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In Pursuit of Stable and Optimal Power 
Supply in the Future

In this preface, I would like to overview the his-
torical context of power systems in Japan and consider 
the future power systems to achieve stable and optimal 
power supplies.

Supplying power in Japan was done with simple and 
small-scale systems in the early days.  The power out-
puts were manually controlled according to changes in 
demand.  As time passed and the power grids have grew 
in size and complexity, they became increasingly difficult 
to manually manage and operate the entire systems ef-
ficiently.  In the mid-1950s, telecommunication technol-
ogy using analog telemeters was introduced and, during 
the 1960s, automatic power supply systems went into 
online operation using digital computers.  By this time, 
the national power supplies were managed by ten private 
power companies, and each of them developed hierar-
chical, integrated lateral systems with the central load-
dispatching center and regional load-dispatching liaison 
offices.  Furthermore, the advancement of computer and 
information technology in the late 1970s made it pos-
sible to introduce remote monitoring and control systems 
(telecontrol equipment) that allow single control centers 
to monitor and control multiple substations and also to 
introduce distribution automation systems in 6.6 kV volt-
age class.  In this way, computer-based remote control 
and following automatic control methods have been es-
tablished, and highly reliable power systems have been 
operated, contributing to the country’s economic growth.  
Those power systems have reliably supplied stable power 
mainly through the development of large-scale power 
supplies and construction of bulk power grids to enable 
power transmission to major consumption areas.  The es-
tablishment of reliable power systems was led by systems 
and their components built according to appropriate sys-
tem specifications developed by system operators under 
the mutual cooperation of both system operators and 
component manufactures.  Additionally, the establish-
ment of such system functions has been encouraged by 
constant research and development performed by those 
collaborative parties and relevant academies.

I will now describe the trend in power systems in 
recent years.  Environmental issues had been discussed 
through global warming conference even before the 

Kyoto Protocol came into force in 2005.  Meanwhile in 
Japan, the 2011 Great East Japan Earthquake caused 
serious damage to power facilities and brought about the 
nuclear accident in Fukushima.  Since this accident, the 
way of using power sources has greatly changed to en-
hance power system resilience to disasters and to attain 
a decarbonized society.  In addition, as the Electricity 
System Reform was accelerated the operational method 
of power systems involving several operators has also 
enormously changed.  For example, New businesses have 
emerged: operation of distributed power sources, such as 
renewable energy sources, and various power storage fa-
cilities such as pumped-storage power plants, as well as 
services for supporting these facilities, such as electricity 
supply and demand aggregation.  These in turn have cre-
ated needs for new solutions to achieve system operations 
that take account of the role sharing of power sources 
within the power systems and their uncertainty.  More 
specifically, power electronics components for wind and 
solar power generation, which is uncertain and fluctu-
ating power source, and storage batteries for smoothing 
such fluctuation are controlled at high speed.  Opera-
tional control is therefore required that can deal with the 
collaborative role sharing of other power sources and un-
certain dynamics.

Furthermore, because of the participation of mul-
tiple operators, optimized planning and operation come 
to be necessary in terms of many uncertain items, such 
as facilities plans including power sources and transmis-
sion lines, operation plans, and market trading.  In these 
handling of the uncertainties, it is necessary to provide 
efficient, optimal operational control of the systems and 
to supply the facilities and functions of the systems, ac-
cording to the structural classification of uncertainties.  
One is about known issues, which can be statistically ex-
plained.  Another is about unknown issues, which can be 
expressed only in sets or ranges.  The other is about un-
knowable issues, which derive from mutually exclusive 
scenarios or unpredictable events. 

Now I would like to consider the stable and optimal 
power supplies in the future to solve these issues and 
uncertainties.  Power systems, of which operations ac-
cording to ideal operational plans are difficult to per-
form, are fundamentally prone to various uncertainties, 
such as changes in demand and accidents.  Therefore, 
when computers were initially introduced to power sys-
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tems, their system design presupposed the following 
three states and their transition in system operation: a 
steady and stable operational state including preventive 
control, an emergency state due to accidents that neces-
sitate response control, and a recovery state that results 
from the emergency control and congested events leading 
to efforts to recover to steady operational state. These 
three states were defined, and functions that correspond 
to them were built into the system.  Such an integrated 

system design is required at the whole system level and 
at the individual cluster level even in a new power sys-
tem composed of multiple operators across a number of 
consumers.  I hope that, in the new institutional design 
in the future, power facilities and their functions will 
be designed on the basis of these three states and tran-
sitions between them, which are agreed by all relevant 
parties, to maintain system reliability and stably supply 
electricity.
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