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ABSTRACT 
 
This paper presents the features of the PV system 
integrated evaluation software (PVI) developed by 
Kosuke Kurokawa Lab. team at Tokyo University of 
Agriculture and Technology (TUAT). PVI was cre-
ated to assist in the design of grid-connected PV 
system applications, and mainly consists of a basic 
design tool and optional tools. The basic design tool 
is used to determine the PV system annual output 
energy and system losses percentage based on a 
detailed parametric analysis on an hourly basis. The 
optional tools are used for PV applications under 
complex conditions, including a shading evaluation 
tool from fish-eye lens pictures for systems facing 
shading problems, array simulation tool for systems 
with arrays installed due to different orientations or 
technologies, and interface to Sophisticated Verifica-
tion (SV) method statistical data. The last one allows 
the user to feedback existing systems performance 
and loss pattern information to new PV system de-
sign projects. Future developments involve validation 
of the outputs against measured values from actual 
worldwide systems. 
 

BACKGROUND 
 
The popularization of PV systems has led to the de-
velopment of tools to estimate the output energy 
characteristics of new systems, and models based 
on parametric analysis have been widely used for 
this purpose, especially because of its simplicity. 
However, according to the complexity of PV sys-
tem’s characteristics, and the increasing of arrays 
facing shading problems and various installation 
modes, a detailed and integrated analysis of the de-
sign parameters involved in the analysis is neces-
sary. Therefore, there is a need to develop comput-
erized tools able to determine the potential energy 

output characteristics and operating performance of 
PV systems under such complex conditions. 
 

PVI SOFTWARE FEATURES 
 

Software General Features  
 
The PV system integrated evaluation software is a 
unique tool developed by Kosuke Kurokawa Lab. 
team at Tokyo University of Agriculture and Tech-
nology (TUAT) to assist in the design of grid-
connected PV system applications. The software 
mainly consists of a basic design tool and optional 
tools, representing the laboratory know-how on 
evaluation and design of PV systems. Basic design 
tool allows the user to determine system output en-
ergy and system losses percentage based on a de-
tailed parametric analysis [1]. PVI also provides the 
user optional tools for PV applications under com-
plex conditions, such as shading problems, and ar-
rays installed due to different orientations or tech-
nologies. Optional tools include one to determine 
shading correction factor from fisheye lens pictures 
[2], array simulation tool [3], and interface to statisti-
cal data from Sophisticated Verification Method [4].      
PVI also have the following features: 
 
l It is a Windows Multiple Document Interface 

(MDI) that permits the use of six projects at 
once, making possible the comparison between 
different installation modes, weather conditions 
and electrical configurations 

 
l Covers wide range of geographical areas all 

over the world. Japanese MEteorological Test 
data for PhotoVoltaic system (METPV), and the 
worldwide  Meteonorm V4.0 hourly weather 
data can be imported to PVI. User actual data 
also can be used in PVI simulations 

 



l Includes models to determine cell temperature, 
and in-plane radiation onto fixed and tracking (1 
or 2 axis) arrays 

 
l Includes approximate curves for important pa-

rameters such as inverter efficiency and inci-
dent angle dependence, allowing the user to ad-
just the expression parameters 

 
l Report function is available to preview, save, 

and print the analysis results 
 
l SV Method Database table with sorting function 

is available to give the user a feedback of exist-
ing PV system loss parameters characteristics 
to new PVI projects 

 
l Includes a PV module database to determine 

arrays I-V curve used in the array simulation 
tool 

 
l Includes help function 
 
l Japanese and English versions are available 
 
In this paper, an example system in China is used to 
illustrate the software use. 
 

Basic Design Tool 
 
The basic design tool is the core of PVI software. 
Grid-connected system annual output energy and 
loss pattern can be determined from few input pa-
rameters, by using a detailed parametric analysis.  
Important design parameters, such as temperature 
correction coefficient, and shading correction factor 
are calculated in an hourly basis. Inverter efficiency 
(see Fig.1), and incident angle dependence are cal-
culated from approximate curves, and the expres-
sion parameters can be adjusted to fit the user 
needs. 
For systems under complex conditions, detailed val-
ues for the parameters involved in the analysis can 
be integrated to the basic design tool by using the 
optional tools. For example, shading loss data can 
be acquired from the shading analysis tool, and 
other system parameters can be acquired from SV 
Method database. 
Annual system yield simulation result for a site in 
China is shown in Fig.2. System performance and 
loss pattern for the same system is shown in Fig.3. 
Hourly data from Meteonorm V4.0 was used in the 
analysis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.1. System parameter setting (inverter conversion effi-
ciency).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.2. Basic design tool results for a site in China (annual 
output energy against in-plane irradiation). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.3. Basic design tool results for a site in China (monthly 
system performance and system loss pattern). 
 



Optional Tools 
 
- Array shading evaluation tool using fisheye 
lens pictures: 
  
A detailed analysis for PV systems facing shading 
problems can be performed by using the array shad-
ing evaluation tool from fisheye lens pictures (see 
Fig.4). The shading correction factor is calculated 
from on-site pictures, giving an important feedback 
of the system shading losses. The shading factor 
derived from the shading coverage area is integrated 
to the parametric analysis, giving accurate and real-
istic estimates of system output energy. The yearly 
shading losses analysis for the system in China is 
shown in Fig.5. 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.4. Image of the shading analysis tool. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.5. Shading analysis results for a site in China (monthly 
shading losses against in-plane irradiation). 

-  Array simulation tool: 
 
 Array simulation tool is used for systems with mod-
ules of different technologies, installed due to differ-
ent orientations, or having partial shadowing prob-
lems.  
Here, a detailed data setting is required. After de-
termining the module I-V curve (see Fig.6) from the 
PVI modules database, the user set the array orien-
tation and wiring configuration data for until four ar-
rays (if the arrays are connected in series or parallel, 
and if they include bypass, blocking diodes or not).   
The analysis is based on simplified I-V curve interpo-
lation considering the characteristics of each module 
in the array.  
Excellent results for this simulation method have 
been already confirmed [3]. Fig.7 shows the results 
of annual yield for a PV system in Tokyo containing 
two modules connected in parallel, and facing differ-
ent orientations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.6. Module I-V curve determined from PV module da-
tabase values. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.7. Array simulation result for a site in Tokyo (annual 
energy output). 



- Sophisticated Verification (SV) Method feed-
back: 
  
The SV Method, which was also developed in this 
laboratory, is a simple evaluation method to identify 
eight kinds of system loss rates by using the existing 
system basic information: latitude, longitude, rated 
system power, etc. and simple four monitored data: 
in-plane irradiation, array output energy, system out-
put energy, and module temperature.  
The results obtained from SV method evaluation can 
be grouped considering regional aspects, makers, 
and so on, providing the PVI user an important feed-
back of the existing PV system loss parameters 
characteristics to the design of new systems.  
Fig. 4 shows the PVI interface for SV Method statis-
tical data from 1995 to 2000 for sites in Japan.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.8. SV Method statistical data table. 
 
Design parameters which can be acquired from SV 
Method: 
 
K :    System performance ratio 
KHS:  Shading correction factor 
KPI :   Incident-angle-dependent correction factor 
KPO: Other losses factor (include deterioration, and 
soiling on module surface) 
KPT : Temperature correction factor (efficiency de-
crease by temperature) 
KPA : Array circuit correction factor (array circuit 
losses) 
KPM :   Load mismatch correction factor 
KCS :   Inverter stand-by correction factor 
KC :     Inverter correction factor 
 

 

 

 

RESULTS AND FUTURE TASKS 
 
The main structure of the PV System Integrated 
Software described in this paper is completed, and 
future developments of this project involve the vali-
dation of output results against measured values 
from actual worldwide systems. 
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