 
or from brown coal, of which there are sufficient reserves but is difficult to transport and produced in the areas where 
it is difficult to construct a transmission network, hydrogen could play a role in the energy mix if it is locally refined 
and transported making use of the feature that it does not degrade after storage. 

Hydrogen cannot be seen, and an odor cannot be added like with natural gas as that would become impurities in the 
battery.  So, many people are wary of hydrogen due to concerns over sudden explosion.  However, in industrial sectors such 
as automobiles, hydrogen is being utilized by establishing the three safety points of “do not allow to leak”, “detect and stop”, 
and “do not accumulate if leaked”. 

JR East also started a study on a hydrogen-based mobility partnership between railways and automobiles with Toyota 
Motor Corporation in September 2018 with a goal of applying automobile technologies for utilizing hydrogen (Fig. 3).  
Toyota is conducting pioneering work in the automobile industries for putting fuel cells into practical use. 

Even though there are conditions intrinsic to railways that have to be met in order to utilize fuel cells with railways, we 
believe that it would be beneficial to utilize products and concepts common with those of automobiles for cost and reliability 
reasons.  Therefore, in adopting hydrogen tanks for fuel cell automobiles manufactured in line with international standards 
as elemental development, we are currently verifying design and safety taking into consideration the environment of use 
with railways.  Examples of verifications are the method of tank mounting and the design of the fuel tank unit on the roof 
of rolling stock.  And we are conducting vibration tests in order to verify whether tank units can withstand the vibration and 
shock tests required for railway parts (Fig 4). 

Additionally, we are working to improve safety by means such as checking the function for valves to operate surely to shut off 
supply of hydrogen if a hydrogen leak occurs at times of abnormalities by a control unit combined with the tank unit .

When we have reached a point where perspectives for practical use have come into view, we plan to conduct demonstration  
tests on securing safety in the system and hardware for railway rolling stock and filling equipment.

4. Conclusion

In many cases, development for energy conservation does not immediately result in cost and labor reductions after the 
developed item is introduced.  In the process of development, we often feel that energy conservation involves steady activities 
with perseverance but may result in unprecedented development when achievements are made.  We are also keenly aware 
that these are very important efforts for companies in Japan, which has few energy resources.  So, we likely need to create a 
mechanism to know which areas it would be effective to focus on by understanding the flow of energy we are using.  It is a 
given that we make the best uses of limited resources, but we also want to look for a new perspective on energy.
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Fig. 4  Example of Elemental Development
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