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ABSTRACT
Data evaluation methods have wide adaptation ranges,
such as feedbacks to PV system operation management
and design. The authors have improved and established
the fundamental model of the SV method that can
identify six kinds of system loss rates using basis
information and simply four measurable data.

1. Introduction

Japan Quality Assurance Organization (JQA) has
arranged operational data from hundreds of PV systems,
which were partially funded by New Energy and
Industrial  Technology Development Organization
(NEDO) under the “Field Test (FT) Program”. Data
evaluation methods have wide adaptation ranges, such as
feedbacks to PV system employment management and
design. In this study, Our Sophisticated Verification
Method (SV method) of PV systems has been devel oped
as a simple evaluation method. This method estimates
loss factors of PV systems by field operational data.
Outlines and analysis result of the SV method have been
aready presented in some papers by authors (e.g. [1]). In
this paper, improved and extended algorithms of the SV
method in order to produce more reliable and robust
estimates and described.

2. Outline of the SV method

The SV method classifies loss factors of PV system
operation into six kinds of system losses (shading effect,
losses due to incident angle, load mismatch, efficiency
decrease by temperature, inverter losses and other 10sses)
using system specifications, such as latitude [deg],
longitude [deg], inclination angle [deg], azimuth [deg],
system rating:  Pas [KW] and  temperature
coefficient:apmax [W/°C], and measured operational data
(inclined-plane irradiation: Ha [KWh/m2], array output:
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Ea[kWh], system output: Ep [kWh] and module
temperature: Tc [°C]). Before SV method anaysis,
diagnosis of quality of irradiation datais carried out, and
outlying observations and missing data are compensated
by external weather observations.

3. The SV method analysis
3.1 Principle of Lossrate definitions
on monthly basis

This method adopts the model by appropriate
assumption based from experience. It is the essence of
the SV method to make each calculation model of losses
for a month using each model and the measured data for
every site. The principle of analysis of the SV method is
shown in Fig.l. The Principle of Incident-angle-
dependent rate definition is described as follows.
3.1.1 Principle of I ncident-angle-dependent

rate definition for a month

A scattered graph as shown in Fig.2 also gives very
important information. An upper straight line
corresponds to ideal energy production: Eas. Scattered
dots are al the hourly data Eat (it converts into cell
temperature: 25[°C] of standard condition) A lower
straight line is drawn as the upper envelope of scattered
points by changing myv. The line is caled “No
mismatch line: Eny” means the most efficient
performance and no shading, no mismatch and not
incident-angle-dependent.

Env =My Pas H 2 /Gg

Eat to Ha does not become a perfect proportionality
relation by being due to incidence angle, but becoming
the curve fell for awhile from the straight line relation in
the small range of Ha isknown). Therefore alower curve
is drawn as changing my, of the following formula. The
curve is called "Independence incident angle line: Ey"
means almost no being due to incidence angle.
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Figl Principle of analysisof the SV method



En =(@+my ) H 5 - my 1- exp(-8>H 4)}
E;;, Exm @and incident angle corresponding to hourly hp is
determine, and the maximum ratio of E; and Eny is
extracted for every incident angle (Refer to Fig.3). The
curve is adjusted to fit scattered points by changing mp,
from the following formula. The envelope shows the rate
of lossfor every incident angle: Rp
Rpy =mp (1/ cosq - 1)
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Fig3. Monthly Incident-angle-dependent rate

3.2 Principle of Losses identification on hourly basis
Hourly losses are identified by the following formula
Losses by shading and incident-angle-dependent are
separate using each loss rates and a diffused component:
rg-

lis = {2 1) X Pash(L- 1)

lpy :{(1' rg) X XPag - IHS}><1' Mer)

lom = (& - lhs™ Ipi) - €ar

IPT ={a Pmax ><25' t(:)}/{1+aPmax x(tc
lc=ex-6ep

- 25)} xe,

lpo =€as - ey

4. An evaluation result by the SV method

As a part of FT, NEDO has installed around 260 PV
systems over Japan since FY1992. The average of
parameters was estimated by the SV method for four
fiscal years FY 1995 to FT 1999, as shown in Fig.3. To
valid data out of actually monitored total of 421 sites are
chosen in 525 sites.
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Fig.3 An evaluation result of FT by the SV method

5. Comparison with fisheye photograph analysis

Shading losses analysis using fisheye photographs
have been also developed by another group in the
authors’ organizations in order to identify with shading
factor [2]. The comparison with the SV method and the
fisheye photograph analysis analyzed the data from a 70
kKW PV system in AIST Tsukuba for two years. This
result is shown in Fig.4. There are differences of the
range of values between SV method's estimation and
fisheye photograph analysis’s estimation, but the tend of
the time-series is amost the same. The difference of the
range was likely caused by the deference of treat ment
diffuseirradiation.
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Fig.4 Comparison with fisheye photograph analysis
J
6. Conclusions
The SV method developed at this study has established
the fundamental model. The measurement errors in field
data have been able to be compensated by introducing
quality diagnosis, and the algorithm of this method had
been improved, therefore evaluation result have become
better than the previous model.

Nomenclatures
- Pas [KW]: System rating
* 8pmad W/°C]: Temperature coefficient
- HAkWh/m? : Inclined-plane irradiation
- Ea[kWh]: Array output
- Ep [KWh]: System output
- Tc [°C]: Module temperature
- Ear [KWh]: Array output converts into cell temperature 25[°C]
- Enm [KWh: Array output on No mismatch line
- Ey [KWh]: Array output on Independence incident angle line
- Eas [kKWh]: Ideal energy production:
- Lus [KWh]: Shading losses
- Lp [KWh]: Incident-angle-dependent losses
- Lew [kWh]: Load mismatch losses
- Ler [KWh]: Efficiency decrease by temperature
- Lc [KWh]: Inverter losses
- Lpo [KWh]: Other losses
- Rus: Shading ratio
- Rei: Incident-angle-dependent loss ratio
- Ry: Diffused component
- g [deg]: Incident angle
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