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E
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_Rs '(Iz - Il)_é" I, '(Tz _Tl)

[Procedure 3]
;= |1+a'(|2 - |1)

V3 :Vl +a'(V2 _Vl)

BAHER T O EREE A2 MGE L 7- /R 2R 1ITR
T BHOETF O FHRITHEIC AW 1V Bt %,
Procedurel 38 X OV 2 O KLFOEFTI T A —H
ZEHHTHEDICHNE IVEETHD., £ho
BREN LK, FHE, RIS DI O THIEM
EDENRKRELBRDIEERL TS,

f 5, Procedurel O EfEEL Si €Y 2 — L O R
225 1%, 0.5SUN £~ 6 HIEE & D7D 2%LL E
LD, RBEICR DI ONTENKRELS 8-> T
WAHZ ENbnD. CIGS Y 2 —/LTlii+2% LA
WTHo7=. Procedure2 Tl, EFHHDEY 22—
IVTHIRBE « SIRORFIZOHR 1%L EDZEN
BT, Procedure3 1%, X TE1%LANTHH
TETWBZENbND. FRICERBE B\ TE
DREL 2 DRFEZFHRDHT=DI, 25 CTOER
FETD 1-V RO RGN HY O[AlIZ 72 D K 9 12l
ITBE L= bDZK 2 1RT. @, HDH2oD
FREEIZEBI 5 IV REEK 2 O X 51Ttk L=y
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a= T3 _Tl VZ(shifted) _Vl(shifted) = Rs(lscl - Isc2) (1)
Tz _T1
a= Gs _Gl
2 _G1
# 1 FHIEXTORKESORERE & B HEO g
Procedure 1 Procedure 2 Procedure 3
Irradiance [SUN] Irradiance [SUN] Irradiance [SUN]
1 075 | 05 0.25 1 075 | 05 | 025 1 0.75 0.5 025 | 0
20 | -0.1%| -1.2%| -3.0%| -8.3%| | 20| 0.0%| -0.4%| -0.6%| 0.9%| |20 | -0.1%| -0.2%| -0.6%| 0.4% <+0.5%
% o| 25| 00%| -1.3%| -28%| -83%| |25| 0.0%| -05%| -0.6%| 07%| |25| 0.0%| -03%| -0.6%| 0.1%| _ <+1%
% g 30| 0.1%| -1.2%| -2.4%| -8.5%| |30 | 0.1%| -0.3%| -0.2%| 0.7%| [ 30| 0.0%| -0.2%| -0.2%| 0.0% <¥2%
mg Flao| o010 -12%| 23%| -80%| |40| 01%| -04%| -01%| 1.29%| | 40| 0.0%| -0.4%| -0.4%| 0.2% >+2%
50 | 0.1%| -0.8%| -1.9%| -7.7%| |50 | 0.1%| 0.0%| 0.2%| 1.4%| |50 | 0.1%]| -0.2%| -0.3%| 0.1%
60 | 0.0%| -0.5%| -1.8%| -7.4%| | 60| 0.0%| 0.2%| 0.3%| 1.7%| 60| 0.0%| -0.1%| -0.3%| 0.1%| _
1 075 | 05 0.25 1 075 | 05 | 025 1 0.75 0.5 0.25 |0.25
20| 0.3%| 0.3%| -0.1%| -1.7%| | 20| 0.4%| -0.1%| -0.6%| -0.8%| |20 | 0.4%| 0.5% 0.4%| 0.0%
% 5 25| 0.0%| 0.3%| 0.2%| -1.2%| | 25| 0.0%| -0.1%| -0.2%| -0.4%| | 25| 0.0%| 0.5% 0.5%| 0.2%| _
UE) g 30| 0.1%| 0.2%| 0.0%| -0.9%| [30| 0.1%| -0.2%| -0.4%| -0.1%| | 30| 0.1%| 0.3% 0.2%| 0.3%
8 Flao| 00w 05%| 05% -09%| | 40| 00w 0.0% 00%| -0.20| |40 0.00%| 0.3% 0.3%| 0.2%
50 | 0.1%| 0.5%| 0.7%| 0.8%| |50 | 0.0%| 0.0%| 0.1%| 1.4%| |50| 0.0%| 0.2% 0.2%| 0.3%
60 | 0.1%| 0.8%| 0.9%| 0.9%| |60| 00%| 02% 03% 1.4%| |60| 0.0%| 0.1%| -0.1%| 0.1%| _
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A comparative study on life cycle analysis of
20 different PV modules installed at the Hokuto
mega-solar plant

Masakazu Ito"*, Mitsuru Kudo?, Masashi Nagura® and Kosuke Kurokawa'

1 International Research Center of Advanced Energy Systems for Sustainability, Solutions Research Laboratory, Tokyo Institute of
Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo 152-8550, Japan
2 NTT Facilities, Inc., Grandparktower, 3-4-1 Shibaura, Minato-ku, Tokyo 108-0023, Japan

ABSTRACT

The purpose of this study was to identify a suitable type of mega-solar system from an environmental viewpoint. The
authors evaluated six types of 20 different PV modules by life cycle analysis (LCA) with actual equipment data and output.
The types were single crystal silicon (sc-Si), amorphous silicon (a-Si)/sc-Si, multicrystalline silicon (mc-Si), a-Si,
microcrystalline silicon (uc-Si)/a-Si and CIS. The boundaries of LCA were from the mining stage to that of waste
management. Mining, manufacturing and waste management information was taken from an LCA database, while data on
transport, construction and amounts of equipment were obtained from actual systems. Since the irradiation figures and
electricity output were also actual data, we could avoid the difficulties of making assumptions for values such as the actual
output power of thin films. In addition, installation at a single plant provided suitable conditions for comparing PV systems.

The results showed an energy requirement ranging from 19 to 48 GJ/kW and an energy payback time of between 1.4 and
3.8 years. CO, emissions were from 1.3 to 2.7 t-CO»/kW, and CO, emission rates ranged from 31 to 67 g-CO»/kWh. The
multicrystalline (mc-Si) and CIS types showed good results because mc-Si and CIS PV modules have high efficiency and a
lower energy requirement. In particular, the CIS module generated more electricity than expected with catalogue
efficiency. The single crystal silicon PV module did not produce good results because, considering their energy
requirement, installed sc-Si PV modules do not have high efficiency. However, the operation data used covered only
1 year; data from a longer period should be collected to obtain long-term irradiation figures and clarify degradation.
Copyright © 2011 John Wiley & Sons, Ltd.
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1. INTRODUCTION Science and Technology (AIST) and Hitachi, Ltd.

constructed a 2MW PV system in the Japanese city of

The New Energy and Industrial Technology Development
Organization (NEDO) started a 5-year project called
“Verification of Grid Stabilization with Large-Scale PV
Power Generation Systems” in 2006. The project focuses
on generating high-quality electricity, which does not
affect grid voltage, frequency, and waveform. Our group,
consisting of Hokuto City in Yamanashi Prefecture, NTT
Facilities Inc., the Tokyo Institute of Technology (Tokyo
Tech), the National Institute of Advanced Industrial

878

Hokuto in Yamanashi Prefecture, as shown in Figures 1
and 2. The installation site is well known as a sunny area of
the country.

The aims of the group are:

(1) To develop a large-capacity PV power conditioner
considering grid stability.

(2) To find suitable PV modules for the large-scale PV
system, including advanced PV modules.

Copyright © 2011 John Wiley & Sons, Ltd.
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Figure 1. The mega-solar system installed in Hokuto, Yamanashi, Japan. About 30 types of PV systems have been installed.

(3) To research system design, materials, and construction
methods from economic and environmental view-
points

For the purposes of (2) and (3), 600kW PV systems
were installed to allow research. A 10kW array was
assumed to be a single array unit using one type of PV
module, and 60 array units consist of 20 PV modules with

different tilt angles, tracking systems, and concentrating
systems. This project will be concluded in March 2011.
The study reported in this paper is from (3) above, and
its main topics involve comparing the energy requirements
and CO, emissions of PV systems using the LCA
approach. Although papers on LCA are found in literature
(for example, Mason et al. [1], Fthenakis et al. [2] and
others [3-7]), it is difficult to find LCA studies comparing

Figure 2. An aerial photo of the mega-solar system installed in Hokuto City in Yamanashi Prefecture.
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this many PV system types at a single site. In addition, we
can avoid the difficulties of making assumptions for values
such as the actual output power of thin films by using actual
outputs.

2. METHODOLOGY
2.1. Indexes

To evaluate the systems, we applied the life cycle analysis
(LCA) methodology. This is an appropriate measure for
evaluating the potential of systems in detail because its
purpose is to evaluate input and output from initial
production to final disposal. In this study, the energy
payback time (EPT) and the CO, emission rate of the
systems were calculated using this method. These indices
are defined by the equations outlined below.

EPT (year)

Total primary energy requirement of the
_ PV system throughout its life-cycle [GIJ]
Annual primary energy reduction by
using PV system [GJ/year]

ey

The EPT represents the number of years taken to recover
primary energy consumption throughout the system’s life
cycle by its own energy production. Both the total primary
energy requirement of the PV system and the annual power
generation concern primary energy.

CO, emission rate (g-CO,/kWh)

Total CO, emissions throughout the system's
life-cycle (g-CO
_ ( 2) (2)

Annual power generation
[kWh/year] x Lifetime [years]

The CO, emission rate is a useful index for assessing a
PV system’s effectiveness in relation to global warming.

2.2. Boundaries
The boundaries of the LCA here run from mining to waste

management, as shown in Figure 3. Mining, manufactur-
ing, and waste management information was taken from an

M. Ito et al.

LCA database [8-10]. A summary of the NEDO database
[10] was also presented by Komoto [11] at the 23rd EU
PVSEC held in Valencia. The PV modules described in the
paper were assumed to have been produced in Japan, and
Japan’s electricity mix was used. Data on transport,
construction and amounts of equipment were obtained
from actual systems. As this project is for research
purposes, it is difficult to correct data on operation and
maintenance. However, these data are usually negligible.

The equipment evaluated in this study ranged from PV
modules to transformers to inverters. Accordingly,
transmission lines were not included in the scope of the
study. As there are many PV system types in the 600 kW
research field, it is difficult to create the same conditions
for each system. For instance, their cable lengths are
different. To resolve this problem, each PV module type
was assumed to be installed at 600kW for LCA.
Actual cable lengths, types, and areas were used for
evaluation.

2.3. Estimation

LCA calculation for the equipment was performed using
JEMAI-LCA software [9]. As it is difficult to open each PV
module’s inventory data, NEDO introduced a project to
build a PV module LCI database [10], to which secondary
data are written. After calculating the LCI of each piece of
equipment, the authors summarized the values in Microsoft
Excel.

3. SYSTEM DESIGN
3.1. PV modules

About 30 PV module types were installed at the site. The
single crystal silicon PV modules were from seven
companies, the multicrystalline silicon ones were from
eight companies, the a-Si ones were from three companies,
and the CIS ones were from two companies. The units were
mounted in frames, and 10kW PV modules made up one
array unit. There were various array unit sizes, as seen in
the research field shown in Figure 2. Large array units

Figure 3. PV system life cycle flow.
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mean lower efficiency, and small ones mean higher
efficiency.

3.2. Array design

The array support structures were assumed to have simple
compositions by an architect from NTT Facilities, as seen
in Figures 4 and 5, and concrete was not used because the
steel pile foundation shown in Figure 6 is superior to
concrete foundation from an environmental viewpoint.
This was reported by authors at PVSEC-17 held in
Fukuoka in 2007 [12]. The array support structures
followed Japanese regulations. Wind velocity was assumed
to be 30m/s, which is the value stipulated by building
standards in the region. Figure 5 shows design drawings of
the standard array structure with earth screws. The array
unit is usually about 20-30m in width and 2.5m in
height for the 10kW system depending on efficiency.
The weights of the array and earth screws for the 10kW
array unit are 0.87t and 1.1t for a 3m depth. This depth
differs from place to place, but 3m is the average at this
site.

3.3. Inverters and wiring

For each 10 kW array, 10 kW inverters were installed at the
back of the array structure, and the outputs of the inverters
were collected at a transformer substation.

A comparative study on life cycle analysis

4. PARAMETERS FOR THE LCA
STUDY

4.1. PV system yields

The yields of the PV systems were measured from
April 2008 until March 2009. The annual irradiation was
1725 kWh/m? at a 30-degree tilt angle during the period. To
understand irradiation, the authors checked the database of
the Japan Metrological Agency. The duration of sunshine
in Nirasaki City close to the Hokuto site was 2069 h/year in
2008. As the 10-year average is 1999 h/year, the period can
be considered average.

To consider a system’s lifetime yield, a degradation ratio
of 0.5%/year was used for the LCA study. However, this
number may be smaller for thin-film PV systems.
Osterwald er al. concluded in 2006 [13] that a figure of
0.5%l/year for a crystalline module is reasonable as a rule of
thumb, while many thin-film modules have a ratio of higher
than 1%/year. Sensitivity analysis of the degradation ratio
was therefore performed.

An average lifetime of 30 years was also calculated. The
annual yields of the PV systems for this LCA study are
shown in Table I. The kW values in Table II are from flash
tests by PV manufacturers rather than catalogue nominal
outputs. The kW values for thin films are those after initial
degradation.

4.2. Lifetime

A 30-year lifetime was assumed for all equipment except
the inverters. The LCA guidelines [14] stipulate that the

Figure 4. Simplified array structures installed in Hokuto City.
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Figure 5. Front view of the basic array structure with earth screws.

lifetime of inverters for large PV power plants is 30 years
with 10% renewal every 10 years. However, the capacity of
the inverters installed at this 600kW site was 10kW.
Accordingly, a 15-year lifetime (the value for small plants)
was applied in this study.

4.3. Transport

Information relating to the transport of the PV modules and
inverters from the factory to the installation site was
obtained from actual data. The modules made in Japan
were transported by truck, while imported ones were

transported by truck and ship. Other components were
assumed to be transported over a distance of 100km
considering the location of their factories. Transport for
waste management was assumed in two parts — site to
intermediate site and then on to landfill. The distances
involved were assumed to be 100 km for each one.

4.4. Waste management

At the end of its lifetime, equipment will be treated and
disposed of as landfill. All items are assumed to be
industrial waste. No recycle stage is included at this time.

Figure 6. The ends of earth screws used in the mega-solar plant.
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Table I. Measured annual yield (AC) of each PV system.

Type Yield [kWh/kW]
Al:sc-Si 1412
A2:a-Si/sc-Si 1397
A3:sc-Si 1487
Ad:sc-Si 1319
AB:sc-Si 1420
AB:sc-Si 1428
A7:sc-Si 1383
B1:mc-Si 1338
B2:mc-Si 1426
B4:mc-Si 1419
B5:mc-Si 1500
B6:mc-Si 1451
B7:mc-Si 1404
B8:mc-Si 1440
C1l:a-Si 1295
C2:c-Si/a-Si 1337
C3:a-Si 1333
D1:CIS 1538
D2:CIS 1494

4.5. LCI data used for the LCA study

Table III shows the assumptions made regarding LCI data
for equipment. The data for PV modules and inverters were
referred to from a 2009 NEDO report [10], which assumed
that the PV modules are produced in Japan and have
aluminum frames. However, since the report did not
consider a-Si, LCI data for a-Si was referred to from a 2001
NEDO report [6]. These reports provide one result for each

A comparative study on life cycle analysis

type of PV module. The authors therefore assumed that the
energy requirements and CO, emissions of the same types
of PV module per area were identical, and that the same
energy requirements and CO, emissions per area applied to
the same types of module. On the other hand, inverters
were considered as a one-time replacement item.
Calculation for other equipment was performed by
analyzing the relevant materials using JEMAI-LCA
software [9] (Table 1V).

5. EVALUATION RESULTS

The six types of 20 PV systems with 20 different PV
modules were evaluated in terms of actual kWp and yield.
These types were sc-Si, a-Si/sc-Si, mc-Si, a-Si, pc-Si/a-Si,
and CIS. Figure 7 shows the results for energy requirement
and EPT. The energy requirement ranged from 19 to 48 GJ/
kW, and the EPT was from 1.4 to 3.8 years. The first group
with a larger energy requirement was A1 to A7, which were
the sc-Si type. The values were between 37 and 48 GJ/kW.
The second group consisted of A2, B1 to B8, and C1 to C3.
These were the a-Si/sc-Si, mc-Si, a-Si and pc-Si/a-Si
types, and their values were between 25 and 32 GJ/kW. The
lowest energy requirement was for CIS PV modules, which
were the D1 and D2 types, with values of 19 and 23 GJ/kW.
The transportation distances of A6 and A7 were much
longer than those of the others because the two modules
were imported from Europe, while the others were brought
in from Asia and Japan. The shortest EPT was 1.4 years,
which was obtained by the D2:CIS PV module because it
has a high efficiency level of 11.2%, even though it has a
lower energy requirement. The EPT increases to 1.5 or 1.8
years if the degradation ratio is 1%. On the other hand, the

Table Il. PV modules evaluated in this study.

Type Nominal power [W] Module efficiency [%] Capacity [kW]
Al:sc-Si 84 13.2 30
A2:a-Si/sc-Si 186 15.9 30
A3:sc-Si 160 12.6 10
Ad:sc-Si 160 12.6 10
A5:sc-Si 150 11.8 10
AB:sc-Si 200 12.0 30
A7:sc-Si 173 12.0 30
B1:mc-Si 167 12.6 30
B2:mc-Si 179 14.0 100
B4:mc-Si 167 13.2 30
B5:mc-Si 180 12.3 10
B6:mc-Si 190 13.0 10
B7:mc-Si 240 12.4 30
B8:mc-Si 170 13.5 10
C1:a-Si 60 6.1 30
C2:pc-Sifa-Si 110 8.8 10
C3:pc-Sifa-Si 130 8.3 10
D1:CIS 70 8.8 30
D2:CIS 125 11.2 3
Prog. Photovolt: Res. Appl. 2011; 19:878-886 © 2011 John Wiley & Sons, Ltd. 883
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Table Ill. Assumptions regarding system equipment LCA data.

Module efficiency in reference

Energy requirement CO, emissions

PV module [10]
sc-Si 14.3%
a-Si/sc-Si 16.6%
mc-Si 13.9%
a-Si (in 2000 [15]) —
a-Si/pc-Si 8.6%
CIS 10.1%

10 kW inverter [10]
Cable, conduit [9]
Array (galvanized steel) [9]

3986 MJ/m? 193.5 kg-CO,/m?
3679 MJ/m? 178.0 kg-CO,/m?
2737 MJ/m? 135.2 kg-CO,/m?
1202 MJ/m? 54.3kg-CO,/m?
1210 MJ/m? 67.8kg-CO,/m?
1105 MJ/m? 67.5kg-CO,/m?
0.57 GJ/KW 43kg-COo/kW
1068 GJ/600 kW 62.0t-CO,/600 kW
22.5GJ/t 1.91t-CO,/t

Table IV. References for LCA of the 20 PV system types.

PV module Other components

Mining NEDO database [10] LCA database [8,9]
Manufacturing NEDO database [10] LCA database [8,9]
Transport Actual data LCA database [8,9]
Construction Actual data

Waste LCA database [8,9] LCA database [8,9]
management

longest EPT was 3.8 years for A6:sc-Si due to the large
energy requirement of sc-Si and the long transport
distance. The average value was 2.6 years.

The results for CO, emissions shown in Figure 8 are
almost the same as those for the energy requirement. Large
CO, emissions were seen with Al to A7 except A2. The
second group consisted of A2, B1 to BS, C1 to C3, and D1.
D2 had the lowest CO, emissions in the same way as the
energy requirement. However, B8:mc-Si also showed good

results compared to those for energy. The lowest CO,
emission rate was found with the D2:CIS PV module, and
the highest was for A6:sc-Si. However, A2:a-Si/sc-Si was
competitive with the other PV modules because its
efficiency was higher. Other sc-Si modules did not produce
such good results because the installed sc-Si PV module
did not offer high efficiency compared to the reference. The
CO, emissions ranged from 1.2 to 2.7 t-CO»/kW, and the
CO, emission rates were from 31 to 67 g-CO,/kWh. If the
degradation ratio is 1%, the CO, emission rate will increase
by about 5%.

For the energy requirement and CO, emissions, the PV
module occupied more than half of the total, followed by
the array support, the foundation and transport. Even for
the lowest energy requirement and CO, emissions of CIS,
the share of the PV module was half.

Fthenakis ef al. [2] obtained values of 30 to 35 g-CO,eq/
kWh for ribbon, mc-Si and sc-Si PV modules for a ground-
mounted system in southern Europe. de Wild-Scholten
et al. [5] also reported values of 33 to 41 g-CO,eq/kWh for
roof- and ground-mounted structures in southern Europe.

Figure 7. The energy requirement and EPT of the Mega-solar system. Energy payback time is with 0.5 and 1% degradation ratio.
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Figure 8. The CO2 emissions and CO2 emission rate of the mega-solar system. The emission rate is that with a 0.56% degradation ratio
and a 1% degradation ratio.

The numbers here are smaller than those in this report, and
the authors attribute this to the efficiency of the PV
modules. The level of insolation at 30 degrees at the
Hokuto site is about 1725 kWh/mZ/year, which is almost
the same as the assumption of the reports. However, the
reference efficiency of sc-Si is 14.3%, which is higher than
the values for the other sc-Si PV modules installed at the
Hokuto site (from 11.8 to 13.2%). However, if a PV
recycling system is developed, silicon PV module
production can provide reduced energy consumption
[10]. The material toxicity of thin-film PV modules should
also be discussed.

6. CONCLUSIONS

This study evaluated the mega-solar system with 20
different PV modules using the LCA approach. Actual
equipment data were used, and 1-year output data were
taken to calculate the EPT and CO, emission rate.
Multicrystalline (mc-Si) and CIS types produced favorable
results because mc-Si and CIS PV modules have high
efficiency and a lower energy requirement. In particular,
the CIS module generated more electricity than expected
with catalogue efficiency. The single crystal silicon PV
module did not produce good results because the efficiency
of the installed PV modules was much lower than the
reference values. However, these results are based on only
1 year of operation data. For fuller discussion of the EPT
and CO, emission rate, operation data covering a longer
period, especially degradation data for thin-films, should
be included.
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ABSTRACT: “HOKUTO Mega-Solar Project” had been conducted by NEDO in Hokuto city, Japan from 2006
to 2011. Twenty four different kinds of PV modules are installed in the first phase of the demonstration. After the
three years outdoor exposure, most modules and systems showed degradation of the performance. Annual
degradation rates of the crystalline silicon technologies were around -1.2 [%/year] in average in the systems and
around -1.0 [%/year] in the modules. Other thin film technologies showed larger degradation rate with the

seasonal change of the peak powers.

Keywords: Degradation, System Performance, I-V measurement, c-Si, a-Si, CIGS

1 INTRODUCTION

The life-time energy yield is an essential for the PV
power plant operation. Life time of PV systems usually
assumed as more than twenty years. However, most of
the latest PV technologies have not demonstrated its
actual life-time in the field. Not only the energy
production but also degradation rate of PV system is
depending on the climate condition and thus the
appropriate choice of the PV technology is an essential
for the design of the PV power plant.

This paper describes the performance degradation
analysis results of twenty four different PV technologies
which were installed in the Hokuto testing site of the
Japanese mega-solar project.

2 SYSTEM
MEASUREMENTS

CONFIGURATIONS AND

2.1 HOKUTO Mega-Solar Project

“HOKUTO Mega-Solar Project” had been conducted
by NEDO in Hokuto city, Japan from 2006 to 2011. The
main objectives of the project were the evaluation of the
advanced PV technologies and development and
demonstration of the grid stabilization technology for
large scale PV systems. Approximately 2 MW of PV
power plant was constructed in this project.

2.2 PV modules

Twenty four different kinds of PV modules are
installed in the first phase of the demonstration. Single
crystalline silicon (sc-Si) PV cells / modules, multi
crystalline silicon (mc-Si) PV cells / modules, amorphous
silicon (a-Si) PV modules, compound thin-film PV
modules and spherical solar cells were selected from all
over the world. The imported cells were encapsulated in
Japan. Figure 1 shows the photo of the testing site and
Table I summarizes the types and manufacturers of the
installed PV modules.

2.3 10kW PV systems and I-V curve measurement

The typical array capacity and the inverter capacity
of the systems are 10kW. Output of the system is
measured every minute at both DC and AC side. Module
temperatures are measured at the back side of the

modules using thermocouple sensor. The orientation is
due south and the tilt angle is 30 degrees.

Each one module from the twenty four different
types is also mounted on the outdoor I-V test bench. I-V
curves of each module are measured for every 5 minutes.

Meteorological data such as irradiance and spectral
distribution and the module temperature are measured
every one minute.

2.4 Indoor STC measurement

The standard test condition (STC) outputs of each
one sample for all the different PV modules are measured
before and after the 26 months outdoor exposure by
using solar simulator.

Initial measurements are performed before October
2008. Second measurements are conducted after two
months of the outdoor exposure in December 2008 for
sc-Si, a-Si and CIS1. The last measurements in January
2011 confirmed degradation rate of the modules. Four
hours light soaking are performed before the
measurement for CIS 1. No pre-conditioning is
performed for other crystalline and thin film technologies.

3 EVALUATION METHODS
3.1 Performance ratio

Overall performance is evaluated using performance
ratio (P.R). P.R is calculated by using equation (1).

Figure 1: Photo of the testing site
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Table I: List of the installed modules (1st phase)

Type Manufacturer ICapacity
[kW]
Single- SHARP 30
crystalline SANYO 30
silicon,
sc-Si(HJ) MOTECH (cell) 10
KPE (cell) 10
E-TON (cell) 10
Isofoton 30
GE 30
Sun Power 50
Multi- SHARP 30
crystalline KYOCERA 100
silicon
Mitsubishi electric 30
Q-Cells (cell) 10
ErSol (cell) 10
Suntech 30
BP Solar 10
Day4Energy 30
Schott Solar 30
Spherical SST 20
Amorphous KANEKA (single) 30
silicon KANEKA (tandem) 10
(single - — -
or tandem) Mitsubishi Heavy Industries 10
Fuji Electric Systems 10
Compound Showa Shell Solar 30
thin-film Honda Soltec 3

PR= LPPV Gs _ EPV . Gs
ZG I:)nom HAg

where Ppy [kW] is a measured AC output power, Phom
[kW] is a nominal power on the nameplate, Gg [kW/m?]
is the STC sunlight, Gpq [kW/m?] is a measured global
irradiance at the PV modules’ plane, Epy [kWh] is an AC
output energy during the evaluation period and Hpg
[kWh/m?] is a total global irradiation at the PV modules’

plane. Sum of the nominal powers on the nameplates of
the PV modules are used as the system rated power.

(M

3.2 Loss analysis model of PV systems

PV cells and modules are rated under the STC, the
light intensity of 1 [kW/m?] with an A.M 1.5G spectral
distribution and 25 degrees Celsius of the cells/module
temperature. However, the solar irradiance and the
temperature are not always the same as this condition in
the outdoor. Those are always changing and STC is
rarely observed in most of the climate conditions. Thus
the performance losses or gains occur due to the
difference of the irradiance level, spectral distribution
and temperature. Soil accumulation, degradation and
efficiency drop or gain also occur in the real systems.

Figure 2 shows the photovoltaic energy conversion
loss analysis model of PV systems in the outdoor.
Performance losses or gains of the systems are
quantitatively calculated using Sophisticated Verification
(SV) method [1, 2]. The latest version of the SV method
can separate the system performance loss into 13 loss
factors which are;

1. Shading (s)

2. Effective array peak power (ap)
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Figure 2: Photovoltaic energy conversion loss
analysis model of PV systems
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The impacts of the each loss factors can be described
by using loss factors ky. ky are the ratio of the energy
after the loss factor to the energy before the loss factor
during the energy conversion. For example, if the input
energy is 1.0 [kW/m?] and it becomes 0.9 [kW/m?] after
the shading, shading loss factor ks is 0.9. This means
10% of the energy is lost due to the shading so that the
shading loss ls is 0.1 [kW/m?] in this case.

P.R can be described as a multiplication of the loss
factors (ky) as shown in equation (2).

P.R=Kg -Kpp -Kg -Ks - K; -Kpg - Kgy -
K ~Ke -Ker ~Kpe - Kee Ko @

3.3 Effective array peak power of PV systems

Effective array peak power is one of the unique loss
factors in this analysis method. It is defined as the modal
value of the ratio of the PV output per kW capacity to the
irradiance which appeared most frequently in the clear
and stable data-set during the evaluation period. The
effects of rating error, degradation and recovery, I-V
imbalance between the modules are included in this
factor. All other effect from the other loss factors such as
shading, temperature, PCS are excluded before the
calculation of the effective array peak power.



4 RESULTS AND DISCUSSIONS

4.1 Performance ratios

Monthly performance ratios of the seven different PV
systems from April 2008 to March 2011 are summarized
in Figure 3. In general, annual performance ratios of the
crystalline silicon technologies are around 84% but other
thin film technologies varied. The CIS 1 showed best
performance ratio among the systems whereas the CIS 2
showed similar performance ratio to the crystalline
silicones. We have observed efficiency improvement
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their products without any pre-conditioning. This gain
has lasted for three years evaluation period but we saw
some degradation too. It should be noted that these CIS 1
modules are not the mass product but the pilot product.
Performance ratios of the mc-Si, the sc-Si, the sc-
Si(HJ) and the CIS 1 and 2 were higher in winter seasons
and lower in summer seasons. Since the monthly average
ambient temperature in the testing site during the winter
is around 5 degC and that of the summer is around 30
degC, this seasonal change of the performance ratios is

mainly due to the temperature effect.
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Figure 4: Monthly effective array peak powers (lines) of the seven different systems and normalized indoor STC

measurement results (symbols) of the four different types of PV modules
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degradation and annealing effect. As it is expected from
the device structure, the seasonal change of the tandem
was smaller than the single’s. Due to the cold ambient
temperature during winters in the testing site,
performance ratios of the a-Si and the a-Si/uc-Si tandem
relatively lower than the others.

4.2 Degradation rates

In addition to the seasonal changes of the
performance ratios, degradations were also observed
through the three years evaluation period. A drop in
performance ratio was relatively larger in the a-Si, the a-
Si/pc-Si tandem and the CIS 1 systems.

Figure 4 summarizes calculation results of the
monthly effective array peak powers (lines) of the seven
different systems and normalized indoor STC
measurement results (symbols) of the four different types
of modules. Two modules each were measured in a-Si
and CIS 1. The Module-m are used for outdoor I-V
measurement and the Module-s are installed within the
10kW systems.

All modules within the systems are installed before
March 2008, thus most of the modules in the systems are
already exposed to the sunlight for a few months. On the
other hand, modules for outdoor I-V measurement are
installed in October 2008 without pre-conditioning. As a
result, more than 1.3 of the normalized STC outputs are
measured in the a-Si and these dropped to less than 1.0
after two months of the outdoor exposure in December
2008. In contrast, the CIS 1 showed improvement of the
efficiency after the two months from the beginning of the
outdoor exposure. After the twenty-six months, all the
modules showed degradation of the STC output without
any visible damage.

Monthly effective array peak powers of the mc-Si,
the sc-Si and the sc-Si(HJ) are relatively stable than the
others. Values are fluctuated between 0.95 and 1.05
through the evaluation period. This means peak power of
the crystalline silicon technologies are stable after
excluding the effect of the other loss factors such as
temperature, reflection and shading. Unlike this, all other
thin film technologies showed seasonal changes of the
effective array peak powers with relatively larger
degradation rates. The a-Si and the a-Si/uc-Si tandem
showed higher peaks during summer seasons, this is
because of the annealing effects as mentioned before.
The CIS 2 showed similar seasonal change whereas the
CIS 1 showed smaller seasonal change with relatively
larger degradation rate.

Annual degradation rate of each PV systems and
those of single modules are summarized in Table II.
Annual degradation rate of the systems are calculated
using linear regression of the monthly effective array

Table I1: Annual degradation rate

Type System [%/year] | Module [%/year]
mc-Si -1.34
sc-Si -1.15 -1.26
sc-Si(HJ) -1.25 -0.81
a-Si -3.99 -9.39%
a-Si tandem 427
CIS 1 -4.30 -1.77%
CIS2 -2.05

*Final measurements performed in winter
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peak powers. Those of the modules are calculated using
the initial STC measurement results and the final STC
measurement results except the a-Si and the a-Si/pc-Si
tandem. These used the second measurement results as
the initial data in order to exclude the initial degradation.
It should be noted that the final STC measurements are
performed in the winter thus the efficiency of the thin
film technologies were lower at the time.

4.3 System inspection results

Annual degradation rates of effective array peak
powers of 48 crystalline silicon PV systems are
summarized in Figure 5. The mc-Si manufacturer X’s
two 10kW systems resulted -2.1 [%/year] and -1.6
[%/year] in the system A and B respectively. These
systems have 9 series connected modules in the string
and 5 strings in the array.

I-V curves of every string are measured in order to
investigate the root cause of the larger degradation rates.
Some combinations of the strings are also measured
along with the single module’s I-V curve which is
mounted on the I-V test bench. Fill factors of the I-V
curve measurement results are summarized in Table III.
Strings 2, 3 and 4 in the system A and those of 1 and 2 in
the system B have relatively lower fill factors. Infrared
thermal images of the modules and arrays are taken in
order to find out the hot spots or other malfunction. As a
result, all strings mentioned here have module with hot
spot within the string. Figure 6 shows an example of the
hot spot. Highest temperature was more than 100 degC
and cell was broken within the module.

Infrared thermal images of other systems are also
taken in other day. Some of the modules have hot spots
with relatively lower temperature (around 50 degC) than

Number of systems

10kW systems [%/year]

Figure 5: Summary of the annual degradation rate of
effective array peak powers of 48 crystalline silicon
PV systems

Table III: Summary of fill factors

String # |SystemA |SystemB |Module
1 0.690 0.659
2 0.665 0.669
3 0.658 0.685
4 0.664 0.684
5 0.691 0.686
1,2 0.677
1,3 0.678
1,4 0.679
1,5 0.687
23 0.666
24 0.666
34 0.668 0.692
234 0.668
345 0.693
All 0.707




Figure 6: An Infrared thermal image and photo of the
broken cell in the module

the module in Figure 6. No strong relationship between
the number of the hot spots and the degradation rates of
the systems are found.

5 CONCLUSION

Twenty four different kinds of PV modules were
tested in this demonstration research project. After the
three years outdoor exposure, most modules and systems
showed degradation of the performance. Annual
degradation rates of the crystalline silicon technologies
were around -1.2 [%/year] in average in the systems and
around -1.0 [%/year] in the modules. Other thin film
technologies showed larger degradation rate with the
seasonal change of the peak powers.

Hot spots were observed in some modules so that this
is one of the reasons of the higher degradation rate of the
systems. Further investigations are planned in order to
maximize the lifetime energy yield of the PV systems.
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(Courtesy by Associate Prof. Abe, Tokyo Tech)

Rikuzen-Takada, lwate Pref. Miyako, Iwate Pref. 6.
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Shinkansen damaged seriously/
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Shinkansen damaged seriously but PV !
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Iwaki City, Fukushima Pref. Pv-net

Broken Roof Tiles! No damage on PV array!
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Evacuation Route Sign against Tsunami
Powered by PV module!
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Case of Taro Town /
EFETHTHE®RR Here, too!

Taro, Miyako, Iwate Pref.

(EFRAN\AL)
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Case of Taro Town - Reconstruction Plan
FEZER(BX) - #REBHETILHAETIL—F

http://www.trpt.cst.nihon-u.ac.jp/DESIGN/cts/report0601.pdf

EFRETHHZHRX
Taro, Miyako, Iwate Pref.
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Fishery Cooperative 2011.7.13

.30,

©

wempdidn kurochans-net”




28 NOV - 3 DEC 2011

6ase o? Watari |own, Hiyagi 2011316
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Watari Spa “ Tori-no-umi” (2011.3.16)
All houses were flown out in this area, but PV!
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ase or watari | own, \liyagi
Watari Spa “ Tori-no-Umi” 30kW PV (2011.3.16)

Do Not Touch!
Danger from

Electrical Shock and Fire
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Watari Spa “ Tori-no-umi” (2011.7.13)

- PV system output cable already removed!
- It looks safe? No, no, very dangerous/

- PV array wiring mostly still connected in series and
Left active!’

- Electric shock and Fire possibility left!!

34,
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Fishery Cooperative 201 1’.7.1 3

A PV system: Useful
Emergency Power Supply

d
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An Example of Reconstruction Plan
Case of Watari-Town, Miyagi

Power for Power
Industries & Fishery Utility
Distributors
Industries PV Power
Sales
Agriculture
Zone
PV Power
Business
Farm
Recovery i
.
Demonstration
Strawberry or FIT
Farm PV Power
High for Own Use
Way Y
S Joint Project e
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Case Studies presented at IEC TC82 Shanghai, May 2011

Assumptions:

PV module efficiency =15% nominal
Space factor = 50%

Performance ratio = 80%

Annual system yield = 1000 hrs

4kmo= 1GWhpy gystem #120001&H
(=1.25GW;,) (~7H/KWhFa=)
—1.25 TWh/Y

Average Nuke’s Space

KUSHIMA #1Site

vacuation Area 0.7kmo = 1GWNuke
. ded —7 TWh/Y
Y ecommende 0 :
- -._ Evacuation Area (80% capacity factc;r%
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My Messages

PV for RECOVERY and RECONSTRUCTION

1 Study on PV module and system durability against
disaster: Rooftop PV Array is remarkably tough!

2 PV systems useful for disaster: Stand-alone mode; PV
system standard for potential disaster-shelters
(emergency PV power source, battery for night operation,
water purifier with PV, Disaster depot with PV panels);
School PV standard with disaster functions.

3 PV Introduction into Community Reconstruction
Planning: Close contacts ongoing with local government
and community Planning specialist.

4 Anti-Fire Prevention for PV Systems: Firing limit study
to know safety factor; tracking (electrical treeing) in JB or
connector; DC arcing (blocking diode, fuse, switch, wiring,
etc. ), hot spot (module firing, bypass diode), Fire Control
Issues urgent for fire brigade.

+ New FIT Law expected to make Mega-Solar realistic!! .4

T kurochans-net®

28 NOV -3 DEC 2011

Hokuto F Solar Research Park Project

expecting for New FIT

.40
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DEVELOPMENT OF THE ELECTRIC VEHICLE’S INFRASTRUCTURE SYSTEM
FOR RENEWABLE ENERGY MAXIMIZATION AND LIFE CYCLE ASSESSMENT

Masakazu Ito', Norihiro Kawasaki’, Takuya Oda', Takanori Isobe', Masahide Yamaguchi3
Shinya Yokoyama®, Yasuhiro Nakai*, Takehiro Hara®, Hiroyuki Noguchi’, Kosuke Kurokawa'

1. Tokyo Institute of Technology, 2-12-1, Ookayama, Meguro-ku, Tokyo, Japan
2. Central Research Institute of Electric Power Industry, Japan
3. GS Yuasa International Ltd., Japan, 4. Mitsubishi Corporation, Japan
5. LIXIL Housing Research Institute Ltd., Japan

ABSTRACT

An Electric Vehicle (EV) 1is clean and
environmental friendly vehicle. However, its power
source, electricity still contains CO, emissions from
fossil fuel power plants. To reduce the fossil utilization,
the authors established the Renewable Energy for
Electric Vehicle (RE-EV) project. In this paper, two
research topics are studied. One is a study of actual
operation data to obtain the potential of the EV with PV
electricity. Second is a statistical study to estimate CO,
emissions for various kinds of driving patterns. In this
paper, 6 driving patterns from statistical data and 1
actual data were studied by wusing Life-Cycle
Assessment (LCA) approach to estimate CO, emissions.
From the 1 year operation data, 70% of charging
electricity was by PV from actual operation data. And
the LCA analysis shows the PV charging station can
reduce CO, emissions, especially long distance drive.

1. INTRODUCTION

The world is going toward a renewable energy (RE)
society. However, if we cannot find a solution of RE’s
fluctuation, we will see a limit of RE capacity. One of
the solutions is a battery. It can normalize RE’s
fluctuation, but, it is expensive. However, if the Electric
Vehicle (EV) becomes popular, battery’s price will
decrease by mass production. And we may possible to
use EV’s batteries for stabilizing the fluctuation.
Therefore, the EV is a key item for the renewable
energy society.

2. THE RE-EV PROJECT

The Electric Vehicle (EV) is attracting people’s
attention, because it does not use gasoline or diesel, and
does not emit exhaust gas. Therefore, the vehicle is
actually a clean vehicle, and it is possible to reduce CO,
emissions. However, it still uses non-sustainable
energies. Therefore, we developed a project to make a
solution of the global warming. Our project named RE-
EV project was started in July 2008. Project members

120

are Mitsubishi Corporation, LIXIL Housing Research
Institute, GS Yuasa International, and Tokyo Institute of
Technology.

2.1 System configuration

System components of the project are a 2.6 kW
photovoltaic system (PV), a 9 kWh battery, and a
charging controller in Ookayama campus; and a model
house with photovoltaic system in Katsushika. When
the EV is charging in the Ookayama campus, electricity
is from the PV. If their output is not enough, the battery
supplies electricity. When the EV goes outside, the
battery charges electricity from the PV. The model
house can charge the EV by PV electricity too.

Figure 1 The RE-EV project’s Electric Vehicle, i-
MIEV, manufactured by Mitsubishi Motors Corporation

Figure 2 The equipment and installation places of the
project
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2.2 Measuring equipment

The EV has many measuring equipment, for
example, GPS, speed, temperature, revolution, battery
level, etc. We can use these data through a web site. In
addition, we installed measuring equipment to correct
irradiation, PV output, battery input-output, and EV
input-output.

3. RESEARCH TOPICS

Research topics of the RE-EV project are (1)
optimized charging, (2) a life-cycle analysis of RE-EV,
(3) offset charging of renewable energy. (1) is a study
on an optimization of charging depending on running
pattern and equipment. (2) is a study to obtain how
much the RE-EV system can reduce the CO, emission.
(3) is a way to reduce the RE’s fluctuation. In this paper,
research topic of (2) is discussed.

4. OPERATION RESULT

The EV has been operated about 8000 km between
October 2008 and February 2010. One year data from
March 2009 to February 2010 was summarized. The
installed 2.6kW PV system is smaller than average PV
house. However, 75% eclectricity was not used by the
EV but the electricity went to electric power company.
And only 25% electricity is charged by EV. Figure 3
and 4 shows one year summary. From the figure 3,
75 % electricity went to grid, and others were charged.
And from the figure 4, 21 % electricity charged by EV
was from PV directly, and 47 % was through the
external battery. 32 % was from grid.

Wpvev: Whc: PV to
Direct e external
charging __battery
from PV to 17%

EV
8%
Wpvg:
reverse
power to grid
75%

Figure 3 Percentage of the PV electricity usage

Wpvev:
Direct
Wgev: Grid fcharﬁl\;\g
0 EV rom PV to

EV
21%

32%

Whbev:
External
battery to EV
47%

Figure 4 Percentage of electricity charged by EV

5. RESULT OF CO, EMISSIONS

By the LCA analysis, CO, emissions were estimated.
Because there are many variety of driving pattern, we
made 6 driving patterns, Pattern 1, 2, and 3 show short
distances. Differences are place of PV (home or office)
and charging timing (day or night). And pattern 4 and 5
show mid distances, 40 km and 70 km. Pattern 6 shows
long distance, 200 km. This is not only by PV but also
grid.

Figure 5 shows result of CO, emission. Red and
green bar graphs show CO, emissions of EV powered
by PV system with external battery. Red part is external
battery and green part shows PV system. Purple bar
graph shows EV powered by grid electricity. Blue bar
graph shows CO, emissions of gasoline-powered
vehicle. In the short distance group (1, 2, and 3), PV
with battery and grid electricity were smaller than blue,
but almost same. But in long distance PV with battery
was smaller than grid. And both were much smaller than
gas-powered vehicle.

30,000

25,000

PV sy:
H PV sy

tem with batt

tem with batty

ery (without battery) [kg-CQ
ery (part of battery) [kg-CO2

2/10years)
/10years]

W Gride

lectricity [kg-CO2/10years]

Gas-powered [kg-CO2/10years]
20,000

15,000

10,000

5,000

mmniniin

1 2 3 4 5 6
Driving pattern

Figure 5 CO, emissions of the electric vehicle while
operation. The results does not include car itself. The
result of EV is better than others, even when the EV
uses external battery.

6. SUMMARY

2.6 kW PV system with an external battery were
installed to obtain how much CO, emissions can be
reduced. By one year actual driving and charging
experiments, 70% of charging electricity was by PV
from actual operation data. And the CO, analysis shows
the PV charging station can reduce CO, emissions,
especially long distance drive. In addition, even if PV
capacity is small, the EV could charge PV electricity a
lot.
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Life Cycle Assessment of
a Hokuto Mega-Solar System
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ABSTRACT

A 2 MW mega-solar system has been installed in
Hokuto, Yamanashi prefecture by NTT Facilities
and Hokuto city funded by NEDO. To investigate
environmental potentials of energy pay-back time
and CO:2 emissions rate, the system was evaluated
by using Life-cycle assessment (LCA). Boundary of
the LCA is from mining till waste management.
And system boundary is from PV module till
transformer. The calculation was using actual AC
output. Therefore, it is possible to avoid difficulties
to calculate generation especially thin-films. As a
result, 2.4 year of energy pay-back time and 45
g-CO2/kWh were obtained.

¥—U—FR:LCA, AHYV—F, ZFNLF—~fN
v 744 L, CO2

Keyword: LCA, Mega-solar system, Energy
pay-back time, COz
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Fig.1 Scheme of LCA
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Fig.2 A photo of the Hokuto Mega-Solar System
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Fig.3 Energy consumption of 1st and 2nd PV
system (GdJ)

Fig.4 CO2 emissions of 1st and 2nd system (t-COs2)
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LCA study on Very Large Scale PV systems (VLS-PV) with 6 types of PV modules for desert regions
Masakazu Ito*, Kosuke Kurokawa (Tokyo Institute of Technology)

Keiichi Komoto, (Mizuho Information & Research Institute)

VLS-PV Systems were assumed to be installed in desert region, and energy pay-back time and CO2 emissions

rate were calculated by LCA approach. As a result, less than 3 years operation will generate more energy than all

consumed energy while its life-cycle. And CO2 emissions rate was just 7 to 15% of other conventional fired power

plants.

F—0— K KRB X7 A, LOA T, W8, RSB

(Photovoltaic system, LCA, Desert, Environmental Assessment)
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Table 1. Assumptions regarding PV module LCA data

Module Energy COz2 emissions
efficiency requirement [kg-COs-eq/m?]
in [MJ/m?]

reference
sc-Si® 14.3% 3,986 193.5
a-Si/sc-Si® 16.6% 3,679 178.0
mc-Si® 13.9% 2,737 135.2
a-Si/pc-Si® 8.6% 1,210 67.8
CIS® 10.1% 1,105 67.5
CdTe(10) 10.9% 1083 60

X2 AEREKEK (100MW)
Fig. 2 Thematic circuit diagram of 100 MW VLS-PV

(3:2) HREBEESH AR THHT =2 EDH

LZHEZ A M HERESIICEE L, FHXET
5.8C, KV HEEIT 1702kWh/AETH Y, Zh LER

130

£ 2 13LEHIRO LCAT — ¥ Th D, WETHEES Dl
$ho- &8, =7 U— NIV s NEDO £l b st
[Z R 2= X —ilpSMEROICEER S e = R F—iH
EEEZMV, BROZ XNV F—HEREL CO2 HELEDH
b COzPEHEAE M Lz, 7V =0 MENTE LR
£% LCA w7 —#EWDEFIA LT —& 2AEpk L7z,
500kW A >/ \— X 3T DRERIEH N6 b DT — X & 1

274



WTHRH L, =7 MIZEORMEREZ RO T-ZICE T L
7o
# 2. HEKER DO LCA T —#
Table 2. Assumptions regarding equipment LCA data

Energy requirement CO2 emissions
Galvanized 53 GJ/t 4.8 t-COo/t
steel 11
Ready mixed 1.8 GJ/m? 342 kg-COs/m?
concrete 11
Aluminium 227 GJ/t 7.81 t-COu/t
Copper 12 46.5 GJ/t 2.83 t-CO2/t
HDPE (2 15.8 GJd/t 0.97 t-COq/t
PVC (2 29.4 GJ/t 1.37 t-CO2/t
Epoxy resin 40.5 GJ/t 2.76 t-COs/t
FRP (12 81.6 GJ/t 10.05 t-CO2/t
Ceramics 12 0.8 GJd/t 0.07 t-COq/t
500 kW 0.57 GI/kW 43 kg-COo/kW
inverter
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Fig.5 Energy pay-back time
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BHENTVE, THH5DF—FIZLCATF— 7 X—
ARLCAV 7 b IT 2T ROAFTALIENTES.

LCA ¥ — # NX— A Tl Ecoinvent (A {f ) *
JLCA (HAR) #"EF%Ta» 5. Ecoinvent % 4000 LA
EoF—4555H0, HEHEARPEEDREEL K- |
PHERL, F—INR—RELTTELEDHTWES,
JLCA iZ NEDO HMBARBEIC L o TEBINL
Tl TR SN, ERENTF-FEL LT
2 280 BETH B, 300 L EDF— 7 HBREDH
HZEoTHMZOENT WS, EEL(TF—FDOFRE
IbEEDT NS,

BHEO/NE 254 734 7 VEHEDGEIIZERET
BV 7 VERBLFERICLAFFHmOTETSH S
A, HESKEXL LB ONTHFOTMIZEEL %
5. LCAVIZ I =TId#EELCATF—FIR—RD
BHINTBY, EEIFNZFROEHDAHT
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P H—:

— ¥ HREHDPTANT B R ETENTERTH
%. SimaPro (PRé Consultants) % GaBi (PE
International), MiLCA % £ 25E&TdH Y, MILCA
IEXRREERRIVEEL TS

LL, KEEREBIATFLDS A 7947 VEE
MOBAIIIASFETFT— IR EL L), BFE, 2
NoDY 7 77 LCA F—F R— A ER
SnTwiv, BEET— 713 Meteotest i (R A
A) 2% %5 METEONORM 2"F & T Y, EFHE
HEEZECOBHBRIF TS, F0iIh, *
NREL iZ & % System Advisor Model (SAM) ¥
REBEOVMLEIENCE 5. BENOASET—%
TIZNEDO # 7 B # # # \2 £ 5 METPV ®
MONSOLA 23FIFHTEETH 5.

25 ABAEEBIVAT LD LCA FHEHEH
KEXBES AT DT A 74 7 VEHEEHIZ
2VTiE, WH- MBI KBERETSEY
RPETREMERICL 27— 4%, NEDO BiiiE
RBBICLAKRKBHEREI AT LADIA 7TH AL 7N
BT 2 AEMES V REHPRFEIICE B
MEFE L D#® ¥, IEA/PVPS Task8 I & 5&E
012 23 295, &2 TR N— R IZKEEH
EY 2 — )VIZE$ 55, BOS IZB9$ A 5FM, >
AT LEROFHE BN T 5.

(1) KBARBEVATFAES 2—NVDI5(4 T7H L2
%2

Fthenakis |2 & 25X P BBEHRF XTI T
{NOx, SOx, ZLTHFIT LR EDESEREIC
DWTHFHELTWAE. DX ) IRBRHES A
I TR EDMERA L BRICOVWTEHMETE A2 L
b4 7Y A 7 VEHEDKRTH 5.
AREGCHEREZE2ITRT. EREOBEHIZIE3
DDy —AEZBELTCWSE. BENY) a v #EIC
AWONTWEENEBRERBELYr— 21, M
@ & JJ # % Union of the Co-ordination of Trans-
mission of Electricity (UCTE) %##8%E L7 —2 2,
KEBIBRABEELy—A3ThHd. FhFh
DEIBRIZL o THE SN2 ZBMLRZEEIE R
B, RIWWART LIV aryEHWRIREX
KB EH Tid 3045¢-CO.eq/kWh, EPT i3 17 ~ 27
F£TH5H CdTe KBEMICL 2 LHRE T
4gCOpq/kWh, L1ELEH IR TWS. F 7
RAITRT LD, B FITLAQOHHEIRY YA
VOEREEEL T, AWMAIICEZKEBH
433g/GWh 12X L T 03g/GWh T& 1), CdTe Xi%

Journal of JSES

#2 WIHE

Paper title Emissions from photovoltaic life
cycles'®

Author(s) Fthenakis, V.M. Kim, H.C. and
Alsema, E.

Journal Environmental Science & Technology
2008; 42 (6): 2168 — 2174

Irradiation 1700 kWh/m?/year, 1800 kWh/m?/year

PV type ribbon-Si, multi-Si, mono-Si, CdTe

System 0.75 — 0.8 performance ratio, rooftop-

configuration and ground-mounted

Lifetime 30 years

Results 20 - 55 g CO,eq/kWh, 40 — 190 mg
NOx/kWh, 60 — 380 mg SOx/kWh
(reading from figure)

Year 2006

R3 ZRMLRFRHFEA & EPT

PV type | Assumption GHG EPT

emissions

Si Rooftop-mounted,
modules | 0.75 PR,
1700 kWh/m?/yr

30-45¢g 1.7-2.7
CO,eq/kWh | years

CdTe Ground-mounted, | 24 g 1.1 years
0.8 PR, CO,eq/kWh
1800 kWh/m?/yr

30-year lifetime

#£4 HFIVLOKREHHEE

PV type and fuel type Atmospheric Cd emissions
Ribbon-Si 0.8 g/GWh
mc-Si 0.9 g/GWh
Mono-Si 0.9 g/GWh
CdTe 0.3 g/GWh
Hard coal 3.1 g/GWh
Lignite 6.2 g/GWh
Natural gas 0.2 g/GWh
0il 43.3 g/GWh
Nuclear 0.5 g/GWh
Hydro 0.03 g/GWh
UCTE average 4.1 g/GWh

BHICEAH FI Y AORBERDZWEERDT
TWA,

(2) BOS 2D 5 1 744 7 VEF

2006 £ D Mason 5 12 & 5 LY CIREERO®
35MW DX —FI2D2WT T4 744 7 Vi
TEBLTBY, BELLZORIDPEBDOXN
V=D BOSIZDOWT T A4 7% 4 7 Vil %217 -

- 36— ZOBQQE



KBHEEY AT LDTA 744 7 V¥l

TBELLADTDRILTHA5.

VAT AIZEIMBER LBV EEEET, SER
YyarkKEEMEFER. KET) VFICRESK
THY, FEFASEIZH 2100 kWh/m?/ 4, REE
XA 1725kWh/kW T 5. F 72, FEHEE
160km/h (444m/s) TH 5. T A FRERIZDOW
THEMENTW B, REEMOKEFE TIEBOS IF
542MJ/m* L EH &, KEOEHEERENE 33% %
EZRTDHEIZRINF—-RANy 75 4 51F02] 4E,
Kk E 0 FHHHE 1800kWh/m?/ FE IR E T 5 &
0374 TH 5. 72, ZERILRFEHHE X 2kg
COym? LEHENRTWS,

(3) LA H Y —S5 D5 AL 7H A & VEHT

AL P13 NEDO Bt Bssiig iz X W NTT 7 7
T4 =X, HEHNFRESINEERNTITDR
725474 7 VEHETH S, H20BOKGED
*HEEL, EROF—FEFHWTEHEL TWA.

FNENOYEEIT 10kW TREFE N, 60EED
72 600kW THFEDED ST WD, T4 7% 42
WEHE ClX N TN DEE DO KGEM % 600kW &
BELTCHEL TV 5. EBRORET— 7 RREE
OF—¥E2FAL, KBEMEY 2— V256 BOS
ICROLFMERIE T ANVF-—HAEILE
Va—- VOREIZ X o TER B H719 ~ 48G]/kW
THY, ZANVF—RA Ny 75451314~ 38

Vol.38. No.l
150

_37_

®5 WIBEE F6 mIBEE
Paper title Energy payback and life-cycle CO, Paper title A comparative study on life cycle

emissions of the BOS in an analysis of 20 different PV modules

optimized 3.5 MW PV installation'® installed at the Hokuto mega-solar
Author(s) Mason, J. E. Fthenakis, V. M. plant'®

Hansen, T. and Kim, H.C. Author(s) Ito, M. Kudo, M. Nagura, M. and
Journal Progress in Photovoltaics, 2006. 14 Kurokawa, K.

(2): 179 - 190 Journal Progress in Photovoltaics, Volume
Location/country | Springerville, AZ/USA 19, Issue 3
Irradiation 1725 kWh/kW (actual performance Location/country | Hokuto City, Japan

data used for LCA), Irradiation 1725 kWh/m?/year at a 30-degree

approx. 2100 kWh/m?/yr (average) tilt angle
PV capacity/PV 3.5 MW/mc-Si PV capacity/PV 600 kW/mc-Si, sc-Si, a-Si/sc-Si,
type type thin-film Si, CIS, pc-Si/a-Si
System Ground-mounted fixed flat-plate System Ground-mounted fixed flat-plate
configuration system configuration system
Lifetime PV metal support structure: 60 Lifetime 30 years; inverters: 15 years

years; inverters and transformers: 30 Year 2011

years (parts: 10 years)
Results BOS: 542 MJ/m?, 29 kg CO,eq/m’,

0.21 years of EPT, $940 US/kW FLHEW SN T, ZBILRRIFNEIX 13~ 27
Year 2006 tCOy/kW, ZERAL & 3 8F R B 4L i3 31 ~ 67

gCO/kWh L EEH &/, ZRE&ET ) a > & CIS
PROWERLR L.

3. KEEAREV AT LOUYAJ)VEID

KEHEEL AT LD Y4 7 VERTIEEE TR
FENSHED H NBAZEE LT 2 5l, HutAILIH
BLOoDH 5.

BRI TARBE BB E A — A2k o THRILEINT:
PV Cycle & 2011 4 12 R 3R7E, 210D 7V X N —
L6 HDOWHH A v N—THR Y X, TN
THD 0% 5. KBBHMED 2—NVD) A
I IWVCHBEELABRREY2—VORINTSH 555,
PV Cycle TIZINERA v P2 EHEICEE, H=
BRINEZBIELTWS, BERX NI VERLEL
7 BRI 25 185 #u s I N E SFEBE STV 5,
20104E 6 RIS EELXRIEL, BAEL TIT1505 + >~
B L7,

T7 =AMV =5 =TIV F A7 NI I IE
BAEEELL, 77—X bV —F—f&EHNCEHH
ERALLTYTA 7 VEFF) EBRT 5B M9,

KEBHRE 22— VD) H A4 7 VI T
Sunicon fEASERIZEE L TWB 1) A 7 VIHD
NAay FFIY BB Y. REEEIZ2MW/
EDL Ty VTS RTHY, 1 FLAEHFEE
TIEEZERLTW5. HEGEbsnAzTF b
TEBRFTHL (010 FRH). KEEBEY 2—

KBg T 2N F—



FE

NVNEIFA v ELEIPHE£DHTED, Solar World #:72
FTTREZFDMDA =D DFERRET 22—V HED
TWh, JHA 7 VENDLET 2 — VIIREFROH
B2 TR, EEOXBERLEEFOMIE, Ao
BN EHATHD, BEIRA MIFOBIIGLET
BIEAIIELD.

BAEO 7O A IENE, 55, LFE0E £
TBE, ATy FEE T30S 00T
ThHb BUBTRIEROFPIZE S 2— L2 AN
FEHTHSH EVA 2RSS, 1 EOMLHEIZS
BRI 0, 337 b 4 BEEEERE2ITo TV A,
ImX 15mBEOET 22— V% 16 EBEATE S,
BRIEOBIZHE L2 M R 1E 2 — 3RIOMEZIT- T
RBEICHERVWLNVIL T2 5HH LTS, #
MEBTHRENTET 2 — VIZFEETH T ART
VI, 8], EMZaRIL, fEFERETY R ER
TR E2 ) B <. SRR SICHY & h
V3 ZE0T THEFHTETH L. FlziX, 1983
FINNVF-THEHAENZES 22— VDY AL IV
Ti, 77 X139696%, & it 8462%, it
7178%, TV =7 L3 100% V1 7 Va3, b—
FNTIEST% W HE SN, VA7 VT 5 E
TEELLDBTIATHA 7 VEEMETIZHF L E
Va—NVEELIDIZANVTF—HFRARZRST
ENTE, BRENOEEYROLTIENTES,

F72, BRTH YA 7 VERMOBRRIED SR,
NEDO Hi7 b S48 o> & db U EE S22 HE 1R
(FAIS) IZZetsh, [IEBHROPV ¥ 27 4
BV A4 7 VB EEICE T AR5 ENE] & L
THEDLNTWS, KR BEREHOKGER
WZOWTHIGTE 5 HEML YT ~ MR C, MEE
20MW T 10 /W, 200MW T58 /W #HB¥5L T
Wwh,

% DA, Sunicon #LFIAk, SolarWorld #£73 PV 1)
4 7 V&t Solar Cycle %325 EiF7- 2.

KEEH ) Y1 7 VEEIIKEERFRE) X 5%
{, BHBBEHLTVEN

BEXE

1) Contribution of Working Group I to the Fourth
Assessment Report of the Intergovernmental
Panel on Climate Change, 2007, Solomon, S. etal,
Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA.

2) Summary for Policymakers, Climate Change
2001 : Synthesis Report, Intergovernmental

Journal of JSES

_38_.

Panel on Climate Change, 2001, Robert T.
Watson, et al.

3) Alsema E. etal, 2009, Methodology Guidelines
on Life Cycle Assessment of Photovoltaic
Electricity, Subtask 20 “LCA” , IEA PVPS
Task 12

4) IWHHE—-
2002.10.7

5) BELWREWIZEET, BIZhN - BT ALY -]
BERMESE LCA £E7— £ -, 20003

6) FRI2EEFI AN — - EXRMNEEER
WRRHAEBERRAREE KBAEREV AT L4
ERLEMBAE, KELREFNEI A 7L B
AL ORE, [ KEEEEFMOFETE]

7) F 19 ~ 20 £ NEDO B B RS Rt
BRRABEE, KBEREY A7 s@ERH
WHFERRE KEXARED T 1 791 7 VEHE
B A2 FREIZE, 2009, AT IIERBH
HASH

8) BAHRERIIFER, 4 7% 42 )VCO,HEHE
2 & B RERM O - &7 — 5 1Lk HEH
B BHR M OBENC L BB~ 2000 4E

9) BIHRIH, BROREEWKDOT 1 744
7 v CO, PEH = &7l — 2009 23 SNz 7 —
F e AW BHER -, FR247A

10) K.Kurokawa : Energy from the Desert :
Feasibility of Very Large Scale Power
Generation (VLS-PV) Systems, James and
James (2003)

11) Kosuke Kurokawa, Keiichi Komoto, Peter van
der Vleuten, David Faiman: Energy from the
Desert: Practical Proposals for Very Large
Scale Photovoltaic Systems, Earthscan (2006)

12) Keiichi Komoto, Masakazu Ito, Peter Van Der
Vleuten, David Faiman, Kosuke Kurokawa:

MNEIWE KELEEEILFE

Energy from the Desert: Very Large Scale
Photovoltaic Systems: Socio-economic, Financial,
Technical and Environmental Aspects,
Earthscan (2009)

13) Fthenakis, VM. Kim, HC. Alsema, E. (2008) .
Emissions from photovoltaic life cycles.
Environmental Science & Technology, 42 (6) :
2,168 - 2174

14) Mason, ] E. Fthenakis, V.M. Hansen, T. Kim, HC.
(2006) . Energy payback and life-cycle CO,
emissions of the BOS in an optimized 35 MW

20%&14?



152



e

[2011 F£~2012 4]



154



155



156



157



158



159



160



161



162



HfTaE

[2011 £ ~2012 £ ]




164



165



166



167



168



169



170



171



172



173



174



175



176



177



178



179



180



181



182



183



184



185



186



187



188



189



190



191



192



193



194



195



196



197



198



22 SEP 2011

LA
LA

)= )R—30 ~I8

22 3EP 2011

BT F—EEEZRELT~

==
s

n

o,
=1

i)

SR LIERSEY a—arwistiiG TOKVDTELH

AESEIRBIZ 0 — FEIE
ST — s |
WM LN A0 i:é;%goo
" 22 SEP 2011
FTERAABIEREY A5 LADEN
© 3-4kW/#t : 7T0-80% KEEFAEHBE - fIEEE
o2 1OEJ§1O675=FEII7£I.=2§ ' (iautlj*t’a)\n'CZSMﬁkW:
201 0&tRmnld2390/8 kW ; RIE3500/7kW
o ENEE6- SERWHEA 3 CLMEOnHPRT
O Jy )N+ QZZNSE'CEUE
O £5ET - XAHN'ERIC
O FRIGA—IEILIES 100%134%35@9'6(«:
O BOREHE ; DEEIRE LTI RO
39;‘65;

3 kurochans¥2%°



A 22 SEP 2011
O EMREEYTUZ (ERIEFTEEY)

10 Ver. 2011-9

EETHE Rl
A S HUELST-1BS Nemet: 1976-2005
DARMEREIE ul
= JRE#E | pR =0.800 / 20305 | |
7|§ 20055 & PR,=0.785<~——" S3GW
1B /| PR;=0.720
B \ 100GW
2 \
ﬁ slz ~ " \\
e Y.
?‘"_g __M _ |
B ;%IE =
%'@ 17.‘.
__%ht = — — =3 —
X ‘e ~
100 _~ 1000
(3¥) GP: Grid Parity B ASE (GW TJPEAE ay 1484
GP1=23, GP2=14, GP3=T¥/kWh FIBAR (GW) oW rocowve
E)l KEAREHEEEIARE 120114, No.34 kurochans-ric:g ’
" 22 SEP 2011
- 4 (11 9
HhsRILRIESNIE  PV2030 +
2017
EULMHRAD
a )“‘Jt—:) .l .I
a
\d
hE
40%;i8

Oc> °o o°
Tl kurochans-nét®



o 22 SEP 2011
SRE23X PVE A OJRERDIE

HEHSH
fitiEh - BRI | H20%nEERR

N
J \"\_
! \
LFER
\ i
7

PVERE=65.0 km?

v PVIREE=9.7 GW
(ZEHIEL5%)
A BREE=108 TWh/Y
3kW/B —3000kWh/4E/R m
F— =
JELYO e 320FF & HEE15%- BARUVES0% ;‘Eﬁgﬁ?ﬁ’
—Eih65m2/FIRE ey
TR T 32075??70%*5&0)?73 E ﬁb{ﬁrﬁ& kurochans-rfl?é’:cgjccon
Ty v LGS _JN o
TossGw LR\ > emesosEEs
Y& A BETE KI5 eHE (GW)
z #7o9%l | Case 2
23JP
Y
/KWh
0.2 % 10.2 % 143p
3.6 % 10.0 % Y
/KWh
7JPY
/KWh
1/80
PV2030 Base Case = EINBRDRTEDNE&E10% (~ 2 kF/F Hia) B
5t 7—%4:NEDOIPV2030+]A—R Ty R &E, p.115-116 Kurochans Q%ISOOJ



22 SEP 2011
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PV2030+ BEA
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(1) Martin Green, UNSW: Photovoltaics
— Electricity from Sunlight.
(2) Appl. Phys. Lett. 98, 171108 (2011)
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