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ARTICLE INFO ABSTRACT

Article history: The aim of this work is to fabricate the LabVIEVWZ®ased monitor system and to use
Received 3 March 2016 it for the analysis of the characteristic of Grimhoected Photovoltaic (GCPV) energy
Accepted 2 May 2016 system on a demonstrative scale. The characteristithe software are that it is able to
published 26 May 2016 measure and display real-time data and is abletésface with the DAQ hardware. The

GCPV can be used for demonstrations and experinierite laboratory. The results
can show analyzed characteristics of the GCPV gr@rstem, such as; the relationship

Keywords: between DC power DC current and DC voltage of the fanel as well as the
Photovoltaic grid-connected system, relationship of DC power and AC power on the cotingcmode and disconnecting
Analysis characteristic, LabVIEW, mode of GC inverter. The calculating results of éficiency of the GC inverter can
monitor program, Data acquisition, also be shown. Moreover, this system could be agpt monitor the GC PV system of
efficiency of GC inverter. up to 1.8kWp without the addition of hardware anttveare. There is also a possibility

to be used for the training program for technigamngineers in the solar PV industry,
and for the PV system research study.

INTRODUCTION

In 2012, the ministry of Energy of Thailand presethe Alternative energy Development Plan (AEDP;
2012-2020), there is a focus on the renewable gnexgources. Thailand's goal is to meet 25% of @ner
consumption from renewable resources by 2021. dtget is about 13.5 GW of power capacity from remiehe
energy. The target for solar energy is about 3 GV2012. In 2013, the Energy Regulatory Commissio
(CRE) announced the new Feed-in tariff program tonte the solar rooftop and solar farm and solar
community projects. The new Feed-in tariff will paid throughout 25 years and the new target ineckts 3.8
GW. The results found that the solar "very smallvpo plant” (VSPP) and Solar "small power plant" P3P
project in Thailand is equal to 285 projects by #m of 2014. The total capacity is about 1.353 GW
35.690% of the goal. Thailand has to continue with solar project especially the grid-connected )(GC
Photovoltaic (PV) on the rooftop and in the goveenibuilding and the government land to meet thgeta
before 2021. These policies then pushed the salastry and finance company to grow up very quickhich
led to a high number of the SMLs in solar PV sexiarThailand. However, the solar PV companiesiriee
adjust themselves in the term of skills and knogtedf professional team, and use the new techndlwgyV
panel, the inverter, the installation techniqued &me maintenance procedure. (Energy Policy andnitig
Office, 2015)

The GC-PV energy system and peripheral devicesahasry fast growth rate in the Thai markets.
Therefore, the study of characteristic of the GC $étem is very important because the people smdbctor
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need to improve their skills and knowledge to beeanore professional. The study then needs to entply
use of good sensors and good monitoring systenesnidnitoring system must be able to measure adirpeter
and has high accuracy, open source data basedsttalso be able to display any measurements ancdao
information. Moreover, it must be easy to connectriieasurement wires and be easily accessible tosthef
the PC based or Web based monitoring. (AgrawalMitthl,2014) The wired monitoring system providée t
reliable solution and is appropriate with the ladory application. This study will be focusing dretstudy the
characteristic of the GCPV system.

The objective of this work is to fabricate the MaBW monitor system and analyse the characteristic
GCPV energy system on the demonstrative scale. progect is applied in the laboratory of faculty of
engineering and architecture of Rajamangala Uniyersf Technology Suvarnabhumi, Thailand. This
development achieved in getting the GCPV energyesyslemonstration set with LabVIEW based monitor.
This result in an beneficial setup that can trandfe knowledge and skills to the engineering stigland for
training the technician who are working in solar 8cttor.

Tablel The characteristics of previous monitoring systems for PV energy system

2005  Papadakis, Koutroulis, and Kalaitzakis Wireless : RF Hyb: PVand wind PCI DAQ card 1m Web VB, SQL server 2000
2006  Forero, Hernandez, and Gordillo Wired : RS232 SA FP DAQ board <30s PC LabVIEW

2006  Soler-Bientz, Ricalde-Cab, and Solis-Rodriguez Wired : RS232 SA FP 1m PC LabVIEW

2007  Gagliarducci, Lampasi, and Podesta Wireless : GSM SA FP DAQ 1m PC LabVIEW

2009  Boonmee, Plangklang, and Watjanatepin Wired GC (5 kWp) DAQ card - PC LabVIEW

2009  Benghanem Wireless : RK5002 SA PIC 16F877 - PC MATLAB

2010  Ayompe, Duffy, McCormack. And Conlon Wired : RS485 GC (1.72 kWp) DAQ unit 5m PC Not mentioned
2011  Anwari, Dom. And Rashid Wired : RS232 GC (700Wp) PIC 16F877a 1s PC MATLAB,LabVIEW
2011  Ranhotigamage and Mukhopadhyay Wireless : Zigbee SA uc 1s/less PC Not mentioned
2012 Wittkopf, Valliaappan, Liu, Ang and Chenge Wired GC(1425kWp)  Notmentioned 5m PC Matlab

2012 Carullo and Vallan Wired GC NI DAQ card 1m PC LabVIEW

2012 Park, Shen. Kim, and Rho Wire/wireless: Ethernet  SA (50kW) HMI, PLC - PC Autobase

2012  Lépez, Mantinan, and Molina Wireless : Zigbee GC (1.28 kWp) DSP - PC LabVIEW,C

2013 Chouder, Silvestre, Taghezouit, Karatepe Wired : GPIB GC (9.6 kWp) DAQ - GPIB - PC LabVIEW

2014  Montero, Santiago, Rodriguez, Calvo Wired : RS485 flc;gi(cvﬁpg(wpl Web Box (SMA) 5m PC virtual C# MySQL
2015 Milosavljevié, Pavlovié, Pirsl ‘é‘l’;fioot Wireless: ¢ 2 1wy) WebBox (SMA) 10m  PC Not mentioned
2015  Shariff, Rahim, Ping Wireless : Zigbee GC (1.25 kWp) PIC 18F553 1-5m  Web based Java

2015  Sundaram, Chandra Babu Wired : RS485 GC (SMWy) Notmentioned 5m PC Server SCADA

2015  Ahmed, Kassas, Ahmed.S.E wired : USB SA (150 Wp) DAQ- NI 5m PC LabVIEW

SA= Stand-alone system, CG=grid-connected system, PC= personal computer, pC= micro controller, FP=field point DAQ, DAQ=data acquisition, VB=virtual basic programming

Literature Review:

The studies of previous research about thetorosystem, which are related to the monitoringhef GC—PV
energy system, have been reviewed and summarizbd ifiable 1
There are studies about five major characteridtié\o energy systems, such as: Data transmissiomamésm,
Control and interfacing devices, sampling time, itering method and software.

a) Data transmission mechanism:

The data transmission for the PV energy systarolves the wire and wireless systems. For theedvi
system, they are usually connected by RS232, R&B&rnet and USB cables. (Forero et al., 2006)efSol
Bientz et al., 2006) (Ayompe et al., 2010) (Anwatial., 2011) (Park et al., 2012) (Montero et 2014)
(Sundaram et al., 2015) (Ahmed et al., 2015) Ugutide GC — PV system uses the RS232 and RS488& tab
achieve data transfer mechanism. For wireless sydtadis is done by the radio frequency (Papadakisl.e
2005), GSM (Gagliarducci et al., 2007), Zigbee (Ratiyamage et al., 2011) (Lopez et al., 2012) (Fhat al.,
2015) and Bluetooth technology. (Milosavljéwt al., 2015) In all cases, this mainly dependshendistance
between the location of the sensors and the hastooftoring system. For instance, the SA — PV & ridmote
area will use GSM or RF, but RF is more commonkydusecause it is cheaper than GSM. Therefore, aterf
affecting the choice of the date transfer mecharssthe cost in regards to the data transfer @ibeu(ff et al.,
2015)

b) Control and interface devices:

The function of controller and interface devicedd handle all data from the sensors to the eacsu3he
most popular devices is data acquisition such dsPAQ(Papadakis et al., 2005), FP-DAQ (Ayompe et al
2010) (Soler-Bientz et al., 2006) (Gagliarducciaét 2007), DAQ card (Boonmee et al., 2009) , DAGt u
(Ayompe et al.,, 2010), NI — DAQ card (Carullo andldn , 2012) (Ahmed et al., 2015), Some of PV
monitoring systems used microcontroller such asRI€JCF877 (Benghanem, 2009) (Anwari et al., 2044
PICI8F553(Shariff et al., 2015). Another systeradugreb BOX which is an interface device of SMA dpid-
connected inverters system. (Montero et al., 2QWpsavljevi¢ et al., 2015)

C) Sampling time:
From the past ten years, the sampling intervalrisind 1 to 5 minutes. (Papadakis et al., 2005)e(So
Bientz et al., 2006) (Gagliarducci et al., 2007ydfpe et al., 2010)(Carullo and Vallan, 2012) (Mwatet al.,
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2014) (Milosavljevt et al., 2015) (Ahmed et al., 2015) This is all eieging on the parameters that users need
to measure. However, the IECG1724 standard statee suggested sampling time which should be seldute
the type of parameter recorded.

d) Monitoring method:

There are two major types of monitoring methodseyrare PC—based (Forero et al., 2006)(Soler-Bieintz
al., 2006) (Gagliarducci et al., 2007) (Benghang2609)(Anwari et al., 2011) (Ranhotigamage et2011)
(Wittkopf et al., 2012) (Carullo and Vallan , 2QXPark et al., 2012) (Lépez et al., 2012) (Chowataal., 2014)
(Montero et al., 2014) and web—-based (Papadakds.,e2005) (Shariff et al., 2015) (Sundaram et 2015)
monitoring system. Most of them used the PC-baseuitor system.

€) Software:

The most popular choice software for monitoringteyn is LabVIEW, because it is popular to be applie
for the control, measurement and monitoring ofré time data for the PV energy system. [20] Seysem
used the Java applet (Sundaram et al., 2015), Bbfreisual basic, virtual C# for the web—based itazimg
system for remote monitoring users (Papadakis .¢t28i05) (Montero et al., 2014) (Shariff et al.,13)
However, LabVIEW software is very good match to wsth the DAQ compact - DAQ interfacing hard ware.

From the previous literature study, the authorld¢odesign the monitoring system via LabVIEW
environment, the interfacing device choose DAQ frdiational Instruments, with wired USB cable. The
sampling interval is able to adjust between 1300 s. It is a PC-based monitoring method.

MATERIALS AND METHOD
Hardware fabrication:

The concept to design the hardware involves the afsproducts that can match with the LabVIEW
environments. The GC photovoltaic energy systertiigauthor designed are as follow:

PV225W

o Micro
breaker GC Inverter

| Low-vortage grid
220V50Hz

i
1

([ compact NI

9229 (LS
Acquisition

Fig. 1: The GC photovoltaic energy system with interfaaimgdule diagram.

PChased monitor

(1)System input voltage is 24p¥ (2) System output (low-voltage grid) is about 23880Hz. (3) A multi-
crystalline type of solar panels is 223W,,=29.2V, I,,=7.71A. (4) The grid-connected inverter is in thajon
device in this system. The inverter specificatisri80-275 Watt(input power) MPPT voltage range2si3V,
Maximum input voltage is 55V, maximum in put cutrd2 A, maximum output power 250W at 1.2A, output
voltage 230V(range 189V-253V), frequency 50 Hz, kpetiiciency 95.7%, power factor >0.95, standar® IE
62116. (5) The pyranometer 6450 solar radiatios@ewas applied to this system. The hardware diagyf
GCPV system as shown in figure 1, and the 250W i&¥€rter and the other equipment’s such as curesTgcs,
low-voltage

AcC

KX

Low-Voltage grid 380/220V 50 Hz

Fig. 2: The micro GC inverter (250W), DAQ interface, cumrsensor, and the grid disconnecting switch.grid,
disconnecting switch and DAQ interface are as shiomfigure 2. The hardware for experimental set up
is as shown in figure 3
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Table. 2: The system hardware of the GC PV energy systemtivé data acquisition.

The system hardware
GC PV energy system DAQ devices Details
PV ulti-crystalline 225Wj
[Vmp=29.2v NI 9229] input Al [4-Channel, £60 /10 V, 24-Bit , Analog Input Modules
Imp = 7.71A NI 9215 input AIL 4-Channel, +10 V, 16-Bit ,Analog Input Module
I-DC sensor DK 20 C10 U convert 0-15 A to 0-10 VDC LEM
Inverter 180-175Vdc/230Vac | NI 9225] input AI0 | 300 Vrms, Analog Input, 50 kS/s, 3 Ch Module
250W Grid-connected| NI 9203 ] input AIO | 8-Channel, 20 mA, 16-Bit Analog Input Module
1-AC sensor AK 5 B420L convert 0-5A to 0-20 mA LEM
[
Pyranometer Input 0-1500 W/m?2 output 4-20 mA Davis Instruments
[ NI 9203] input AIl National Instruments
Chassis NI DAQ| | CDAQ9174  [NIcDAQ™-9174 NI CompactDAQ Four-Slot USB Chassis

There are other hardware that is required inrdggarch such as DC current sensor, AC currenbseans
chassis NI DAQ including the data acquisitions miedrhe author selected the DAQ module, in which 4h
channel analog input module (NI 9229) is appliedifiterfacing with DC voltage and NI 9215 was apglifor
DC current sensor. The AC voltage interface mo@hile9225) is used for measuring the grid voltagd #re
AC current interface module (NI 9203) is used toamee the AC current from current sensor and solar
irradiance from pyranometer. All are shown in table

Law-‘valtage

GDA 2 z
DC current Q AC power grid
sensor

A it v o 4 @i
-based —
4

interface. eter,

———Measurement,
& monier-=

Fig. 3: The experimental setup in the laboratory.

The software development:

The monitoring software was developed by LabVIEWbider to calculate and store data to the MySQL
database, communicate with sensors, DAQ moduledP&@ilased system via USB interface. The sampling tim
that was setup to acquire the data can be adjastbe default setting to be 30 s(depend on usgrest) in the
data logger mode. However, this software coulddmfor the in class experiment by the set of fimerval to
1-5 s. The user can reading on the screen and raajeph also.

The program consist of nine major subprograms With following functions which are; (1) Acquire to
interface compact DAQ (2) Acquire solar irradiativom a pyranometer. (3) Acquire and calculate daten
DC power. (4) Acquire and calculate data from AGvpo (5) Scale data from sensor. (6) Save dathdo t
database.(7) Setting parameter. (8) Make a ref®rDisplay monitoring data. As shown in figure 4.

—

Acquire to Y

interface
compact =
Display \DAQ s Acquire solar
monitoring irradiation

from
data. Wanameter

e

Acquire and

Viake a calculate data
. DC
@ Monitor \’,’;ﬂen
Qagmm
Acquire and
7 calculate
l@ data from
v’mwsr.
s d Scale

to the data from
wubasz. Vnsar.

Fig. 4: Diagram of the LabVIEW based monitor program f@m3/ system.
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The author could show some of the major VI bldtkttwas developed from LabVIEW. For example, the
VI-block (2) Acquire solar irradiation from a pymameter is as shown in figure 5. That will show yahout,
How to get and display the measurement data framr@meter?

errorout

N
T%

Fig. 5: VI block and measurement test of solar irradigtgub-program (2).

The VI-block (3) Acquire and calculate data fror® Power sub-program is as shown in figure 6. Lastly
the VI-block (4) Acquire and calculate data from AGwer as shown in figure 7. The VI-block (3) add (
could show the acquire technique to get the data -1 sensors and the way to calculate and distfiayn on
the screen.

Fig. 7: VI block and measurement test of AC (Grid) poveeih-program (4).

RESULTS AND DISCUSSION

1.Developing the LabVIEW monitoring system:

The software that was developed is as shown imdi@®. This software can measure the solar irradian
DC voltage, DC current from solar panels as weltasulate the power and display to the laptop teonihis
software can measure and display the real time aet@asurements of grid-voltage, AC current, poweat an
energy that the PV sends to the utility grid. Tilmsans that the hardware that the author chosdifsystem
works very well. It supports the software that #ngthor developed to measure and display as welk Th
experimental testing was done on 15 October 2@i& author set up the sampling time to acquire idada the
30 s interval.

2.Characteristic of GCPV energy system:

The results of study will show you the relatiomsbietween DC power, DC current and DC voltage ef th
PV panel as well as the relationship of DC powet A€ power on the connecting mode and disconnecting
mode of GC inverter. The calculating results of d¢figiciency of the GC inverter. Moreover, this sfucbuld
help the author to understand the operating of &€rter in the real environment.

Figure 9 shows the measurement results of the sod@iance on the experimental day. This is tleidy
day. The graph show that the irradiance in notrtang at noon.
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PC-Based Monitor for

Grid-Connected PV Energy System

Solar Irradiance PV 225W 24V lu»;;;‘u;;g: oid
.
w0 w o . ) .
P S R ) oA Micro &
— i GC Inverter ol
o Wiimm) [ 305w | iy —4
5203 0 Eom e ™ __foc SJ—"—
Plane Track . o
Temperatwe _Humidity T
[
223,962 Voit.
(o207 Amp_]
9225 A0 Energy
2 Azt
omoc conR 0.085 kwh |
| | o s [ ez

=

Fig. 8: Front page of the GC PV energy system monitor anog

Irradiance(W/m?]

Solar Irradiance on 15 October 2015

N\
g,.

12:00:21 AM
1:00:21 AM

2:00:21 AM
3:00:21 AM
4:00:21 AM
5:00:21 AM
6:00:21 AM
7:00:21 AM
8:00:21 AM
9:00:21 AM
10:00:21 AM
11:00:21 AM
12:00:21 PM

1:00:21 PM
2:00:21 PM
3:00:21 PM
4:00:21 PM
5:00:21 PM
6:00:21 PM
7:00:21 PM
8:00:21 PM
9:00:21 PM
10:00:21 PM
11:00:21 PM

Fig. 9: Measurement results of the solar irradiance.(1®li#r 2015).

PV Power, PV Current, PV Voltage vs Time

-- PV voltage 35

L n
I — i 1 *’J\r‘\ i\ ?V Current »
N Inverter ‘M ‘ J \l [ Inverter xS
connected ! | % disconnected

w to the Grid, ‘ (/1 5 ¥ from the Grid
\ | i V] s
/ A A /

Voltage(V), Current(A)

1:14:22
1:51:22
2:28:22
3:05:22
3:42:22
4:19:22
4:56:22
5:33:22
6:10:22
6:47:22
7:24:22
8:01:22
8:38:22
9:15:22
9:52:22
10:29:22
11:06:22
11:43:22
12:20:22
12:57:22
13:34:22
14:11:22
14:48:22
15:25:22
16:02:22
16:39:22
17:16:22
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18:30:22
19:07:22
19:44:22
20:21:22
20:58:22
21:35:22
22:12:22
22:49:22
23:26:22

Fig. 10: Measurement results of the voltage current andepdrwm photovoltaic panel. (15 October 2015).

The data from the DC part of GC PV energy systewsi shown in figure 10. The invertor will conntxt
the grid around 6:10:22 a.m. and disconnect froemgtfid around 18:30:22 p.m.

During the grid-connecting time, the blue line waesented the DC voltage from PV. This shows about
25V-27V in the connecting mode and is around 33\tha disconnecting mode. This case the micro GC-
inverter will operate in MPPTode. Figure 10, the green line displayed the PWgp@and the red line showed
the PV current.

Their shapes are similar to the solar irradiafigeie 9). This means that the DC power and DCentrare
depending on the Sun irradiance. The maximum DCepdsvabout 210 W, and the maximum current is atoun
8.5 A at the same time.

Grid voltage, AC power, AC current vs Time

Grid AC voltage

AC power(W), AC voltage(V)
AC current(A)

Fig. 11: Measurement results of the voltage current andepdrom the low-voltage grid. (15 October 2015).
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According figure 11, the grid voltage is stilnstant around 225V (red line) all the time ia tase that the
GC inverter could be connected or disconnecteti@éagtid. But the power will be fed to the grid whiwe GC
inverter is operating during the day time. The griee will show that the maximum AC power is aba8oW,
and the maximum AC current is about 0.8 A(blue)line

PV current, Inverter current vs Time

10 2
9 18
z 5 /PV(DC) current i:i %
£ 12 8
£ s 13
3 4 Inverter(AC) current 08 o
3 06 £
2 04 §
1 02 £
0 0

VHNNNENEN NS
G\\DNQ\lﬂleﬂﬁm
“ounmAN—=nTm~

BhN
@m

o
CHAMMFHEONG G

20:09:22
20:55:52
21:42:22
22:28:52
23:15:22

Fig. 12: Comparison the DC and AC current of the GC ensggyem. (15 October 2015).

The study of relationship between the input cureerd the output current is as shown in figure Tty
have the same shapes but the amplitude is different

Efficiency of Inverterand electric power in the system

%
3

Input(DC) Pow:

200 Output(AC) Power
150 Efﬁcignty ' I l wgflclency 89.87%
100 '

Power{W), efficiency(%)

Fig. 13: The graphical calculation of efficiency of the @@ergy system. (15 October 2015).

The efficiency of the inverter can be calculatedtie input power and output power via the equafijn
The green graph (figure 13) will show the efficigrad GC inverter is around 89.87 % if the invertennects to
the grid and solar irradiance is still higher th#00 W/nf. But the efficiency will be lower than this if the
invertor is non-permanently connected to the gnitlich is at early morning and in the evening. Beeathe
solar irradiance will be low, it is not enough &b the invertor operate in MPPT mode.

In the same way the scratch plot betwegntipower and the output power of GC Inverter, lemasin
figure 14. That user can calculate the efficientyhe GC inverter from the graph. For example tffigiency
calculation on the point A, B and C is equal to3B4.1 and 91.7%.

Input power vs output power

Efficiency=94.1%

g

Efficiency=91.7%

Output power(W)

Efficiency=87.9%

0 50 100 150 200 250
Input power(W)

Fig. 14: The scratch plot of input power and the output @owf the GC energy system.

Conclusion:

The analysis of the characteristics of the gridraxted photovoltaic system needs the reliable tomong
system. LabVIEW with PC-based monitoring systerthés perfect solution. This work is very suitablestady
the behavior of the GCPV system, and help us teerstdnd the operation of every equipment’s in tigP&
system easily. This system has a high accuracyeasorement, and software that can generate anynafion.
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There is a guideline to design the protection sysaad the way to choose the right equipment forGPV
system and also to develop the data acquisitiotesy$or the other applications. This system isatlé for
training and teaching in order to teach the engingestudents and others. Nowadays, Thailand hasewable
energy policy that promotes the solar rooftop aokérsbuilding top program across country. This wedn
support the policy in terms of technician developtneMoreover, this system should be applied to itbotthe
grid-connected PV system up to 1.8kWp (§0M5Axc) without the need of addition hardware and sofewar

Future work, the author has an idea to develogehture of the monitoring software so that it ideato
evaluate the performance of GCPV energy system.
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