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Abstract: - The interconnection of large quantities of the distributed power source, such as PV power source, to
the power electric system is anticipated, and as a result, the fluctuations of voltage and frequency will increase
and make the adjustment of the demand and power supply balance difficult. The present paper describes new
method of the large-scale PV System used Pumped Storage System (PSS) to store the electric power from
large-scale PV system in the daytime and power supply in the nighttime as base power supply. Large-scale PV
system with PSS is studied by computer simulation. The contents include the installed position of PSS, the
capacity of PSS, capacity of transmission line, power generation cost, and base power supply. It will be
possible to use base power supply from large-scale photovoltaic power instead of electric power from nuclear
or thermal power station, satisfy demand and reduce or stop the output of nuclear station or thermal power
station, use the surplus electric power, maintain a stable power supply, energy-saving, and a suitable adjustment
of the power demanded-supply balance.

Key-Words: - Large-scale PV System, Pumped storage system, Base power supply, Installed position of PSS,
METPV-3 data

1 Introduction scale PV system in the daytime into water energy by
At present, PV system [1-4] is being installed in pump and transform water energy into electric
deserts and places that far from the areas of demand. power the nighttime as base power supply by
It is necessary to use PSS to solve following major generation. .
problems. Although the electric power from PV In this paper, a new method of electric storage
system supplied to load directly, it remains large for the large-scale PV System is proposed. The PSS
amounts of surplus electric power. In addition, if the is composed, the data Of solar irradiance and
large amounts of surplus electric power flow temperature and four different types of the
backward to the electric power system, it would r('es1den‘F1al load patterns are us§d to calculate by
have a great influence on a quality of the electric simulating method. The electric power of PV
power system because of the voltage and frequency system, surplus el'ectrlc power, installed position of
changing in electric power system. PSS, the capacity of PSS, the capacity of
The interconnection of large quantities of the transmission line, power generation cost, and base
distributed power source, such as PV power source, power supply are gnalyzed.
to the power electric system is anticipated, and as a The results indicate the base power supply has an

result, The fluctuations of voltage and frequency output ability of 1,511 kW or 1,419 kW, which can
will increase and make the adjustment of the be seen as 15.11 % or 14.19 % of the capacity of the
demand and power supply balance difficult. By large-_sca.lle PV system (10MW). The results indicate
applying PV system with PSS [5] to the large-scale that 1't is possible to use PSS for sj[ore surplus
PV system in order to energy-saving, a stable electric power and bgse power supply 1n.the large-
energy supply, and the widespread use of renewable scale PV system. It is pos§1ble to PSS will be used
energy is expected. The large-scale PV system with as energy storage system in large-scale PV system
PSS is composed of PV system, PSS, DC load as or renewable energy system as base power supply in
well as DC transmission line. PSS is used to the future.

transform the surplus electric power from large-
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2 New Proposal

Generally, PSS is used as to store the surplus
electric power of such as, nuclear power plant,
thermal power station in the nighttime. On the other
hand, it discharges electric power at the peak
demand in the daytime. We propose opposite
method for PSS to store the electric power from PV
system [6] in the daytime and discharge in the
nighttime for the usage of the base power supply,
due to the fact that large-scale PV system is usually
installed in small towns or cities in order to generate
the large amounts of the surplus electric power in
the daytime. It is reasonable to cut down or stop
producing the surplus electric power from nuclear
power plant or thermal power station in the
nighttime because it can be stored by PSS and used
in the nighttime.

Fig.1 shows the large-scale PV system with PSS.
The system is composed of PV system, PSS, DC
load as well as DC transmission line. The large-
scale PV system is assumed to set up in Aomori
prefecture in the north of Japan. At the same time,
the load is set up in Tokyo. The distance between
PV side and load side is about 500 km. PSS is
installed at PV, load or middle side respectively.
The DC electric power from PV system supplies for
DC load [7][8] directly. When the surplus electric
power occurs, it would be stored by PSS.
Alternatively, when the electric power from PV
system lack for load, the load would be supplied
electric power by PSS.

In this study, the capacity of the large-scale PV
system is 10 MW. The residential houses are100,
and public facilities have two elementary schools,
two junior high schools, one city hall and one
company. Initial storage value is 150 MW. PSS
possesses a total storage efficiency of 71 % [9][10].
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Fig.1: PV system with PSS.
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3 Simulation Method

The simulation is employed following
calculations [11-14]: the electric power of large-
scale PV system and the loss of transmission line,
while, apply to four types of residential load
patterns and the public facilities load of two
elementary schools, two junior high schools, one
city hall and one company. The simulation is
calculated continuously every hour for a year [15].
The data gained from the simulation are resources
for making a decision of installed position of PSS,
the capacity of PSS, the capacity of transmission
line, power generation cost, and base power supply
in detail.

3.1 The Electric Power of PV System

METPV-3 data from NEDO of Japan (solar
irradiance and temperature) [16] is used to calculate
the electric power of PV system. The solar
irradiance is assumed equal for all places installed
PV panels.

The polycrystalline silicon module is employed,
the conversion efficiency of module is 14 % at the
cell temperature 25 °C, and intensity of solar
radiation is 1.0 kW/m? The electric power of PV
system Py is calculated by equation (1) a year.

Py = Z Scb(i)% [1-0.005(T+AT())25-]A¢
i=0

(1)

Where S is the area of PV panels, @(i) is
intensity of solar radiation on slope (tilt angle is 35
°and installed toward south), #(i) is conversion
efficiency of PV module, T is module temperature,
AT is range of temperature and At is time interval.

3.2 Residential Load Patterns

In order to study relationship between electric
storage and different types of the residential load
patterns, there are four different types of the
residential load patterns [4] are used. These patterns
are considered separately with three different
seasons: summer, winter and autumn [17]. The
residential load patterns in winter is shown in Fig.2.
The load change of the pattern Home 1 is low
from10:00 to 16:00. The pattern Home 2 shows big
load change at midnight, morning and evening. The
pattern Home 3 shows is low in the morning, but it
is big at evening. The load change of pattern Home
4 is slow all day.
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3.3 Public Facilities Load Patterns

The public facilities load set as two elementary
schools, two junior high schools, a city hall and a
company, as shown in Fig.3.
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Fig.2: Residential load patterns (Winter).

3.4 Loss of Transmission Line
The loss of transmission line P; is calculated by
equation (2).
P, = 2I*RIl )
Where [ is load current, R is resistance of one
line and / is distance. The distance between PV
side and load side is assumed to be about 500

km, the distance between PV side and middle side
is about 250 km.
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Fig.3: Public facilities load patterns (winter).

4 Results and Discussions

The large-scale PV system with PSS is studied
by computer simulation. The contents include the
installed position of PSS, the capacity of PSS,
capacity of transmission line, power generation cost,
and base power supply (base load power).
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4.1 The Surplus Electric Power

Fig.4 shows the DC electric power from PV
system (PV power), load power consumption, the
surplus electric power, and rate of surplus electric
power to PV power. As we can see, after PV power
is supplied to load directly, there are large amounts
of the surplus electric power. It is noticeable that
there is necessity to store the electric power from
PV system in the daytime.

The surplus electric power has differences
depending on where PSS is set up at PV, middle and
load side, as shown in Fig.5. The rate of the surplus
electric power at middle side to PV side is 89.6 %-
92.4 %, and load side to PV side is 79.3 %- 84.8 %,
respectively.
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Fig.4: The surplus electric power.
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Fig.5: The surplus electric power at three sides.

4.2 The Capacity of PSS and Transmission
Line

As we have noticed that there are large amounts
of the surplus electric power from Fig.5, it is worth
to look at Fig.6 which illustrates the capacity of
PSS. The capacity rate of PSS at middle side (side
2) is 9.5% lower and load side (side 3) is 19% lower
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than that of PV side (side 1) due to the power loss
by distance of the transmission line. It is obvious
that the capacity of PSS depends on installed
position of PSS and the capacity of PSS can be
reduced, if PSS is set up at middle side or load side.
The storage capacity of PSS is equal to the
maximum surplus electric power within a year.

The capacity of transmission line is closely
related to where the PSS is installed. When PSS is
set up at PV side, the capacity of transmission line is
equal to the maximum load power consumption. In
the contrast, if it is at middle side or load side, the
capacity of transmission line is determined by the
maximum value of surplus electric power and load
power consumption.

Fig.7 explains the capacity of transmission line.
The capacity rate of transmission line at middle side
and load side is approximately three times higher
than that of PV side. The PSS should install at PV
side so that the capacity of transmission line and the
cost can be reduced. In addition, if PSS has already
constructed at PV, middle or load side, it can be
directly and initial investment can be reduced.
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Fig.6: The capacity of PSS.
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Fig.7: The capacity of transmission line.
The land and personnel cost between Tokyo and

Aomori prefecture are follows: the land cost in
Tokyo is approximately 23.7 times higher than

E-ISSN: 2224-350X

193

Toshifumi Yuji, Che Xiaoxuan,
Toshio Bouno, Noritsugu Kamata

Aomori which is 669,500 JPY/m* and 28,300
JPY/m? respectively. The personnel cost in Tokyo is
372,900 JPY/month, and in Aomori is 222,200
JPY/month. The personnel cost in Tokyo is 1.7
times higher than Aomori. PSS should install in
Aomori to reduce the land and personnel cost.

4.3 Base Power Supply

It is proposed a new method for PSS to store the
electric power from PV system in the daytime and
discharge in the nighttime as base power supply [4].
Typel demonstrates that the surplus electric power
is not directly supplied to loads but it is used as base
power supply to reduce or stop the output of nuclear
or thermal power station. PSS (capacity: 1,511 kW)
can supply base electric power to load. (See Fig.8).
According to Fig.9, Type 2 demonstrates that the
surplus electric power is directly supplied to load. If
there is still surplus electric power, it is used as base
power supply. PSS (capacity: 1,419 kW) can supply
base electric power to load.
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Fig.8: The base power supply of Typel
(1st / January).
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Fig.10: The base power supply.

Fig.10 shows the relationships among base
power supply, Type 1 and Type 2 that discussed
above: the base power supply of Typel is 1,511 kW
and Type 2 is 1,419 kW. The Type 1 can gain more
base electric power whereas; more than 29 % of
storage electric power loss can be reduced in the
case of Type 2. The rate of PV power means the
amount of electric power generated by PV system
that is used as base power supply. The PV power
rate of typel is 78.8 % and Type 2 is 81.6 %. The
base power supply of Type 2 is smaller than Type 1,
conversely; the rate of PV power is larger than Type
1.

As shown in figures above, the base power
supply has an output ability of 1,511 kW in Typel
or 1,419 kW in Type 2, which can be seen as 15.11
% or 14.19 % of the capacity of large-scale PV
system (10 MW). It is generally recognized that PSS
can be used as base electric power to supply to load,
also to reduce or stop the output of nuclear or
thermal power station.

5 Conclusion
In this paper, it is proposed a new method for

PSS to store the electric power from PV system in

the daytime and discharge in the nighttime as base

power supply. The large-scale PV system with PSS
is studied. The results indicate the base power
supply has an output ability of 1,511 kW in Typel

or 1,419 kW in Type 2, which can be seen as 15.11

% or 14.19 % of the capacity of large-scale PV

system (10MW). The point that requires

clarification in detail is the installed position of PSS,
the capacity of PSS, the capacity of transmission
line, power generation cost, and base power supply.

The results are follows:

(1) The capacity of PSS depends on installed
position of PSS and it can be reduced if PSS is
set up at middle side or load side. The capacity
rate of PSS at middle side is 9.5 % lower and
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load side is 19% lower than that of PV side due
to the power loss by distance of the transmission
line.

The capacity rate of transmission line at middle
side and load side is approximately three times
higher than that of PV side. The PSS should
install at PV side so that the capacity of
transmission line and cost can be reduced.

The land and personnel cost in Tokyo (load
side) is approximately 23.7 times and 1.7 times
higher than Aomori (PV side) respectively,
therefore: PSS should install in Aomori in order
to reduce the land and personnel cost.

PSS can be used as base power supply to satisfy
demand and to reduce or stop the output of
nuclear station or thermal power station. It is
possible to use base power supply from PV
power instead of electric power from nuclear
station or thermal power station.

It is believed that PSS will be used as energy
storage system in large-scale PV system or
renewable energy system in the future.
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