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Thesis Title Comparison of Performance Analysis Between Simulation

Program and Real Installation Data of a 6 MW PV Power Plant

Name - Surname Mr. Nirutti Nilkeaw
Program Electrical Engineering
Dissertation Advisor Associate Professor Boonyung Plangklang, Dr.-Ing
Academic Year 2018
ABSTRACT

This thesis presented a comparison of performance analysis between simulation program
and real installation data of a 6 MW PV power plant in Prachin Buri province. Thin-film solar panels
which were sensitive to radiation fluctuation in a wide range, were selected for the PV power plant.
The performance analysis will be used for an investment and an economics analysis of the PV power
plant.

Comparison analysis of power generation performance was investigated by using data of
PVsyst simulation program and actual power generation capacity in the year 2016, 2017 and 2018.
Relative Error Analysis was applied to consider the deviation from PVsyst simulation program and
actual power generation of the PV power plant.

The study results showed that in the year 2016, 2017 and 2018, the total power generation
capacity obtained from the PVsyst simulation program was higher than the actual power generation
capacity. The actual power generation was lower at -2.89%, -5.75% and -7.2% respectively. The
results of the study suggest that in order to make a decision to construct a PV power plant, it is
necessary to ensure that the power generation capacity of PVsyst simulation program is lower than

the actual power generation of PV power plant.

Keywords: PV Power Plant, PV power plant performance, thin-film solar panels
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Type of Solar PV Thin Film Poly-crystalline Mono-Crystalline
Cell Efficiency 8-12% 14-15% 16-17%
Module Efficiency 5-7% 12-14% 13-15%
Area needed per kWp 15.5m2 8m2 7m?2
Annual energy 800 kWh/kWp 810 kWh/kWp 830 kWh/kwp
Annual energy 50-52 kwh/m2 100 kWh/m2 107 kWh/m2
Price $/Wp ~$ 3.57/Wp ~$ 3.89/Wp ~$ 3.99/Wp

® For south-facing system with 30 degree till.
® Standard Test Conditions(STC): 25 degree, Light intensity of 1kW/m2, AM 1.5

® kWp=kilowatt ‘Peak’. Solar PV arrays are rated by the power they generate at STC
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Project: NewD03.PR) — a x
Project Site Variant
-Project’s designation

G New003. PR Project's name [HUAWAT PYGIS Q + H ® | (7]

Site File 1HUAWA1_PVGIS THY_PVEIS_API_TMY.SIT ]PVGIS: CMSAF, SARAH or NSRDB Thailand Q

Meteo Fils 1HUAWALF'VI3\E TMY_PYGIS_API_TMY MET PYGIS: CMSAF, SARAH or NSRDE THY Okm j 7]

Simulation done Meten database
Iversion 6.78, date 02/03/19]
O Project settings

System Variant [calculation version]

Yarantn™ [VCO  : New simulation variant S Bt x +-| @
Input paramelers Simulation Resulls overview
(FEhEce ol Systemkind Mo 3D scene defined, no shadings
@ Orientation | @ Hoizon | ;
b Run Simulation System Production 10278 Mush/
- @ Heor Shod Specilic production 1713 Kwhikwpdy
* s Patformancs Patia 0.044
@ Deteied osses I © | © Advanced Simul. | Normalized production 4.69 KWhikiwp/day
Aray loges 0.81 kKwh/ldwp/day
@ Self-consumption @ Eneragy manag. | [k Fiepart ‘ S 006 bkt iieds
Meteo file used for this variant
@ Storage | @ Econanic eval | (o Detailed results | Meten file | HUSWAT PYGIS THY_PYGIS_APL_TMY.L

[ svstem overview 8] Exit
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Crientation, Variant "Mew simulation variant”

Field type |Fixed Tilte

rField parameters—

d Flane

Tilt 30°
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Sizing valtages . Ympp (G07T) 32.4 ¥
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310 2.27 AeEanansTUNa Simulation

Hourly Simulation Progress

[ Status
Executes the simulation

~Aitenuation factars for Diffuse

by steps of one hour

| 37sec

5 | Display

1&M Shading  1AM*Shading " Houty Values
Diffuse e 000 e  Dalp Values
Albeda 0212 nom 0212 1~ Monthly Values
Display daily values Sinnulation 18/0/30

Mstec: Global, Diffuss, Tamb
Oncolt Global, Diffuse, Glob. eff 652, 238, 0.02,
System: EMax, ENet, Ellze

Load: ElLoad, EUsed, EDver

707, 2 47whind day, 29.9°C. 43 mis

Unlimited , 0.0, 0.0 Kwh/day

% Stepby
=+ Continue
X abort

B.30 kiw'hyne. day

140, 140, 136 91kWwhiday

[~ Automaticaly close when simulation ends succassiully

step

PVSYST V6.78

‘ 16/03/19 ‘ Page 1/6

Near Shadings No Shadings
Storage Kind  Peak shaving
Charging strategy  Available power over Grid limit = 4801.2 kW
Discharging strategy ~ As soon as power is neede

User's needs : Unlimited load (grid)
Grid power i Active Power 4801 KW Pnom ratio  1.250
PV Arrays Characteristics (6 kinds of array defined)
Sub-array "Sub-array #1"  uCSi-aSi:H Model NA-E125L5

Original PVsyst database Manufacturer ~ Sharp Corporation
Number of PV modules In series 16 modules In parallel 500 strings
Total number of PV modules Nb. modules 8000 Unit Nom. Power p
Array global power Nominal (STC) 1000kWp At operating cond. 938 kWp (50°C)
Array operating characteristics (50°C) Umpp 682V Impp 1375 A
Sub-array "Sub-array #2"  uCSi-aSitH Model NA-E125L5

Original PVsyst database Manufacturer ~ Sharp Corporation
Number of PV modules In series 16 modules In parallel 500 strings
Total number of PV modules Nb. modules 800 Unit Nom. Power ~ 125 Wp
Array global power Nominal (STC) 1000kWp At operating cond. = 938 kWp (50°C)
Array operating characteristics (50°C) pp 682V Impp 1375 A
Sub-array "Sub-array #3"  uCSi-aSiH Model NA-E125L5

Original PVsyst database Manufactirer ~ Sharp Corporation
Number of PV modules In series 16 modules In parallel 500 strings
Total number of PV modules Ib. modules 800 it Nom. Power 125 Wp
Array global power Nominal (STC) 1000kWp At operating cond. 938 kiWp (50°C)
Array operating characteristics (50°C) pp 682V Impp 1375 A
Sub-array "Sub-array #4"  uCSi-aSi:H Model NA-E130L5

Original PVsyst database lanufacturer ~ Sharp Corporation
Number of PV modules Inseries 16 modules In parallel 481 strings
Total number of PV modules Nb. modules 7696 Unit Nom. Power P
Array global power Nominal (STC) 1000kWp  Atoperating cond. 939 KWp (50°C)
Array operating characteristics (50°C) p 695V 1 mpp

PVSYST V6.78 ‘ 16/03/19 ‘ Page 416
Grid-Connected System: Simulation parameters Grid-Connected System: Main results
Project : HUAWA1_PVGIS Project: HUAWA1_PVGIS
Geographical Site HUAWA1_PVGIS TMY Country  Thailand Simulaionvariant: _ New simulation.variant
Situation Latiude  13.90° N Longitude  101.50° E Main system parameters System type  No 3D scene defined, no shadings
Time defined as Legal Time  Time zone UT+7 Altitude 11 m PV Field Orientation tilt = azimuth  0°
Albedo  0.20 PV modules Model NA-E125L5 Pnom 125 Wp
Meteo data: HUAWA1_PVGIS TMY  PVGIS: CMSAF, SARAH or NSRDB - TMY PV modules Model NA-E130L5 Prom 130 Wp
PV Amay Nb. of modules ~ 47088 Prom total 6001 kWp.
Simulation variant:  New simulation variant Inverter Model ~ SG500MX Pnom 500 kW ac
N Inverter pack Nb. of units  12.0 Pnom total 6000 kW ac
Simulation date  03/03/19 22h21 User's needs Unlimited load (grid)
Simulation parameters System type  No 3D scene defined, no shadings Main simulation results
System Production Produced Energy 10224 MWhiyear ~Specific prod. 1704 KWh/kWplyear
Collector Plane Orientation Tit 170 Azimuth 0" Performance Ratio PR 83.99 %
Models used Transposition Perez Diffuse  Imported Battery ageing (State of Wear) Cycles SOW 100.0% Static SOW  80.0%
Battery lifetime 5.0 years
Horizon Free Horizon

Normalized productions {per installsd kWp): Nominal power 6001 KWp.

Performance Ratio PR

3

[ TR v

N T e e R ey
New simulation variant
Balances and main results
GlobHor | DiffHor | TAmb | Globinc | Globff | EAmay | E_Grd | Esawis | PR
i | vt | e | e | ko | s | owwn | e
January w2 | stz | 2sss | w2 | wmar o5 ws | oz | osw
February. sz | e2e0 | oses | wmss | e | et a0 | oo | o
March was | 7s10 | 221 | 220 | s | o | ot | oo | oems
Aprit w39 | 7228 | 205 | w03 [ wmss | e w2 | oo | osm
May 87 | 7825 | 20 | wes | wss | 7ss s | oo | osst
yune wos | ssso | 217 | s | wos | e s | oo | s
uty 543 | 7ais | orss | waa | e | a7 77 | oo | ossr
August wio | srs | oomas | wmss | w2 | e sor | oo | osse
September wiz | 705 | 2876 | wss | wis | 75 s | oo | oast
Octobar w03 | 77 | e | wer | wes | 7 7 | oo | osso
November sess | siso | oaras | s | ez | ess oz | oo | osm
December s34 | sver | 2605 | w1 | wwos | em ors | oo | oam
Vear 128 | sse0e | 226 | 2m2 | veris | tosst | tozs | oses | oseo
Logence:  Globkor  Horzontal local imafton GlobER  Effctive Gibal, cor. for 1AM and shacings
DiffHor  Horizontal ifuse imaion BAray  Efeciv onergy at the outpul of the aay
_pmt Ambiont Tomporaturo £ Gt Encray noctod nlo it
Gobloc bl ncicent n coll.plane EBais

Battery Discharging Energy
per Rato

Pl s

a o a P )
gﬂﬂ 2.28 AIDYINNANITUATICHILUDIAU
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Grid-Connected System: Loss diagram

Project : HUAWA1_PVGIS

ion variant : New sit ion variant
Main system parameters System type No 3D scene defined, no shadings
PV Field Orientation tie 17° azimuth 0°
PV modules Model NA-E125L5 Prom 125 Wp
PV modules Model NA-E130L5