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Value Transition in a Power System

To deal with global warming issues, it is neces-
sary to save energy, promote electrification and utilize 
low-carbon power sources, and power systems are 
undergoing significant changes.  Renewable energy 
sources, especially photovoltaic and wind power gen-
eration, are expected to be introduced in earnest in 
many countries and regions.  This first took place in 
Europe and other countries and regions with some po-
litical support.  In Japan, the use of photovoltaic power 
generation dramatically increased after the Great East 
Japan Earthquake due to an extremely advantageous 
purchase price based on the Feed-in Tariff Scheme.  
In the Kyushu area, where the largest capacity of 
photovoltaic power generation is deployed in Japan, 
approximately 7 GW of photovoltaic power has been in-
troduced against a maximum demand of 16 GW, which 
far exceeds the percentage of cases in Germany as a 
single-source renewable energy generation.  At one 
o’clock on May 4, 2016, 66% of the power demand there 
was covered by photovoltaic power generation.

The output of photovoltaic and wind power genera-
tion varies unpredictably depending on the weather.  
For this reason, using these renewable energy sources 
more will make supply and demand balancing difficult 
in operating power systems, hindering stable supply 
and demand operations every day, hour, minute and 
second.  In this situation, the importance of being able 
to balance supply and demand, or the capability to 
make adjustments to supply or demand to strike a bal-
ance, has started being globally recognized recently.  
While a supply-demand balancing capability has  
always been required, its insufficiency has been emerg-
ing due to the increased variability and uncertainty 
arising from renewable energy and the decreased 
operational capacity of thermal and other power gen-
eration, which conventionally provided the balancing 
capability.

The need for a supply-demand balancing capability 
is like the need for oxygen.  It is essential for sustain-
ing human life and that of other living things, but we 
seldom feel the need for oxygen because of its abun-
dance on earth.  However, it becomes obvious when 

people go underwater or into outer space, and oxygen 
must be secured at a cost.  Likewise, a supply-demand 
balancing capability has always been necessary, but its 
need has grown along with the increase in variability 
and uncertainty in supply and demand operations due 
to the increased output of photovoltaic and wind power 
generation.  Accordingly, securing this capability at a 
cost by dealing in the market is gaining importance.

To do this, conventional power sources such as 
thermal and pumped storage power generation are  
often used first.  Possible measures for ensuring greater 
capability include controlling the output of photovoltaic 
and wind power generation and sophisticating and 
enhancing tie line operations, in addition to the much-
talked-about power storage and demand regulation.  
These not only require enhancement and sophistica-
tion of the relevant equipment and infrastructure but 
also they involve increased power loss and power usage 
limitation.  However, they provide a balancing capabil-
ity and hence new value in power systems.

As the insufficiency of the supply-demand balanc-
ing capability has become evident, on-going system 
improvements have been made to elaborate the whole-
sale power markets and ancillary service markets in 
Western countries.  In California in the United States, 
for the purpose of dealing with the variations in and 
uncertainty of renewable energy, an initiative has been 
launched by actual dealing in the market to utilize 
the numerous resources on the customer side through 
aggregation, in addition to introducing storage batter-
ies in advance.  Meanwhile, wholesale power market 
prices are on the decline in Germany and other coun-
tries, and negative prices occur in some time periods.  
This trend indicates that the value of power, which 
has been measured in kWh, is making a transition to a 
supply-demand balancing capability.

Generation of new value points to the necessity of 
developing, introducing and disseminating new tech-
nologies so as to create that value.  Power systems 
require supply and demand balancing in various time 
domains, ranging from instantaneous balancing to 
equalization of the demand and supply variation in one 
day, and adjustment between different seasons.  This 
is because there are changes in the demand and supply 
structure of the respective power systems and differing 
capabilities of power grids.  There is a global demand 
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to create a new power system featuring low cost and 
high stability by accurately identifying the new value 
(need) to develop and disseminate technologies.

For the formulation of the Long-term Energy Sup-
ply and Demand Outlook approved in 2015, the Power 
Generation Cost Verification Working Group made a 
comparison of power generation costs (in yen/kWh) 
between different types of power sources.  At the same 
time, a certain level of understanding was obtained 
about the importance of the so-called supply-demand 
balancing capability, referred to as the “system cost” 

or “system constraint”.  To find a stable and economi-
cal solution to future power needs and in turn energy 
problems including global environment issues, we 
believe that we can shape the future of Japan, which 
has energy resource constraints, by recognizing the 
new value and the strengths and weaknesses of the 
respective technologies and combining them.  We look 
forward to the earnest activities of researchers, engi-
neers, business managers and all other people involved 
in the development of policies and systems for making 
the most of technologies.
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