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ABSTRACT

Solar Power Roof Company Limited, engaging in the installation and after-sales
services for the rooftop solar power generation system, found that in some cases there
are lots of on-site inspection and maintenance tasks over the same periods which cause
any delays to the customers. Therefore, this project focuses on developing a problem-
solving database for the rooftop solar power generation system using Microsoft Access
2016. The study procedures consist of: (1) analyzing the preliminary parameters affecting
the solar power generation through Sunny Portal website; (2) performing on-site
inspection for equipment checking when any deviations of such parameters are detected;
(3) gathering problems associated with each equipment, inspection methods, and solving
methods; and (4) developing the problem-solving database by using Microsoft Access
2016. The characteristics of problem-solving database for rooftop solar power generation
system, created by Microsoft Access 2016, are as follows: (1) show the relationship
between the advanced parameters and equipment causing frequent problems; (2) have
easy-to-use and basic steps, including click query(0) system problems to find the system
problem codes and then click form of each equipment to display problems, inspection
methods, and solving methods; and (3) display such solving method through the screen

that is easy-to-understand and simple.
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Single Crystal (Mono):
Efficiency: 17%-20%

Crystalline

Poly Crystal (Multi):
Efficiency: 16%-19%

M Si Semiconductor

Amorphous (a-Si):

Non-crystalline | Efficiency: 7%10%

Solar PV |4

M-V Compound: Efficiency: 28%-32%

Compound
Semiconductor

CIGS, CdTe: Efficiency: 12%-16%

~ Dye-sensitized: Efficiency: 6%-8%

Organic/Polymer
Semiconductor

Organic Thin Film: Efficiency: 3%-5%
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1. wnawaduaseiing §ve Kyocera l4i 2 fu fail
1.1  Kyocera Polycrystalline Solar Modules KT-Series ‘g'u KT260-6GC-A

CUTTING-EDGE TECHNOLOGY

COMPANY

» Cell:

- 156 mm =156 mm

- Polycrystalline, 3-busbar

- >16% efficiency

- Embedded in EVA film

+ Silicon nitride texturing:
Minimisation of light reflectivity,
homogenous coloration

» Frame:

* Aluminium, black anodised and coated

- Screwed and also adhered

- Load capacity: 5,400 N/m?
(IEC standard: 2,400 Nfm?)

= Interior drainage openings to protect
against frost damage

- reinforced with two support bars on
the rear side - rinimises the risk of
micro-cracks (p-cracks)

» Junction box:

- Incl. bypass diodes

- Encapsulated, prevents penetration of
maoisture

* Highest fireproof class SVA in accordance
with ULS4

« pre-configured with connection wires
and SMK plug connectors

» Anti-reflective glass:
- Enhances transmittance, maximises
conversion efficiency

} Service:

* Professional Europe-wide customer service
in Esslingen/ Germany

+ Individual maintenance service increases
life expectancy of the photovoltaic system

L3

» Competence and stability:

Founded in 1959 in Kyoto, Japan, Kyocera is
now a globally active, financially powerful
carporation with 230 subsidiaries.

» Quality:

Kyocera Solar, a pioneer in the photovoltaic
sector and collaborator in groundbreaking
photovoltaic solutions since 1975, is one of
the leading manufacturers of solar energy
systems. Kyocera was the first company to
introduce the series production of
polycrystalline silicon solar cells and the
patented 3-busbar cell technology in mass
production,

} Verified longevity:

The reliability and longevity of the products
have been verified by proven long-term
solutians. For example, systems installed in
Japan and Sweden have been providing
excellent yields since 1984.

JUT v.1 AuudnwarvesmITadUAIDTing I Kyocera Ju KT260-6GC-A

(Kyocera. NDa)
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ELECTRICAL PERFORMANCE

PV Module Type KT260:-6GC-A
At 1000 W/m? (STC)"

Maximum Power (W] 260
Maximum System Voltage V] e 1000
Maximum Power Voltage V] ; 2231
Maximum Power Current [A] 839
Open Circuit Voltage (Vo) (vl 383
Short Circuit Current (ls) [A] ; 5.09
Efficiency [%] 158
At BOO W/m? (NOCT)®

Maximum Power [W] 187
Maximum Power Voltage V] R
Maximum Power Current (4] 671
Open Circuit Voltage (Vyc) [V] 35.1
Short Circuit Current (Ic) [A] o e ey
NOCT [°q] 45
Power Tolerance [%] +5-3
Maximum Reverse Current I [A] 5
Series Fuse Rating [A] Galb
Temperature Coefficient of V,. [%JK] =0.36
Temperature Coefficient of I [%/K] 0.06
Temperature Coefficient of Max. Power [%/K] -0.45
Reduction of Efficiency (from 1000 W/m? to 200W/m?) [%] L33
DIMENSIONS

Length [mm] 1662 (+2.5)
Width [mm] 990 (£2.5)
Depth /incl. Junction Box [mm] ; A
Weight [kg] 20
Connection Type [mm] ¥ PV-03 (SMK)
Junction Box 110%109x17
Number of bypass diodes .3
IP Code 1PES
CELLS

Number per Module 60
Cell Technology : -.poiyc‘ryscdli[&
Cell Shape (square) [mm] s _156%156
Cell Bonding 3 busbar
GENERAL INFORMATION

Performance Guarantee 1025 years®
Warranty 10 years®

(1) Elvical valses wnder mandard sere condrtions (STC ). arwzdsaren of 1900 Wim+
airmass AM 1.3 and colf semgeraruee of 25°C

(2) Ehzrical values ander wormal wzerztmg coll wemterature {NOCT): irradanien of 800 Wim?,

airaass AM 1.5, wond speed of 1w/ 3 and ambiont emgperavert of 26°C

JUN 0.1 qudnvzueuNTadLdseiing

L]
ars o6 0% of rho mawiwally spesificd power Pownder rrandard vt sonderons (STC)
of the minimally speaifed peser P under srandard s condstions (STC)
5+ lnrsecase s Evraze

i Kyocera Ju KT260-6GC-A (5i9)

o f(ch

(Kyocera. NDa)
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1.2 Kyocera High Efficiency Multicrystalline Photovoltaic Module ‘i:u KK265P-
SCD3CG

KK265P-3CD3CG

HIGH EFFICIENCY MULTICRYSTALLINE
PHOTOVOLTAIC MODULE

IEC 61215Ed.2 j
EN61730 @

l
oo

This module has passed 2,400Pa mechanical load test based on IEC61215 ed.2
This module is manufactured in ISO9001 certified factaries.

Registered No.: JMIO036 (Japan), CNO7/00321(China), FM26856 (Mexico)
TUV.COM Internet platform for tested quality and service |D 0000023299,

HIGHLIGHTS OF KYOCERA PHOTOVOLTAIC MODULES

Kyocera's advanced cell processing technology and automated production facilities produce highly efficient multi crystalline
phatovoltaic modules.

The conversion efficiency of the Kyocera solar cell is over 18.4%.

These cells are encapsulated between a tempered glass cover and a EVA pottant with back sheet to provide efficient
protection from severe environmental conditions.

The entire laminate is installed an anodized aluminum frame to provide structural strength and ease of installation.
Equipped with plug in connectors.

APPLICATIONS
Grid-Connected Systems #®Microwave/Radio repeater stations & Cathodic protection
@ Residential Solar Power Systems @ Medical facilities in rural areas 4 Aviation obstruction lighting

@Public and Industrial Solar Power Systems @Emergency communication

2 - : WEnvironmental data monitorin
#Water quality and environmental 9

Stand -Alone Solar Power Systems for data monitoring @Railway signals
@ Villages in remote areas #Drinking and livestock water pumping ~ “#Street lighting
& Homes and summer cottages #Irrigation pumping % Desalination
LIMITED WARRANTY

*Limited warranty on material and workmanship: For wamanty period, please refer to Warranty issued by Kyocera

*25years limited warranty oanower output: For detail, please refer to * calegory V" in Warranty issued by Kyocera

(Long]letm oulpul warranty shall warrant if PV Module(s) exhibits power outpul of less than 50% of the onginal minimum rated power specilied at the time of sale within 10 years and
less than 80% within 25 years after the date of sale the Cusiomer. The power output values shall be those measured under Kyocera's standard measurement condilions. Regarding
the warmrantv conditions in detail. please refer to Warrantv issued bv Kvocera)

]
& o v

U 9.2 Auidnwaisvesumawaduateiing dife Kyocera fu KK265P-3CD3CG
(Kyocera. NDb)
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ELECTRICAL CHARACTERISTICS

Current-Voltage characteristics of Photovoltaic Module
KK265P-3CD3CG at various cell temperatures
at I(yocera Corporatlon iaboratory

Maximum Power | (Pmax)
Maximum Power Voltage (Vmpp)
Maximum Power Current (Impp)
Open Circuit Voltage(Voc)

Short Circuit Current {lsc)

Max System Voltage
Temperature Coefficient of Voc
Temperature Coefficient of Isc

*STC: Irradtanu_e- mouwim- AMl "J spectrum, aludule temperature 25°C

Maximqm Power{?max)

Maximum Power Voltage

Maximum Power Cutrent

Open Circuit Voltage (Voc)

Short Circuit Current (lsc)

*NOCT (Nominal Operatmg Cell Temperature) 45°C
* 3 —

-_4 ;:,g ﬁy} s LS

Number per Modufe

Cell Technu!ugv

(b e ol B
i.ém;th x Width x Depth without Box
Weight

Reduction™
Limiting Reverse Current
Mechanical load (to IEC61215 ed.2)

Current-Voltage characteristics of Photovoltaic
Module KK265P-3CD3CG at various irradiance levels
at Kyocera Corporatlon laboratory.

e
2 1000wm?
'_ﬂ e iy e
8
00wy l
o A SR .
4
7_3 o 600Wm?
B ;252
4 :
o AOME
3
& b 200 e
3, b -
o
Bl TR 00 By
=Sy Voltage (V)

KK265P-3CD3CG
. T

ok SRR L 4
265 W (+5%, -3%)
31.0V

8.55A

38.3V

9.26A

1000V

-1.36x 10 vf°C
5.43x 103 A/°C

ARl e e a2 .;:_-“f';‘..g'
60
Multi crystaliine

R R AR
1652 x990 x 46 mm
19.0kg
(+)1200/ () 1200 mm
TR y i 1

110 x109x 17 [mm]
P67

i ; e
33%
15A

Pressure 2400 Pa

Uil 0.2 Auudnvusvesumawaduaseiing Bo Kyocera U KK265P-3CD3CG (sia)
(Kyocera. NDb)
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2. Bunesines Bo SMA u Sunny Tripower 25000TL-30

SUNNY TRIPOWER
20000TL / 25000TL

The versatile specialist for large-scale commercial plants and solar power plants

The Sunny Tripower 20000TL/25000TL is the ideal inverter for large-scale commercial and industrial plants. Not only does it
deliver extraordinary high yields with an efficiency of 98.4 %, but it also offers enormous design flexibility and compatibility
with many PV modules thanks to its multistring capabilities and wide input vollage range.

The future is now: the Sunny Tripower 20000TL/25000TL comes with cutting-edge grid management functions such as
Integrated Plant Control*, which allows the inverter to regulate reactive power at the point of common coupling. Sepa-
rate controllers are no longer needed, lowering system costs. Another new feature—reaciive power provision on demand
(QonDemand24/7).*

Efficiency Curve

o ; STP 250007130
|

L] —

96"

Efficiency [%]

i i ®
Q0l4: i . =N cg
e t { -------- Eta V.. = 390 V) |-
88, 1 Eta (V,, = 600 V) |'
: o= BolV,=800V) | |
86 ' [
0.0 0.2 0.4 0.6 0.8 1.0

Oulput power / Rated power

U 1.3 Audnvuzvesduiesines Se SMA U Sunny Tripower 25000TL-30
(SMA Solar Technology AG. NDa)
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Technical Detta

Input (DC) Input (DC)

Max. DC power (@ cos ¢ = 1)

Max. input voltage

MPP vollage range / rated input voliage
Min. input voliage / start inpul volioge
Max. input current input A / input B
Number of independent MPP inpuls / strings per MPP input
Output (AC)

Rated power (@ 230V, 50 Hz)

Max. AC opparent power

AC nominal voltage

MNominal AC voltage range

AC grid frequency / range

Rated power frequency / rated grid voltage

Max. output current

Power factor af rated power

Adjustable displacement power factor

Feed-in phases / connecfion phases

Efficiency

Max. efficiency / European Efficiency

Protective devices

DCside disconnection device

Ground fault monitoring / grid monitoring

DC surge arresler [type I} can be integrated

DC reverse polarity protection / AC shori<ircuit current copability / galvanically isolated
Alkgole sensitive residualcurrent monitoring unit

Profection class (according to [EC 62103) / overvoliage calegory (according to IEC 60464-1)
General data

Dimensions (W / H / D]

Weight
Operating lemperature range

Noise emission (typicol]

Sellconsumption (af night)

Topology / caoling concept

Degree of protection (as perIEC 60529)

Climatic category (according lo IEC 60721-3-4)
Maximum permissible value for relative humidity (non-condensing)
Features

DC connection / AC connection

Display

Interfoce: RS485, Speedwire/Webconnect
Multifunction relay / Power Control Module
Guarantee: 5 /10 / 15 / 20 / 25 years

Planned certificates and permits {more available on request)

Type designation

=0

31]

Sunny Tripower Sunny Tripower
20000TL 25000TL
20440 W 25550 W

1000V 1000V
320 V10800V / 600V 390 Vi 800V / 600 V
150y /188 YV 150V./188YV
33A/33A 33A/33A
2/A3;83 2/A3;B3
20000W 25000W
20000 VA 25000 YA
3/N/PE220/380V 3/N/PE 220 /380 V
3/N/PE 230 /400 V 3/N/PE 2307 400V
3/N/PE240 7415V 3/N/PE 240/ 415V
160Vio 280V 160Vic 280V
50 Hz, 60Hz /-6 Hz fo+5 Hz 50 Hz, 60 Hzi/ 4 Hzto +5 Hz
50Hz/230V 50Hz/230V
29A 362A
1 1
0 ited t0.0 und iled 0 ited to O-und ited
3/3 3/3
98.4%/98.0% 983%/98.1%
. o
e/e e/e
o ]
o/e /- e/9 /-
. °
IValll /m
665 / 690 /265 mm 665 / 690 / 265 mm
{26.2 /27.2 / 10.4 inch) (26,2 /272 / 10,4 inch)
61 kg [134.48 1b) 61 kg {134.48 |b)
25°Clo+60 *C13 °Flo+140 °F)  -25°Clo+60 °C 13 *Filo+140 °F}
51 dB(A}) 51 dB(A)
1w 1W
Transformerlass / Opticool Transtormerless / Opticool
P65 P65
4K4H AK4H
100 % 100 %
SUNCLIX / spring<age ferminal SUNCILIX / spring-cage terminal
o/o0 o/0o
o/o o/o
e/o/0/0/0 e/o/o0fo/0

AS 4777, BDEW 2008, C10/1 1, CE, CEl 0-16, CEI 0:21, EN 50438,
G59/3, [EC61727, IEC 62109-1/2, NEN EN 50438, NRS 097-2-1,
PPC, RD 1699, RD 661/2007, 514777, UTE C15.712-1, VDE 0126-1-1,
VDE-ARN 4105, VFR 2014

STP 20000TL-30

(SMA Solar Technology AG. NDa)
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3. Aaawmeineulvsalans Gve SMA

Technical Data

Communications

Inverfer

Datla network (LAN)

Data interfaces
Connections

Inverters/data network (LAIN)
Data slorage

Vollage supply/analog and digital signels
Max. number of SMA devices
Maximum radio ranges
Speedwire/LAN

Veltage supply

Vollage supply

Input wollage

Power consumption

Ambient conditiens in operation
Ambienl temperalure

Relafive humidity

Elevation above MSL
Display

Type

Display languages

Sterage

Internal

Extfernal

USB interfaces
Quanlity/specification/poris
Digital inputs

Quantity

Use

Andlog inputs

Quantity

Measurement range

Use

Temperature measurement
Quantity/sensor type
Measurement range

Use

Digital outputs
Quantity/design

Max. load tolerance

Use

Analeg outputs
MNumber/signal current

Use

General data

Dimensions (W/H/D)
Weight

Installation site/degree of protection provided by enclosure

Mounfing type
Status display

Software languages, languages of the manual

Features

Operation

Time

Advanced funcfions using the Sunny Portal

Warranty
Cerlificates and approvals

a

=b.

U

2.4 AANYUEYBIRGAmDIAaUlnsalaes §

SMA Cluster Contréller

Speedwire, 107100 Mbil/s
Fast Ethemet, 10/100 Mbit/s
HTIP, TP, Modbus TCP/UDP, SMTP, Sunny.Porlal

2 ports/ 10BASET or 100BASETX, RJ45, swilched

2 USB 2.0 high-speed ports, type A
Connector/pushin spring-cage terminal

75/25*
IdO m [batween hwo devices)

External power supply unit [available as an accessory)
18 VDBCIlo30VDC
Typ. 12 W/max. 30 W

25°Clo+60°C (-13°F to +140°F)
4% to 95%, noncondensing
Om o 3,000 m

LC display, monochromatic, back it
Garman, English

1.7°GB as ring buffer
USB mass storage (oplional, available as an accessory)

2/USB 2.0 highspeed/type A

8
Selpoints for active and reactive power

3 x current signal, 1 x voliage signal
OmAto 20mA'er0Vio +10V
Iradialion measurement, sefpoinis for aclive/reaclive power or currenl/voltage measurement

2 /PT100 / PT1000 (two or fourcable connection)
40°Cto +85°C [40°to:+185°F)
Measurement of ambient and cell femparcture

3/potentiakfrea reldy contacts
48V DC/30W
Error massage, warning and aclive power limitation

2/4 mAlo 20 mA
Feedback of the active and reaclive powar satpoints

275/133/71 mm (10.8/5.2/2.8 inch)
092kg (2.01b)
Indoors/1P20
Top-hat rail mounting
IC display, LEDs
German, English, tialian, Spanish, French, Duich, Porluguese, Greek, Czech

Integrated web server, display, keypad
Realtime clock (RTC) with maintenance-free bufering
PV system and yield monitoring, measured value procassing, performance analysis,
presentation, status reports, mobile data aecess
5 years
www.SMASolar.com

& 1Y

8 SMA (SMA Solar Technology AG. NDb)
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4. Iwswiedlwes (Silicon Pyronometer) 8% Kipp and Zonen JU SP Lite2

5 Spectra‘[ range (overall) 400 to 1100nm
Pt | Sensithity 60 to 100 pV/W/m2
—+ ] 3 | Sensitivity (10 pV/W/m? version) 10205 gV/W/m?
. Impedance 500
i ,v’ 7 - i ‘x . Impedance (10 pV/W/m? version) <100
/ // \ ”1‘\ 7 ? Expectednutput range (o‘aoisgpwm!) | Oto150mV
/ V¥ Jr\ Expected output range (10 V/Wjne version)| 0 to 15mV
. Maximum operational irradiance 2000W/m2
; . Response time (95%) <500 s
Non-stability (change/year) 2%
Nori-linearity (0'to 1000 W/me) <2.5%
‘ Directional response <10W/m?
i (up to 80° with 1000 W/m? beam) i
d ?emperq‘lure‘respohse i - 0.15%/°C
L& Field of view | 180°
]] 1 Accuracy of bubble level <0.2°
: & % | Detector type ' Photo-diode
T’_,\_ F: Operational temperature range -40°C to +80°C
;5{; d Storage temperature range +40°Cto +80°C
o Hl}midity range 0 to 100% non-condensing
Ingress Protection (IF) ating | 67

gﬂﬁ U5 Audnwazvodlnsweiives 8%e Kipp and Zonen U SP Lite2 (Kipp and Zonen. ND)
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5. (A3RTIANEIU (SMA Energy Meter) §

Techni¢al Data

Communication

Conneclion lo the local rouler

Inputs [voltage and current]

MNominal yoliage

Frequency

HNominal current / limifing current per line conductor
Starkup current

Torque for screw lerminals

Ambient Conditions in Operation

Ambient temperature

Slorage lemperalure range

Protection class [according lo IEC 62103)

Dagres of profection {according to IEC 60529)
Max. permissible value for relative humidity [non<condensing)
Elevafion above MSL

General Data

Dimensions (W/H/D]

Top hatrail width units

Weight

Mounting location

Mounling type

Status display

Self-cansumplion

Medsurement accuracy, medsuring cycle

Features

Waranty

Cerlificatos and permils (more available upon request]
System Compatibility (as of January 2017)

This following dévices can be used with the SMA Energy Meler:

SMA energy management
SMA PV inverter

SMA slorage systams®
SMA communicalion devices

Lostupdated: March 2017
1) Mechanicol 1.5 men? 1o 25 mm?
2) 95% caly oa vp to 30 days of the year

3) With an SMA Ensray Meler at the grid connection peint, typical local use ond PV grid feed-in con be shown
o

systems

AR A
ﬂ%mwﬂmgﬂeﬂymmunShMElmgdeerm&:myl-hneManDdhgﬁd
s

Type designalion

7

8 SMA

5MA Energy Meter

via Ethernet cable (10/100 Mbit/s, RI45 plug)

230V/400V
50 Hz/+5%
5 A/63 A [>63 A can be connecled via external curren! fransformers)
<25mA
10 mm? fo 16 mm? " {for 63 A fusing)
2.0Nm

-25°Cio+d0*C
-25°Cto #70°C
I
1P2X
5% fo 90% %
Omio 2000 m

70 mm/88 mm/65 mm
4
03 kg
Switch or meter cabinet
Top-hat rail mounting
2 LEDs
<3w
1%, 1000 ms

2 years
www.SMA-Solar.com

Sunny Home Manager
Sunny Boy 1.5/2.5, Sunny Boy 3.0-5.0
Sunny Boy Storage, Sunny Boy Smart Energy, Sunny Islond X.XH/M
SMA Cluster Controller

EMETER-20

31]*‘3 9.6 qmé’ﬂwmwmm%aﬁmwﬁ’mu B4a SMA (SMA Solar Technology AG. NDc)
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