
Testing and Commissioning of Malaysian Grid
Connected PV System Calculator using

Visual Basic 2008
Aizat BinNoorAmi

Faculty of Electrical Engineering
UniversitiTeknologi MARA Malaysia
40450shah Alam,Selangor, Malaysia

Email: Aizat_ I 902@yahoo.com

zlDsficGl\lowrdlys, rGncwtble energgl come as onc of cnogr
source thet rcelly importrnt to our lifc. Photovoltaic systcm is
onc of rcneweble encrgy thet mortly uscd and populrr tmonS
ottcr rcneveble etrergy. This ryrtcm becomor populu eld
unful bccrurc of gcogrrphic condltion. Bcsidc thd, Melryrie
ir looking enothcr sourcc of cnotgr.Mdryde hu locrtcd et
equrtoriel runrhinc' so Mrlryrir rcletivcly htgh soler
lrredlrncc otr Dost of ttc deyr. A lot of premlscs end
conmcrcld building hevc imtrllcd grid+onnccted PV syrtcn.
Bcfotr thc lnstellcd ryrtcm crn be rpproved' lt must perl thc
tcst end conmissloning G&C) proolsr. A coftware celculetor is
nccdcd during T&C proccu duc to lrmdirncc chengc vcrX
rrpidly. The crlculetor ir dcvclop using virual bestc 200E (VB
2fllt) whlcb thc linel . crc filc can bc run et euy computcr end
notcprd.

Kcyword: Photovolteic (PV) rystem' Viruel Besic 2mE OB
2000).

I.INTRoDUCTIoN

Electricity is most versuile form of enerry we have. It is
what allows citizen ofthe developed countries to have nearly
universal lighting on demand, refrigeration, hygiene, interior
climate control in their homes, businesses and school, and
widespread access b various elcctnonic and electnomagnctic

media [].
Iast few years, the interest in renewable enerry for power

ganeration has increasing because of environmental issues

and depletion of fossil fuels. The huge technological
improvements for photovoltaic cells @V) along with their
deoeasing cost seem to justify their use as a possible
solution [2]. Photovoltaic systems are the solar enerry
supply systems, which either supply power directly to
electrical equipment or feed enerry into the public electricity
grrd t3l.

Photovoltaic @V) power systems convert sunlight dircctly
into electricity. A residential PV power systern enables a
home owner ta generatc some or all of their daily electrical
energy demand on their own roof, sxshrnging daytime
exoess power for future enerry needs (i.e. nighttime usage).

The house remains connected to the electric utility at all
tines, so any power needed above what the solar system can
produce is simply drawn from the utility. PV systems can
also include battery backup or unintemrptible power
supply(UPS) capability to operate selected circuits in the
residence for hours or days during a utility outage.

Tlpically, syst€m ownem have specific goals in mind for
their PV system. These might include reducrng electric bills
by a certain percentage, mardmizing the power ou@ut from
available roof spaco or maximi"ing return on fteir PV
invesment. The PVsystem desipers then devise a stratery
to meet these require,ments. This strat€ry, including
documents describing the intended system components and
calculated expect€d performance output which should help
guide the PV testing and commissioning process.

The purpose of testing and commissioning on PV system
is to ensure that the syst€m is high performing and to ensure

that the syst€m is safety.Besides that, to veri$ frat
applicable equipment and systems areinstalled according to
the contract documenb, manufacturpr's rccommendations
and industry acceprcd minimum standards. Further:nore,
other purpose of rcsting and commissioning is to veriS that
installing contrac0ors pcrform adequatc operation chockout
and prepare document propcr performance ofequipment and
syst€ms. It's also to ensurc th* the operations and
maintenance (O&M) documentation left on-site is complete
ud to ensure trat tlre own€r's op€rating personnel

areadequarcly trained.
Testing and commissioning process especially for larger

projects, during the design phase commissioning sttould be
incorporated into the specifications and bid documents.
Include required documenation, checklisG, testing
procedures, exp€cted performance and basis ofdesip. It is
dso important to speclry requirements for the
commissioning timeline and give guidance on what p€rson

or entity will be responsible for the commissioning.
Timeline or particular about time is one of the most

important parts in testing and commissioning process. It
should be plmned for during the design phase, built into the
system cost, actively carried out at the end ofconstnrction
and repeated as desired after project completion.
However,most of the commissioning work will occur just
after the PVinstallation is complete and the syst€m is ready
to be turned on for the fint time. Ideally, this commissioning
ev€,lrt occurs aftsr all permits are siped off, the utility has
give,n permission to operate the system and the monitoring
system. If one or more of these milestones is delayed, you
may rvaot to start up md test the qystem regardless.

Be sure to schedule the commissioningas soon es possiblo
after PV system construction is complete, but within a
suitable window of weather. It does notuake sense, for
example, to commission when there is irradiance of less
than400 W/m2 in the array plane. Not only must the weafier
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be goo4 but the time of day must also be appropriate.

Probably the most difficult and the most important aspect of
commissioning a PV system is evaluating whether it is
performing as wcll as it should b€. First, thc expected
performance needs to be determined. Then, the actual
performance needs to be measured and collect the data as

soon as possible.

II.SCoPE Or Sruov

Scopes ofstudy that involvod in this project as follows:
o Study about PV sysrcm basic operation and

Installation ofthe PV syst€m.
o Learn the guidelines about testing and

conrmissioning for PV qfstem.
o Learn how to use Visual Basic 200E (VB 2008)

Software in order to complete this project.
o Create program forthis project based knowledge

in VB 2008.
o Run the program and observe the resulg.
o Detec8 any problems and try to fmd a overicome

of that problems.
o Analyzed the ottrcomes.

III.METHoDoLoGY

A. Visual Basic 2008 (YB 2008)

Visual Basic (VB) is a programming environment from
Microsoft in which a progralnmer uses a graphical user

interface (GUI) to choose md modify preselected sections of
code written in the BASIC programming language t4l. This
project used Visual Basic 2008 (VB 2008) softrrare. This
software can design and evaluate virtual form of testing and

commissioning procedures. Using this software, the testing
and commissioning become easier and can produce accurate

result. Besides that, the program language of VB 2008 quiet
similar to the program language of program C or program

c#.
This softrrare consists of two parts that can be considercd

which is desigr and program forms.To using VB 200E,

firstly choose type of templates that insAlled at VB 2008.
There are several 6,pes of templates that installed in this
software such as window form application, class library,
WPF applicatiorg WPF browser application and console

ap,plication. For this project" the templarc that chosen was

window forrr application. After choose the template, name

the project and save the project. Next, there are two form
appear at VB 200t which is desrgn form and program form.
The purpose ofdesigrr form is to desip for user interfaces
andretains the dragonddrop developers' interfaces.

Rapid Application Development (RAD) is the technique
of desiming, coding and testing applications in a constantly
repeating sequence.RAD developers design and code
interactively, producing results in a surprisingly short time

[5]. To creat€ or desip a form that want to use, refer to
Toolbox window. In there, its provides all the tools need to
write and test applicationsVisual controls for creating user
interfaces in Windows applications.

ln this project fonn, there are several components that
havc bceir used and apply. This is rtp,rescnting desigp form.
It includes Label component Textbox component Button
compon€nt and RadioButton compon€Nrt. For each

component there have own prposes. Label compon€,nt

firnction as to identi$ the data that want to insert while
doing testing and commissioning process. Next is Textbox
component which is firnction to inscrt data that reading from
sirc.Button component function as to apply the mattrematical
formula usmg by data collection on site project. Last
component trat used in this program is RadioBtilton
component which purpose to tell the info and mafihematical
equation that involve. All these components have to progftm
it so that it will run smooth and follow the standard of testing
and commissioning procedures.
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Figure l: shows fte virtual form created in VB 2008

Figure I shows the components that us€d in this program.
Label components represent narnes of the data example
nominal power, solar irradiance and etc. the blank box is
representing textbox component. Data values must insert at

these blank box. Button component represent calculation
boxes. These boxes function to apply matherratical formula
with related to some data that involve in the system. The last

one component that involve is RadioButton who
representing the info. Info frrnctions as to tell information
and formula that use h this project.

Program fonn will be appear in this project if some desip
components need to program it and need to make
mathematical equations. Tho program start with "Public
Class Forml" while to end the program type "End Class".

In Visual Basic, the sounse code is Sparan because Visual
Basic is what was once called arapid application
development (RAD) environmenL The idea at the core of
Visual Basic is theability to develop an application as

quickly as possible without the esoteric details of the
language [6]. To make the application do something, user
need to add user interface elements or addsome code.
Adding code without adding user interface elements will
make the progrm dosomething but it's not as exciting.

In this pmgraq Codes were created and ap,ply to the
calculation box. Calculation box have different program
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because when user click at calculation box, the program

already calculated due to input data and display the result to
user based on the equation that created.

Besides that, program also existence at Radio Button also

known as *info" in this program because when Radio button
is clich there will be appear some information. The
information is already codes and ready to apply when user

click the Radio Button.
After create a program is done, now time to run the

application. To nm the application, select Debug > Start

Debugging. Altematively, use the keyboardshortcut F5.

You'll see a window representing the Windows Application

t6t.

B. Flw Chrtfor this the program.

NO

YES

C. Data

This project wi[ start by collecting all the data need in
order to start desip and create program. The data comes
from Photovoltaic Monitoring Centre Universiti Teknologi
MARA (PVMC). The data includes system testing and
commissioning report, values, detail of equiprnent use and
also the resources ofthe projcct.

Before begrn this project study the data that obtain and
where that the data comes from. firstly, before making
testing and commissioning process and collect the data,

check to make sure that PV syst€m is in firll srm with no
shading what so ever. [f it is impossible to find a time during
the day when the whole array is in full sun, only thar portion
that is in full stm will be able to be accepted. After that
condition is considet disconnect all inverter circuit breakers
which are not relevant and connect the relevant ones for the
Est

The data that should have in this project are firstly
nominal power in watt peak (Wp). Nominal power is the
total of output power produce by PV arrays. Next dara that
consider is solar irradiance which meens that solar radiance
is an instantaneous power densrty in units of kWm2.The
solar radiance is strongly dependant on location and local
weather. Pealc sun factor is mathematical equation that
involved data of solar irradiance divide by 1000. Then,
record data of module temp€rature. The cell of temperatue
of PV array will vary drastically due to ambient condition
such as sun intensity, air temperature, wind speed, and other
factor. Module construction and how array is mounted can
also impact the module's ccll temperature. This value can
take at PV modules that use in the system. Usually the value
of module temperature is around 40 degree to 60 degree.
Next after get the value of module temperature, obtain the

temperature factor. By using calculation, temperatur€ frctor
can be defined. The formula using data of module
temperature, standard test condition which is the value is 25
degree, temp€rature coefficient of the PV module used. Data
of temperature coefficient of PV module depend on tlpe of
module that install at the system. tf data is not avaihble, use

0.50 for mono/poly - crystalline modules and 0.25 for
amorphous silicon module (thin film module).

Inverter efficiency is depending to what 6pe of inverter
that has been installed in the PV system. If data not
available, take 0.92 as the data of inverter efficiency. Cable
losses are the power losses due to rcsistance of the wiring of
the system. Cable losses data usually take from direct current
(DC) wiring of the syston. If the data is not available, use

0.95 as the value of the data. After that, calculate the
estimate altemating current (AC) of output power in watt
peal( (W) by using the formula.

The data that involve in that formula arie sum of toal of
the module ratings multiply by peak sun factor multiply by
temperature factor multiply by inverter efficie,ncy multiply
by cable losses. After done calculate fte estimated AC
power, then record the voltage at Ll - L2 (line volage I
toline voltage 2), voltage L2 - L3 (line voltage 2 to line
voltage 3), voltage Ll -L3 (line voltage I to line voltage 3).
If the system is single phase, only voltage at Ll - L2 will be
record.Record the current output at line l, line 2 and line 3.
If the system is single phase, only curent at line I has value.
After that, record value of power at inverter. The power
depends on t,?e of inverter.
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Figurc 2: flow chartofprogranming in VB 2008
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The most important procedure for testing and
commissioning system acceptance or not is factor of power
which means that measuredpower divide with estimated
power.

Measure AC power must be higher than estimated AC
power. The factor must be 90%o or higher value. If it is less

than 900/o, the PV syst€m is shade4 dirly, miswired, fuses
are blown, or the modules or inveter are not operating
properly.There are equations that involve in the testing and
commissioning for PV systcm:

PV rilry lt tut

:i:

f run

0.5

solm inadtance
Peak sun f actor = --1UUU-

Temperahtre factor

acaeoiarce l€sl

Figure 3: shows the table of data for testing and
commissioning.

Figure 3 shows that the data that have been taken and
recorded. The data were fillin into the AbIe. According to
the line voltage in this system, this PV system was
installed in single phase because data was recorded only at
voltage linel to voltage line 2. From this table, all the
calculation have made by using calculator. The
calculations were done manually.So it's take time to get

the result whether syst€m is acceptance or not.
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Esttmated AC powt =

Nomtnalpower x Peak srun factor x
Temperature fartor x lnverter ef ficiency x
Cable losses

(1oo - [" r[f,ff"r;,':;"r; :iL"rl

MeasredDower
Factor =::--:------Estimatedpower

(4)

IV.RESULT AND DISCUSSION

To test whether this project is fully fimction or not let
take one sample of successful testing and commissioning
that have done by PVMC. Usually while making the
testing and commissioning for PV system" therp have to
consider some factor that affecting the output such as

temperature, miss match and wiring losses, angls sf
srmlight emission to the PV module surface, DC to AC
converting losses and dirt and dust on the solar module
surface. There are committees who involve ufuich are

PVMC, PIIvI, TNB, supplier and onmers.
For this sample, the insoallation was located at Nol,

Jalan Kelan4 lpoh Perak lte PV capacity is 3.78 KWp.
The PV system was installed on august 2007 and date
commissioned on September 2007.

From this sarple, data were collected [8] and recorded
into the form that provided by PVMC.
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Figure 4: the viroal table of data created in \/B 2008
for testing and commissioning.
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Figure 3 shows that the same data was recorded but

diffeient form. This virtual form created based on the

same as previous form. The diftrent of this form is the

cacuUtion is ready and can apply any time' This is

because this form was progmmmed and the calculation

has already inserted in the progrart

From these two forms, the data is exactly same and the

result quiet close, but there have comparison between it'

for manual fom, the column that given is not enough to

record data more than nn'o. Besides that the data must

*rit" don* in this fonrL the data should take faster and

accurate because ttre data ttrat measured is changed

rapidly. So, if wrong data are inserting into wrong colurm'

it wilfdehy ttre result and probability to do error is higher'

Moreover, this manual form takes time because

catculation part needs to do manually by using calculator'

The user nieds to refer data at manual form then insert

data into calculator to get the result. So it will take time to

search what equation that wants to use and what data

snouta put into the formu}u So it will affect the result of
testing and commissioning.

foi ttris proiect fotm, user can record data as much as

user want Uecurot" this form can save the previous data by

click the button save that provided. Besides ftat this form

are friendly user and easier to use' By using this form,

pcrcsntagt to do error is smaller. By using this projcct

ionru thJuser doesn't have to bring different manual form

because witlh this projeet form, it already inserted two

forms in one program which is mono/poly crystalline and

amorphous siiicon (thin film) module' By cfigking in first

interface that appear, just select 6'pe of module and it will

be appear. fhii project will quickly display the resu[

wnailir the system ii past or not.It also can save a lot of
time especialiy on calculation part because this project is

alreadf programmed with equation for the

calculation.lUser just inserts the data then press calculation

button to see the result.This will make user easier to do

testing and commissioning process.

V.CoNctustoN

Testing and commissioning is very important to PV

systcm i*tnttutirn. These procedures ar€ to ensure that

tn" tytt". is safety and to determine whether the PV

ryrtem is acceptance or not. Besides that, these procedures

are to check the performance of the PV system' The

performance of the system is depending on data taken' So,

ior making rcsting and commissioning more efficient to

produce the result, the software has created on VB 2008'

i\fter study and made some ressarch about PV system

especially in testing and commissioningand VB 2008

roh.rtt", the conclusion from the research can be drawn

as followings:
o Understand about the concspt and guidelines of

rc$ing and commissioning for photovoltaic (PY)

sYTtem.

o Learn and understand Visual Basic 2008 (VB

2008) and able to do program and matlrematical

formula based on the testing and commissioning

guidelines.
o Able to create program by using codes of VB

2008, run the prograo compile the program and

change the program file to an application file by

using VB 2008. This application can be open at

any computer without access VB 2008'

. By using this application, it will help the penion

wiro incharge to produce faster result and can

determine whether result is pass or not in short

time of period. This application is easy and

friendly user.

VI.Ftmnr DEvEL,oPl"GI'rt

Future development for this application is by applying

the program of this application into hardware so that this

appiicatlon can run with hardware. The hardware can

recora the data that necessary fil lbk to this application

so that this application can do etHation automatically'

Otlrerwise, ,pgr"d. this application so that it can be use in

celt phone. 
-For 

future, just bring only cell phone that

consists of this application so that it will make easier to do

testing and commissioning at side.
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