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16:14)0.0021)0.0028| 50 |0.0667]45/0.0457|223| 204 280 | 431 | 31.08] 0.52]| 0.70] 116] 143|5.51| 4.44

16:19/0.0019]0.0026| 51 {0.0601]4510.0419]|221] 207 | 258 | 393 |30.89| 0.47]0.65]| 103 135|5.33| 4.57
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16:39/0.0013}0.0014| 49 [0.0248{ 43| 0.0256|218| 167 163 | 191 | 30.51{0.32]0.35| 69 | 59 |5.61| 4.10

16:4410.0009]0.0011| 48 |0.0204|42]0.0210{203| 208 | 136 | 166 | 30.40{ 0.24}0.20] 48 | 59 |4.71] 4.77
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0.66

96.67

129.37

5.12

5.37

14:54

0.0049

0.0071

58.21

0.15

54.11

0.12

215

198

691

913

1.23

1.77

265.86

349.71

5.13

5.10

14:59

0.0051

0.0077

58.27

0.16

52.62

0.12

211

201

715

944

1.26

1.92

266.88

385.40

4.98

5.44

15:04

0.0047

0.0067

58.53

0.14

51.44

0.11

215

192

640

868

1.18

1.66

252.85

319.10

5.27

4.90

15:09

0.0018

0.0022

56.61

0.04

50.06

0.04

215

204

236

289

0.44

0.85

94.73

112.33

5.34

5.19

15:14

0.0028

0.0033

55.18

0.07

48.74

0.06

222

191

377

462

0.71

0.83

157.18

157.43

6.57

4.54

15:19

0.0046

0.0070

56.55

0.15

49.66

0.11

209

200

649

884

1.14

1.74

238.30

347.99

4.89

5.25

15:24

0.0044

0.0069

58.66

0.15

51.00

0.11

213

1989

634

887

1.72

235.67

341.20

4,96

5.13

15:29

0.0038

0.0069

60.18

0.14

50.83

0.10

202

215

613

858

0.95

1.73

192.13

372.47

4.18

5.78

15:34

0.0038

0.0067

60.62

0.14

50.98

0.10

205

214

607

850

0.95

1.67

194.02

358.63

4,26

5.63

16:39

0.0041

0.0066

61.41

0.14

50.64

0.10

204

203

606

842

1.02

1.64

209.06

331.70

4,60

5.256

16:44

0.0039

0.0058

60.90

0.13

49.20

0.09

219

194

552

817

0.98

1.46

213.34

283.39

5.15

4.62

15:49

0.0035

0.0057

§9.60

0.12

47.63

0.08

205

205

510

734

0.86

1.41

177.59

289.50

4.64

5.26

15:54

0.0017

0.0020

57.27

0.04

46.14

0.04

210

210

238

266

0.42

0.49

87.83

103.54

4.93

5.19

15:59

0.0015

0.0017

54.37

0.03

44.73

0.03

215

171

194

245

0.38

0.43

81.26

73.91

5.58

4.02

16:04

0.0012

0.0013

48.84

0.02

42.39

0.02

186

178

152

176

0.29

0.32

54.78

56.25

4.79

4.27




16:09

0.0012

0.0013

47.76

0.03

4217

0.02

217

165

156

198

0.31

0.32

66.19

52.94

5.66

3.56

16:14

0.0017

0.0031

48.02

0.07

42.34

0.05

214

210

278

472

0.43

0.78

93.10

162.58

447

4.59

16:19

0.0016

0.0027

49.46

0.07

42.88

0.04

230

207

261

472

0.40

0.67

90.85

139.26

4.64

3.93

16:24

0.0014

0.0022

49.89

0.08

42,75

0.03

219

185

210

373

0.35

0.55

7717

102.21

4.91

3.65

16:29

0.0007

0.0009

48.70

0.02

41.96

0.01

192

196

100

142

0.17

0.22

32.75

4273

4.39

4.02

16:39

0.0004

0.0013

47.05

0.03

41,03

0.02

181

245

128

230

0.11

0.33

19.61

82.19

2.04

475

16:44

0.0007

0.0014

46.28

0.03

40.66

0.02

178

216

126

227

0.18

0.34

31.42

72.99

3.34

4.28
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Grid-Connected System: Simulation parameters
Project : EN thailand
Geographical Site E_N of Thailand Country Thailand
Situation Latitude 16.0°N Longitude 102.0°E
Time defined as Legal Time Time zone UT+7 Altitude
Albedo 0.20
Meteo data : E_N of Thailand, Synthetic Hourly data
Simulation variant : Fixed system
Simulation date  15/05/11 14h42
Simulation parameters
Collector Plane Orientation Tit 16° Azimuth
Horizon Free Horizon
Near Shadings No Shadings
PV Array Characteristics
PV module Si-poly Model alfasolar 170 P/175
Manufacturer  AlfaSolar
Number of PV modules In series 34 modules In parallel 175 strings
Total number of PV modules Nb. modules 5950 Unit Nom. Power 175 Wp
Array global power Nominal (STC) 1041 kWp At operating cond. 900 kWp (55°C)
Array operating characteristics (50°C) Umpp 526V {mpp 1711A
Total area Module area 7521 m?
Inverter Model GT 500E
Manufacturer Xantrex
Characteristics Operating Voltage 450-880 V Unit Nom. Power 500 kW AC
Inverter pack Number of Inverter 2 units Total Power 1000 kW AC
PV Array loss factors
Thermal Loss factor Uc (const) 29.0 W/im2K Uv (wind) 0.0 W/im2K/ m/s
=> Nominal Oper. Coll. Temp. (G=800 W/m?, Tamb=20°C, Wind velocity = 1m/s.) NOCT 45°C
Wiring Ohmic Loss Global array res. 5.2 mOhm Loss Fraction 1.5 % at STC
Array Soiling Losses Loss Fraction 1.5%
Module Quality Loss Loss Fraction 1.5 %
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Incidence effect, ASHRAE parametrization IAM= 1-bo(1/cosi-1) bo Parameter 0.05
System loss factors
AC wire loss inverter to transfo Inverter voltage 315 Vac fri
Wires 10 m 3x5000 mm? Loss Fraction 0.8 % at STC
External transformer Ironloss 1019 W Loss Fraction 0.1 % at STC
Resistive/inductive losses 0.5 mOhm Loss Fraction 0.5 % at STC

User's needs : Unlimited load (grid)
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Grid-Connected System: Main resuilts
Project : EN thailand
Simulation variant : Fixed system
Main system parameters System type  Grid-Connected
PV Field Orientation tit 16° azimuth 10°
PV modules Mode! alfasolar 170 P/1756 Pnom 175Wp
PV Array Nb. of modules 5950 Pnom total 1041 kWp
Inverter Model GT 500E Pnom 500 kW ac
Inverter pack Nb. of units 2.0 Pnom total 1000 kW ac
User's needs Unlimited load (grid)
Main simulation results
System Production Produced Energy 1524 MWhlyear  Specific prod. 1463 kWh/kWp/year
Performance Ratio PR 79.1 %
Ni fized producti {peri tled kWp): N i power 1041 KWp Performance Ratio PR
! 'Lc:Colllectiun Loss (PV-amaylosses) | 004 KWhkWpiday ' O IR Pefiomands Rato 119 T 07911 ' I . ! ‘
M s : Systern Loss (inverter, ...} 0.12 kWIVkWp/day

o

Normaiized Ensrgy [KWh/KWp/day]
-~

N

Yt : Produced useful energy (inverter output) 4.01 KWh/kWp/day

Performance Ratio PR

Fixed system

Balances and main results

GlobHor T Amb Globlnc GlobEff EArray E_Grid EffArcR EffSysR
kWh/im? °C KWh/m? kWh/m? kWh kWh % %
January 146.6 23.10 168.9 1637 144341 140164 1138 11.03
February 132.7 25.00 142.8 1386 120824 117378 11.25 10.93
March 174.2 26.20 180.5 175.3 151883 147424 11.19 10.86
April 172.0 26.70 167.8 162.6 141273 137171 11.18 10.87
May 1546 26.90 1452 140.1 121850 118218 11.16 10.83
June 150.3 26.50 139.6 1347 118010 114484 11.24 10.80
Juty 1529 26.20 1441 139.0 122142 116490 11.27 10.94
August 153.0 26.10 148.1 143.2 125524 121792 11.27 10.94
September 138.3 25.70 1387 134.2 117704 114207 11.28 10.94
QOctober 1458 24.50 1554 150.7 131796 127744 11.28 10.93
November 138.3 22.80 155.6 151.0 133334 128436 11.39 11.06
December 1408 21.80 164.2 1593 141346 137239 11.45 1112
Year 17992.5 2512 1850.8 17926 1570027 1523746 11.28 10.98
iegends: GilobHor Horizontal global irradiation EArray Effective energy at the output of the array
T Amb Ambient Temperature E_Grid Enargy injected into grid
Globlnc Global incident in coll. plane EffAnR Effic. Eout array / rough area
GlobEff Effective Global, corr. for 1AM and shadings EffSysR Effic. Eout system / rough area
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Grid-Connected System: Loss diagram

Project : EN thailand

Simulation variant : Fixed system

Main system parameters System type Grid-Connected

PV Field Orientation tit 16° azimuth 10°

PV modules Model alfasolar 170 P/175 Pnom 175Wp

PV Array Nb. of modules 5950 Pnom total 1041 kWp

Inverter Model GT 500E Pnom 500 kW ac

Inverter pack Nb. of units 2.0 Pnom totai 1000 kW ac

User's needs

Unlimited load (grid)

Loss diagram over the whole year

— 1799 kWh/m?
\/H +2.9%

r‘é,‘aj%

1793 kWh/m? * 7521 m? coll. |

1523746 kWh

efficiency at STC = 13.9%

1869585 kWh 1
{\\\; 21%
\\‘ %
| 9.6
z\\w-1.e%
il‘&, -1.6%
[~-1.0%
1 -0.9%
1570029 kWh |

9-2.2%
- 0.0%
"~ 0.0%
~0.0%
~-0.0%
1534839 kWh

N -0.4%
~-0.3%

Horizontal global irradiation
Global incident in coll. plane

1AM factor on giobal

Effective irradiance on collectors
PV conversion

Array nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature

Array Soiling loss

Module quality loss

Module array mismatch foss
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to power threshold
inverter Loss over nominal inv. voltage
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

AC ohmic loss
External transfo loss
Energy injected into grid
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Grid-Connected System: Simulation parameters
Project : EN thailand
Geographical Site E_N of Thailand Country Thailand
Situation Latitude 16.0°N Longitude 102.0°E
Time defined as Legal Time Time zone UT+7 Altitude 7 m
Albedo 0.20
Meteo data : E_N of Thailand, Synthetic Hourly data
Simulation variant : One axis tracking
Simulation date  15/05/11 14h40
Simulation parameters
Tracking plane, tilted Axis Axis Tit 16° Axis Azimuth 0°
Rotation Limitations Minimum Phi  -60° Maximum Phi 60°
Horizon Free Horizon
Near Shadings No Shadings
PV Array Characteristics
PV module Si-poly Model alfasolar 170 P/175
Manufacturer AlfaSolar
Number of PV modules In series 34 modules In parallel 175 strings
Total number of PV modules Nb. moduies 5950 Unit Nom. Power 175 Wp
Array global power Nominal (STC) 1041 kWp At operating cond. 900 kWp (55°C)
Array operating characteristics (50°C) Umpp 526V Impp 11711 A
Total area Module area 7521 m?
Inverter Model GT 500E
Manufacturer Xantrex
Characteristics Operating Voltage 450-880 V Unit Nom. Power 500 kW AC
Inverter pack Number of Inverter 2 units Total Power 1000 kW AC
PV Array loss factors
Thermal Loss factor Uc (const) 29.0 W/im?K Uv (wind) 0.0 W/m2K/ m/s
=> Nominal Oper. Coll. Temp. (G=800 W/m?, Tamb=20°C, Wind velocity = 1m/s.) NOCT 45°C
Wiring Ohmic Loss Global array res. 5.2 mOhm Loss Fraction 1.5 % atSTC
Array Soiling Losses Loss Fraction 1.5%
Module Quality Loss Loss Fraction 1.5%
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Incidence effect, ASHRAE parametrization IAM= 1-bo(1/cosi-1) bo Parameter 0.05
System loss factors
AC wire loss inverter to transfo Inverter voltage 315 Vac tri
Wires 10 m 3x5000 mm? Loss Fraction 0.8 % at STC
External transformer fronloss 1019W Loss Fraction 0.1 % atSTC
Resistive/Inductive losses 0.5 mOhm Loss Fraction 0.5 % at STC
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Grid-Connected System: Main results
Project : EN thailand
Simulation variant : One axis tracking
Main system parameters System type Grid-Connected
PV Field Orientation tracking, tilted axis, Axis Tilt 16° Axis Azimuth  0°
PV modules Mode! alfasolar 170 P/175 Pnom 175Wp
PV Array Nb. of modules 5950 Pnom total 1041 kWp
Inverter Model GT 500E Pnom 5§00 kW ac
Inverter pack Nb. of units 2.0 Pnom total 1000 kW ac
User's needs Unlimited load (grid)
Main simulation results
System Production Produced Energy 1865 MWhlyear  Specific prod. 1791 kWh/kWplyear
Performance Ratio PR  79.8 %
Normmalized prod! {peri fled kWp): N | power 1041 kWp Performance Ratio PR
8 T T T T T T r T T 1.0

L& : Collection Loss (PV-array losses)

Ls: System Loss (inverter, ...}
Yt : Prodd sef

>

Normalized Energy [KWivkWi/day)
[y

Jan  Feb  Mar

Apr  May

gnedgy (inverter output} 4.91 kWh/kWp/day

¥ H
1.0 kWh/kWp/day
0.15 KWh/kWp/day

—1 T

[ %R : Pefformande Ratio (Yf/ Yr) | 0.798 ' T

Performance Ratio PR

One axis tracking

Balances and main results

GtlobHor T Amb Globine GlobEff EArray E_Grid EffArrR EffSysR
KWh/m? °C KWhin® KWhim? kwWh Kwh % %
January 1466 2310 2123 208.9 183438 178050 11.49 11.15
February 1327 25.00 167.3 164.2 142780 138661 1135 11.02
March 1742 26.20 2229 219.5 189342 183734 11.29 10.96
April 172.0 26.70 208.2 2046 176956 171792 11.30 10.97
May 154.6 26,90 176.8 1733 150161 145709 11.29 10.95
June 150.3 26.50 1687 165.0 144344 140126 11.38 11.04
July 152.9 26.20 168.8 164.9 144481 140252 11.38 11.05
August 153.0 26.10 1741 170.4 148785 144360 11.36 11.03
September 1383 2570 161.2 157.9 137987 133893 11.38 11.04
October 1459 2450 1928 185.8 165138 160060 11.39 11.04
November 138.3 22.80 190.5 187.3 164730 159869 11.50 11.16
December 140.8 2180 200.2 196.8 173813 168675 11.54 11.20
Year 1799.5 2512 2244.0 2202.6 1921952 1865182 11.3¢9 11.05
Legends:  GlobHor Horizontal global irradiation EArray Effective energy at the output of the array
T Amb Ambient Temperature E_Grid Energy injected into grid
Globinc Global incident in coll. ptane EffAR Effic. Eout array / rough area
GlobEff Effective Global, corr. for |AM and shadings EffSysR Effic. Eout system / rough area
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Grid-Connected System: Loss diagram

Project : EN thailand

Simulation variant : One axis tracking

Main system parameters System type  Grid-Connected

PV Field Orientation tracking, tilted axis, Axis Tilt 16° Axis Azimuth  0°

PV modules Model alfasolar 170 P/175 175 Wp

PV Array Nb. of modules 5950 1041 kWp

Inverter Model GT 500E 500 kW ac

Inverter pack Nb. of units 2.0 1000 kW ac

User's needs

Unlimited load (grid)

2203 kWh/m? * 7521 mZ coll.

Loss diagram over the whole year

Global incident in coll. plane

~w1mz//x Horizontal global irradiation
- M +24.7%

efficiency at STC = 13.9%

I\
’\‘/ -1.8% 1AM factor on global
|

PV conversion

Effective irradiance on collectors

2297260 kWh . Array nominal energy (at STC effic.)
L [™9.1.4% PV loss due to irradiance level
| . 1-105% PV loss due to temperature
e
d %:1.6% Array Soiling loss
1'. 2 -1.6% Module quality loss
\{‘S -1.0% Module array mismatch loss
Sa11% Ohmic wiring loss
1921954 kWh | Array virtual energy at MPP
\
L‘ -2.2% Inverter Loss during operation (efficiency)
1~ 0.0% Inverter Loss over nominal inv. power
f‘\a 0.0% inverter Loss due to power threshold
1~ 0.0% Inverter Loss over nominal inv. voltage
r\r -0.0% Inverter Loss due to voltage threshold

1880475 kWh

865182 kWh

\1//

E-OA% AC ohmic loss
-0.4% External transfo loss
j Energy injected into grid

Available Energy at Inverter Qutput
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Grid-Connected System: Simulation parameters
Project : EN thailand
Geographical Site E_N of Thailand Country Thailand
Situation Latitude 16.0°N Longitude 102.0°E
Time defined as Legal Time Time zone UT+7 Altitude 7 m
Albedo 0.20
Meteo data : E_N of Thailand, Synthetic Hourly data
Simulation variant : Two axis tracking
Simulation date  24/04/11 14h40
Simulation parameters
Tracking plane, two axis Minimum Tilt 10° Maximum Tilt 80°
Rotation Limitations Minimum Azimuth -80° Maximum Azimuth 80°
Horizon Free Horizon
Near Shadings No Shadings
PV Array Characteristics
PV module Si-poly Model alfasolar 170 P/175
Manufacturer AlfaSolar
Number of PV modules In series 34 modules in parallel 175 strings
Total number of PV modules Nb. modules 5950 Unit Nom. Power 175 Wp
Array global power Nominal (STC) 1041 kWp At operating cond. 900 kWp (55°C)
Array operating characteristics (50°C) Umpp 526V Impp 1711 A
Total area Moduie area 7521 m?
Inverter Model GT 500E
Manufacturer Xantrex
Characteristics Operating Voltage 450-880 V Unit Nom. Power 500 kW AC
Inverter pack Number of Inverter 2 units Total Power 1000 kW AC
PV Array loss factors
Thermal Loss factor Uc (const) 29.0 Wim*K Uv (wind) 0.0 W/m?K/m/s
=> Nominal Oper. Coll. Temp. (G=800 W/m?, Tamb=20°C, Wind velocity = 1m/s.) NOCT 45°C
Wiring Ohmic Loss Global array res. 5.2 mOhm Loss Fraction 1.5% at STC
Array Soiling Losses Loss Fraction 1.5%
Module Quality Loss Loss Fraction 1.5 %
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Incidence effect, ASHRAE parametrization IAM= 1-bo(t/cosi-1) boParameter 0.05
System loss factors
AC wire loss inverter to transfo Inverter voltage 315 Vac tri
Wires 10 m 3x5000 mm? Loss Fraction 0.8 % atSTC
External transformer Ironloss 1019W Loss Fraction 0.1 % atSTC
Resistive/lnductive losses 0.5 mOhm Loss Fraction 0.5 % atSTC
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Grid-Connected System: Main results

Project : EN thailand

Simulation variant : Two axis tracking

Main system parameters System type Grid-Connected

PV Field Orientation Tracking two axis

PV modules Model alfasolar 170 P/175 Pnom 175 Wp

PV Array Nb. of modules 5950 Pnom total 1041 kWp

Inverter Model GT 500E Pnom 500 kW ac

Inverter pack Nb. of units 2.0 Pnom total 1000 kW ac

User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 1907 MWhiyear  Specific prod. 1832 kWh/kWplyear

Performance Ratio PR

79.7 %

Nor d product]

ons (per i

Hled kWp): N

| power 1041 kWp

8
& T

Ll T T T T
. < : Collection Loss (PV-amray losses)
PR Ls : System Loss (inverter, )
YT : Prod

Normalized Energy (KWhikWp/day)

gy (inverer outpul) 5.02 kWhikWp/day

T T T T
1.12 KWh/kWp/day
0.15 KWh/KWop/day

Performance Ratio PR

[HFR - Pefformande Ratia [Yf /Y1) | 0.797 ' T T T T

Performance Ratio PR

Two axis tracking

Balances and main results

GlobHor T Amb Globinc GlobEff EArray €_Grid EffArrR EffSysR
kWh/m? °C kwWh/m? KWhim? kwh kWh % %
January 1466 23.10 2240 221.0 192833 187029 11.45 11.10
February 132.7 25.00 169.3 166.4 144431 140230 11.34 11.01
March 174.2 26.20 2238 220.3 189986 184353 11.29 10.95
April 172.0 26.70 2103 2068 178622 173384 11.30 10.96
May 154.6 26.90 180.8 177.4 153379 148799 11.27 10.94
June 150.3 26.50 173.3 169.8 148155 143784 11.36 11.03
July 1829 26.20 1728 169.0 147806 143445 11.37 11.03
August 153.0 26.10 176.4 1728 150706 146211 11.36 11.02
September 1383 2570 161.6 158.2 138212 134114 11.37 11.04
October 145.9 24.50 194.6 191.7 166525 161401 11.38 11.03
November 1383 22.80 197.8 1949 170877 165568 11.48 11.13
December 140.8 21.80 2136 210.7 184642 179046 11.50 11.15
Year 1799.5 2512 2298.4 2259.0 1965974 1907362 11.37 11.03
Legends:  GlobHor Horizontal global irradiation EArray Effective energy at the output of the array
T Amb Ambient Temperature E_Grid Energy injected into grid
Globinc Global incident in colt. plane EffAnR Effic. Eout array / rough area
GlobEff Effective Giobal, corr. for 1AM and shadings EffSysR Effic. Eout system / rough area




User's needs

Unlimited load (grid)
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Grid-Connected System: Loss diagram
Project : EN thailand
Simulation variant : Two axis tracking
Main system parameters System type  Grid-Connected
PV Field Orientation Tracking two axis
PV modules Model alfasolar 170 P/175 Pnom 175 Wp
PV Array Nb. of modules 5950 Pnom total 1041 kWp
Inverter Model GT 500E Pnom 500 kW ac
Inverter pack Nb. of units 2.0 Pnom total 1000 kW ac

1799 KWhim?
- 1

Loss diagram over the whole year

M

'\

2259 kWh/m? * 7521 m? coll, ‘

efficiency at STC = 13.9%

—

Horizontal global irradiation

+27.7% Global incident in coll. plane

9.1.7% IAM factor on global

Effective irradiance on collectors

PV conversion

2356105 kWh j\\ Array nominal energy (at STC effic.)
l\: -1.4% PV loss due to irradiance level
Lo
: ~ 1-10.8% PV loss due to temperature
A
A ~=-1.6% Array Soiling loss
9 -1.6% Module quality loss
3 =-1.0% Module array mismatch loss
=1.1% Ohmic wiring loss
1965975 kWh ; Array virtual energy at MPP
|
3-2.2% Inverter Loss during operation (efficiency)
~0.0% Inverter Loss over nominat inv. power
~40.0% Inverter Loss due to power threshold
~0.0% Inverter Loss over nominal inv. voltage
~-0.0% Inverter Loss due to voltage threshold
1923429 kWh Available Energy at Inverter Qutput
N\-0.4% AC ohmic loss
1-0.4% External transfo loss

1907362 kWh

Energy injected into grid
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PV Cell Production (2001 — 2008)
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