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1. Introduction
7KH�*REL�'HVHUW��0RQJROLD��LV�RQH�RI�WKH�PRVW�SURP-

LVLQJ�FDQGLGDWH�VLWHV�IRU�LQWURGXFWLRQ�RI�WKH����0:�
FODVV�9HU\�/DUJH�6FDOH�3KRWRYROWDLF�6\VWHPV��9/6�
39��VSHFL¿HG�E\�7DVN���³9HU\�/DUJH�6FDOH�3KRWR-

YROWDLF� 3RZHU�*HQHUDWLRQ� 6\VWHPV´� FRQGXFWHG� DV�
SDUW� RI� WKH� ,($�3KRWRYROWDLF�3RZHU�6\VWHPV�3UR-

JUDP� �,($�3936�����:LWKLQ� WKH� IUDPHZRUN�RI� WKH�
,($�3936�7DVN���DFWLYLW\��D�FRQFHSWXDO�GHVLJQ�KDV�
EHHQ�GHYHORSHG�DQG�D�WULDO�FDOFXODWLRQ�RI�WKH�FRVWV�
DVVRFLDWHG�ZLWK�SRZHU�JHQHUDWLRQ�DQG�FRQVWUXFWLRQ�
RI� D�9/6�39� V\VWHP� LQ� WKH�*REL�'HVHUW� DUHD�KDV�
EHHQ�SHUIRUPHG���

� 7KH� PHWHRURORJLFDO� HQYLURQPHQWDO� FKDUDFWHU-
LVWLFV�RI�WKH�*REL�'HVHUW�PD\�DIIHFW�WKH�39�V\VWHP�
SHUIRUPDQFH�DQG�GHVLJQ�VSHFL¿FDWLRQV��7KHUHIRUH��LW�

LV�QHFHVVDU\�WR�FODULI\�WKH�IDFWRUV�WKDW�ZLOO�DIIHFW�WKH�
V\VWHP�GHVLJQ��RSHUDWLRQ�� DQG�PDLQWHQDQFH��+RZ-

HYHU��QR�XVHIXO�UHIHUHQFH�GDWD�DUH�DYDLODEOH�DQG�WKHUH�
KDYH� EHHQ�QR� FDVH� VWXGLHV� DQDO\]LQJ� VRODU� HQHUJ\�
UHVRXUFHV�RU�SHUIRUPDQFH�IRU�39�V\VWHP�LQVWDOODWLRQ�
LQ�WKH�*REL�'HVHUW�DUHD��
� ,Q� WKH� *REL� 'HVHUW�� 0RQJROLD�� ZH� VHW� XS� WZR�
W\SHV�RI�SKRWRYROWDLF�PRGXOHV�DQG�FKHFNLQJ�GHYLFHV�
�H�J���,�9�FXUYH�WUDFHU��HWF���DV�ZHOO�DV�PHWHRURORJLFDO�
GHYLFHV�WR�VWXG\�WKH�FKDUDFWHULVWLFV�RI�SKRWRYROWDLF�
V\VWHP�RSHUDWLRQ�XQGHU�VXFK�VHYHUH�HQYLURQPHQWDO�
FRQGLWLRQV�� 7KH� SUHVHQW� VWXG\� ZDV� FDUULHG� RXW� WR�
YHULI\�WKH�RXWSXW�VLPXODWLRQ�WHFKQLTXH�IRU�WKH�9/6�
39�WR�FRQ¿UP�WKH�HI¿FLHQF\�RI�XVLQJ�D�ODUJH�VFDOH�
FRQFHQWUDWHG�SKRWRYROWDLF�V\VWHP�LQ�WKLV�DUHD��DQG�WR�
FODULI\�WKH�VSHFL¿F�UHTXLUHPHQWV�IRU�V\VWHP�GHVLJQ��

Abstract

This paper presents the evaluation results of a long-term performance of PV modules from actual data 
measured over a period of more than 10 years in the Gobi Desert of Mongolia. For the purpose of 
estimating solar energy potentials and durability of PV systems in the Gobi desert area, a data acquisition 

system, which includes crystalline silicon (c-Si), polycrystalline silicon (p-Si) modules and precision pyranometer, 
thermometer and anemometer, was installed at Sainshand city in October, 2002. This system has been measuring 
23 parameters including solar irradiation and meteorological parameters in every 10 minutes. It has been observed 
that the high output gain due to the operating condition in an extreme low ambient temperature and the PV module 
degradation rate indicated over -1.3 [%/yr] after 10 years exposure test.
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ゴビ砂漠で10年以上続けられてきた
太陽光発電の実験から、この地での発
電の有効性と可能性を実証する。ゴ
ビ砂漠の太陽を未来のアジアのエネ
ルギー源に！
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7R�FODULI\�WKH�DFWXDO�HQYLURQPHQWDO�FDSDELOLWLHV��ORVV�
DQDO\VLV��LQ�WKH�*REL�'HVHUW��ZH�PHDVXUHG�PHWHRUR-

ORJLFDO�GDWD��VXFK�DV�WKH�DPRXQW�RI�VRODU�LUUDGLDWLRQ�
DQG�WHPSHUDWXUH��DQG�WKH�,�9�FKDUDFWHULVWLFV�RI�WKH�
SKRWRYROWDLF�PRGXOHV�

2. Experimental Setup
,Q�RUGHU� WR�GHWHUPLQH� WKH�SRWHQWLDO� RI�9/6�39� LQ�
*REL�GHVHUW�DUHD,�WZR�W\SHV�RI�WKH�FU\VWDOOLQH�VLOLFRQ�
39�PRGXOHV�DQG�FKHFNLQJ�GHYLFHV� �H�J�� ,�9�FXUYH�
WUDFHU�� HWF��� KDYH� EHHQ� LQVWDOOHG� DV�ZHOO� DV� D� QHZ�
GDWD� DFTXLVLWLRQ� V\VWHP� LQ� 6DLQVKDQG� ������¶� 1�
DQG�������¶(����WKH�¿HOG�VLWH��VHH�)LJ��������ZKLFK�
LV�ORFDWHG�LQ�WKH�VRXWKHDVWHUQ�SDUW�RI�0RQJROLD��7KH�
GDWD�DFTXLVLWLRQ�V\VWHP��VHH�)LJ����LV�DXWRPDWLFDOO\�
VZLWFKHG�RQ�HYHU\����PLQ�DQG�UHFRUGV�WKH�WRWDO�VRODU�
LUUDGLDWLRQ�UHFHLYHG�RQ�WKH�KRUL]RQWDO�DQG���-GHJUHH�

WLOWHG� VXUIDFHV�� VLWH�PHWHRURORJLFDO� GDWD� DQG�PHD-

VXUHV�39�PRGXOH�FXUUHQW�YROWDJH��,�9��FXUYHV�

0HDVXUHPHQW�LWHPV�OLVWHG�EHORZ�OLQH�
��� *OREDO�,UUDGLDQFH�LQ�KRUL]RQ
��� ,Q�SODQH�,UUDGLDQFH��DW����GHJUHHV
��� :LQG�6SHHG�	�'LUHFWLRQ
��� $LU�7HPSHUDWXUH
��� +XPLGLW\
��� $OEHGR
��� 6KRUW�FLUFXLW�FXUUHQW�,VF 
��� 2SHQ�FLUFXLW�YROWDJH�9

oc

��� &XUUHQW�DW�PD[LPXP�SRZHU�,
pm

 

����9ROWDJH�DW�PD[LPXP�SRZHU�9
pm

 

����7HPSHUDWXUH�RI�PRGXOHV�7
1
,T

2

3. Analysis Method
7KH�¿HOG�GDWD�DQDO\VLV�LV�GLYLGHG�LQWR���SDUWV�UHJDUG-

LQJ�HQYLURQPHQWDO�FRQGLWLRQV��VRODU�HQHUJ\�UHVRXUFH�
HYDOXDWLRQ�� DQG� SKRWRYROWDLF� �39�� SHUIRUPDQFH��
7KH�HQYLURQPHQWDO�FRQGLWLRQ�LQGLFHV�LQFOXGH�DPEL-
HQW�DQG�PRGXOH�WHPSHUDWXUHV��DYHUDJH�ZLQG�VSHHG��
KXPLGLW\�� DQG� DOEHGR�� )RU� HYDOXDWLRQ� RI� WKH� VRODU�
HQHUJ\� UHVRXUFH�� ZH� XVH� VXQVKLQH� GXUDWLRQ� WLPH��
PRQWKO\�DYHUDJH�LUUDGLDWLRQ��DQG�LUUDGLDWLRQ�YDULDEOH�
UDWLR��7KH�39�0RGXOH�SHUIRUPDQFH�LQGLFHV�LQFOXGH�
UHIHUHQFH�\LHOG��DUUD\��PRGXOH��\LHOG��DQG�SHUIRUP�
DQFH�UDWLR��� 
� ,Q� WKLV� DQDO\VLV��ZH� XVHG�10� \HDUV� RI� GDWD� FRO-
OHFWHG�IURP�0DUFK������WR�'HFHPEHU 2012��)LUVW��
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Figure 1. Location of the exposure test site

Figure 2. Overview of the experimental set-up 
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 PR  YA / Yr   (4) Fig. 1  Location of the exposure test site

Fig. 2  Overview of the experimental set-up

Table 1 Electric characteristics of PV modules on the STC
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7KH� DYHUDJH� YDOXHV� RI� WKH� DPELHQW� WHPSHUDWXUH��
PRGXOH�EDFNVLGH�WHPSHUDWXUH��ZLQG�VSHHG�GLUHFWLRQ��
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���6RODU�HQHUJ\�UHVRXUFH�LQGLFHV
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GD\@��WKH�WLPH�RI�VXQVKLQH�GXUDWLRQ�TMeas.Duration�>KRXU�
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SD
�WR�SRVVLEOH�VXQVKLQH�GXUD-
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HYDOXDWLRQ�SURFHGXUHV�DUH�EDVHG�RQ�WKH�,(&�6WDQGDUG�
������>�@�

Yr = HA / GS  (2)   YA = EA,d / Pmax  ���
PR  �YA / Yr   (4)

The reference yield Yr�LV�EDVHG�RQ�WKH�LQ�SODQH�LUUD-
GLDWLRQ HA�DQG�UHSUHVHQWV�WKH�WKHRUHWLFDOO\�DYDLODEOH�
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��7KH�array yield YA�LV�WKH�
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SHUDWXUH� DQG� LQFRPSOHWH� XWLOL]DWLRQ� RI� LUUDGLDWLRQ��
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4. Results
Environmental condition:�7KH�39�PRGXOH�� IUDPH��
DQG�FDEOH�ZHUH�ZRUNLQJ�RYHU�D�ZLGH�UDQJH�RI�WHP-
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Fig. 3  Daily transition of ambient and module temperatures 
by monthly average value
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Figure 3 Daily transition of ambient and module 

temperature by monthly average value
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Figure 4 Monthly Ambient Temperature (Average, Min, Max) [°C]
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Figure 5 Monthly Average Wind Speed and Humidity 
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Fig. 4  Monthly Ambient Temperatures (Average, Min, Max) [°C]

Fig. 5  Monthly Average Wind Speed and Humidity

Fig. 6  Monthly Average Horizontal Global Irradiation [kWh/m2/day]

Fig. 7  Reference Yield Yr, Array Yield YA, Performance Ratio by monthly average value
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Figure 6 Monthly Average Horizontal Global Irradiation [kWh/m
2
/day]
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Figure 7 Reference Yield Yr, Array Yield YA, Performance Ratio by monthly average value
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PRQWKO\� DYHUDJH� KRXU� YDOXHV�� 7KH� GLIIHUHQFH�
EHWZHHQ�GD\WLPH�DQG�QLJKWWLPH�DLU�WHPSHUDWXUH�
ZDV� DURXQG� ���&�� 7KH� ULVH� LQ� PRGXOH�
WHPSHUDWXUH� ZDV� IURP� ��� WR� ���&� UHODWLYH� WR�
DPELHQW� WHPSHUDWXUH�� DQG�PRGXOH� WHPSHUDWXUH�
ZDV� NHSW� EHORZ� WKH� VWDQGDUG� FRQGLWLRQV� RI�
���&�LQ�$SULO�DQG�-DQXDU\��

Solar Energy Resource:
)LJXUH���VKRZV�WKH�PRQWKO\�DYHUDJH�YDOXHV�RI�
KRUL]RQWDO� JOREDO� LUUDGLDWLRQ� ZLWK� FRPSDULVRQ�
RI� QRUPDO� \HDU� ������������ ���\HDU� VWDWLVWLF�
YDOXHV� RI� 6DLQVKDQG� :HDWKHU� 6WDWLRQ� E\� WKH�
:02��� 6RODU� LUUDGLDWLRQV� RI� ������ ������ DQG�
����� ZHUH� VLPLODU� WR� WKRVH� LQ� D� QRUPDO� \HDU��
7KH� PHDQ� RI� KRUL]RQWDO� LUUDGLDWLRQ� ZDV� �����
>N:K�P2�GD\@��ZKLFK�ZDV�����IROG�JUHDWHU�WKDQ�
WKDW� LQ�6DSSRUR�� -DSDQ��7KH�DQQXDO� DYHUDJH�RI�
LQ�SODQH� LUUDGLDWLRQ� ZDV� ����� >N:�P2�GD\@� ���
\HDU� DYHUDJH��� 7KH� WLOWHG� LUUDGLDWLRQ� GDWD�
VKRZHG�UHODWLYHO\�VPDOO�YDULDWLRQ�ZLWKLQ�D�\HDU��
DV�SUHFLSLWDWLRQ�LV�FRQFHQWUDWHG�LQ�WKH�VXPPHU��

PV Module performance:

)LJXUH���VKRZV�WKH�DQQXDO�39�PRGXOH�\LHOGV��
7KH�PHDQ�RI� �� \HDU� DQQXDO�39�PRGXOH�\LHOGV�
ZHUH YA1 �����DQG�YA2 �����>K�\U@��LQGLFDWLQJ�
WKDW�HDFK�PRGXOH�ZRUNHG�IRU������K�DQG������
K�E\�UDWHG�SRZHU��3max��LQ�WKH�\HDU��
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Figure 8 Annual PV module Yield [h/yr] 
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temperature by monthly average value
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Figure 4 Monthly Ambient Temperature (Average, Min, Max) [°C]
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Figure 5 Monthly Average Wind Speed and Humidity 

The reference yield Yr� LV� EDVHG� RQ� WKH� LQ�
SODQH� LUUDGLDWLRQ HA� DQG� UHSUHVHQWV� WKH�
WKHRUHWLFDOO\� DYDLODEOH� HQHUJ\�GS� SHU� GD\� DQG�
N:p�� 7KH� array yield YA� LV� WKH� GDLO\� DUUD\�
HQHUJ\� RXWSXW EA,d� SHU� N:� DQG� UHSUHVHQWV� WKH�
QXPEHU�RI� KRXUV� SHU� GD\� WKDW� WKH� DUUD\�ZRXOG�
QHHG�WR�RSHUDWH�DW�LWV�UDWHG�RXWSXW�SRZHU�Pmax�WR�
FRQWULEXWH� WKH� VDPH� GDLO\� DUUD\� HQHUJ\� WR� WKH�
V\VWHP� DV� LW� ZDV� PRQLWRUHG�� 7KH� array 
performance ratio PR� LV� WKH� UDWLR� RI� DFWXDO�
DUUD\�RXWSXW�HQHUJ\�WR� WKH�HQHUJ\�WKHRUHWLFDOO\�
DYDLODEOH� �L�H�� YA/ Yr��� ,W� LV� LQGHSHQGHQW� RI�
ORFDWLRQ�DQG�DUUD\�VL]H�DQG�LQGLFDWHV�WKH�RYHUDOO�
ORVVHV� RQ� WKH� DUUD\¶V� UDWHG� RXWSXW� GXH� WR�
PRGXOH� WHPSHUDWXUH�DQG� LQFRPSOHWH�XWLOL]DWLRQ�
RI� LUUDGLDWLRQ�� �$UUD\� LV� PHDQ� WHVW� PRGXOH� LQ�
RXU�FDVH��

4. RESULTS 

Environmental condition:� 7KH� 39� PRGXOH��
IUDPH�� DQG� FDEOH� ZHUH� ZRUNLQJ� RYHU� D� ZLGH�
UDQJH� RI� WHPSHUDWXUHV� DQG� ZHUH� VXEMHFWHG� WR�
VHYHUH� WKHUPDO� VWUHVV�� 7KH� PRQWKO\� DPELHQW�

WHPSHUDWXUH� �DYHUDJH�� PLQLPXP�� PD[LPXP��
YDOXH�UDQJHG�IURP�±���&�WR�����&��VHH�)LJXUH�
����7KH�PRQWKO\�DYHUDJH�ZLQG�VSHHG� ���\HDUV��
LQGLFDWHG����>P�V@�DW�D�KHLJKW�RI���P��DQG�ZLQG�
LQ� VSULQJ� ZDV� VWURQJ� �RYHU� �>P�V@�� WKDQ� RWKHU�
VHDVRQ��VHH�)LJXUH�����
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Figure 3 Daily transition of ambient and module 

temperature by monthly average value
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Figure 7 Reference Yield Yr, Array Yield YA, Performance Ratio by monthly average value

7KH� GDLO\� WUDQVLWLRQ� RI� DPELHQW� DQG� PRGXOH�
WHPSHUDWXUH� LV� VKRZQ� LQ� )LJXUH� �� E\� WKH�
PRQWKO\� DYHUDJH� KRXU� YDOXHV�� 7KH� GLIIHUHQFH�
EHWZHHQ�GD\WLPH�DQG�QLJKWWLPH�DLU�WHPSHUDWXUH�
ZDV� DURXQG� ���&�� 7KH� ULVH� LQ� PRGXOH�
WHPSHUDWXUH� ZDV� IURP� ��� WR� ���&� UHODWLYH� WR�
DPELHQW� WHPSHUDWXUH�� DQG�PRGXOH� WHPSHUDWXUH�
ZDV� NHSW� EHORZ� WKH� VWDQGDUG� FRQGLWLRQV� RI�
���&�LQ�$SULO�DQG�-DQXDU\��

Solar Energy Resource:
)LJXUH���VKRZV�WKH�PRQWKO\�DYHUDJH�YDOXHV�RI�
KRUL]RQWDO� JOREDO� LUUDGLDWLRQ� ZLWK� FRPSDULVRQ�
RI� QRUPDO� \HDU� ������������ ���\HDU� VWDWLVWLF�
YDOXHV� RI� 6DLQVKDQG� :HDWKHU� 6WDWLRQ� E\� WKH�
:02��� 6RODU� LUUDGLDWLRQV� RI� ������ ������ DQG�
����� ZHUH� VLPLODU� WR� WKRVH� LQ� D� QRUPDO� \HDU��
7KH� PHDQ� RI� KRUL]RQWDO� LUUDGLDWLRQ� ZDV� �����
>N:K�P2�GD\@��ZKLFK�ZDV�����IROG�JUHDWHU�WKDQ�
WKDW� LQ�6DSSRUR�� -DSDQ��7KH�DQQXDO� DYHUDJH�RI�
LQ�SODQH� LUUDGLDWLRQ� ZDV� ����� >N:�P2�GD\@� ���
\HDU� DYHUDJH��� 7KH� WLOWHG� LUUDGLDWLRQ� GDWD�
VKRZHG�UHODWLYHO\�VPDOO�YDULDWLRQ�ZLWKLQ�D�\HDU��
DV�SUHFLSLWDWLRQ�LV�FRQFHQWUDWHG�LQ�WKH�VXPPHU��

PV Module performance:

)LJXUH���VKRZV�WKH�DQQXDO�39�PRGXOH�\LHOGV��
7KH�PHDQ�RI� �� \HDU� DQQXDO�39�PRGXOH�\LHOGV�
ZHUH YA1 �����DQG�YA2 �����>K�\U@��LQGLFDWLQJ�
WKDW�HDFK�PRGXOH�ZRUNHG�IRU������K�DQG������
K�E\�UDWHG�SRZHU��3max��LQ�WKH�\HDU��
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Figure 8 Annual PV module Yield [h/yr] 

,W�KDV�EHHQ�REVHUYHG�WKDW�WKH�KLJK�RXWSXW�JDLQ�
�VHH�)LJXUH����GXH�WR�WKH�RSHUDWLQJ�FRQGLWLRQ�LQ�
DQ� H[WUHPH� ORZ� DPELHQW� WHPSHUDWXUH�� 6WURQJ�
VHDVRQDO� YDULDWLRQV� ZHUH� DSSDUHQW� LQ� WKH�
SHUIRUPDQFH� RI� ERWK� PRGXOHV�� 7KH� 35� RI�
PRGXOH� �� VKRZHG�YHU\�KLJK�YDOXHV� RI�!���� LQ�
ZLQWHU�DQG�DURXQG������LQ�WKH�ZDUP�VHDVRQ�GXH�
WR� WKH� HIIHFW� RI� PRGXOH� WHPSHUDWXUH�� 7KH� 39�
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Solar Energy Resource: )LJXUH���VKRZV�WKH�PRQWKO\�
DYHUDJH�YDOXHV�RI�KRUL]RQWDO�JOREDO�LUUDGLDWLRQ�ZLWK�
FRPSDULVRQ� RI� QRUPDO� \HDU� �����±������ ���\HDU�
VWDWLVWLF�YDOXHV�RI�6DLQVKDQG�:HDWKHU�6WDWLRQ�E\�WKH�
:02���6RODU�LUUDGLDWLRQV�RI�������������DQG������
ZHUH�VLPLODU�WR�WKRVH�LQ�D�QRUPDO�\HDU��7KH�PHDQ�RI�
KRUL]RQWDO�LUUDGLDWLRQ�ZDV������>N:K�P2�GD\@��ZKLFK�
ZDV�����IROG�JUHDWHU�WKDQ�WKDW�LQ�6DSSRUR��-DSDQ��7KH�
DQQXDO�DYHUDJH�RI�LQ�SODQH�LUUDGLDWLRQ�ZDV������>N:�
m2�GD\@����\HDU�DYHUDJH���7KH�WLOWHG�LUUDGLDWLRQ�GDWD�
VKRZHG�UHODWLYHO\�VPDOO�YDULDWLRQ�ZLWKLQ�D�\HDU��DV�
SUHFLSLWDWLRQ�LV�FRQFHQWUDWHG�LQ�WKH�VXPPHU�

PV Module performance: )LJXUH���VKRZV�WKH�DQQXDO�
39�PRGXOH�\LHOGV��7KH�PHDQ�RI���\HDU�DQQXDO�39�
PRGXOH�\LHOGV�ZHUH�YA1 �����DQG�YA2 �����>K�\U@��
LQGLFDWLQJ�WKDW�HDFK�PRGXOH�ZRUNHG�IRU������K�DQG�
�����K�E\�UDWHG�SRZHU��3

max
��LQ�WKH�\HDU�

� ,W�KDV�EHHQ�REVHUYHG�WKDW�WKH�KLJK�RXWSXW�JDLQ��VHH�
)LJ����GXH�WR�WKH�RSHUDWLQJ�FRQGLWLRQ�LQ�DQ�H[WUHPH�
ORZ�DPELHQW�WHPSHUDWXUH��6WURQJ�VHDVRQDO�YDULDWLRQV�
ZHUH�DSSDUHQW�LQ�WKH�SHUIRUPDQFH�RI�ERWK�PRGXOHV��
7KH�35�RI�PRGXOH� �� VKRZHG�YHU\� KLJK�YDOXHV� RI�
!����LQ�ZLQWHU�DQG�DURXQG������LQ�WKH�ZDUP�VHDVRQ�
GXH� WR� WKH� HIIHFW� RI�PRGXOH� WHPSHUDWXUH��7KH�39�
PRGXOH�GHJUDGDWLRQ�UDWH�LQGLFDWHG�í��3 >��\U@�í�����
>��\U@�DIWHU�10�\HDUV�H[SRVXUH�WHVW�

Year
PV-1  

poly-c-Si

Degrade 

Rate

PV-2 mono-

c-Si

Degrade 

Rate

2003 ����� ����� ����� �����
2004 ����� ������ ����� ����
2005 ����� ����� ���� �����
2006 ����� ������ ����� ������
2007 ����� ����� ���� �����
2008 ����� ����� ����� �����
2009 ����� ����� ����� �����
2010 ����� ����� ����� �����
2011 ����� ����� ����� �����
2012 ����� ����� ����� �����

5. Conclusions
,Q�WKLV�SDSHU��RXWGRRU�SHUIRUPDQFH�WHVWV�RI�WZR�W\SHV�
RI�39�PRGXOHV�ZHUH�FRQGXFWHG�LQ�6DLQVKDQG�&LW\��
0RQJROLD��7KH�UHVXOWV�GHVFULEHG�KHUH�LQGLFDWHG�KLJK�
RXWSXW�JDLQ�GXH�WR�WKH�H[WUHPHO\�ORZ�DPELHQW�WHP-

SHUDWXUH�DQG�WKH�PRGXOH�SHUIRUPDQFH�UDWLR�VKRZHG�
KLJK�YDOXHV�LQ�ZLQWHU��,Q�VXPPDU\��WKH�UHVXOWV�RI�WKH�
SUHVHQW�VWXG\�VKRZ�WKDW�39�PRGXOHV�ZLWK�KLJK�WHP-

SHUDWXUH�FRHI¿FLHQWV��VXFK�DV�FU\VWDOOLQH�VLOLFRQ��DUH�
DGYDQWDJHRXV�IRU�XVH�LQ�WKH�*REL�'HVHUW�DUHD�
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Figure 6 Monthly Average Horizontal Global Irradiation [kWh/m
2
/day]
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Figure 7 Reference Yield Yr, Array Yield YA, Performance Ratio by monthly average value

7KH� GDLO\� WUDQVLWLRQ� RI� DPELHQW� DQG� PRGXOH�
WHPSHUDWXUH� LV� VKRZQ� LQ� )LJXUH� �� E\� WKH�
PRQWKO\� DYHUDJH� KRXU� YDOXHV�� 7KH� GLIIHUHQFH�
EHWZHHQ�GD\WLPH�DQG�QLJKWWLPH�DLU�WHPSHUDWXUH�
ZDV� DURXQG� ���&�� 7KH� ULVH� LQ� PRGXOH�
WHPSHUDWXUH� ZDV� IURP� ��� WR� ���&� UHODWLYH� WR�
DPELHQW� WHPSHUDWXUH�� DQG�PRGXOH� WHPSHUDWXUH�
ZDV� NHSW� EHORZ� WKH� VWDQGDUG� FRQGLWLRQV� RI�
���&�LQ�$SULO�DQG�-DQXDU\��

Solar Energy Resource:
)LJXUH���VKRZV�WKH�PRQWKO\�DYHUDJH�YDOXHV�RI�
KRUL]RQWDO� JOREDO� LUUDGLDWLRQ� ZLWK� FRPSDULVRQ�
RI� QRUPDO� \HDU� ������������ ���\HDU� VWDWLVWLF�
YDOXHV� RI� 6DLQVKDQG� :HDWKHU� 6WDWLRQ� E\� WKH�
:02��� 6RODU� LUUDGLDWLRQV� RI� ������ ������ DQG�
����� ZHUH� VLPLODU� WR� WKRVH� LQ� D� QRUPDO� \HDU��
7KH� PHDQ� RI� KRUL]RQWDO� LUUDGLDWLRQ� ZDV� �����
>N:K�P2�GD\@��ZKLFK�ZDV�����IROG�JUHDWHU�WKDQ�
WKDW� LQ�6DSSRUR�� -DSDQ��7KH�DQQXDO� DYHUDJH�RI�
LQ�SODQH� LUUDGLDWLRQ� ZDV� ����� >N:�P2�GD\@� ���
\HDU� DYHUDJH��� 7KH� WLOWHG� LUUDGLDWLRQ� GDWD�
VKRZHG�UHODWLYHO\�VPDOO�YDULDWLRQ�ZLWKLQ�D�\HDU��
DV�SUHFLSLWDWLRQ�LV�FRQFHQWUDWHG�LQ�WKH�VXPPHU��

PV Module performance:

)LJXUH���VKRZV�WKH�DQQXDO�39�PRGXOH�\LHOGV��
7KH�PHDQ�RI� �� \HDU� DQQXDO�39�PRGXOH�\LHOGV�
ZHUH YA1 �����DQG�YA2 �����>K�\U@��LQGLFDWLQJ�
WKDW�HDFK�PRGXOH�ZRUNHG�IRU������K�DQG������
K�E\�UDWHG�SRZHU��3max��LQ�WKH�\HDU��

2003 2004 2005 2006 2007 2008
Module-1 1946 1997 2006 1849 1930 1866 
Module-2 1844 1813 1876 1790 1830 1779 
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Figure 8 Annual PV module Yield [h/yr] 

,W�KDV�EHHQ�REVHUYHG�WKDW�WKH�KLJK�RXWSXW�JDLQ�
�VHH�)LJXUH����GXH�WR�WKH�RSHUDWLQJ�FRQGLWLRQ�LQ�
DQ� H[WUHPH� ORZ� DPELHQW� WHPSHUDWXUH�� 6WURQJ�
VHDVRQDO� YDULDWLRQV� ZHUH� DSSDUHQW� LQ� WKH�
SHUIRUPDQFH� RI� ERWK� PRGXOHV�� 7KH� 35� RI�
PRGXOH� �� VKRZHG�YHU\�KLJK�YDOXHV� RI�!���� LQ�
ZLQWHU�DQG�DURXQG������LQ�WKH�ZDUP�VHDVRQ�GXH�
WR� WKH� HIIHFW� RI� PRGXOH� WHPSHUDWXUH�� 7KH� 39�

Fig. 8  Annual PV Module Yield [h/yr]

Table 2  Degradation ratio of PV modules (chosen data 
measured near STC)


