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Advantages of Variable Speed Pump Turbines
for adjusting Power Supply

P ow e r S y s t e m s

Social movements to reduce greenhouse gases, such as feed-in tariff systems for renewable
energy, have become more prevalent. In the future, it is predicted that there will be increased use of
photovoltaic power generation, wind power, and other renewable energy sources. However, these
power generation systems, which are small-scale decentralized power generation plants, have
power variation due to environmental changes such as weather and are unstable power supplies. On
the other hand, the power transmission and distribution grid developed in today’s society is
currently based on large-scale concentrated power generation. Hence, the increasing use of
small-scale renewable power sources raises concerns in regard to power supply stability. Pumped
storage power plants provide a countermeasure against this issue, and currently play an important
role in stabilizing the electric power supply. Recently, variable-speed pumped storage power plants
with better functionality have become commercially available, and have begun to attract attention
as a possible means of dealing with the coming proliferation of small-scale decentralized
generating power plants.

|1. Characteristics of the Variable-speed Pump Turbine in Pumped
Storage Power Plants
The need for power sources with highly responsive power-adjusting functions will continue
to increase with the number of decentralized generating power plants. Conventional pumped
storage power plants have large-scale power-adjusting functions, and are already contributing to
power stabilization. Attention is now being drawn to the greater adjustability of variable-speed
pumped storage power plants.
The variable-speed pump turbines used in variable-speed pumped storage power plants
enable operation at varying speeds, and have the following characteristics in comparison to
conventional constant-speed pump turbines.
(1) Quick response to electric power demand
Photovoltaic power generation, wind power and other renewable energy sources (which are
expected to increase in number in the years to come) are considered as fluctuating factors against a
stable power supply, since their power output changes with environmental conditions such as the
amount of sunshine and wind conditions. Variable-speed pump turbines can contribute to the
stabilization of the power supply with their high-speed power adjusting functionality during turbine
and pump operations, as well as their capacity as conventional pump turbines to cover the
supply–demand gap (Figure 1).
(2) High-efficiency turbine operations
With a conventional constant-speed pump turbine, the pump cannot operate at optimum
turbine efficiency, especially during power generation, since a single pump turbine functions as
both a generator and pump. A variable-speed pump turbine enables operation close to the best
efficiency point, by adjusting the rotational speed (Figure 2).
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Figure 1 Variable-speed pump turbine response to power commands.
By changing the rotational speed, the generated effective power responds to effective power
commands without delay.

Figure 2

Efficiency characteristics of turbine operation

The variable-speed function allows a higher operational efficiency than a constant-speed machine.

(3)

Input power adjustment during pump operations
The conventional pump turbine cannot arbitrarily change the input power during pump
operations, and fine adjustments to compensate for fluctuations in power are difficult. The
variable-speed pump turbine increases its power adjustment functionality by changing its rotational
speed, and thus contributes to the stability of the electric power supply (Figure 3).

Figure 3

Input changes during pump operations

Input power adjustment, which is impossible with a constant-speed machine, becomes available.
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|2. Applications of the Variable-speed Pump Turbine
Table 1 lists the specifications of the variable-speed pump turbines that Mitsubishi Heavy
Industries, Ltd. (MHI) has already delivered to its customers.
Table 1

Applications (specifications) of variable-speed pump turbines

Type of pump turbine
Max. effective head (m)
Generator
Max. output of pump turbine (MW)
Operation
Rotational speed (min-1)
Max. pump head (m)
Pump
Max. input to pump turbine (MW)
Operation
Rotational speed (min-1)

Power station A
Francis
671.8
310
600 ± 24
720.4
330
600 ± 24

Power station B
Francis
508.8
185.4
576 – 626
528.8
180
576 – 626

Power station C
Deriaz
115.2
103
231 ± 23
121.8
140
231 ± 23

MHI has developed three variable-speed pump turbines. Two of them are Francis type pump
turbines without adjustable runner blades, which are applicable in high head and/or large capacity
conditions and continued high demand is expected. The other is a Deriaz type (diagonal flow)
pump turbine with adjustable runner blades. The Deriaz type pump turbine can adjust the input
power by adjusting the runner blades, and further adjustment capability is available from the
variable-speed function.
As noted above, the high power adjustability of pumped storage power plants has already
contributed to a stable electric power supply. With their even greater power-adjusting functionality,
variable-speed pumped storage plants will play an important role in the increasing trend of utilizing
photovoltaic power generation, wind power, and other decentralized generating power plants to
reduce greenhouse gas emissions.
By taking advantage of variable-speed pumped turbine technology, MHI will continue to
provide energy supply technology that contributes to an improved global environment.

