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a b s t r a c t

The first stage 600 kW system of Hokuto Mega-solar Project has been installed in Yamanashi Prefecture,

Japan in 2008. The outline and the developing target of the project are introduced first and some results

that have been provided so far are discussed in this paper.

& 2010 Elsevier B.V. All rights reserved.

1. Introduction

Solar generation systems are one of the promising measures
for reducing global warming and drying up of the energy. An
installed capacity target of solar generation systems in our
country will be set 4.82 GW in 2010, 14 GW in 2020 and 53 GW
in 2030, while the total installed capacity is still 1.92GW in 2007.
About 80% of the systems are mainly for residential use and they
are of very small sizes. Some large-scale solar generation systems
will be expected to construct and intensive development of
related technologies is an urgent problem.

The New Energy and Industrial Technology Development
Organization (NEDO) advertised for consignment research busi-
ness called ‘‘Verification of Grid Stabilization with Large-scale
Photovoltaic (PV) Power Generation Systems’’ in 2006. The
verification tests are carried out in two sites. One is Hokuto
Mega-solar Project (HMP) in Yamanashi prefecture and the other
is Wakkanai Mega-solar Project in Hokkaido. About 2 MW of solar
system has been constructed in HMP. The outline and the
developing target of the HMP are introduced and some results
that have been provided so far are discussed in this paper.

2. Outline of HMP

The one-line diagram of HMP is shown in Fig. 1. 600 kW of PV
modules were installed in the 1st stage (FY2007). They were 24
kinds of PV modules from inside and outside of Japan and two
PV systems and they were evaluated for applicability in future
mega-solar systems [1]. Their arrays and systems were connected
to a 6.6 kV power grid through conventional 10 kW power
conditioners (PCSs) and 3 kW PCSs, respectively. A monitoring/
measuring (M/M) system of these PV modules and PV systems
were constructed [2]. Their data will be able to be seen on the Web.

In the 2nd stage (FY2008-FY2009), 4 kinds of PV modules were
selected from the evaluation of the PV modules in the first stage.
About 1200 kW of the PV modules have been constructed. In
order to connect large PV generation powers to an existing AC grid
with high efficiency and reliability, a 400 kW power conditioner
(PCS) with some control functions have been developed. They are
connected to a 66 kV extra high voltage power grid. The PCS is
discussed in detail in the next chapter.

At the final stage (FY2010), about 40 kW PV modules will
be installed additionally and total generating capacity will be
about 2 MW. Their electrical and mechanical characteristics are
measured and evaluated.

3. Development of PCS

The 400 kW PCS will be manufactured and installed in the 2nd
stage. Their control and operation system have been studied.
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The developing targets of the PCS are listed in Table 1. The
capacity of the developing PCS was selected 400 kW in
consideration of the operation as a mega-solar system, cost, size
and expansibility to the future.

The PCS has two 200 kW choppers inside as shown in Fig. 1.
A maximum power point tracking (MPPT) function of each
chopper finds a maximum PV generation power point between
four 50 kW PV arrays by scanning the DC current.

The PCS does not have transformer in order to improve
conversion efficiency as shown in Fig. 2. A voltage-up transformer
is equipped to connect the grid and its neutral point is connected
with a resister to the ground. When a grounding fault occurs in the
AC system or the DC system, all the circuit voltages change against
the ground. This makes it difficult to detect the fault and to separate
the fault part. We adopted the following method to solve the
problems. When the grounding fault occurs, it is detected by voltage
rise at the neutral line of the transformer. Then a grounding switch is
closed and the over-current relay of the electric line breaker (ELB)
separates healthy part from the fault part.

Two operating systems are compared for the 1200 kW PV
system, which consists of three 400 kW PCSs [2,3]. One of the
operating systems is an integrated operating system (master–slave

operating system), in which PCSs are operated as if they were
one large capacity of PCS. Another operating system is an
individual operating system, in which each PCS operates individu-
ally responding to the PV generation output. The PCS output
Po is evaluated for two operating systems using both statistical
PV distribution data by JWA (Japan Weather Association) near
Hokuto site and assuming efficiency of the large-scale PCS
under development.

Table 2 shows the calculation results of Po, the integrated
operating system is 0.5% higher than the individual operating
system. As the difference is little, the individual operating system
is taken in HMP because of simplicity of the operating system and
reliability improvement by it. When the PV generating output at
lower output power becomes large and the efficiency at lower
output of PCS becomes high, the efficiency of the integrated
operating system becomes high and its difference becomes large.
The output by PCS under development is about 4% higher than
that of a conventional PCS in an individual operating system.
Because the conversion efficiency of the PCS under development
is considered to be greater than 95% from 30% to a rated load, the
conventional PCS becomes about 3% lower.

A voltage fluctuation suppression function of grid due to the
PV generation output fluctuations, the continuous operation
function during low AC voltages due to an AC grid fault, and
harmonics suppression function have been developed to connect
them to an existing AC grid with least influences. The grid voltage
fluctuations are controlled within 2% of an AC rated voltage by
controlling reactive power of the PCS. Low-order harmonics
currents are suppressed within 80% of the harmonics guideline
in a distribution line, by generating the same PCS output voltage
waveforms as that of the grid voltage. The continuous operation is
enabled by suppressing over-currents and over-voltages in the
PCS through high control response and synchronizing the phases
of PCS output voltages with those of the grid voltages.

These functions of the PCS were confirmed by a miniature
analogue model of the HMP system before manufacturing and
installation. The algorithm used in real system was also installed
in the PCSs of the miniature analogue model.

Fig. 3 shows one of the voltage fluctuation suppression
test results. In the tests, active power of PCS1 fluctuates from

Table 1
Developing target and specification of PCS.

Item Specification

Capacity 420 kVA/400 kW

Rated AC voltage 420 Vac710%

Rated DC voltage 400 Vdc

Input DC voltage 230–600 Vdc

Switching freq. 4 kHz

Conversion

efficiency

95% (including 200 kW�2 choppers)

Control functions /MPPT by choppers

/Suppression to within 2% of rated AC voltage

/Suppression of low-order harmonics to within 80%

of the guide-line

/Continuous operation over 60% AC voltage within

200 ms periods

PCS ELB

PCS ELB

ΔPCS ELB

420V/6.6kV

Grounding 
switch

Grounding
resister

Fig. 2. Detection of DC system fault. ELB: Electric line breaker.

Table 2
Comparison of Po calculation.

Individual operating system Integrated

operating

system

Conventional

PCS

PCS under

development

Po (%) 91.7 95.6 96.1

AC/DC 
(10kW×60)

AC/DC 
(10kW× )

AC/DC 
(400kW) 

Chopper 
(200kW)

1st  stage 
   (600kW)         6.6kV/210V 

                                   6.6kV/210V   
             3rd  stage 
            ( 0kW) 

Transmission line*   
66kV/6.6kV    6.6kV/420V  

Connecting point 

2nd  stage                  PCS-1 
    ( 1,200kW) 

* PCS-2
from 6.6kV to 66kV

  line in 2009 
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Fig. 1. System configuration.

H. Konishi et al. / Solar Energy Materials & Solar Cells 95 (2011) 377–381378



Download English Version:

https://daneshyari.com/en/article/79192

Download Persian Version:

https://daneshyari.com/article/79192

Daneshyari.com

https://daneshyari.com/en/article/79192
https://daneshyari.com/article/79192
https://daneshyari.com

