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ABSTRACT

The authors have been analyzing performance data observed at a number of PV systems, which were
constructed by NEDO’s “Field Test Project”. Although monitored data are taken by a quite ordinary procedure with
4 measured points, Pmax mismatch factor and shading factor can be identified additionally according to the
Sophisticated Verification (SV) method developed by the authors. While further modification is still ongoing, array
facing any orientation became acceptable by the present version.

The method is summarized as follows:

- System performance ratio K by ordinary formula.

- Power conditioner efficiency K by definition.

- Temperature effect K., on efficiency decrease by ordinary formula, but including array temperature
estimation from ambient temperature (due to specification of the Field Test.)

- Maximum irradiance and array output values extracted from each hourly zone during 1 month are fitted by
theoretical clear-day pattern.

- Separation of shading effect K; by observing dips on the extracted maximum pattern.

Identification of matching factor K, on array output by removing the shading results.

As a realistic example, SV method is applied to data taken from 104 systems in the Japanese Field Test Project.
The mean system performance ratio K in FY’97 was 71.6 % (104 systems).

1. INTRODUCTION

The evaluation of PV systems seems to be very important in order to attain the diffusion of more reliable PV
technologies for the future. Not all but some of already installed systems carries monitoring equipments and their
data may be obtainable. In Japan all the 180 systems in the Field Test Project provide monitoring devices. 100
systems of around 20,000 roof-top systems are observed by telemetering. Although the conversion efficiency of a
photovoltaic module can clearly measured according to standard in-door test procedures, it dose not mean actual
operational ability under outdoor conditions. Meteorological conditions vary from place to place. At least,
irradiation and ambient temperature have to be known when one wants to evaluate output energy to be generated by



a PV system at a certain site. In addition, conversion efficiency may be reduced to a certain level because of various
site conditions and system specifications. In fact this might be a troublesome problem. To ease these circumnstances,
the authors propose advanced approaches to verify additional realistic parameters from ordinary operational data.
The method is called SV (Sophisticated Verification) method. Several modifications have been added to the
originally proposed procedures (K.Kurokawa, et al., 1997 and 1998) so that shading effect can be effectively
identified for an array having an arbitrary orientation angle. Actual field examples are also given for better
understanding of system performances.

2. PRINCIPLE OF SHADING IDENTIFICATION BY SV METHOD

A PV system is monitored by a simple data acquisition system when necessary. Typical kinds of data are
hourly in-plane irradiation, PV array temperature, array output power, power conditioner output and power from
utility. These data can be utilized to obtain system parameters such as system performance ratio K, cell temperature
factor Kppr, power conditioner circuit factor K. by a simple calculation normally other useful parameters can be
identified in addition, i.e., shading factor K, load mismatching factor K,, and other array factor K,,. The
identification of these additional parameters has been quite difficult so far. So is it even by a specially planned
monitoring method.

At first the principle of shading effect detection is identified by 2 step processes as follows:

(1) Irradiance pattern on a specific solar day representing a given month is calculated for each hour by a
theoretical model considering array orientation and inclination angles, hourly monitored data for a certain
site are plotted keeping hourly relation. It makes a kind of scattered plot. Looking at a maximum value for
each hour as a fine-day pattern for the month, the scale of the given theoretical day pattern is adjusted to
fit them as an envelope.

(i1) Supposing that the influence of a shadow doesn't change during the same month so much, it observed on
the extracted maximum values can be as a dip compared with the fit fine-day curve.

August, 1997

#22, Okay Prefi | Office (Okayama, Japan)
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Fig.1 An example of extraction of clear-day pattern

For example, Fig.1 shows all the hourly irradiance data for a specific month. Each maximum point is taken
from each time zone as an envelope of clear-day, which is indicated by a solid circle. This envelope is fit by
theoretical wrradiance pattern: G,,=7""* G,cosZ + G, in the case of a south-facing array. In this equation, 7 is
transmittance; Z denotes azimuth angle; G, corresponds to solar constant; G, is a diffused component of irradiance.
The diffused component on a clear-sky day is estimated 20 % of global irradiance according to a known model. If it
is assumed that a shadow on an array does not vary every day in a same month, a maximum value extracted for
shaded time zone can not exceed the shaded level of a clear day in this month. Therefore, a level of dip from a
theoretical clear curve can be easily observed. Quite the same procedure can also be applied to hourly array output
power scatted plotting. If the shading is observed both on irradiance curve and array output curve for a same time
zone, this is named “full shading”. If the shading is seen only on the array output curve, it is treated as “partial
shading”. It means that a shadow exists only on a radiometer, but not on an array. On the contrary, the case of a
shadow only on a radiometer is considered as “quasi-shading”. This is not a shadow on a PV array and monitored
irradiance data have to be corrected by removing detected shading effect. This procedure looks a little complicated,
but the effective identification of shading effect on PV system performance becomes possible. There seems to be
few methods to detect the shading except for this approach at the moment,



Figure 2 gives a typical example of the shading effect that was observed in July 1997 by Kowhira Wates
Treatment Plant. This system faces 30° west from the south. As a preparation, a top curve Eyq,,, is calculated by
using a clear-day irradiance and array rated output (P,y). E,, is estimated by applying direct/diffuse separation (Erbs,
et al., 1982) to theoretical global, horizontal irradiance by Perez. Then, the scale of curve E,g,,, is adjusted so as to
fit the array output maximum values for each hourly period. A shading factor (K detected in array output
maximum values E,,, for each hourly period. As an envelope, this fitting is shown as mE,j,,,.. Apparently, the eftect
of shading can be recognized from 15:00 to 18:00 as shown in the graph. In this case, the difference in the point &,
and the point E,, above the curve Ejq,,,, is caused by the influence of shading. If a diffused component of clear-day
irradiance is assumed 20 %, a shading factor can be calculated by “Kys= (E4,-0.2E4y) / 0.8E4,". It is considered that
no shading takes place for the diffused component. Estimation of value m is explained to find a2 maximum value of
m by an iterative algorithm so that any extracted maximum values, E,,, do not exceed an estimated curve at any

points.

The vertical axis of Fig.2 corresponds to hourly array output energy at standard cell temperature 25 o o
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Fig.2 Fitting of clear-day power pattern and separation of shading

The hourly shading factor is shown in Fig.3. This is demonstrating the change of the shading factor in course
of time on June 30, 1997 by the Kotohira Plant. The previous Fig.2 corresponds to the same day. Although shading
factor was 1 from 6:00 to 11:00, it varied as time passed by. This shows the validity of the shading evaluation by the

SV method.

June, 30, 1997

#A9, Kotohira water treatment plant (Kotohira T, Kagawa Pref.)
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3. Pmax MISMATCH IDENTIFICATION

A scattered graph as shown in Fig.4 also gives very important information. An upper straight line corresponds
to ideal energy production by array with its capacity P, under irradiation H,. Scattered dots are all the hourly data
divided by temperature correction factor K,;. A lower straight line is drawn as the upper envelope of scattered points.
This means the most efficient performance in actual operation during a month and no mismatch is assumed along
this line ..(Kp,=1). Practically the lower line can be drawn by the following procedure. With respect to all the
hourly data, the first straight line is drawn by the regression. After that, the data that are located above the first line
%r_c ati]ized for the second regression. The similar processing is repeated three times to get an envelope line in the

ig.4.

It means K, <1 and/or partial shading when the scattered data are located below this line. For grid-connected
inverters with K,,,<1, it may be considered that MPPT does not work well or that inverters suppress their ability due
to some controlling necessity.

According to shading analysis written previously, if shading effect is observed, shading factor is estimated so
that direct, normal sunlight is reduced in proportion to the shading ratio which is identified by the procedure as
shown in Fig.4. Then, the remaining part of Ey,-E,; is thought to be Pmax mismatch component. The difference A,,
between the upper and lower straight lines given by E-E),, may consist of other array losses such as soiling on
module surface, incident-angle-dependent optical losses, array circuit unbalances losses, etc.. Some data indicated
that the incident-angle-dependent losses are playing main role.

4. STATISTCAL RESULTS OF 104 PV SYSTEMS BY SV METHOD

Under the Government Basic Guideline for New Energy Introduction, NEDO (New Energy and Industrial
Technology Development Organization) has installed 180 PV systems of the total capacity of 4,960kW over Japan
since FY1992. Those systems have been being monitored by ordinary, simple data acquisition systems. To
demonstrate the applicability of the new SV method to actually monitored data, 104 systems are chosen as a part of
the Field Test (FT) Project.

The average value of in-plane irradiation H, was estimated 1343 kWhm™/y for 104 sites in FY 1997. This is
in the same range as the Japanese average of 1300-1400 kWhm™/y. Though the irradiation of 4 sites were below
1000 k¥Whm™?/y, it may occur due to shaded site conditions and some faults in monitoring systems. The average of
system vyield Y, of 1007 h/y is the same level as generally spoken in Japan. The average of system performance ratio
K was measured as 71.6 % in FY 1997 (104 systems). 75.0 % in FY1996 (71 systems). The peak distribution of X is
observed in the class of 70-80 % in each year. Figures.5 and 6 show the histograms of basic system parameters such
as inverter losses A, and efficiency decrease by temperature A, on the annual basis for 104 sites. Fig.7-9 give
additional 3 results by SV method: i.e., shading losses 4, load mismatch losses A, and other array losses Ap,.
After all, “K+Ays +App +Apr +Ap, +A." becomes 100 %. As shown in Fig.5, the inverter losses of 6.8 % is
considered excellent. At least, inverter efficiency can be calculated very definitely because both the input and output
energy values are monitored directly by Field Test specification. In the Fig.6, the array efficiency decrease by
temperature of 2.0 % is believed reasonable for whole the year. So-called representative array temperature
throughout year is said to range from 15 to 20 °C up over annual average ambient temperature. Roughly speaking,
the annual average temperature is around 10 °C over Japan. The evaluated results are well explained by this



condition. 19 systems indicated the shading losses of 6 to 10 % and 5 systems of 10 to 14 % as shown in the Fig.7.
Other 80 systems gave relatively low shading effects. The average was 4.7 % of shading factor. It is possible to
reduce this loss if siting conditions are carefully checked in advance. The load mismatch losses are demonstrated in
Fig.8. The average of 4.7 % is considered so significant. 23 % of all systems are showing worse than 6 % and neaxly

3 % are operating with 10 % losses or worse.
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The average of other array losses becomes 10.2 % in the Fig.9. Although A, includes soiling on module
surface, incident-angle-dependent reflection losses, array circuit unbalances and losses, in principle, the incident-
angle-dependent losses are believed to be major parameter by the other work of authors (K.Kurokawa, et al, 1999),
The value, 10.2 % is the most significant figure in 1997 data. It was estimated in 1996 for 71 systems. The value is
6.9 %. This may be caused by degradation of PV array subsystems or some failures in monitoring equipments, most
likely due to radiometer troubles. It is felt that the reliability of raw data has to be checked very urgently.

Figure.10 gives the quick summary of the average of all the parameters, which have been analyzed by the
new SV method for 104 systems in the Japanese Field Test Project.



5. CONCLUSIONS

By SV (Sophisticated Verification) method the authors presented an actual evaluation example in the Field
Test Project. The method is based on a little clever principle in order to utilize very valuable monitored data in
actual systems as far as possible. The original version proposed in 1997 has been being modified. This time the
procedure has been improved for accepting any orientation angles and some other items. This seems to give very
reliable results of shading effect and Pmax mismatch by using very ordinary data monitored in actual PV systemns.
According to the SV method, very useful information is easily obtainable to iniprove the performance of PV systems

on the market.
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An Overview of Solar Energy Technology
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Kosuke KUROKAWA, Tokyo University of Agriculture and Technology
Fax: 042-385-6729

An overview of solar energy technology is described, especially in terms of recent photovoltaic
system development in Japan. The government introduction policies and R&D of individual
system technologies including PV module, power conditioning, system monitoring, advanced

system concepts are summarized.
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ABSTRACT

The paper describes PV applications in urban area as a mass. When a large amount of PV system
will be introduced in the area, PV electricity will become very significant and overall optimization may
be required for the total area In terms of PV system configuration as a group as well as regional electricity
supply network. Supposing these scenario options, recent trends are reviewed as to residential zone,
business area and Industrial application. Technical problems are also summarized for BIPV and electrical
engineering.

1. Introduction

PV systems have a lot of advantages such as:

- simplicity as direct energy conversion devices,

- easy installation and large possibilities by roof-top or wall-on applications on account of light

weight semiconductor products,

- relatively large availability of establishing region’s own energy network by composing of dispersed

energy systems in conjunction with power electronics.

According to these advantages there have been a number of PV systems introduced even to urban
areas, which are well-equipped by conventional power systems. Of course, other large possibilities are
expected as SHS in developing regions of the world. The former topics became the main theme nowadays
in a number of industrialized countries.

At the early stages of PV system R&D, individual systems and their components were mainly
interested. As installed number of systems is increasing gradually, it is felt that regional optimization
become a new theme necessary for a densely installed area like Bremen, New Sloten, Amershoort and so
on.

Figure 1 shows a possible scenario to reach such state as high density penetration is realized to a
specific area, which is called “areal evolution” in Ref.[1]. This is classified to 4 stages as follows:

[stage 1] Individual systems scattered sparsely.

[stage 2] Slightly higher density in a certain area as a germination of areal evolution.

[stage 3] Limited maximum of "passive areal evolution” which means naturally generated evolution
on the basis of individual inhabitant's intention. Care must be taken for interconnection because of higher
penetration rate on the same feeder.

[stage 4] "Active areal evolution”. by the harmonized introduction of PV systems according to
community consensus. It is easy to use spaces up to the maximum which are possible to utilize. Total
optimization for the area may give different total configuration.

It seems to be advantageous to introduce a large number of PV systems at one time to a specific area:
e



- more apparent impacts for dissemination by earlier investment,

- more merits in effective cost reduction because of mass for a certain period,

- remarkable cost reduction due to the elimination of the distributing cost of market,

- limited variety of structure design for matching to regional architectural culture,

- possibility of overall cost reduction by areally optimized total network including other type of local
renewables.

2. Electrical Configuration Options

The last [stage 4] contains many features qualitatively and quantitatively different from the existing
concepts. Fig.2 shows individual interconnection corresponding to [stage 3]. Fig.3 illustrates a centralized
interconnection with DC collection line or AC one from dispersed arrays.[1]

Interconnection is made at an appropriate point near by a pole transformer. In case of DC collection,
a centralized inverter is also located at the point. AC collection method is rather similar to the concept of
AC modules or distributed inverters. It is that a large number of smaller inverter may be able to be
fabricated at a reduced cost compared with small number of larger inverter.

The dispersed array systems are characterized as follows:

- one single system as a whole,

- uni-directional power flow at the interconnection,

- smaller number of interconnected points and easier control, protection and maintenance,

- a certain limit in system size because of DC collection voltage drop,

- otherwise, AC collection suitable for larger size because a boosting transformer can be adopted,

- possible battery installation at the interconnection point and its easier maintenance,

- easy combination of AC collection system with AC modules.

The third option is a community-owned energy network as shown in Fig.4. True total optimization
becomes attainable in principle in this case. In some countries, deregulation may be necessary for
retailing electricity to individuals other than electric utilities.

3. Case Studies for Urban Applications

3 types of representative examples for urban applications are listed below:

- residential zone including a number of single family houses and/or multi-family houses,

- office buildings and/or shopping zone,

- industrial zone.

Typical results of case studies for each type of application are summarized and actual examples are
given below.
Residential Z

Potentials in residential zones seem to be sufficient for regional consumption as described below.
Residential loads are relatively even day by day for a week compared with other cases. Power from
houses to the utility grids flows during peak hours of daytime. This is a big advantage.

A few specific issues can be pointed out as follows:

- scenic beauty, environment for community life,

- safety consideration for every day life,

- roof integrated modules and PV siding attractive.
(a) Seibu-Kitanodai Subdivision

3280 houses for single family including public facilities produce electricity by 3-4 times as much as
regional consumption if all the applicable positions are assumed to be utilized such as south/north roofs,
east/west walls, south/north windows of existing houses and buildings including residences, public
facilities, elementary/junior high school, kinder garden, nursery school.
(b) Tama New Town



Apartment houses for 3270 families generate energy of the same level as regional consumption.
Usable positions are mostly similar kinds to the previous case.

(c) Examples of residential zone

Figures 5 is a typical example of individual interconnections for 34 private houses in Matsudo.

In Bremen, Germany, orderly developed community systems were developed as a typical example.
Also in the Netherlands, Neu Sloten and Amersfoort are another typical examples worth while to be
described. The latter is a 1 MW roof-top system, partly with centralized interconnections possibly as
shown previous Fig.5.

Another attempt has been being made at Iwaki New Town, Fukushima Pref. by the support of
Ministry of Construction, Japan. It will be completed until 2002 and total planned PV capacity will be
373 kW installed on public facilities as shown in Fig.6. Curved arrays look coordinated with a slope
between residential houses and school zone. Additional PV capacity by individual houses is expected but
not identified yet. Total concept of this PV town is quite the same to previous Fig.5.

Business zone

In a business zone or shopping area, generally speaking, energy consumption density is relatively
high compared with usable areas. However, architects are finding another type of values for such
applications. Specially, frontal fagade of buildings is a quite symbolic part in architecture. An exterior
view itself is a value and, in addition, produces electricity supplementarily.

Many public building with good architectural views were constructed in Japan by Filed Test Project
for Public Facilities, 1992-1997. Total PV capacity reached 4,900 kW by 186 systems. Their individual
capacities range 10-220 kW with 26.3 kW in average. Fig.7 shows an example of Kyocera’s Headquarter
Building in Kyoto.

Industrial Zone

A case study was made for the 3rd Sakura Industrial Park as shown in Fig.8, which is twice as much
as the average area of 3000 industrial parks in Japan. In this area there are a variety of factories such as
electrical/electronic manufacturer, mechanical, transportation, metal, food industries, etc.. PV arrays are
assumed to be installed on the roofs, walls and parking spaces of existing factories and street lights are
also considered along main roads.

As a result, it was identified that PV array of 21MW can be installed on 70% of existing rooftop,
6MW on 60% of wall and 9MW on 70% of parking, which corresponds to 37% of this area. These arrays
will produce 40 or 70% of regional electricity consumption throughout a year.

These results were extrapolated over Japan. It makes 26GW potential for approx. 60% of industrial
parks in Japan, which means 24,000GWh/Y. The case study can be summarized as follows:

- large potential area; good insolation condition because of low building mainly,

- high regional solar share,

- necessity of cooperative operation with a substation for the region, especially for week-end surplus,

- higher possibility of DC use in factories,

- low-cost prefabricated factory-building integrated module to be expected

In 1998, the previous Filed Test Project was refurnished to Industrial Applications. 75 systems with
10-100 kW PV capacities were constructed last year. Their total capacity corresponds to 1,970 kW with
26.3 kW in average.

Figure 9 shows a typical example for factory building integrated PV roof. This is installed with total
capacity of 100 kW at New Chiba Factory of Yokogawa Bridge Inc.

4. Technical and Other Issues in Urban Developments

Building Integrated PV Modules

Earlier technological developments were made in Europe and US. European works are valuable
especially. Systematic developments for BIPV modules were introduced by the Japanese Sunshine



Project.

BIPV has been being dealt extensively by IEA SHCP Task 16 or IEA PVPS Task 7, which is a
multi-governmental cooperation joined by architects as well.

In conjunction with architect participation, one of significant seeds is color control technology of PV
cells. This can not be born only from the view of values in PV field. Large expectation for wiring-less
BIPV technology arises from architectural side, in which electrical connection will be accomplished at the
same time when modules are installed in position.

Problems in the diffusion of BIPV modules are summarized as follows:

- Existing market size of conventional architectural materials/components has to be considered as

shown in Fig.10. Too specific products do not seem to be promising.

- It is necessary to initiate investment for manufacturing facilities for BIPV.

- There several options in commercialization scenario:

Home electric appliance route for existing houses,
Architectural material market route,

House industry route,

Order-made construction of commercial buildings.

- There are also plural options for possible installers: Electrical work shops; Building facility

installers; carpenters; general construction companies, ...

- There is a gap between PV manufacturers and architects. Architectural designer loves originality.

On the contrary, manufacturer prefers standardization for cost reduction.
Electrotechnical problems :

For urban applications, it is opt to be necessary to think much of looks. In other word, more
problems will arise in PV performances such as shading from other buildings or own structure, complex
arrays composed of multi- inclination, multi-orientation, curvature array. Fig.11 is a typical example in
central Tokyo. They make irradiation estimation complicated and difficult. Many shading simulations
have been developed, but few evaluation by monitoring has been given for actual installations widely.

In terms of Inverter Operation, one of essential parameters, MPPT mismatch has not yet been well
analyzed. There are many static analyses, but few dynamic analyses and no monitoring.

Operation with complex arrays may make additional performance losses. Single inverter technology
allows to employ smaller capacity but may produce connection unbalance and MPPT mismatch.
Distributed inverters such as string inverters and AC modules can give good match.

5. Conclusion

The author reviewed analyzed state of art and future possible concepts of PV systems in urban
environment. It is suggested that PV systems have a large potential in residential and industrial area. Even
in a very crowed area, it is quit attractive option in future for architects as well as energy experts. It is
pointed out that several essential problems specific to urban applications are also arising.
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Distribution Grid

¢ Standard size 34 kW inverters connected in parallel

¢ Interconnection protection devices provided with
all inverters

e High density multiple inverters may give
problems.

Fig.2 Individual interconnection



Distribution Grid

Power Collection Line

Internal protection only for inverters

One interconnected point for the whole

Easier counter measures for higher density PV systems
Rent-a-roof power generation to be feasible

Double investment for power collection line as a total
Another option by DC power collection

Fig.3 Centralized interconnection



Community Grid

e Own Energy feeding system for the whole community.

s Effective utilization of resources regionally available

= One simple connection to a utility

= Easier for higher-density PV multiples

= Total optimization for whole community to a new concept
» Another option by DC power collection

Fig.4 Community energy supply



Fig.5 34 PV houses at a subdivision of Matsudo
Ready-made residences by Chuo Jutaku Corp [2]



Fig.6 Iwaki New Town Project
Planned capacity = 373kW + a (by 2002)



Fig.7 20-storied Kyocera HQ, Kyoto
PV: 214kW with gas engine cogeneration

distributed inverters; self-shading



Fig.8 Aerial view of the 3™ Sakuma Industrial Park



Fig.9 100 kW factory roof array
by Yokogawa Bridge
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Fig.11 Passage Garden Shibuya/NEDO FT 30kW

Different orientation/inclination,
shading by own structures and neighbors,
one inverter system.
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ABSTRACT

The paper summarises Japanese activities concerning photovoltaic systems including
residential use, which is one of major target as a national alternative energy supply. Fiscal year
1999 is just the 25th anniversary of the Sunshine Project, which started in July 1974. It was
restructured as the New Sunshine Programme including renewable energy, energy conservation
and environmental technology. The major target of Photovoltaic Technology Development Project in
the Programme has been focused on the utility-connected, residential applications mounted on roofs
from an early stage of R&D. Recently, it can be considered that technologies for the target have been
fundamentally established and a series of new activities have been introduced to promote the
commercialisation and diffusion of PV systems. To review those activities, several condensed tables
are presented, i.e., R&D history of residential applications, recent trends in regulation and code
improvements, and new institutional activities to spread PV systems. The authors also presented
actually obtained results of performances collected from a large number of PV systems by using
very effective evaluation method called SV method. The last part suggested a good example that
simple system monitoring with good verification can establish a knowledge circle from a variety of
PV fields to factories, designers, owners and investors and it seem to be quite cost-effective.

1. LONG TERM BASIC POLICY

When the former Sunshine Project started in 1974, photovoltaic cell fabrication research
happened to be adopted as a part of Solar Energy R&D Project very fortunately although it was not
so extensive plan. The larger amount of budget was given to solar thermal application and power
generation at that time. In addition, the Sunshine Project was mainly occupied by coal gasification
and liquefaction. There were also geothermal power and hydrogen energy as small parts.

In FY 1973, the fundamental research of photovoltaic ‘system’ technology was proposed to the
Ministry of Finance and successfully started in FY1974. The main objective of this research
suggested the quite new concept of dispersed-but-aggregated, utility connected residential roof
systems. Since that time, this became a main stream of Japanese PV R&D because of the following
reasons.

Japan is a quite mountainous country and its usable land area is limited. The dispersed
location of PV systems is a very natural course of consideration.

The land are is almost entirely covered by the power utility network where people live. If a PV
system is needed to be backed up by an auxiliary power source, utility connection is only one
realistic solution.

The land price is extremely high because of limited flat land area. Land space utilisation for PV
array field can not be economically accepted. Then, the multi-utilisation of space already used for
other purposes becomes clearly advantageous. If roofs or spaces on residences are offered to PV
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arrays, expenses for the land can easily be eliminated and a large part of array support can also be
neglected.

At that time, however, it was never believed that a large number of such a small scale
residential PV system connected with the grid could compete conventional power sources. People
imagine only concentrated systems for power supply in those days. However, the Sunshine Project
began to seek for another type of scale merits in large scale mass production of such modular, tiny
units other than conventional power generation technology with thermal scale merits.

The following estimation was made at the early stage of the Project. The total number of
private houses was counted 42 million in 1987. If 22% of all the houses are covered by 3 kW roof
arrays, it makes 27.6 GW. The size of 3 to 4 kW seems to be appropriate size for average Japanese
houses and produce electricity roughly enough for domestic consumption in Japanese weather
condition. Additional spaces can be obtained from 580,000 multi-family houses. It makes another
27.6 GW PV installation for 50% of those houses assuming 10% efficiency.

Total potential was calculated as 35.73 GW from the both results. If 12% capacity factor is
assumed, it corresponds to 37.6 TWh/Y. As Japanese gross consumption was 758.4 TWh at that time,
it means 5% of national electricity consumption can be supplied by the residential roof-top systemns.
This level was considered to be valuable for future energy options in Japan.

Recently Ministry of International Trade and Industry, MITI, has been reviewing the New
Energy Introduction Plan with discussions by the New Energy Subcommittee under the Advisory
Committee for Energy. Table 1 is provided for the committee discussions[1]. Figures in the left
column were originally examined in detail by a NEDO’s contract research and include some types of
applications other than residential rooftop systems. This estimation clearly justifies that 5GW, the
2010 target written in the right column, is not only a final goat but a milestone for further
introduction of PV systems in the future.

2. IMPORTANT STEPS IN PV SYSTEM PROMOTION

As written above, the original Sunshine Project started in 1974 just after the first oil crisis. For
the past 25 years since that time, the Agency of Industrial Science Technology, MITI has been
rather consistent to continue a series of R&D in photovoltaic technologies as follows.

Materials and Cells

- silicon feed-stock:

- Si multi-crystalline cells,

- mass production process from Si refining to module assembly,

- Si amorphous cells,

- CdTe thin film cells,

- CIS or CIGS cells,

- characterisation of materials and cells.
Systems and Components:

- utility-connected systems,

- stand-alone systems,

- power conditioners,

- several types of advanced batteries,

- utility interconnection technology,

- array designs,

- building integrated modules,

- system evaluation,

- international system demonstration.

Table 2 summarises important steps since 1974 including recent market introduction activities.
The semi-governmental body, New Energy and Industrial Technology Development Organisation
(NEDO) was established in Oct. 1980 and is responsible for the both of R&D and introduction

activities for new energy technologies.
The first deregulation took place in 1990 through an amendment of the Electric Utility
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Industry Law. In 1992, electric utility companies announced buy-back plan for PV system
generated surplus power at the same level of selling price by utilities. This is still in progress. In the
next year, 1994 reversal power flow from a small PV system to the grid was permitted by the
modified ‘Guideline to regulate grid connection technology’.

In December 1994, quite aggressive government target called ‘Basic Guidelines for New Energy
Introduction’ was decided by the Cabinet. On the first line of this Guideline, PV system installation
targets are described as 400 MW by 2000, 4,600 MW by 2010. The latter target was increased to
5,000 MW by 2010 when the Long-term Energy Supply and Demand Outlook was revised in 1998 ag
described in Table 3.

‘The PV System Monitor Programme’ started in 1994 for subsidising residential houses. This is
operated through the New Energy Foundation (NEF). This was slightly modified to ‘Residential PV
System Dissemination Programme’ in 1997.

Another subsidising plan called ‘Field Test Project’ started as a part of NEDOQ’s activity in 1993.
This was planned for public facilities having medium size PV array with the capacity of 10 kW to
more than 100 kW. Afterwards in 1998 it was redirected to Industrial Use.

3. CURRENT ACTIVITIES

Table 4 summarises a series of current promotion activities in Japan.

Leading government agencies are the Agency of Industrial Science and Technology (AIST) and
the Agency of Natural Resources and Energy (ANRE), the both of which are in MITI. The former is
responsible for R&D and the latter for market introduction activities.

The major R&D project is called New Sunshine Programme’. In terms of Solar Energy of the
Programme, the following fields are included, 7.e., mass-production technology of low cost PV cells,
cost reduction of PV systems, BIPV modules, improvement of efficiency, etc..

The introduction and promotion of PV systems are based upon guidelines and laws such as the
Basic Government Guidelines for New Energy Introduction, Law Concerning Promotion of the Use
of New Energy.

For medium scale PV systems, PV Field Test Project for Public Facilities subsidises one half of
installation cost of a public facility and two third of disaster prevention type applications through
NEDO channel. As written above the major part this project was redirected to industrial uses.

Residential PV System Dissemination Project subsidises one third of installation cost of a
residential PV system up to 4 kW at the maximum 340,000 Yen/kW. This can be applied through
NEF channel.

Other related government actions are listed as follows:

- Deregulation of Electricity Utility Industry Law,

- Standardisation of PV systems,

- Regional new energy introduction and promotion,

- Support to new energy entrepreneur,

- Eco-School Pilot Model Project by Ministry of Education/ MITI,

- Next Generation Urban Planning Project by Ministry of Construction.

International Co-operative Actions: International Demonstrative Research offered 44 kW
pumping systems for drinking water in Nepal, 150 sets or 40 kW in total of mobile PV systems for
nomadic tribe in Mongolia, 44 kW battery charger stations in Thailand and 110 kW village
electrification stations in Malaysia.

Financial Support: Financial support for developing countries were provided to the following
countries.

- Pakistan: Village Electrification, 2 systems, 95.6 kW in total,

- Thailand: Village Electrification, 3 systems, 150.0 kW in total,

- Indonesia: Village Electrification, 2 systems, 123.0 kW in total,

- Kiribati:  Village Electrification, 2 systems, 6.6 kW in total.

Table 3 also indicates other statistics, but is not mentioned in detail here.
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As shown in Fig.1, R&D is to be funded with 8.99 billion Yen and promotion activity with 19.84
billion Yen in FY2000 although R&D was with 7.25 and promotion with 5.01 in FY1995.
Approximately 30 billion Yen, which is total budget in F'Y2000, roughly corresponds to 250 million
US$ assuming 1 US$=120 Yen. Speaking in average, promotion budget increased by almost 4.0
times while R&D has been rather stable.

Table 5 shows the recent 3 year trends of government budget for various activities in the PV
technologies and market. Budgets on latter 3 lines are open for other types of new energy in
principle and not specific for PV systems.

Total budget for photovoltaic systems has been staying at almost the same level, /e, 26.08,
28.52 and 28.84 billion yen in these 3 years. 1/3 subsidy system for residential houses through NEF
has been keeping the highest sharing as 14.70, 16.04 and 14.50 billion yen. Field Test Project
through NEDO has been also considerably tough with 2.57, 2.52 and 4.10 in 3 years.

A main player in R&D activities corresponds to ‘R&D of cells, modules and systems in the table
with 7.41, 8.36 and 7.84 billion yen. International RD&D, silicon feed-stock process R&D and utility
interconnection study are also classified to R&D sector in Fig.1.

4. PROGRESS OF RESIDENTIAL PV SYSTEM PROJECT

At the moment the Japanese residential project has been providing a considerably large market
for PV industries including foreign cell/module companies. Fig.2 shows rapid market growth and
market price reduction in recent years. Though it is not indicated in the figure, more than 10,000
residential systems may have been installed according to the MITI’s budget in these 3 years from
1998 to 2000. It is said that total amount will reach the level of 200 MW by the end of FY2000,
which is March 2001.

Figure 3 describes detailed cost structure of a typical 3 kW residential system in the Japanese
market in recent years. Remarkable cost reductions of BOS sectors can be seen first 5 years from
FY1993, i.e., 1/5 of the original level. It is notified that the Government Residential Project began in
FY1994. The improvement of PV module price has also been observed approaching a half level. It
can be said, at least, that the domestic market has been effectively activated through the
Government policy as well as due to extensive efforts by industries. It is also pointed out that, by
measuring the effect of market activation, the subsidy rate has been carefully adjusted by MITI.
When it started, the rate was around 2/3. It was changed to 1/2 afterwards and now is 1/3. It is also
understood that the other means of activities to keep the continuing, moderate growth of PV market
have been sought for although it is under discussion.

5. SYSTEM MONIRTORING PROJECT FOR RESIDENTIAL SYSTEMS

Since each PV house owner is to send a report of annual output energy from his system to NEF,
the very rough tendency of actual PV system operation can be evaluated. However, the reporting
system itself has not yet been working very well and cannot bring useful information with respect to
internal parameters of PV systems. An easy monitoring plan, therefore, was proposed as a part of
R&D. Monitoring equipments have been installed since 1997 at selected sites among PV systems
built by the subsidy. Total planned number is 100 and already 85 sites have been measured as
shown in Fig.4[2].

Measured points are listed as follows:

- horizontal global irradiance,
- in-plane irradiance,

- ambient temperature,

- module temperature,

- array output voltage,

- array output current,

- inverter output power,

- power from utility,

- inverter operation signal,



- inverter fault signal.

A data acquisition system consists of a data-logger, a PC and a modem connected with ISDN of
NTT public telephone network. Basic sampling time is set to 6 seconds and 10 data are accumula ted
to represent 1 minute data. All the minute data are recorded and sent at night to a host computer in
the Hamamatsu Solar Techno-Centre of Japan Quality Assurance Organisation (JQA)[3].

One of the first results is shown in Fig.5, which is the system performance ratio evaluated for
65 residential sites. Though it was taken only for 3 months last year, it is observed that the average
of the ratio is around 0.7 to 0.8. Annual e evaluation is expected to be released after April 2000.

6. SYSTEM MONIRTORING PROJECT FOR FIELD TEST SITES

System data have been taken at the Field Test sites for longer time. Since the initiation of the
project all the site have been equipped mandatorily with a simple data acquisition system.
(Recently this has been eased for Industrial Use Project.) Fig.6 shows the location of monitored 155
sites within the Public Facility Project as of FY1998. All of hourly data taken at those sites are sent
to another host computer in Hamamatsu, JQA.

Obtained data have been analysed by the Sophisticated Verification (SV) method, which has
been developed by one of the authors[4-7]. It gives important internal parameters as well as
ordinary external ones. Original data are taken in terms of irradiation, temperature, array output
and inverter output for every one hour. It can easily deliver system parameters such as system yield
system performance parameters, array yield, array performance parameters and inverter efficiency.
By using temperature data, it is also easy to calculate temperature correction factor, which means
PV efficiency decrease by module temperature increase.

In addition to those, the SV method derives 2 kinds of important internal parameters and
another supplemental parameter, 7.e., Pmax mismatch factor, shading factor and other loss factor
including optical losses due to incident angle and soil. The last factor may also includes DC circuit
losses and possibly evaluating model errors in the SV method.

Figure 7 summarises the operational results of Filed Test sites for 3 years. The system
performance ratio for all the system for 3 years can be said to be around 70%. A slight sign of its
decrease can also be observed year by year. Possibly, as the year of construction came the later, the
more beautiful design became acceptable and then it often happens to bring the more complicated
shading problems. (In the figure, notation ‘154/158 sites’ for instance means that 158 sites are
monitored but data from 154 sites could be verified and data from other 4 sites were considered
invalid.)

In the same figure, in 1998 for instance, shading losses were observed as 8.1% in average and
Pmax mismatch as 4.3%. Compared with 1996, shading losses slightly increased from 6.8%, which
may justify the above supposition. Other losses were measured 7.9-10.9 % for 3 years. This level
seems to be very significant. The authors believe that about a half of this parameter is induced by
optical losses due to incident angle to the glass surface of PV modules based upon their ongoing
work.

Figures 8, 9 and 10 illustrate the distribution of all the obtained results of shading, Pmax
mismatch and other losses respectively. Although frequencies near averages indicate their apparent
peaks for these 3 cases, levels of values often fluctuate from the average. This type of evaluation is
considered to be quite useful for engineers in PV factories and system designers or architects.

2

7. CONCLUSIONS

The authors described the overview of the Japanese basic policies, ongoing activities, findings
from field experiences in terms of large scale introduction of PV systems especially including
residential programme. It is pointed out that basic philosophy in developing PV technologies has
been going mainly toward the realisation of utility-connected, roof-top, residential application over
the nation from the quite early stage of R&D.

The article discussed long-term basic policy, important steps in PV system promotion, current
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government activities, the progress of residential PV system project, etc. with some statistics and
detailed information. The authors also presented actually obtained results of performances
collected from a large number of PV systems by using very effective evaluation method called SV
method. The last part suggested a good example that simple system monitoring with good
verification can establish a knowledge circle from a variety of PV fields to factories, designers,
owners and investors and it seem to be quite cost-effective.

The authors wish to thank many people who prepared helpful information and statistics for

this article.
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Table 1 Photovoltaic energy estimated from supply side
Source: New Energy Subcommittee, Advisory Committee for Energy, MITI, Jan. 2000
Egig‘(‘)‘:’; Physically Limited Practically Defined G°‘§Jfgget'
positive realistic
oil equivalent 44,280 MLoe 21,000 MLoe 10,260 MLoe 1,220 MLoe
PV capacity 173 GW 86 GW 42 GW 5GW
Assumptions 1) residential (72.7 GW): all of sun

W
gi\r;gle—family residences with 4K

2) public institutions (5.5 GW); all of
schools; libraries; public halls;
post offices; hospitals; etc. with
20-50kW PV,

3) industrial applications (57.2 GW):
all of office buildings; factory; etc.
with 10-50kW.

4) infrastructures (37.50 kW): roads;
rail ways; river beds; lakes; etc..

50% of physically
limited potential
considering siting
restrictions and
building codes

25% of physically
limited potential
considering siting
restrictions and
building codes

MLoe: mega-litre oil equivalent



Table 2 Important Steps in PV System Promotion until 1998

Year PV system promotion activities
1974 - The former Sunshine Project started for R&D of Solar Energy, Coal Gasification/Liquefaction,
Geothermal Energy and Hydrogen Energy.
1980 - NEDO was founded for a series of New Energy R&D.
1990 - Substantial simplification of installation procedures for PV systems under 500 kW through an
amendment of the Electric Utility Industry Law.
1991 - Announcement by electric power companies of a plan for installing 2,400 kW (actual result was
2,659 kW, over target).
- Buy-up system for PV system generated surplus power, started at selling price by electric
1992 utilities (in progress).
- Start of NEDO PV Field Test Project for public facilities.
1993 - Guideline to regulate grid connection technology for systems with reverse power flow.
- The New Sunshine Programme started.
- Start of the PV System Monitor Program for residential houses.
1994 - Cabinet decision about the ‘Basic Guidelines for New Energy Introduction’ (PV system
installation targets: 400 MW by 2000, 4,600 MW by 2010).
1995 - Start of regional new energy vision policies at local governments (in progress).
- Enactment of the Law Concerning Promotion of the Use of New Energy
1997 - Monitor Program for residential houses was modified to Residential PV System Dissemination
Programme
- Original Field Test Project was redirected for Industrial Use
1998 - Revision of Long-term Energy Supply and Demand Outlook (PV system installation

target: 5,000 MW by 2010)




Table 3 Outlook for New-Energy Supply

Energy Sources FY 1996 FY 2010 (Target)
Photovoltaic 57 MW 5,000 MW
Solar Thermal 1,040 MLoe 4,500 MLoe
Wind Power 14 MW 300 MW
Waste Power 890 MW 5,000 MW
Waste Thermal 44 MLoe 140 MLoe
Thermal Energy Conversion 33 MLoe 580 MLoe
Others 4,900 MLoe 5,920 MLoe
New-Energy Total 6,850 MLoe 19,100 MLoe
(Share in TPES) (1.1%) (3.1%)

Source: Long-Term Energy Supply and Demand Outlook, MITI

[Note] MLoe: mega-litre oil equivalent
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Table 4 Current activities of PV System promotion in Japan

ltems Contents
Leading Gov. - Agency of Industrial Science and Technology, MITI
Agencies - Agency of Natural Resources and Energy, MITI

R&D Project

- New Sunshine Programme (Mass-production technology of low cost PV
cell, Cost reduction of PV system, BIPV module, Improvement of
efficiency)

Gov. actions on
introduction
and promotion

Government
Activities

- Basic Gov. Guide Lines for New Energy Introduction

- Law Concerning Promotion of the Use of New Energy

- PV Field Test Project for Public Facilities; subsidize 1/2 of installation cost
for public facilities (2/3 for disaster prevention type)

- Residential PV System Dissemination Project; subsidize 1/3 of installation
cost for residential PV System up to 4 kW, maximum 340,000 Yen/kW

- PV Field Test Project for Industrial Use

- Deregulation of Electricity Utility Industry Law

- Standardization of PV systems

- Regional new energy introduction and promotion

- Support to new energy entrepreneur

- Eco-School Pilot Model Project (Ministry of Education/ MITI)

- Next Generation Urban Planning Project (Ministry of Construction)

Support for
developing
countries

- Intemational Demonstrative Research (Nepal: 44 kW, Mongolia: 40 kW,
Thailand: 44 kW, Malaysia: 110 kW)
- Financial Support:
Pakistan:  Village Electrification, 2 systems, total 95.6 kW
Thailand: Village Electrification, 3 systems, total 150.0 kW
Indonesia: Village Electrification, 2 systems, total 123.0 kW
Kiribati: Village Electrification, 2 systems, total 6.6 kW

Installed capacity up to 1998

133.3 MW (estimated)

Target of PV Introduction

5,000 MW by FY 2010

PV cell production (1998)

49.0 MW, 40.0 % increase over the previous year

PV cell manufacturer
(1998 Shipment)

Kyocera (25.4 MW); Sharp (14.0 MW); Sanyo Electric (6.3 MW);
Canon (2.0 MW); Matsushita Battery Industrial (1.2 MW);
Daido Hoxan (1.0 MW); Kaneka; Showa Shell Sekiyu; etc.

Remarks

- Deployment of commercialisation and promotion of PV system mainly on
the basis of PV introduction plan by Residential PV System Dissemination
Project and PV Field Test Project

- Active introduction of PV systems by PV users (NTT, convenience stores,
etc.).

- Enforcement of Law Concerning Promotion of the Use of New Energy

- Revision in 1998 of PV introduction target from 4,600 MW to 5,000 MW by
FY2010 by reviewing Long — term Energy Supply and Demand Outlook

- 11 -



Table 5 Government budget in billion yen relating to concerning PV Technology Promotion

ITEMS FY1998 FY1999 FY2000
Photovoltaic Systems 26.08 28.52 28.84
- R&D of cells, modules and systems 7.41 8.36 7.84
- International RD&D 0.28 0.26 0.28
- Silicon Feed Stock Process R&D 0.83 1.00 0.53
- Manufacturing Process Demo. = Z 1.24
- Residential System Promotion 14.70 16.04 14.50
- Field Test for Industrial Use 240 241 4.00
- Field Test for Public Use 0.17 0.11 0.10
- Utility Interconnection Study 0.29 0.34 0.34
New Energy Introduction for Industry 5.39 10.34 11.69
_Regional New Energy Promotion 5.18 8.00 7.66
NGO Support for Regional New Energy = T 1.086
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Problems in Photovoltaics and Future Aspects
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Abstract

The author describes technical problems in photovoltaic
systems technology and predicts their future trends. The
sunshine project started in Japan 25 years ago. From
very early stages, the concept of grid connected system
was born in Japan and has now been grown as the most
major topic in Japan as well as in the world. To expand
PV technology further, R&D efforts in material/device
technology and system field seem to be necessary while
diffusion activities have been actively introduced. It is
suggested that PV systems might become a major energy
for people in the world around mid 21* century.
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A Stand-Alone Photovoltaic System using Electric
Double Layer Capacitors and Lead Acid Batteries
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ABSTRACT

We previously proposed a stand-alone photovoltaic
system using electric double layer capacitors (EDLC) and
lead acid batteries. This system can extend the
battery-life because it reduces the number of battery
charge and discharge cycles, furnishing power at night
and on cloudy days by EDLC power. In this paper, we
describe the configuration and operating conditions of
this system. We also describe the optimal control and the
effect of bperating the EDLCs and battery. A simulation
of 10 days of operation showed that they reduced the
battery contribution factor by about 12% and increased

the power conversion in this system by about 2 %.
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Statistical Analysis of Areal Irradiance by Using Data
from the Nationwide Monitoring Project of Residential
Photovoltaic Power Generation Systems (1)
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ABSTRACT
In this paper, both a smoothing phenomenon and a probability of
areal irradiance were statistically analyzed by using irradiation data
of the Kanto region from the nationwide monitoring project of
residential photovoltaic power generation systems. The result
showed the areal irradiation successfully smoothed more than 50%
of fluctuation of individual irradiances from 1 p-m. to 3 p.m. in this
summer. A cumulative probability distribution of the areal
irradiance and the individual irradiances also indicated the areal
irradiance had higher probability than the individual irradiances.
These results suggest that a kW-value and a reliability of grid-
connected PV systems can improve by considering areal

performance of irradiance.
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Data analysis on solar irradiance and performance
characteristics of solar modules with a test facility of
various tilt angles and directions

Hiroyuki NAKAMURA *, Tadatoshi SUGIURA*
Takao YAMADA™ | Koichi SAKUTA**
Kosuke KUROKAWA ***

Japan Quality Assurance Organization / JQA
Solar Techno Center*
Electrotechnical Laboratory™**

Tokyo University of Agriculture and Technolo gy *r

Abstract

We examined and evaluated the output characteristics and the
deterioration lowering factors of modules installed under various
conditions (module directions and tilted angles) based on the data
collected at the multi-position test facility, which was produced and
installed in order to conduct evaluation using design parameters
(correction coefficient). This report introduces example data and the
results of our evaluation,
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Abstract
Waste problems may occur in the near future when

PV modules are spreading to market in a large scale.

PV modules recycling will be a solution to this problem.

An organic solvent method has been developed to
recover silicon PV cells from conventional PV modules.
The applicability of this method to commercial
modules is confirmed using one-cell modules prepéred
by a PV manufacturer. The result of an experimental

attempt to reduce the processing time is also reported.
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Estimation of shading characteristics of PV sys-
tems by using photogrammetry
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ABSTRACT

In order to decide the place to install PV systems
or to estimate their performance, the effect of
shadow on PV arrays should be considered. How-
ever, there were no qualitative methods for the
estimation of shading characteristics of PV sys-
tems to be able to perform easily at the on-site. The
authors have developed a new method of estimat-
ing the shape and position of shadowing obstacles
by using the trigonometrical survey with two fish-
eye (hemispherical) photographs. The errors of the
estimation are less than 6% for the length of shad-
ow and less than 3.5% for the direction.
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Problems in Photovoltaics and Future Aspects
Kousuke KUROKAWA
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Abstract

The author describes technical problems in photovoltaic
systems technology and predicts their future trends. The
sunshine project started in Japan 25 years ago. From
very early stages, the concept of grid connected system
was born in Japan and has now been grown as the most
major topic in Japan as well as in the world. To expand
PV technology further, R&D efforts in material/device
technology and system field seem to be necessary while
diffusion activities have been actively introduced. It is
suggested that PV systems might become a major energy
for people in the world around mid 21* century.
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ABSTRACT

Some methods have been reported for the recovering of
PV cells from conventional erystalline silicon PV modules.
Since they need a high temperature process or an acid
process, they are undesirable in respects of reprocessing cost
and degradation of PV cell. In this paper, we propose an
organic solvent method under gentle temperature condition
(below 200 °C) to recover PV cells without damage.

From dissolution tests of EVA by various kinds of
organic solvents, it was found that trichloroethylene could
dissolve cross-linked EVA sample with a water bath heating
kept at 80 °C. Then we applied this organic solvent method
to "one cell" module (125 x 125mm) simulating
superstrate-structure module. It was found that mechanical
pressure is important to suppress swelling of the EVA. After
immersing the module in trichloroethylene liquid and
keeping water bath temperature at 80 °C for 10 days, we
successfully recovered the silicon cell without any damage.

1. Introduction

Photovoltaic power generation system is one of the best
solution of renewable energy utilization and its market is
growing rapidly in recent years. It is said that the lifetime of
crystalline silicon PV modules is 20 to 30 years because of
the deterioration of EVA (ethylene-vinyl acetate;
laminating-material for PV cell) which causes loss of light
transmittance, breakage of interconnecting wire, and so on.
The lifetime of PV cells themselves is much longer than PV
modules. Furthermore, the manufacturing process of PV
cells requires much energy consumption which causes the
high cost of PV modules. Therefore, if the recovery of
silicon cells is possible with environmentally-friendly and
low energy-consumption method from the end-of-life or
damaged PV modules, we can reduce the manufacturing cost
of PV modules significantly.

From the results of life cycle analysis for PV modules, it
was indicated that recovery and reuse of silicon cell from
crystalline silicon PV modules is effective [1]. Considering

that electrodes of PV cells are formed at around 200 °C and
that encapsulation process of EVA is made at around 150
°C, a process for removal of EVA below 200 °C is desirable.
In this paper, we describe the results of experiments on PV
cell recovery with organic solvent method.

2. Various Methods for Module Recycling

Nitric acid method, thermal decomposition method and
fluidized bed combustion method [2 - 4] were reported by
other groups as shown in Table 1.

In these methods, surface electrodes and oxide film are
also removed from PV cell by a high temperature process or
an acid process. Furthermore, a degradation of PV cel] also
occurs in the high temperature process.

Therefore, we proposed an organic solvent method
under gentle temperature condition (below 200 °C). The
problem of this method is cracking of PV cell by the
swelling of EVA.

3. Screening of Organic Solvents

Various kinds of organic solvents were tested to find
effective ones for dissolution of EVA. EVA samples before
and after cross-linking treatment were used.

In the test of before cross-linking treatment, EVA
samples (5 x 30 x 0.6mm) were put into test-tubes with
solvents of ca. 10ml, left at room temperature for 2 days.

Table 1 Various methods for module recycling

Methods | REcOvety Treatfr}en\ undesirable reference | ©r82NIZation,
target | condition problems country
Nitric acid |wafer from| 60°C - '}:g N mr"d' B 1?94' BP Sof
dissolution | module | 25hrs S pess, e pEniton et [BP Selar, UK
processing al.
Thermal de- | cell from 1 thermal diffusion | - o0
ol 520 °C - of silver, Solar Cells
composition cell ; ; Bohland
i 90min. | degradation of PV Inc., USA
ininert gas | module et al.
cell, NOx gases
Fluidized wafer from|450-470 oc| Te-Processing, 1?98. SOLTECH,
bed module | - 30min degradation of PV | Frisson Belpi
combustion | cell, NOx gases et. al. A
7
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Then after visual observation, they were heated by a water
bath keeping témperature at 80 °C for 10 minutes.

Samples with sandwich structure of aluminum plate (15
x 70 x 2mm) / EVA / aluminum foil were prepared; the
cross-linking treatment was made at 150 °C for 10 minutes
in a vacuum bag. After putting them into test-tubes with
solvents of ca. 20ml, the same procedures with before
cross-linking treatment were made.

The results of these tests were shown in Table 2. Many
solvents dissolved not-cross-linked EVA when heated at 80
°C, and as for cross-linked EVA, trichloroethylene is found
to be most effective solvent when heated at 80 °C.

4. PV Cell Recovery from One Cell Module

In order to confirm the applicability of organic solvent
method to conventional PV modules, we prepared "one cell"
module (125 x 125mm) samples simulating the superstrate
structure. The one cell module has a sandwich structure of
glass / EVA / PV cell / EVA / aluminum foil. Here,
polycrystalline silicon cell (100 x 100mm) was used as PV
cell. After cross-linking treatment at 155 °C for 15 minutes,
these samples were put into trichloroethylene liquid, left at
room temperature for several days. In this case, the PV cell
cracked by the swelling of EVA.

To suppress swelling of EVA, mechanical pressure was
applied as shown in Fig. 1 and in Photo 1. To study the
effects of suppressing pressure and temperature, the
experiments were made under 3 different conditions; the
results are shown in Table 3. In the case of one presser
glass at 80 °C, after immersing the module in
trichloroethylene for 7 - 10 days, we successfully recovered
PV cell without any damage.

Additionally, we also tested o-dichlorobenzene as the
solvent at 120 °C with a supersonic treatment. The silicon

cell was also successfully recovered from one cell module

without any damage.

5. CONCLUSION

We successfully recovered the silicon cell without any
damage from "one cell” module. The mechanical pressure is
important for suppressing the EVA swelling when
trichloroethylene is used as the solvent.
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Table 2 Effects of various organic solvents

Conditions before cross- after cross-
linking linking ke
Solvents oom | goog | O™ | gooc
temp. temp.

lacquer thinner n DS n SW boilling
acetone n DS n n boilling
toluene SwW DS SW |. SW
petroleum benzine n DS n SW boilling
ethanol n DS n n
isopropanol n DS n n
methyl ethyl ketone n DS n SwW
methyl isobutyl keton n DS n SW
tetrahydrofuran SwW DS SW SW boilling
ethylene glycol n n — —
trichlorocthylenc sw | ps | sw [(sp)
glycerine n n = =

DS; aissolvcd, SP: separated, SW:swelled, n:no change, —: no test

i‘m PV-cell

back side material

Fig. 1 Structure of 1-cell module

Photo 1 Mechanical pressure by biding clips

Table 3 Effects of mechanical pressure & heat

Condition results - final cell conditions
room temp., glass x 1 cracked (3-7days)
80°C, glass % 1 recovered without break * (7-10days)
80°C, glass %2 cracked (3-7days)

962

*: large amount of EVA fractions floated on the surface of solvent
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ABSTRACT

NEDO and PVTEC with 10 companies are conducting
development of new stage of building-Integrated
photovoltaic modules with housing-roof and office-building
materials as part of the New Sunshine Project funded by the
Agency of Industrial Science and Technology, the Ministry
of International Trade and Industry.

In this paper, we introduce the outline of the project, and
" show the summary of their latest progress.

1. Introduction

As part of the New Sunshine Project sponsored by the
Agency of Industrial Science and Technology, the Ministry
of International Trade and Industry, NEDO and PVTEC has
so far conducted R&D on the “Building -Integrated
Modules” where photovoltaic(PV) cells are incorporated
into roofing materials and office-building materials to
reduce the cost of photovoltaic power generation systems,
particularly, further cut materials and installation costs. We
started 1997, jointly with 5 groups of 10 companies, a 4-
years R&D project for building -integrated new-stage PV
modules having new functional and design characteristics.

2.Research Organization
Figure 1 shows the diagram of the research organization.
The results of development in this paper were achieved by
about more than 70 researchers who belong to these
companies who are parts of PVTEC.

3.R&D contents

The R&D is under way on two types of 5 systems for
housing roofs and office-building walls. Each system is
summarized as follows:

3.1 Housing roof-integrated PV module
Table 1 shows the targets of these R & D.

Table 1 R&D Targets for Housing roof-integrated PV

module
(1)Roof array efficiency 8.5% of higher
| (2)Incremental system cost 170yen/W or less

Based on PV module annual production of 100 MW and
building-integrated PV module annual production of 10 MW

(1)Highly refractory slab modules

(SANYO Electric Co., Ltd.)

Development of low-cost highly refractory/durable
modules suitable for the installation onto private housing
and other roofs. Additional efforts include excellent
workability and high-voltage output as well as improved
space utilization for installation.

Development of New Modules Integrated with Construction Materials

1. Housing roof-integrated PV modules

(1) Highly refractory slab module
Sanyo Electric Co., Ltd.
(2) Highly durable roof module

Matsushita Battery Industrial Co., Ltd.

L1 2. Office and other building-integrated PV module

(1) PV modules with Improved Integration Structure
Daido Hoxan Inc.
Kajima Corporation
Showa Shell Sekiyu K.K.

(2) High-strength light-weight large-area module

YKK Corporation
YKXK Architectural Products Inc.
Sharp Corporation
(3) Flexible thin membrane PV module for covering
curved surfaces
Fuji Electric Corporate Research

and Development, Ltd.

Kajima Corporation

Figure 1. Research and Development Framework
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(2)Highly durable roof module (Matsushita Battery
Industrial, National House Industrial)

Development of PV modules perfectly incorporated into
roofing materials for better workability and lower costs as
well as to improve the durability of member materials.
CdS/CdTe cells are used.

3.2 Office and other building-integrated PV module
Table2 shows the targets of these R&D,

Table 2. R&D Targets for Office and other building-
integrated PV module

(1)Cost 50,000yen/m2or less

160yen/W

(2)Incremental system cost

Based on PV module annual production of 100 MW, &
building-integrated PV one annual production of 10 MW

(3) PV modules with Improved Integration Structure
(Daido Hokusan, Kajima Corporation, Showa Shell
Sekiyu K.K.)

Development of building materials-integrated modules
based on an improved integration structure in which PV
cells are mounted between a glass and fagade elements,
aiming at the integration of PV modules into various kinds
of building materials, with good design and high
productivity.

(4) High-strength light-weight large-area module
(YKK, YKKAP, Sharp corporation)

Development of PV modules available for diversified
applications as PV-incorporated building materials, using
aluminum honeycomb panels/aluminum panels as substrates
to reduce the weight and increase the strength of large-area
modules.

(5) Flexible thin membrane PV modules for covering
curved surfaces (Fuji Electric’s General Research
Institute, Kajima Corporation)

Development of  building-integrated flexible PV modules
with high weatherability, excellent durability and high
strength.  Applicable to large-scale membrane structure.

4. Latest progress
(1) Highly refractory slab modules

The bending angle of the steel sheet is reduced to avoid
damage to the insulating coating, and an externally applied
silicone seal is used.
The reliability of these two types is compared and the results
are shown in Figure 2 and Table 3.

Int'l PVSEC-11

(2)Highly durable roof modules

A durable roof module structure is investigated and a
prototype of the large roof panel has developed. After
several dropping tests considering crane suspension, the
system's practical feasibility is confirmed.

Metal roofing material Surface
(painted steel sheet) terminal box
E/.Acrylic

¥ : (1]
Butyl SPECE

(in one type only) High—voltage a-Si
photovoltaic cells

Silicon
¢

Fig.2 Cross-section of Ring-sealed Module

Table3 Results of Reliability Test (Insulation, with Vs) *

Seal structure Reliability Test Items
Ex/Internal) Moisture Temp. | Temp./ | Salt
cycle | Humidi | water
ty cycle | spray
Silicone/Acrylic OK up to [OK OK OK
! 110M Q)
Silicone/Butyl/A IOK up to |OK OK 0K
crylic 500M Q

* No drop in electrical output from any sample
** Conforms to JIS C 8917

(3) PV modules with Improved Integration Structure
Basic structures, including filling resin type, hollow
structure type and laminate type, are examined. Prototypes
of flameless modules using fluorine resin and large-scale
laminate structure PV modules of approximately 4m? are
manufactured.

(4) High-strength light-weight large-area modules

The structure and manufacturing process of a-Si PV ce]]
are optimized, and a prototype module using large-area
(about 1.9m x 2.7m) aluminum honeycomb panels as base
plate is fabricated.

The module is designed, in consideration of aesthetic
appeals, strength, durability, ease of installation and
maintenance, inner wiring connection and assembly, A
simulation analysis is made to test module strength,

(5) Flexible thin membrane PV modules for covering
curved surfaces

The indoor light environment is using illumination-
distribution simulation program considering an indirect light.
Details are described in a separate paper.
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ABSTRACT

We examined and evaluated the output characteristics and the
output lowering factors of modules installed under various conditions
(module directions and tilt angles) based on the data collected at the
multi-position test facility, which was produced and installed in order
to conduct evaluation using design parameters (correction coefficient.)
This report introduces example data and the results of our evaluation.

1. Introduction

In general, Japanese residential photovoltaic (PV) systems are
equipped on the tilt roof, but it is necessary for PV amays to utilize
sevenal tilted roofs because a roof area is rather small with different
directions. Although it is important to establish a performance
estimation technology on composition of each array output power,
while such a technology has not been established. yet. It is our aim to
establish a simulation technology acquiring composition performance
of multi-plane arrays based on the existing technologies that simulate
solar irradiation and output power of each individual array. In order to
accumulate the basic data needed to develop the simulation
technologies, a multi-position test facility was produced at JQA Solar
Techno-Center (Hamamatsu City, Shizuoka; at latitude 3445 degrees,
longitude 1374 degrees), where mono-crystal solar cell modules
and pyranometers were installed in three tilted angles and six
directions, 13 pattems in total. Then, the measurement of solar
irradiance, the module temperature, and IV characteristics values was
started.

This report shows the evaluation results of modules” output

 power and performance ratio, based on the data (daily-report level)

acquired at modules of 13 different installation patterns on sunny
days.

2. Multi-position Test Facility
(a) The basic specification of multi-position test facilities
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Figure 1 shows a photograph of the outside view of the multi-
position test facility. The most frequently employed solar cell
modules (single crystal modules ) in residential PV systems were
selected to be used at the facility and installed in six . different
directions (east, southeast, south, southwest, west, and north) with
three tilt angles of 0, 30, and 90 degrees. The angles of the -
modules are adjustable at a 10-degree interval between O and 60
degrees.

Fig.1: View of test fécility of various tilt anges and directions

(b) Data measurement

In order to measure the -V characteristics values of 13
modules as simultaneously as possible, the scanning time of each
module was limited to 1 — 2 seconds. At the same time, the solar
imadiance and module temperatures were measured with the
pyranometers  { manufactured by EKO Instruments Trading
Co.,1td.MS-401 : ISO 9060 First class) with thermocouple(CC-Cu.)
The -V characteristics values include the open circuit voltage, the
short circuit cument, and the maximum power") of each module
measured with an I-V curve tracer. It is also possible to measure the
I-V characteristics values of randomly selected modules that are
connected in series (maximum 6 modules.)

3. Examples of Collected Data and the Evaluation
(a) An example of the daily trend of irradiance
Figure 2 shows irradiance trend acquired at the test facilities  (solar

elevation of south top43.1°  (date of 17-Feb-1998))

Int’l PVSEC-11
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Fig. 2: liradiance trend (17/ 2/ 1998)

(b) Module output power

Figure 3 shows the module output power of each module on
six sunny days, with the least solar radiation fluctuation, that is, Sep. 8,
Oct. 25, Nov. 14, Dec. 24 in 1998 and Jan 20, and Feb. 6 in 1999. The
nominal output of the modules installed at the facility is 12 W, The
module output power divided by nominal output equals to the module
operating hours under the module standard test condition ( irradiance
1 kW/m?, the module temperature 25 ° | air mass 1.5.) The figure
indicates that the module at a 30-degree angle facing south generates
the higher power regardless of the seasonal difference. It also shows
that the module installed at a 90-degree angle facing north generates
the least power and that the output of the module at a 30-degree angle
facing north largely varies by the season. The output power in
December, due to its the low solar altitude, was only about a quarter of
that in September. It can be said that the module output power varies
depending on the seasons, directions, and tilt angles.
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Fig. 3: The module output power with various directions and tilt angles

(c) Module performance ratio K,

In order to understand the operation conditions of the system,
one of the performance indexes, that is, array performance ratio, was
applied to the results of module operation and the module
performance ratio was defined with the following equation. The
module performance ratio K, equals to the module yield (=E,/P,) ,
of the output converted into the standard test condition divided by
reference yield (=H,/ Gg)

K,=(E./ P ~ H,G)
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Notes) E,  : Module output power
H, : solarimradiation
P,s @ module output at the standard test condition
G; : Imadiance at thestandardtest condition (I kW/m?)

Figure 4 shows the module performance ratio of modules
with various seasons, installed directions, and tilt angles on sunny
days, with the least solar radiation fluctuation (Sept.8, Oct.25, Dec.24
in 1998, Jan20, Feb.6 in 1999, 6 days in total) The Figure
indicates that the module performance ratio, except for that of the
one installed at a 30-degree angle facing north, is the largest in
February. One of the reasons for this is due to the efficiency loss by
the temperature increase and is the smallest in February and the largest
in September. The module performance ratio except for that at a 30-
degree angle facing north fluctuates in the lower range than other days.
Other possible factors that lower the module performance ratio are
solar incident angle, spectrum, and the dirt on the surface of the
modules. The main factor that lowered the coefficient of modules at -
a 30-degree angle facing north in December *98 is considered to be
the effects of reflection due to small solar incident angles. It is
clearly seen in the Figure that solar elevation is higher in September
than in February, the output power loss due to smaller the solar
incident angles , and the array performance ratio at a 30-degree angle
facing north is higher than any other month.
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Fig. 4: Module performance ratio under various directions and tilt angles

4. Summary

In this report, an evaluation and study was conducted on
typical data based on the daily-reports acquired at the multi-position
test facility on sunny days. 'We will continue to obtain the data in
long terms (based on monthly- and annual-reports) from now on in
order to conduct an evaluation in terms of energy. In order to
develop a multi-plane array composition simulation technology
(serial-paralle] connection array -V curve composition method), it is
necessary to consider the existence of bypass diode and the unbalance
of electrical characteristics among modules and to cross-check the
measurement data and simulation results.

S REFERENCES
[1]7IS C 8914-1989 Measuring Method of Output Power for
Crystalline Solar Cell Modules
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Abstruct

The 100 kW photo-voltaic and 345 kW battery
hybrid system introduced in 1998 at Shonan Institute of
Technology as a emergency power source unit having a
novel peak cut operation mode to reduce the peak electric
power consumption in summer season have been
investigated. The days over 1300 kW of power
consumption in the Institute appeared around the middle of
July. The peak power consumption in the day at summer
season appeared around 2 o’clock, which deviates from the
peak time of photo-voltaic power generation, however
power consumption peak was effectively decreased by
using this hybrid system. Effective peak cut of 7% power
consumption was confirmed.

1. Introduction

Shonan-Institute of Technology has decided to built
their new production unite according to their
environmental friendly rules and for contribution for local
peoples when disaster happens. This system was
completed in 1998 as the first and the biggest utility
connected photo-voltaic and battery hybrid system in
Japan. Furthermore, this system is equipped with the peak
reduction mode to cut the peak energy consumption in
summer season. This paper provides the first operation
and analytical results of this. system.

2. System Cenfiguration

The system consists of 100 kW PV array, two 50
kW bidirectional inverter units, 345 kWh lead battery and
it’s control units. The photos of PV array and inside of the
outdoor cubicle are shown in Fig.l and 2, respectively.
Usually, this system works as a normal utility connected
100 kW PV system to assist the energy demand in the
Institute. The 100 kW PV array was mounted on the roof
of the building whose structure was reinforced against
carthquake. To reduce the peak electricity in summer
season, this system provides total 100 kW of electricity
from the PV and the battery to the load. This means that

971

this peak cut operation contributes to press down the
contract cost to the electric power company as well as
contribute to the reduction of the demand of electric powe
in summer season. If the demand company, who generally
monitors the power consumption in the Institute, forecasts
the power consumption will over the threshold value, they
transmit the peak cut operation command to the control
unit of PV system in the institute using telecommunication
line. In addition, the institute works as a refugee for local
peoples when disaster happens. In such a case, electric
power will be provided from the combination of batteries
and PV array working as an emergency power generator to
the gymnasium when electricity supply from the utility is
interrupted. The battery can supply an electric power of
about 30kW, 10 hours.

3. Operating Results

Figure 3 shows the peak power consumption of the
Institute in the year. The peak power consumption mainly
depends on the events in the institute and temperature.
After the rainy season, July and August are the hotte:
period in the year. The increase of electricity consumption
by air-conditioner mainly leads the maximum peak in the
year. Thanks to the summer vacation, the number of the
days whose electric power consumption over 1300 kW
was limited below 10 days in the year. However the
contract deposit with the electric power company is fixed
by the highest peak power consumption value in the year.
If these peak power consumption decreased, the contract
cost can be pressed down.

Figure 4 shows the battery current, inverter output,
photo-voltaic output on the peak cut operation. The
threshold power of peak cut operation was 1300 kW. The
inverter output indicates 100 kW when the power
consumption over the 1300 kW. This means that total
electricity of 100 kW was provided from the combination
of battery and PV. After the discharge for peak-cut
operation, the battery was normality charged from the
utility. Figure 5 shows the result of peak cut operation
against the power consumption. The peak power

Int'1PVSEC-11



consumption in summer season appeared around 2 o’clock,
which deviates from the peak time of photo-voltaic power
generation whose peak appears at 12 o’clock. However,
power consumption peak was effectively decreased by
using PV and large capacity battery hybrid system.
Effective peak cut of 7% electric power consumption was
confirmed.

4. Conclusions

Peak power reduction effect with 100 kW photo-
voltaic and 345 kW battery hybrid system introduced in
Shonan Institute of Technology has been investigated, The
number of the day over 1300 kW of power consumption in
the Institute was less than 10 in the year. Hence, the battery
can be used for years for peak cut operation without
degrades its lifetime. The peak electric power consumption
was effectively reduced using PV and large capacity battery

hybrid system.

-
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Fig.1 100 kW PV array on the top of the building

Fig.2 Inverter and battery units in the outdoor cubicle
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ABSTRACT

Two years simulation were done to estimate the
maximum possible power drop due to rapidly moving
clouds. The minimum power of the total PV output was
used as the index of the power drop. In moderate sunshine
conditions, the minimum power of assembled PV systems
was shown to increase significantly as the result of reduced
frequency and extent of power drops.

1. Introduction

Introduction of a large number of PV systems may cause
reduced stability in a utility’s power grid because of the
unpredictable and sudden drops in the output power of PV
systems(1]. In the previous study[2], the authors have revealed
the differences in characteristics between the one-site and the
areally-averaged irradiance. It was found that the most important
factor affecting the fluctuation phenomena was the relationship
between the “correlation distance” of irradiance and the average
“geographical distance” of each PV system. When the
correlation distance is much shorter than the average
geographical distance, the standard deviation of variation in
areal irradiance has the minimum value, as is statistically
expected for stochastically independent populations. Since the
correlation distance of irradiance tends to be short when
significant changes occur, a marked increase in stability is
observed in the power from the distributed PV systems
throughout a year. 3

2. Measurements

In this study, irradiance data measured with one minute
interval by nine synchronized pyranometer terminals for two
years (from 1 Oct. 1995 to 30 Sep. 1997) are used. These terminals
have been installed on a grid covering an area of approximately
4 x 4 km’ at the center of Tsukuba city[2]. Fig. 1 shows a typical
example of intermittent irradiance observed by the terminals.
Sudden drops and steep spikes of irradiance are indicated.
Fig.1 also shows “smoothing effect”, that is, the fluctuation of
the averaged irradiance over nine sites is much smoother than
the fluctuation of one-site irradiance.

The smoothing effect is confirmed from a different point
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Fig. 1: Example of intermittent irradiance caused by passing
clouds

of view. Fig. 2 presents duration curves of a statistical value
and two extreme values, such as hourly average of one-site
irradiance, hourly minimum of one-site irradiance and hourly
minimum of irradiance averaged over nin sites. Each value is
extracted from irradiance data observed between the time 12:00
and 12:59 each day, and is converted into normalized irradiance
value, namely, “clearness index”, which is defined as the ratio
of the global irradiance to the horizontal extraterrestrial
irradiance.

The hourly minimum value symply represents the minimurm
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Fig.2: Duration curves and frequency distribution of hourly
average of one-site irradiance, hourly minimum of one-
site irradiance and hourly minimum of irradiance averaged
over nine sites at 12 p.m.
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of sixty data measured with one minute interval, Since the
instability is exaggerated, it may not be an appropriate indicator
in the performance analysis of PV systems. As shown in Fig.2,
irradiance drops and leaps very often at least once during an
hour, while the combined irradiance has much less chances of
steep drops.

3. Simulation Description
Converting global irradiance into in-plane irradiance

Since the data obtained with our nine synchronized
pyranometers are global irradiance, it is necessary to convert
them into total irradiance in order to estimate power from tilted
PV arrays. Global irradiance data are first separated into direct
beam irradiance and diffuse irradiance. The ratio of diffuse
irradiance to global irradiance is estimated by Erbs’ equations[3].
Perez’s diffuse irradiance model[4] is used to estimate diffuse
irradiance on a certain tilted surface accurately, Constant ground
albedo of 20% is used for estimating reflection irradiance.

Calculating the correlation distance of irradiance

The correlation distance Lc is calculated by applying the
data sets of correlation between irradiance measured with two
pyranometers to the equation as follows;

1o -21) 0
where,
r : Correlation coefficient of total irradiance between i th
' and j th pyranometer terminal
d :Distance between i th and j th pyranometer terminal
L ! Correlation distance
The correlation distance of irradiance depends on the weather
condition, as is easily expected.

Estimating the minimum power of combined PV systems

The hourly minimum power of combined photovoltaic
systems is estimated for every hours in two years using a
hypothetical equation as follows;

Pui = Prig = 2x 05 (ifop <0 then Py, =0)  (2)

The hourly average power of nine-sites combined is assigned

to ; i was estimated by the
PAV‘: Standard deviation P y
following equation;

2

-

SLL TR R
°r Jn\/ n g PR y (3)

where, n: number of PV systems, o p, - Standard deviation

of power of individual PV system, r(P, P): correlation
coefficient between two PV systems, P and P. By
i j
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substituting equation (1) into equation (3), op IS expressed
as a function of number of systems, correlation distance
and mutual distance among systems.

4. Results and Conclusion

Two years simulation mentioned above is done to
estimate the possible power drop due to rapidly moving
clouds. Figure 3 shows one of the results of the sim ulation.
One thousands PV systems with 3 kW output each (total
3MW) are assumed to be installed in a circle area whose
radius is 3 kilometers. Each PV array inclined 35 degrees
and faces to the south, and the performance ratio of the
system is assumed to be 0.75. The location of each PV

from 1 Oct. 1995 to 30 Sep. 1997

SR 2 |, T Fatai | Lot F
Areal System (estimated for 12h)
— — Individua System (measured in 12h) ]
E 2 Areal System (estimated for 14h)
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Fig. 3: Duration Curves of hourly minimum of individual PV
system (measured) and of 1000 combined PV systems
(estimated) at 12 p.m. and 14 p.m.

systems is selected randomely under a certain geographic
restriction.

In moderate sunshine conditions, the minimum power
of distributed PV systems is shown to increase significantly
as the result of reduced frequency and extent of power
drops. It is found that the expansion of the number of PV
systems connected to the utility’s grid does not reduce the
stability of the network but enlargement of reliable power
capacities.
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ABSTRACT

In this paper, the authors presented a new type inverter
which has advantage to miniaturize in the future. One
inductance is used in the new inverter that basically works
as DC-DC converter to match the voltage between PV
module and the grid. Therefore the circuitry is simple and
the manufacturing cost reduction can be expected in
comparison with conventional module integrated converter
with high frequency transformer. Measurement results show
that wide voltage matching ability (the input voltage range
more than 25V) can be realized in the inverter operation and
obtained efficiencies can be acceptable over the wide power
range. From these points, the new inverter is applicable for
AC module use.

1. Introduction

PV systems composed of AC modules have a lot of
advantages compared with traditional central inverter and
have become popular. However, these systems require a
large number of module integrated inverter (MIC) to attain
these scales. Furthermore, MIC should satisfy low
manufacturing cost, compactness and high performance and
reliability. Because these small inverters are located at
limited places, such as the back surface of PV modules. For
MICs, there are several voltage matching methods which
were suggested [1]. Commonly, a transformer is used for
matching voltage between PV module output and the grid.
The miniaturization of conventional MICs is realized by
making use of high frequency conversion circuit for
reducing transformer size. But this concept makes the main
circuit of the inverter complicated.

To avoid this problem, the authors proposed a module
integrated boosting converter (MIBC) which is designed
with the concept of back boost DC-DC converter [2]. In this
paper, the basic performances of the transformerless inverter
which has been improved the main circuit are estimated.

2. Description of the improved power section

To match the voltage without the transformer, the new
inverter works as the back boost DC-DC converter which is
generally used for switching regulator that can output the
opposite pole voltage from the input power source.

Fig. 1 shows the power section and the switching
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Principle of the MIBC and switching waveforms

Fig. 1

waveforms for all switch elements in MICB.

The inverter capacity was designed as 50W and
MOSFETs were used for the switch elements. The switch A,
D, F and B, C, E are alternately switched at 50Hz. When A,
B is on respectively these switches are modulated by Pulse
Width Modulation (PWM) which controls output voltage
waveform. High frequency range between 50kHz and
100kHz can be adapted to PWM. The positive half-wave of
the output sinusoidal wave is generated when switch B is
driven by PWM and C, E are on.

The relations between the input voltage V,, and the
output voltage F,,, can be described equ. (1) using the
period of switch on (T,,) and of{(T,;). Because MIBC
employs the boost characteristic of back boost DC-DC
converter.

Ton
Tor

Va;n‘ =

X V;n (1)

This equation means that wide voltage matching ability
can be realized by adjusting duty cycle of the main switch.
The greatest characteristic of MIBC is that it has only one
stage to convert from DC voltage that PV module outputs to
nominal AC voltage. The conventional MICs have two
stages to generate AC power.
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3. Control topology

Currently, the developed inverter operates in stand-
alone mode. However, it is necessary to change the
controller which can manage the current control type when
the proposed inverter applies to AC module. The control
circuit diagram is shown in Fig. 2

T R T

L SOHzZ Iac

Fig. 2 Control circuit diagram

The relation between duty ratio and output voltage
marks the non-linearly in order to follow equation (1). To
manage this relation, it is necessary to include a non-liner
amplifier in the control circuit.

4. Measurement results

As the mentioned above, the developed inverter which
can operate in stand-alone was breadboard and some basic
characteristics are measured.
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Fig. 3 Power conversion efficiency

It was confirmed that the boosting ratio has reached
about six times even in the inverter operation. Using this
result, the power conversion efficiencies were measured at
the input voltage 25V, 35V, 45V respectively (Fig. 5). These
efficiencies include losses caused by output filter.

The observed shape shows that at the input voltage of
more than 35V, an efficiency of over 80% seems feasible
over the whole power range. A maximum efficiency of 86%
is measured at 0.6 rated capacity.

Fig. 4 gives the output waveforms (voltage, current) of
the load. The oscillograms show that output waveforms are
scarcely distorted. Fig. 5 gives harmonic contents of output
voltage during stand-alone operation at the input voltage
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(at output power about 30Wconstant)

25V, 35V, 45V respectively.

This result shows that Total Harmonic Distortion
(THD) is less than 4% at all input voltages and each
harmonic is also less than 2.2%.

5. Conclusion

The authors presented a new concept of a
transformerless inverter which has potentials to overcome
disadvantages of the conventional small inverters.

From the stand-alone experiments, the performances of
the transformer less inverter are not inferior to the traditional
MIC. The same performance is expected to operate the
current control type. Therefore, the proposed concept is
available for AC module.
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ABSTRACT

The authors have made sure that adequacies of the
evaluation of PV systems, with the developed sophisticated
verification (SV) method by them, where performance ratio,
power conditioner efficiency, temperature factor, shading
factor, load matching factor and other array parameter.
However, originally proposed method accepts PV
installations facing the south only. To improve the accuracy
of evaluation, the SV method has been modified, taking
account of arbitrary orientation and inclination in this paper.
Therefore, it is being intelligible shading effect of each hour.
The evaluation of PV systems has been precisely with the
result that. The mean shading losses in FY1997 in Japanese
104 systems were estimated 4.7 %. A maximum value of
shading losses reached 13.1 %.

1. Introduction

The evaluation of actual operational PV systems seems
to be very important in order to attain the diffusion of more
reliable the various PV technologies for the future; a design
and a location of PV systems, operational character, and so
on. In Japanese Field Test (FT) Project, 180 of PV systems
have provided basic monitoring data at the end of FY1998.
The items of the data were carefully selected enough to
evaluate PV system’s performance. They are as follows;
horizontal global irradiance, in-plane global irradiance,
ambient temperature, array output and PV system output etc..
Although in-plane irradiance data are essential to estimate
the total input of energy into PV arrays, some of the PV
systems have not monitored neither in-plane irradiance nor
PV cell temperature because of insufficient funds to instalk
extra instruments in addition to a pyranometer for horizontal
global irradiance measurement. The authors have improved
the irradiance estimation for SV method, therefore the
shading effect was became precisely.

2. [Irradiance estimation and evaluation of shading
factor for SV method
SV method

The SV (sophisticated verification) method developed
by the authors """, The actual operational PV systems data

251

are divided into the loss factors by SV method; performance
ratio K, power conditioner efficiency K, temperature factor
Kpr, shading factor K5, load matching factor K,,, and other
array parameter K.

'as

Almost PV systems were recorded in-plane global
irradiance, but few systems were recorded only horizontal
global irradiance. As for the data on horizontal global
irradiance, the estimation of in-plane global irradiance
corresponding to the inclination and the azimuth of that
system becomes necessary. This problem was solved by
advanced SV method. Relations between a certain
maximum in-plane global irradiance in one month and time
are shown in Fig.1. The shading effect can be recognized
from 15:00 to 18:00 as shown in the graph. The envelope
curve of the hourly biggest global irradiance was quoted as
clear-day pattern, and standard array output E,, was
calculated by clear-day pattern. The diffusion irradiance can
be recognized from 6:00 to 9:00 as shown in the graph.

July, 1997

#A9, Kotohira water treatment plant (Kotohira T., Kagawa Pref.)
North Latitude [deg.}: 34

East Longitude [deg.] : 133

Inclination [deg.] : 25

Azimuth [deg.] : 30 (South:0, Positive value is taken in the one for the west)

=
(-]
F T ¥ T

—Envelope curve as clear-day pattern

Irradiance [kWhm -z]

® Maximum irradiance in each hour
1 1 1 1 1 | ', 1 1 1

6 7 8 9 10 11 12 13 14 15 16 17 18 19
Time [Hour]

Fig.1 Maximum in-plane global irradiance - Time
Evaluation of shading factor
The shading effect is calculated by comparison of

aforementioned standard array output £,, and actual
measured array output. The shading factor K, detected in
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an actual measured array output maximum values £,, for
hourly period. If a diffused component of clear-day
irradiance is assumed 20 %, the shading factor can be
calculated by “Ky¢ =(E,, -0.2 E,,) / 0.8E,,”. When it is no
shading (only diffusion irradiance), the shading factor is 1.
The hourly shading factor by Kotohira Water Treatment
Plant is shown in Fig.2 (June 30, 1997). Although shading
factor was 1 from 6:00 to 11:00, it fitted as time of Fig.1.
Efficacy of shading factor in various inclinations and
azimuths of each PV system is recognized by Fig.1-2.

June, 30, 1997

#A9, Kotohira water treatment plant (Kotohira T., Kagawa Pref.)
North Latitude [deg.]: 34

East Longitude [deg.] : 133

Inclination [deg.] : 25

Azimuth [deg.] : 30 (South:0, Positive value is taken in the one for the west.)

Z 1 4
=
M 09 ______-_““_-_“__.__-“?_;-:/\“:\_- e
0.8 —- < ~
'™ I
o 0.7 = ~C
T 0.6 |[— - —=
S 05— —-
eh 0.4 |—
;E 0.3
% 02 —
= 0.1
v, ! e ety ] 1 |y ] !
6° T AR U9E TO LT 120 13 1415 16y 17 18
Time [hour]
Fig.2 Shading factor K, - Time
3. Evaluation result of 104 PV systems in Japan

Shading Losses for 104 PV systems

Figure.3 shows the histogram of shading losses 4,5 on
PV system in FY1997. The average of shading losses in 104
PV systems was 4.7 % in FY1997. For your Information, the
average of A,; was 4.2 % in FY1996 (71 systems). 19
systems were indicated the shading losses of 6 to 10 % and
5 systems of 10 to 14 % in the Fig.3. Most value of A, was
less than 6 %. A maximum value of shading losses was
estimated 13.1 %. The shading losses 4, was calculated by
“Ays [0] = (1- Kyg) x 1007,

35

Oy Average : 4.7 [%ly]
» 25 f—
&
4
2 20—
7]
CRERE
o
Z 10|

0 2 4 6 8 10 7127 14 16 18 20

Shading (4,5) [%/y]
Fig.3 Histogram of shading losses in Japan (FY1997)

v _ vV
Overall results for SV method include aforementioned

shading losses. This result was shown in Fig.4. The average
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of system performance ratio K was 71.5 % in FY1997 (104
systems). For your Information, the average of inverter
losses A was 6.8 %, the average of load mismatch A,,, was
4.7 %, the average of efficiency decrease by temperature
was Ayr 2.0 % and the average of other losses A5, was
10.2 %. Although 4,, includes soiling on module surface,
incident-angle-dependent reflection losses and array circuit
unbalances losses, incident-angle-dependent losses are a
major parameter in A,

O3 Inverter Losses (A.) 6.8[%]
B Load Mismatch (A;,,) 4.7[%]
O Eff. Decrease by Temperature (A1) 2.0[%])
B Other Losses (Ape) 10.3[%]
B Shadowing (M) 4.7[%
W@ _Performance Ratio (K) 71.5[%

Fig.4  Overall results for 104 PV systems of the Japanese
Field Test (FT) Project in FY1997

4. Conclusion

The authors developed the SV (Sophisticated
Verification) method and evaluated actual operating PV
systems data in the FT Project by SV method. In this study,
the algorithm of estimating the shading loss was improved
and certified. It was used the time series analysis. The
method of aforementioned evaluation will be important
about a design and a location of PV systems. At present, we
have evaluated PV system data in FY1998 (154 systems).
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ABSTRACT

This paper describes the method for forecasting
. solar irradiance by using Geostationary Meteorological Sat-
ellites(GMS) images. As the first attempt the authors fore-
casted the cloud albedo for a basic study of irradiance esti-
mation by estimating driving drift vector of clouds using
GMS images. A new procedure was also proposed for re-
moving the effect of ground albedo, which disturbs cloud
movement analysis. This time, the cloud albedo was esti-
mated and verified. Root-mean-square error of estimates
was 7.04 for hourly, 13.32 for daily and 20.15 for monthly.

1. Introduction

The knowledge of the available solar irradiation
at the earth's surface is essential to many solar power sys-
tems in terms of their design, site selection, and performance
efficiency. However, the irradiation measurement networks
at ground level are not enough to get reliable information on
the solar energy distribution. On the other hands, the GMS
have provided the images of cloud fields over the whole

surface of the earth. The main cause of an irregular change -

in the irradiation at the ground level is effect of the clouds;
therefore, the methods for estimating the irradiation by using
the GMS images may be very useful.

2. Measurement

This time, the authors used GMS images, which
covered a region between 20° S and 70° N in latitude and
between 70° E and 160° E in longitude. The wavelength
that is the visible portion of the spectrum by GMS radiome-
ter hardly concerned absorption of the atmosphere. There-
fore only the reflection of irradiation from the object was
considered. The GMS images were affected by the relation-
ship of relative position between sun and object. The albedo
observed by the GMS images could be suitable for a statisti-
cal analysis using different images. Fig.l shows the four
spots from which data using this analysis were extracted.

3.Analysis
The albedo observed by the GMS images ware

constituted of the cloud and ground albedo on the assump-
tion that the simple atmosphere model composed by the clo-

305-8568, Japan

Fig.1 e exple of the GMS image used for the forecast

uds and ground[1]. The ground albedo was assumed as the
minimum value of albedo observed in a week. The samples
of ground albedo estimated are shown in Table.1. This al-

bedo was observed monthly images from January 1 to 31 in
1999.

Table.1 A classification of the ground albedo
Situation The albedo
Sea 12 ~ 18
Seaboard 19 ~ 24
Ground 25 ~ 30
Calculated cloud albedo

The cloud albedo was derived to subtract the
ground albedo from the observed albedo. However, the
cloud albedo was varied with the cloud transmittance by
thickness, altitude and ratio of cloud and so on. This time,
the value of threshold assumed was set at albedo 38, 40 and
42. The pixels on which the value of albedo was beyond the
threshold of ground were classified into ground region. The
cloud albedo is calculated at the simple liner model if cloud
albedo is less than it. The simple liner model is as follows:

Int'l PVSEC-11



T, < p,

)

ol B+ SR
T: — p; :

where Tc: threshold, Pyt ground albedo, , g observed

Pe= Py T, >p,

albedo, , : cloud albedo. This equatoin assumed that the
cloud transmittance changed linearly.

Three kinds of GMS images, observed images, an
image several hours ago and an image after several hours
from the observed images, were used for estimating the
clouds motion. The driving drift vector of clouds were rep-
resented to calculate a crosscorrelation between image sev-
eral hours ago and observed image.

Fig2

.

When the cloud albedo on the spot (x,y,) at an
image h,,(x,y) after several hours was forecasted, the driv-
ing drift vector of clouds must be calculated first. The spot
(xpy,) at the image h,,(x,y) several hours ago was equal in
the spot(Xpys) at an image h,, (x.y) after several hours. The
driving drift vector of clouds apply the reverse direction
from the spot (x,,y,) at the observed image and the spot
(x5, at the observed image was decided. Therefore the
cloud on it could be estimated to move the spot (x,,y,) at an
image h,,,(x,y) after several hours.

Y ]
: 4
: > (Y’ o)
RO AL | \._
\ (XesYo)
X XV
v hH-.(XJ) v h((x’Y)

Fig3 The methods for estimating the cloud albedo
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4.Results
Forecasting cloud albedo

The forecast of cloud albedo was used a monthly
images from January 1 to 31 in 1999, The four spots where
was forecasted were chosen arbitrarily and the cloud albedo
was forecasted by images from one hour later to three hours
later. The percentage of the cloud albedo that could be fore-
casted was estimated. Fig.3 shows the graph that was classi-
fy them according to size of images to caluculate the corre-
lation coefficients.

B one hour later
M two hours later
[ three hotus later

The forecasted probability [%]

Correlation size [pixel]

Fig.4 The percentage of the cloud albedo
that can be forecasted

The rms errors averaged at four spots, were 7.04 for hourly
estimates, 13.32 for daily estimates and 20.15 for monthly
estimates.

25

20
- o
~, A . -~
‘*.Y' . ~.
mo18 = o
g W gt a M m g ... =e— one hour later
o T e -w- two hours later
—4-  three hours later
5
o
1] 10 20 a0 40 50

Correlation size [pixel]

Fig.5 An example for monthly estimates

5.Conclusions

In this paper the method for forecasting clouds
drift vector is presented. As a result, new method is sug-
gested to extract only cloud albedo from the GMS images.
The forecasting method of the cloud albedo don't have any
influence on the correlation region at monthly estimates.
Hence, the authors will examine more simple models to
decide cloud albedo and evaluate the accuracy of forecasting
models.
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ABSTRACT

To develop a new formula for calculating irradiation onto an
arbitrary orientation-inclination plane, detailed examinations have been
made by using data obtained at every one minute interval with four types
of pyranometer, such as horizontal, diffuse, direct normal, and tilt global.
Instantaneous irradiance values sampled with 1 min. interval have been
verified by clearness index, which is a parameter independent from the
lapse of time. Scattered tendencies observed on direct and diffused com-
ponent ratios have been studied in detail by classifying data to different
classes of clearness indices. In our model, moving averages of time-series
irradiance data provide the information of weather condition in order to
select model parameters prepared for assumed three types of clouds
conditions. Only global irradiance data monitored at one minute intervals
are used for the input of the model. The result of this work demonstrates
ﬁmtma!gm‘i&massociﬁtedwi&mmnmdelcmwﬁrmﬁm in-plane
trradiation with a RMSE of about S0W/m’.

1. Introduction

For analyzing the performance of photovoltaic systems ac-
curately, it is essential to obtain the in-plane irradiation onto PV array.
However, some systems lack costly pyranometers enongh to monitor the
in-plane irradiation. For such systems, it is necessary to substitute conver-
sional imadiance data for actually measured data. By the appearance of
building integrated module(BIPV) recently, it is considered that these
necessity will increase. In order to estimate in-plane irradiation, it is ne-
cessary to separate global irradiation into two components, such as diffuse
irradiation and direct irradiation. After such separation process, in-plane
iradiation is calculated by composing them. Some models for estimating
the diffuse fraction of global imadiation using cleamness indices, which are
defined as the ratio of the global imadiation to horizontal extraterresirial
irradiation , have been already proposed by many authors and are often
used. However, almost such models naturally have widespread errors in
their estimation in medium irradiation conditions. Japan Weather Asso-
ciation (JWA) have improved their model by adding sunshine duration
time data into the model in order to enhance the accuracy of the estima-

905

tion in the medium irradiation conditions[1). In this study, the authors
propose a simplified model for estimating the diffuse fraction, which uses
time series of minutely global irradiation data instead of the sunshine
duration time data.

2. Pyranometers

One-minute sampled data have been obtained with the
measurement facilities installed on the top of a building at Koganei Cam-
pus. Four types of irradiance are obtained at every 1 minute intervals, i.e,,
horizontal global irradiance, horizontal diffuse irradiation, normal direct
irradiance, in-plane irradiation at an incline of 35 degrees.

08 LA
08
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05 """:" ot

04 |
03

0.2

Diffuse Component Ratio

0.1

0

0 01 02 03 04 05 06 07 08 09 1

Index
Fig.1 Relationship between diffused component ratio and clearness index
(January 1998)

Figure 1 illustrates a relationship between diffuse compo-
nent ratios and instantaneous clearness indices. In the study, instantaneous
time-series data were used. A general tendency of them is classified to 3

Clearness
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typical patterns, ie., clear day, partially cloudy day and entirely cloudy
day. By modeling suitable for each weather condition, the accuracy of an
estimation can be improved.

Moving Average

To obtain an information of weather condition, backward
moving average was introduced. This parameter is described for instanta-
neous clearness index Gi(s) as Equation (1). In this work, the evaluating

parameter, F, was defined as Equation (2).
A j e
G(s)y == G(s —1i) )
NS

When the sky is clear or cc)mpletely cloudy, the diffuse
component ratio can be estimated easily. As the fluctuation of the weather
condition becomes larger, the estimation becomes more difficult. As a

result of this investigation, a new estimation procedure was developed for
calculating diffuse irradiation directly.

Fluctuation

4. Application of a new estimation model

Using the new model, an estimation for separating global ir-
radiation to diffuse and direct irradiation was performed. To show the
evaluation of this model, the root mean square emror(RMSE) and mean
bias error(MBE) were calculated. These are shown in Table 1.

Table.] Evaluation of the estimation model for separating global irradia-
tion (January 1998)

One-minute value Hourly mean value
RMSE MBE RMSE MBE
[Win'] [Wn’] [(Win’] [Win')
Difuse e _
iradliation 33.16 0.08 21.60 0.08
Direct
A, 9336 33.16 63.14 2632

5. Evaluation for the model for composing in-plane irradiation

Using diffuse and direct irradiation value estimated by the
new model, in-plane irradiation value was estimated. To perform this,
Isotropic model, Hay model, and Perez model were examined. The result
is shown in Table 2. In this study, the result associated with Perez model
showed the highest accuracy of estimation. The values of RMSE and
MBE associated with Isotropic model result in greater relative to associat-
ed with the others.

Table2 Evaluation of the estimation model for in-plane irradiation
(January 1998)

One-minute value Hourly mean value

l RMSE MBE RMSE MBE

No W v " Wil | (Wi | (Wl | W

Moving Isotropic 23842 164.68 228.02 16347

R Kooty - i of Hay 66.73 5442 63.02 5442

Less than 0.4 global Perez 4550 2530 3771 2530

irradiation
value 6. Conclusions

- ¢ No W agree with In this work, a new estimation model for in-plane irradiation
using only instantaneous global horizontal solar irradiation was proposed.
Sky condition Sky condition Diffuse The weather information can be observed from the transition of time-
Comgletelg Clear irradiation series data. The accuracy of estimation could be improved. In addition,
Cloud! et value y the climate information is included in this model so that the accuracy of

Fig2  Flow Chart of model for estimating diffuse irradiation

When clouds move across the sum, a dynamic change hap-
pens in irradiance. In addition, global irradiation value is the same as
diffuse iradiation value when the sun is covered with clouds completely,
On the other side, when the sun appears sometimes through scattered
clouds, diffuse irradiation value can be considered to change slowly
compared with direct component. Thus, while global irradiation fluctu-
ates dynamically, the diffuse irradiation value can be identified with the
minimumvahieofglobalimdiaﬁon.Basedmt}ﬁsidea,ancwesﬁnmﬁng
model was developed. The flow chart presenting this algorithm is shown
in the Figure 2.

Int'l PVSEC-11

estimation is expected to be improved when one-minute data is inte-
grated.

In case of making a observation network, the result of this
work can provide a guide that one-minute global horizontal irradiation
value should be measured, at least as row data.

This work has been supported through the contract reseach
of PVTEC/NEDO by the New Sunshine Program.
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ABSTRACT

The paper describes PV applications in urban area as a
mass. When a large amount of PV system will be introduced
in the area, PV electricity will become very significant and
overall optimization may be required for the total area In
terms of PV system configuration as a group as well as
regional electricity supply network. Supposing these
scenario options, recent trends are reviewed as to residential
zone, business area and Industrial application. Technical
problems are also summarized for BIPV and electrical
engineering.

1. Introduction

PV systems have a lot of advantages such as:

- simplicity as direct energy conversion devices,

- easy installation and large possibilities by roof-top or
wall-on applications on account of light weight
semiconductor products,

- relatively large availability of establishing region’s
own energy network by composing of dispersed
energy Ssystems in conjunction with power
electronics.

According to these advantages there have been a
number of PV systems introduced even to urban areas,
which are well-equipped by conventional power systems. Of
course, other large possibilities are expected as SHS in
developing regions of the world. The former topics became
the main theme nowadays in a number of industrialized
countries.

At the early stages of PV system R&D, individual
systems and their components were mainly interested. As
installed number of systems is increasing gradually, it is felt
that regional optimization become a new theme necessary
for a densely installed area like Bremen, New Sloten,
Amershoort and so on.

Figure 1 shows a possible scenario to reach such state
as high density penetration is realized to a specific area,
which is called “areal evolution” in Ref.[1]. This is
classified to 4 stages as follows:

[stage 1] Individual systems scattered sparsely.

[stage 2] Slightly higher density in a certain area as a
germination of areal evolution.

[stage 3] Limited maximum of "passive areal
evolution” which means naturally generated evolution on the
basis of individual inhabitant's intention. Care must be taken
for interconnection because of higher penetration rate on the
same feeder.

[stage 4] "Active areal evolution”. by the harmonized
introduction of PV systems according to community
consensus. It is easy to use spaces up to the maximum which

STAGE 1 EARLY STAGE STAGE 2 HIGHER DENSITY
PV
STAGE 3

PASSIVE EVOLUTION STAGE 4 ACTIVE EVOL_UTION

Fig.1 Scenario to the areal evolution[1]

are possible to utilize. Total optimization for the area may
give different total configuration. :
It seems to be advantageous to introduce a large
number of PV systems at one time to a certain area: i_e.,
- more apparent impacts for dissemination by earlier
investment,
- more merits in effective cost reduction because of
mass for a certain period,
- limited variety of structure design for matching to
regional architectural culture
- possibility of overall cost reduction by areally
optimized total network including other type of
renewables.

2. Electrical Configuration Options

The last [stage 4] contains many features qualitatively
and quantitatively different from the existing concepts. Fig.2
shows individual interconnection corresponding to [stage 3].
Fig.3 illustrates a centralized interconnection with DC
collection line or AC one from dispersed arrays.[1]

Interconnection is made at an appropriate point near by
a pole transformer. In case of DC collection, a centralized
inverter is also located at the point. AC collection method is
rather similar to the concept of AC modules or distributed
inverters. It is that a large number of smaller inverter may be
able to be fabricated at a reduced cost compared with small
number of larger inverter.

The dispersed array systems are characterized as
follows:

- one single system as a whole,

- uni-directional power flow at the interconnection,

- smaller number of interconnected points and easier

control, protection and maintenance,



Distribution Grid

= Standard size 3-4 kW inverters connected in parallel
= Interconnection protection devices provided with
all inverters
= High density multiple inverters may give
problems.

Fig.2 Individual interconnection

Distribution Grid

+ Internal protection only for inverters

= Ona interconnected point for the whole

= Easler counter measures for higher density PV systems
« Rent-a-roof power generation to be feasible

= Double ir t: it for power collection line as a total
= Another option by DC power collection

Fig.3 Centralized interconnection

-a certain limit in system size because of DC

collection voltage drop,

- otherwise, AC collection suitable for larger size

because a boosting transformer can be adopted,

- possible battery installation at the interconnection

point and its easier maintenance,

- easy combination of AC collection system with AC

modules.

The third option is a community-owned energy
network as shown in Fig.4. True total optimization becomes
attainable in principle in this case. In some countries,
deregulation may be necessary for retailing electricity to
individuals other than electric utilities.

3. Case Studies for Urban Applications

3 types of representative examples for urban
applications are listed below:

- residential zone including a number of single family

houses and/or multi-family houses,

- office buildings and/or shopping zone,

- industrial zone.

Typical results case studies for each type of application
are summarized and actual examples are given.
Residential Z

Potentials in residential zones seem to be sufficient for
regional consumption as described below. Residential loads
are relatively even day by day for a week compared with
other cases. Power from houses to the utility grids flows
during peak hours of daytime. This is a big advantage.

A few specific issues can be pointed out as follows:

- scenic beauty, environment for community life,

T communiyGrd

= I Lo
..................................................... i
« Own Energy feeding system for the Msd. oommunlly
= Effective utilization of r ilabl

- One simpla connection to a utllity .

= Easler for higher-density PV multiples

« Total optimization for whole community to a new concept
= Another option by DG power collection

Fig.4 Community energy supply

- safety consideration for every day life,

- roof integrated modules and PV siding attractive.
(a) Seibu-Kitanodai Subdivision

3280 houses for single family including public facilities
produce electricity by 3-4 times as much as regional
consumption if all the applicable positions are assumed to be
utilized such as south/north roofs, east/west walls,
south/north windows of existing houses and buildings
including residences, public facilities, elementary/junior
high school, kinder garden, nursery school.

(b) Tama New Town

Apartment houses for 3270 families generate energy of
the same level as regional consumption. Usable positions are
mostly similar kinds to the previous case.

(c) Examples of residential zone

Figures 5 is a typical example of individual
interconnections for 34 private houses in Matsudo.

In Bremen, Germany, orderly developed community
systems were developed as a typical example. Also in the
Netherlands, Neu Sloten and Amershoort are another typical
examples worth while to be described. The latter is a 1 MW
roof-top system, partly with centralized interconnections
possibly as shown previous Fig.5.

Another attempt is being made at Iwaki New Town,
Fukushima Pref. by Ministry of Construction, Japan. It will
be completed by 2002 and total planned PV capacity will be
373 kW installed on public facilities as shown in Fig.6.
Additional PV capacity by individual houses is expected but
not identified yet. Total concept of this PV town is quite the
same to previous Fig.5.

Fig.5 34 PV houses at a subdivision of Matsudo
Ready-made residences by Chuo Jutaku Corp [2]



Fig.6 Iwaki New Town Project
Planned capacity = 373kW + a (by 2002)

Business zone

In a business zone or shopping area, generally speaking,
energy consumption density is relatively high compared
with usable areas. However, architects are finding another
type of values for such applications. Specially, frontal fagade
of buildings is a quite symbolic part in architecture. An
exterior view itself is a value and, in addition, produces
electricity supplementarily.

Many public building with good architectural views
were constructed in Japan by Filed Test Project for Public
Facilities, 1992-1997. Total PV capacity reached 4,900 kW
by 186 systems. Their individual capacities range 10-220
kW with 26.3 kW in average. Fig.7 shows an example of

Fig.7 20-storied Kyocera HQ, Kyoto
PV: 214kW with gas engine cogeneration
distributed inverters; self-shading

Kyocera’s Headquarter Building in Kyoto,
Industrial Zone

A case study was made for the 3rd Sakura Industrial
Park as shown in Fig.8, which is twice as much as the
average area of 3000 industrial parks in Japan. In this area
there are a variety of factories such as electrical/electronic
manufacturer, mechanical, transportation, metal, food
industries, etc.. PV arrays are assumed to be installed on the
roofs, walls and parking spaces of existing factories and
street lights are also considered along main roads.

As a result, it was identified that PV array of 21MW
can be installed on 70% of existing rooftop, 6MW on 60%
of wall and 9MW on 70% of parking, which corresponds to
37% of this area. These arrays will produce 40 or 70% of
regional electricity consumption throughout a year.

5 ; B, ‘_

Fig.8 Aerial view of the 3™ Sakuma Industrial Park

These results were extrapolated over Japan. It makes
26GW potential for approx. 60% of industrial parks in Japan,
which means 24,000GWh/Y. The case study can be
summarized as follows:

- large potential area; good insolation condition

because of low building mainly,

- high regional solar share,

- necessity of cooperative operation with a substatic

for the region, especially for week-end surplus,

- higher possibility of DC use in factories,

- low-cost prefabricated factory-building integrated

module to be expected

In 1998, the previous Filed Test Project was
refurnished to Industrial Applications. 75 systems with 10-
100 kW PV capacities were constructed last year. Their total
capacity corresponds to 1,970 kW with 26.3 kW in average.

Figure 9 shows a typical example for factory building
integrated PV roof. This is installed with total capacity of
100 kW at New Chiba Factory of Hitachi Ship Building Inc.

4. Technical and Other Issues in Urban Developments

Earlier technological developments were made in
Europe and US. European works are valuable especially.
Systematic developments for BIPV  modules were
introduced by the Japanese Sunshine Project.

BIPV has been being dealt extensively by IEA SHCP
Task 16 or IEA PVPS Task 7, which is a multi-



Fig.9 100 kW factory roof array
by Yokogawa Bridge

governmental cooperation joined by architects as well.

In conjunction with architect participation, one of
significant seeds is color control technology of PV cells.
This can not be born only from the view of values in PV
field. Large expectation for wiring-less BIPV technology
arises from architectural side, in which electrical connection
will be accomplished at the same time when modules are
installed in position.

Problems in the diffusion of BIPV modules are
summarized as follows:

- Existing market size of conventional architectural
materials/components has to be considered as shown
in Fig.10. Too specific products do not seem to be
promising.

-It is necessary to initiate
manufacturing facilities for BIPV,

- There several options in commercialization scenario:

Home electric appliance route for existing houses,
Architectural material market route,

House industry route,

Order-made construction of commercial buildings.

- There are also plural options for possible installers:
Electrical work shops; Building facility installers;
carpenters; general construction companies, ...

- There is a gap between PV manufacturers and
architects. Architectural designer loves originality.
On the contrary, manufacturer prefers standardization
for cost reduction.

investment for

For urban applications, it is opt to be necessary to think
much of looks. In other word, more problems will arise in
PV performances such as shading from other buildings or
own structure, complex arrays composed of multi-
inclination, multi-orientation, curvature array. Fig.11 is a
typical example in central Tokyo. They make irradiation
estimation complicated and difficult. Many shading
simulations have been developed, but few evaluation by
monitoring has been given for actual installations widely.

In terms of Inverter Operation, one of essential
parameters, MPPT mismatch has not yet been well analyzed.
There are many static analyses, but few dynamic analyses
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Fig.10 Wall material market and BIPV

and no monitoring.

Operation with complex arrays may make additional
performance losses. Single inverter technology allows to
employ smaller capacity but may produce connection
unbalance and MPPT mismatch. Distributed inverters such
as string inverters and AC modules can give good match.

5. Conclusion

The author reviewed analyzed state of art and future
possible concepts of PV systems in urban environment. It is
suggested that PV systems have a large potential in
residential and industrial area. Even in a very crowed area, it
is quit attractive option in future for architects as well as
energy experts. It is pointed out that several essential
problems specific to urban applications are also arising.
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Fig.11 Passage Garden Shibuya/NEDO FT 30kW
Different orientation/inclination,

shading by own structures and nelghbﬁrs

one inverter system.
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