
Technical Achievement and Outlook in FY2018

FUJI ELECTRIC REVIEW vol.65 no.2 201970

According to the Fifth Assessment Report (2013) of the Intergovernmental Panel on Climate Change (IPCC), 
compared with the end of the 20th century the world average temperature will rise by 2.6 degree C to 4.8 de-
gree C by the end of the 21st century (2081 to 2100) if no effective global warming countermeasures are taken.  
The international community can no longer delay the mitigation of greenhouse gases such as CO2 emissions.  
By a curious coincidence, Japan underwent a crucial turning point in its energy policy due to the Great East 
Japan Earthquake that occurred in 2011.  What contributions should Fuji Electric make, as a manufacturer 
with strengths in power electronics and control technology, to the development of a distributed energy system?  
Professor Akihiko Yokoyama, a leading specialist in electric power systems engineering from the University of 
Tokyo’s Graduate School of Engineering, talks with Shiro Kondo, Fuji Electric’s Corporate General Manager 
of the Corporate R&D Headquarters, on the potentials and challenges in relation to hardware and systems in 
the energy system.
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Distributed energy systems and 
their technical challenges

Kondo: One of Fuji Electric’s management policies 
is “Through our innovation in energy and environment 
technology, we contribute to the creation of responsi-
ble and sustainable societies.”  Following the 2016 
Paris Agreement, Japan set its CO2 reduction targets 
as 26% by 2030 and 80% by 2050.  Fuji Electric 
believes that we should develop our business through 
solving the challenges in society to achieve these goals 
because we have been operating our energy-related 
business for many years with technologies of power 
electronics, control and power generation.

  I hope we can learn from your valuable opinions 
on the direction for us to take as a manufacturer.

Yokoyama: Thank you for inviting me today.  As you 
know, the Great East Japan Earthquake brought 
about a major transformation to the power supply sys-
tems.

  One of the changes is the power system reform.  
The deregulation of power generation and retail has 
allowed many new operators to enter the market.  
This change is expected to lead to the reduction of 
power rates and diversifi ed services through the prin-
ciple of competition.  For consumers, they will have 
more power suppliers to choose from.

  Another change is the massive introduction of dis-
tributed renewable energy sources.  Fluctuating natu-
ral power sources, introduced on a large scale, have a 
signifi cant bearing on the stable operation of power 
grid systems.  Academically, it gives us more research 
topics, and these are very challenging.  

Kondo: As power systems change, we face many 
technical challenges we need to solve.  Take distribu-
tion networks, introducing dispersed power sources of 
extremely low energy densities requires the balance 
between supply and demand to be maintained within 
the networks.  In terms of the direction of the system, 
should this be confi gured with one central power 
source on the trunk line and power grids in clusters 
underneath it?

Yokoyama: When a large quantity of fl uctuating natu-
ral power sources is introduced to a power grid, prob-
lems fi rst occur in the local distribution area.  The 
problems are such as voltage increasing, defi ciency of 
transmission and short-circuit capacities, and reverse 
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power fl ow in distribution lines.  Clustering would 
solve these problems, but in turn the clustered sys-
tems between themselves become other problems.  
The clustered system is sometimes called a demand 
area power system in Japan. One demand area power 
system may affect other demand area power systems 
via their high-voltage upper-level power grid.  
Eventually the entire trunk line system will be 
affected.

Kondo: In this case, it would be necessary to coordi-
nate a system to manage distributed power resources 
in each demand area power system and a system to 
manage the energy balance between these power sys-
tems.

Yokoyama: Yes, as you say, a system to do such coordi-
nation will be needed at some stage.

Kondo: From the viewpoint of power electronics, 
which is our strength, the basic point in a smart grid 
is to transmit energy reasonably in time and space.

Yokoyama: “Reasonably in time and space,” wonder-
fully put.

Kondo: The ideal for Fuji Electric as a manufac-
turer is to create competitive components and apply 
them in developing a system-based business.  In other 
words, we aim to be a strong contributor in system 
solutions through the development of equipment.  
What would you like to see in these equipment?

Yokoyama: If distributed fl uctuating natural power 
sources are introduced into the power system in a 
large scale and starts causing fl uctuations in the 
demand-supply balance, it will be necessary to control 
power demand, output of fl uctuating natural power 
sources, and so on.  Meanwhile, the global trend of 
consumers taking action toward carbon-free society to 
mitigate global warming will accelerate the popular-
ization of electric vehicles (EV).  An enormous number 
of consumer equipment, including these EVs, must be 
controlled through communication networks, for 
which we will need inexpensive and reliable control 
equipment.

Kondo: I see the important aspect of parallel and 
simultaneous optimizations of power grids and net-
works for controls.  Current equipment connected to 
the smart grid is in fact diverse, from smart meters to 
transformation units, with varying degrees of data 
capacities and real-time properties.  Communication 
network systems also come with many options, such 
as choices between wired and wireless, or between 
local and open standards.  In this sense, the path of 
optimization will not be smooth.

  The fi fth-generation (5G) cellular network system, 
scheduled for commercialization in 2020, will improve 
the real-time property, which would differ from the 
current level of network precision.  What do you 
expect from the 5G network?

Yokoyama: I think it will enhance the communication 
volume and speed, which will enable control of numer-
ous consumer equipment at high speeds.  I anticipate 

that EVs will be an important point for consideration.  
EVs will be a valuable means of controlling power sys-
tem stability if they are controlled effectively.  To start 
with, it is necessary to control the charging of these 
electric vehicles.  Otherwise, if all EVs started charg-
ing at the same time, the distribution networks would 
blow out.  For this purpose, the high-capacity, high-
speed network might play an important role as it facil-
itates the control of distribution networks and demand 
area power systems on the basis of various data, such 
as plug-in and plug-out times, charging durations and 
power fl ows in the distribution networks.

Kondo: This is the vehicle to grid (V2G) concept 
where electric power can fl ow back into the distribu-
tion system from vehicle batteries, for applying the 
EVs within the power system.

Yokoyama: Effectively using individually owned EVs as 
distributed power storage will contribute toward 
reducing the need for power grid energy storage, and 
that will in turn help to cut social costs.  It would be 
an interesting prospect of EV deployment for us 
researchers.

Importance of pursuing development 
with social cost in mind

Kondo: From the consumer end, DC-based technol-
ogy is also a key point.  Fuji Electric also pursues the 
development of direct current uninterruptible power 
systems (UPS) and direct current distribution equip-
ment.

Yokoyama: China is proactive in standardizing low 
voltage direct current (LVDC), and apparently demon-
strative projects are in progress in small towns.  This 
is diffi cult to realize in commercial or residential dis-
tricts due to signifi cant load fl uctuations.  Converters 
drop their effi ciency rapidly when the load diminishes 
to 10% to 20%, and the question is how to solve this 
problem.
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Kondo: The energy conversion stages can be 
reduced by turning to direct current, but introducing 
direct current into a plant does not necessarily lead to 
an immediate investment recovery according to our 
simulation.  There are also the standardization issues. 
It is likely to take more time to establish this direct 
current technology.

Yokoyama: It would be nice to have power electronics 
technology that enhances the efficiency of convertors 
at partial loads.

Kondo: I think one of the solutions is parallel oper-
ation.  Fuji Electric UPS already adopts a parallel con-
figuration of power stacks rather than a single large 
stack.  By applying this configuration, the capacity can 
be switched according to the load.

Yokoyama: Doesn’t the cost rise by splitting the UPS 
into stacks?

Kondo: That depends on the case, but it is normally 
cost-effective to standardize certain units and scale 
them through mass production.

Yokoyama: How about power storage batteries?  Which 
is a better solution, to install large-capacity storage 
batteries in the power system or to install small stor-
age batteries on the consumer side? This is a very 
interesting subject.

Kondo: These costs fluctuate as batteries are also 
evolving.  There were led-acid batteries, there are now 
lithium-ion batteries, and next there will be all solid-
state batteries.  Reuse of batteries is also possible.  We 
have developed a system that uses reused EV batter-
ies on Koshikishima, an island in Kagoshima.  On 
remote islands of the Kyushu and Okinawa regions, 
we are also testing and exploring micro-grids to iden-
tify challenges and verify countermeasures for power 
systems in the future when renewable energy is intro-
duced at a large scale.

Yokoyama: That sounds like a great approach.  The 
world would be focusing on such energy management 
systems that integrally optimize the entire system and 
lower the social cost, taking a comprehensive 
approach to the control of renewable energy sources 
and consumer equipment, as well as the economic pro-
ductivity of existing power stations.  Fuji Electric 
would be able to apply technology developed through 
micro-grid trials to much larger systems.

The problem of data sharing that  
hinders prediction

Kondo: Through energy management of factories 
and production processes, Fuji Electric has been work-
ing in the areas of optimization and demand predic-
tion since the 1970s.  There is a growing recognition of 
the importance of IoT and creating value through AI 
and analytics using data gathered through IoT.  For 
example, what operation plans should be built to  
minimize energy costs in the face of demand for elec-
tric, thermal and steam energy.  Its cost optimization 
has been a research topic for a long time.  The exper-
tise gained through these research efforts will be valu-
able in future grid optimization.

Yokoyama: Yes, I agree.
  Technologies for prediction, operation and control 

are the key elements in integrated energy manage-
ment systems that include power plants, renewable 
energy and consumer equipment.  The technology to 
predict solar and wind power output from the data of 
the meteorological agency, the technology to optimize 
operation plans on a monthly, weekly and daily basis 
and implement them, and the technology to control 
energy management in response to sudden changes in 
situations, such as clouds blocking the sun, wind starting 
to blow or the occurrence of an accident that affects 
the power output.  These are the three pillars of the 
technology for the future.

  Are you conducting research on AI-assisted predic-
tion technologies?

Kondo: We are studying several approaches.  For 
example, deep learning is employed to handle the non-
linearity of systems, and for this area of research we 
are trying to make deep learning explainable.  So far, 
we have been able to obtain with substantial accuracy 
the correlation between weather data and power 
demand from the results learned through deep learning.

Yokoyama: The national government also vigorously 
pursues smart power facility security and mainte-
nance, such as life assessment and fault diagnostics 
using AI and big data.

Kondo: Fuji Electric is also working in a proactive 
manner for facility diagnosis, remaining life assess-
ment and fault prediction.  We have developed edge 
devices that can collect different types of data 
promptly and synchronously.  We use our unique mul-
tivariate analysis to analyze such data, and now we 
get analytical solutions fairly quickly.

Yokoyama: As power utilities are public services, I hope 
that big data concerning security can be shared among 
power companies, but this seems quite difficult to real-
ize.

Kondo: It also depends on the types of data and 
their precision levels.  There are also issues related to 
data ownership rights.  As you said earlier, data shar-
ing may be crucial in the future to solve issues related 
to the supply-demand balance, rationalization of 
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maintenance and immediate effectiveness of emer-
gency responses.  Do you think that data sharing rules 
must be developed?

Yokoyama: Probably, but discussions have not pro-
gressed that far at the government level.

In the case of EVs, demand from  
consumers has made power companies 

take action.

Kondo: In terms of smart grid, decarbonization and 
energy mix reform, social systems and implementa-
tion seem to pose more serious problems than the 
technological issues.

Yokoyama: I think that the issue of economics is signifi-
cant.  These approaches are unlikely to be socially 
accepted if they make no economic sense in terms of 
investment and maintenance.  Micro grids have 
become very popular and projects are being pursued 
everywhere using government aid, but it should really 
be a system that is sustainable without such aid.

Kondo: When you think about this, the case of EVs 
as you mentioned earlier may be a special example in 
which power suppliers were led by consumer demand 
urging that we should take action in order to minimize 
CO2 emissions to mitigate global warming and contrib-
ute to the environment.

Yokoyama: The idea of using EV batteries in the power 
system also came originally from the consumer side.  
There are people who want to have storage batteries 
at home in case of major power blackout due to natu-
ral disasters including earthquakes, but such a black-
out rarely occurs.  Meanwhile, electric vehicles in daily 
use do not necessarily cover long distances, and it is 
wasteful if fully charged batteries are not used.  Here, 
it is economically plausible in society to put this 
unused electric power to efficient use in the power sys-
tem.

Kondo: There are various initiatives among con-
sumers today, such as a business continuity plan 
(BCP: plans to enable companies to minimize damage 
and continue or recover their business activities in 
emergency situations), environmental, social and gov-
ernance investment (ESG investment: investment in 
corporations that consider environmental, social 
and governance factors) and the Renewable 
Energy 100 (with the goal of using 100% renew-
able energy for all business activities).  I imagine 
that these approaches will be implemented in soci-
ety through discussions on their economic plausi-
bility.

The future of smart power electronics

Kondo: Professor, you often talk about making a 
scenario toward 2050 and working backward to 

make a scenario toward 2030.  We have drawn up our 
road map toward 2023, which marks a centenary of 
Fuji Electric, with a focus on customer value.  Further 
toward 2030, we imagine that the scenario should be 
based on social value.  How do you envisage the future 
scenario for power electronics equipment?

Yokoyama: Introducing renewable energy into power 
systems at a large scale will require a large number of 
power electronics equipment to convert direct current 
to alternating current.  This, in turn, destabilizes the 
power system due to insufficient inertial force.  To 
ensure stable operation of the power system, power 
electronics equipment should need to be more smart 
and sophisticated.  This would be, what one calls, a 
smart inverter.

  For example, the inverter may be equipped with 
virtual inertia and synchronizing power.  We call this 
virtual synchronous generator (VSG) model control.  
Researchers look into several methods, such as invert-
ers for large power storages in the power system imi-
tating the inertial force of a synchronous generator, or 
inverters for distributed energy sources controlling 
themselves autonomously like a synchronous genera-
tor.

  Apart from the VSG, there are many other fea-
tures suggested for inverters, such as system voltage 
control by the inverter’s power factor control and out-
put control to maintain system stability in emergency 
situations.  Inverters of the future will need to reduce 
various interference in these controls to operate 
autonomously.

Kondo: I suppose that transmission and distribu-
tion equipment will also need to implement active con-
trol in the future.

Yokoyama: The power system itself is of a hierarchical 
structure, but I think that consumer equipment will 
be controlled by something like local control centers, 
as opposed to centralized control.  An aggregator is 
one example of this.  Collaborative distribution is nec-
essary so that local centers such as this contribute to 
the overall harmonization of the power system as a 
whole.  In other words, simply distributing power 
sources is not enough, but cooperative distribution is.

Kondo: I understand that downstream systems and 
equipment must operate autonomously in order to 
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ensure and enhance real-time capability.  I suppose 
you have been conducting studies in relation to this 
topic.

Yokoyama: I visited distribution system operators 
(DSOs) in Europe on several occasions in recent years.  
There, I find their business models very interesting.

  In Europe, DSOs and transmission system opera-
tors (TSOs) are separate.  Today, DSOs are provided 
with a platform to test a system in which various com-
panies link up different applications to explore new 
business opportunities.  Having witnessed this, I have 
to admit that Japan is lagging far behind.  There are 
many Japanese who visit TSOs to learn about their 
organizations and power system controls, but few are 
interested in visiting DSOs.

Kondo: You mean that business opportunities are 
with DSOs.  That is a very interesting point for us as 
we have been working closely with distribution sys-
tems.

Yokoyama: At the International Council on Large 
Electric Systems (CIGRE), whose members where 
mainly TSOs until now, they are now discussing orga-
nizational reform to invite DSOs to cover distribution 
networks from power generation to consumers.  
CIGRE is preparing a symposium on the theme of dis-
tribution networks for the 2021 Kyoto Session.  They 
must adapt to the changing world trend, which is 
today turning the target of business to DSOs.

  Fortunately in Japan, a power company functions 
both as a TSO and a DSO, which makes it easier to 
efficiently replicate European DSOs.

Fuji Electric’s advantageous position  
– with strengths in both analog and 

digital technologies

Kondo: What is your opinion on the potential of 
hydrogen from the viewpoint of energy storage and 
transfer?

Yokoyama: This is definitely a point for consideration 
that will be inevitable in the future, but there are still 
many issues to address even in the coming 10 years.  
It is costly to make hydrogen, and there are very few 
ways to put it to use.  In the Tohoku region, there are 
many points of solar and wind power generation, 
which would supply surplus energy if they were con-
nected to the power system. There have been discus-
sions on transforming that surplus into hydrogen, but 
the problem is how to make use of the hydrogen.  Fuel 
cell vehicles have not become sufficiently popular, and 
there are not many industries that utilize hydrogen.  
On top of that, turning hydrogen back to electricity 
would be utterly inefficient.

Kondo: We hear that increasing the EV battery 
capacity to increase the cruising distance of a vehicle 
is counterproductive above a certain point due to bat-
tery capacity problems.  Do you think hydrogen can be 

usable from a mobility point of view?
Yokoyama: Doubling the infrastructure for hydrogen 

and electricity would be too much of an effort, and so it 
would be necessary to develop a clear purpose-based 
division, such as using hydrogen for long-distance 
vehicles like trucks and buses.

Kondo: While hydrogen is an attractive alternative 
as clean energy, there are still many issues to solve for 
implementing it in society.

  Even so, we, as manufacturers, must move for-
ward.  Which foot to put forward first is the question.

Yokoyama: I think Fuji Electric has great potential as 
the company operates in a wide area, from analog 
technology to innovative digital technology.  The rea-
son I say this is the fact that energy is an analog phe-
nomenon.  Digitalization is the latest rage, and digital 
is applied to all kinds of things and events around us.  
Because of this trend, some people are misled to think 
that energy could also be transferred digitally, but in 
fact energy transfer relies on analog technology.  
Digital technology is like a nervous system that con-
trols the energy transfer.  That means it is impossible 
to provide energy stably and reliably without both 
analog and digital technologies working perfectly 
together.  I expect that Fuji Electric will make great 
progress in the future, utilizing the company’s exper-
tise in both analog and digital technologies.

Kondo: The discussion with you has been very 
informative and allowed us to deepen our understand-
ing of future power systems.  We have perceived that 
for Fuji Electric it is crucial to utilize power electron-
ics, which is our most advanced technology, for syn-
chronized optimization of power grids and communica-
tion networks, and for establishing algorithms that 
enable the transition from centralized systems to col-
laborative distributed systems.   We will work on your 
valuable insights to continue our efforts in engineer-
ing new technologies, with the aim of contributing to 
the creation of sustainable societies.  Thank you very 
much for your time today.
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