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1.  Executive Summary 

The Government of India is aiming for an exponential increase in the installation of 

renewable energy systems in the country including 100 GW capacity of solar power by 2022 

out of which 40 GW is targeted on rooftops. While the efforts are being directed towards 

substantially increasing the rooftop solar capacity, it is imperative to ensure that these 

systems perform with high yields.  

Understanding the importance of ensuring that these installed rooftop solar systems 

perform optimally, the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) 

undertook a technical study titled kWtokWh in 2019, the Part I of this mission. Under the 

Indo-German technical cooperation, the rooftop solar team at GIZ analysed the specific 

yields of various systems and found that many systems are performing sub-optimally. The 

technical advisory company PI Photovoltaik-Institut Berlin AG (PI Berlin) was contracted by 

GIZ to identify the causes of sub-optimal performance in 40 pre-selected rooftop PV plants, 

quantify those in terms of contribution to loss in generation and propose cost-optimal 

solutions to address the quality issues.  

A website for the kWtokWh study Phase I (www.kwtokwh.in) has also been developed 

where the results of the Phase I of study have been uploaded. The findings of the initial part 

had a substantial impact on the Indian power sector considering the target of 40 GW of 

installed rooftop solar by 2022. Building on the knowledge gained in the earlier study, GIZ in 

partnership with the Ministry of New and Renewable Energy (MNRE) aims to conduct the 

Part II of the kWtokWh study. The focus on this next phase of the study will be to analyse 

additional sites along with delving into detailed causes for cell cracking by analysing the 

logistics aspects and mounting structures for the PV plants. The assignment will be 

conducted in two phases and a total of 65 sites will be evaluated. The broad scope for both 

phases shall remain the same.  

The present report includes the results of 65 on-site inspections performed in the Indian 

states of Jammu, Gujarat, Maharashtra, Uttar Pradesh, West Bengal, Himchal Pradesh, 

Punjab and Kerala. The results of the evaluation of each of the PV plants presented in this 

study show that the low performance of the inspected PV plants is caused by a combination 

of (i) limited O&M, (ii) near shadings, (iii) high module degradation rates and (iv) module 

product defects. aƻŘǳƭŜΩǎ ǳƴŘŜǊǇŜǊŦƻǊƳŀƴŎŜ ǎǘŀƴŘǎ ƻǳǘ ƛƴ ǘƘƛǎ ƎǊƻǳǇΣ ŦƻƭƭƻǿŜŘ ōȅ 

mechanical damage in cells, disconnected circuits, and limited O&M (heavy soiling) and then 

self- and near shading. !ŎŎƻǊŘƛƴƎ ǘƻ tL .ŜǊƭƛƴΩǎ ŎŀƭŎǳƭŀǘƛƻƴǎΣ ǘƘŜ Ǝƭƻōŀƭ ƭƻǎǎŜǎ ŀǘ ǘƘŜ ǎȅǎǘŜƳ 

level caused by underperformance could exceed 15%, while the losses associated with 

soiling can widely exceed 25% during the dry season. In addition, in a few locations, some 

parts of the power plants were disconnected, due to a malfunctioning inverters and/or 

disconnected strings, generating losses ranging 1.5 - 50%. 

PV modules are the core of a solar photovoltaic system. Hence, for the assurance of the 

Module quality of a PV plant, the best practices suggest performing in-factory supervision of 

http://www.kwtokwh.in/
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production while PV modules are being manufactured. The purpose of this study regarding 

logistics was the evaluation of crack evolution from manufacturing until installation.  

Even though transportation issues are known within the industry (cracks, scratches, broken 

glass), they are still a nuisance in project development, particularly during transportation. 

Furthermore, in the same way as lack of documentation available by plant owners (and in 

several cases, EPCs) is a frequent issue, the absence of after sales support by domestic 

module manufacturers limits development and confidence in local industry, creating a 

vicious circle. As part of the study, the consortium tried multiple times to approach the 

module manufacturers from the components under study. The purpose was requesting 

additional information regarding the manufacturing inline processes, such as 

Electroluminescence. However, the reluctance of the companies limits the development of 

the industry awareness of major issues such as pv module transportation, installation and 

handling malpractices. As described in the results for logistic evaluation, in some of the 

inspected PV Plants with severe mechanical damage at module level, the nominal power of 

the PV plant has been reduced by up to 8%. 

One of the goals of the project is that future O&M contractors and developers can benefit 

from the knowledge and conclusions drawn from the evaluation of the PV plants presented 

in this study. In this sense, PI Berlin suggests 4 retrofitting actions that, depending on the 

status of each PV plant, might lead to a performance boost between 5% and 30%. Moreover, 

these actions do not require large investments in the OPEX. 

The evaluation of the sites also includes an economic assessment regarding the retrofitting 

action on i) estimated energy boost after conducting the suggested retrofitting actions, ii) 

estimated costs of proposed retrofitting actions (CAPEX, OPEX), and iii) estimated retrofit 

cost per additional generation for remaining lifetime.  

In regard to underperforming systems, modules with power performance under the 

expected values were discovered nearly at every PV plant. This issue shall be further 

addressed in cooperation with the developer, installer (EPC) and module manufacturer. 

Furthermore, if the situation warrants it (according to the specific installation contracts and 

the guarantees included), the proper claim could be initiated. 

PI Berlin suggests 5 retrofitting actions to partially mitigate the negative consequences of 

the findings described throughout the report. The most important actions associated to 

these retrofitting actions are i) Improvement of module cleaning frequency, ii) Re-sorting of 

modules and strings, iii) Module replacement, iv) Increase of the albedo factor and v) create 

awareness of Module transport, handling and installation guidelines. Finally, PI Berlin has 

identified 10 prevention mechanisms to ensure the revenues and reduce the exposure to 

adverse technical, management, or environmental risks. These technical and commercial de-

risking measures, for the next generation projects, are based on international standards, 

ōŜǎǘ ǇǊŀŎǘƛŎŜǎΣ ŀƴŘ tL .ŜǊƭƛƴΩǎ ŎǊƛǘŜǊƛŀ ōŜȅƻƴŘ ǘƘŜ ƴƻǊƳǎΦ  
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2.  Introduction and Background 

The Government of India is aiming for an exponential increase in the installation of 

renewable energy systems in the country including 100 GW capacity of solar power by 2022 

out of which 40 GW is targeted on rooftops. With this in ƳƛƴŘΣ LƴŘƛŀΩǎ ŎǳƳǳƭŀǘƛǾŜ ǎƻƭŀǊ 

rooftop photovoltaic installations reached ca. 4.4 GW at the end of 2019 [Mercom]. While 

the efforts are being directed towards substantially increasing the rooftop solar capacity, it 

is imperative to ensure that these systems perform with high yields. The rooftop solar team 

at Gesellschaft für Internationale Zusammenarbeit (GIZ) has analyzed the specific yields of 

various systems and has found that many systems are performing sub-optimally. The 

technical advisory company PI Photovoltaik-Institut Berlin AG (PI Berlin) has been contracted 

by GIZ to identify the causes of sub-optimal performance, quantify those in terms of 

contribution to loss in generation and propose cost-optimal solutions to fix the quality 

issues.  

Under the Indo-German technical cooperation, the Government of Germany is cooperating 

with India and has commissioned a project through the German Climate Technology 

Initiative (DKTI). The project Indo-German Solar Energy Partnership ς Photovoltaic Rooftop 

Systems (IGSP-PVRT) is financed by the German Federal Ministry for Economic Cooperation 

and Development and implemented by GIZ in partnership with the Ministry of New and 

Renewable Energy (MNRE). The project aims to support MNRE in achieving the 40 GW 

targets announced for rooftop solar power plants under the National Solar Mission. 

Building on the knowledge gained in the earlier study, GIZ in partnership with the Ministry 

of New and Renewable Energy (MNRE) aims to conduct the Part II of the kWtokWh study. 

The focus on this next phase of the study will be to analyze additional sites along with 

exploring into detailed causes for cell cracking by analyzing logistic and mounting structure 

aspects for the PV plants. The mission focuses on carrying out 60 on-site technical 

evaluations, in two phases, along with logistics monitoring of selected rooftop PV power 

plants in India. The approach of the current assignment will be to help improve the 

generation of the plants being studied and to help the Indian rooftop solar sector in 

improving actual generation.  

The results will lead to synthesizing a solution, potentially in the form of business models for 

O&M companies. This report summarizes the results of the assessment of the 60 rooftop PV 

plants, located in of Jammu (Jammu and Kashmir), Ahmedabad, Anand, and Vadodara 

(Gujarat), Nagpur (Maharashtra), Lucknow (Uttar Pradesh), West Bengal, Himachal Pradesh 

and Punjab, as well as the outcomes of the evaluation of module handling and installation 

practices, for 5 additional PV sites (in construction phase during the study). 
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3.  About PI Berlin 

The Photovoltaik-Institut Berlin is a leading technical advisor, risk manager and quality 

assurance provider for PV power plants and equipment. With its experienced team of 

researchers, scientists and engineers, PI Berlin offers a wide range of design, testing and 

evaluation services with a focus on the risk management and quality assurance of PV 

equipment and complex PV power plants. PI Berlin has already supported 11 GW of PV 

power plants worldwide, with over 245 audits conducted on over 115 manufacturers 

producing more than 67 GW of PV equipment annually.  

PI Berlin has an IEC 17025 accredited test laboratory at its Berlin location for evaluating the 

performance, reliability, and durability of solar modules. Another test laboratory is located 

in Suzhou, China. Modules are tested according to strict criteria that meet or exceed IEC 

standards. 

4.  Description of the Inspection Methodology 

This chapter summarizes the methodology that will be carried out for the fulfillment of the 

project objectives: (i) preparation phase, (ii) data acquisition, and (iii) postprocessing and 

reporting. The complete methodology (Inception report) can be found as appendix to this 

document. 

For Phase II of the project kW to kWh, PI Berlin AG will act as project manager and coordinate 

the partners during all project stages. A weekly call was held (including GIZ) to discuss the 

project status, according to the amount and type of inspections and their preliminary results. 

Stakeholders 

The following graph described the relationship between the stakeholders within the project: 

 

         1 
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Preparation Phase 

The preparation phase is mainly focused on selecting and securing the access to the roofs. 

The selection criteria agreed with GIZ and can be detailed as follows: 

Identification of a broad list of 65 sites in at least 4 different locations as per the conditions 

below: 

I. Installed capacity: 

a. Between 1-5 kWp (at least 10% of sites) 

b. 20 kWp and above 

ii. Specific Yield: 

a. Less than 1100 kWh/kWp (70% of sites) 

b. More than 1200 kWh/kWp (30% of sites) 

iii. Age of the plant: 

a. More than one year old 

b. Recent installations of less than one year old (at least 10 % of sites) 

c. Ongoing installations (For logistics monitoring; refer to Task 3) 

iv. Availability of reliable generation data 

 

 

Data Acquisition 

Ahead of each visit, the available documentation was reviewed in order to maximize the 

efficiency during the site inspection.  By means of these documents, a digital App-based 

checklist will be prepared to maximize the accuracy during the on-site inspection.  

MCIND Pvt Ltd and Aerocompact Pvt Ltd conducted the site visits spending one day per site. 

The site inspections focused primarily on aspects that have direct impact on the 

performance, such as (i) module cleaning, (ii) PV module degradation, (iii) shading situation, 

(iv) inverter unavailability, (v) logistic aspects, and (vi) O&M considerations. Safety issues, 

without a direct impact on the performance, were also documented.  

Regarding logistics and installation, the assessment will cover i) Pre-shipment inspection 

criteria, ii) Module packaging characteristics, iii) Transportation, handling, delivery and pre-

installation iv) Mounting structure design and robustness and vi) Storage space availability 

and characteristics. Furthermore, the specific retrofitting actions will be targeted to solve a) 

detailed causes of cell cracking, b) comparison between plants using dust cleaning robots 

(DCR) vs manual cleaning, c) appropriate cleaning mechanisms for selected plants, d) module 

handling practices and e) Module manufacturing quality.  
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Post-processing and Reporting 

The information gathered onsite was post-processed and combined with the results of the 

documentation reviewed ahead of the visit. Each of the findings responsible for performance 

drop has been, as far as possible, coupled to an estimated energy loss and feasible mitigation 

measures. The final statements of PI Berlin in regard to the quantification of the impact of 

ǘƘŜ ƛŘŜƴǘƛŦƛŜŘ ŦƛƴŘƛƴƎǎΣ ŀǊŜ ōŀǎŜŘ ƻƴ όƛύ tL .ŜǊƭƛƴΩǎ ƭƻƴƎ-term experience in the PV sector, (ii) 

on-site data acquisition, and (iii) simulations using PVsyst software. The results achieved by 

PI Berlin will provide answers to the following questions: 

1. Which findings have the highest impact on the PR values of the inspected roofs?  

2. Which mechanisms are needed to avoid underperformance and ensure the 
revenues in the next generation projects?  

3. Why is it important to prevent the issues discovered in the present study?  

4. How can India benefit of this process?  

 

 

Website  

The website kwtokwh.in (showing the results from Phase I of this project) has been used to 

present the outcomes of phase II and were published after the approval of GIZ. 

 
 
 

    

https://kwtokwh.in/
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5.  List of the Selected Sites 

Jammu is the winter capital of the Indian union territory of Jammu and Kashmir.  It is the 

largest city in Jammu district of the union territory and sits on the banks of the river Tawi. It 

has a humid subtropical climate with extreme summer highs reaching 46 хC and 

temperatures on winter falling below 4 хC.  

Gujarat is the fifth-largest state by area in India and nineth-largest by population. With a 

1,600 km coastline, it has a hot, semi-arid climate with average maximum temperature of 

34 хC and with average minimum of 21 хC. 

Nagpur is the third largest city and the winter capital of the Indian state of Maharashtra. 

Nagpur is named after the Great River Nag which flows through the city, and it has a tropical 

savannah climate what means an average highest temperature of 43 хC and average lowest 

temperature of 13 хC. 

Lucknow is the largest city in and the capital of the Indian state of Uttar Pradesh. It has a 

dry-summer subtropical climate with average highest temperature of 42 хC and average 

lowest temperature of 19 хC. 

West Bengal is the thirteenth-largest state by area in India and fourth largest by population. 

²Ŝǎǘ .ŜƴƎŀƭΩǎ climates range from Tropical savanna climate to subtropical highland oceanic 

climate with average annual temperature of 31.3 хC and with average minimum of 20.1 хC. 

Himachal Pradesh is one of the thirteen mountain states in India and is the northernmost 

state of India, shading borders with union territories of Jammu and KashmirΦ LǘΩǎ ŎƭƛƳŀǘŜǎ 

range from humid subtropical climate to subarctic climate with average annual temperature 

of 16.1 хC. 

Punjab is the nineteenth-largest state by area in India and sixteenth largest by population. 

Punjab has a humid subtropical climate with average annual temperature of 33.9 хC and 

with average minimum of 13 хC. 

These regions provide different scenarios for the evaluation of systems exposed to 

challenging weather conditions. The selected sites under the scope of the project are shown 

in the following table: 
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Table 1: The selected sites under the scope of the project 

PV Plant 
Region Installed capacity 

(kWp) 
Average specific yield since 

COD 

1 Jammu 200 628 kWh/kWp 

2 Jammu 100  914 kWh/kWp 

3 Jammu 50 970 kWh/kWp 

4 Jammu 50 168 kWh/kWp* 

5 Jammu 100 717 kWh/kWp 

6 Jammu 140 801 kWh/kWp 

7 Ahmedabad 35 1164 kWh/kWp 

8 Ahmedabad 130 893 kWh/kWp 

9 Ahmedabad 50 1331 kWh/kWp 

10 Anand 200 1444 kWh/kWp 

11 Ahmedabad 31 1253 kWh/kWp 

12 Vadodara 63 927 kWh/kWp 

13 Nagpur 100 1306 kWh/kWp 

14 Nagpur 90 1234 kWh/kWp 

15 Nagpur 15 1127 kWh/kWp 

16 Ahmedabad 104 1356 kWh/kWp 

17 Nagpur 670 746.7 kWh/kWp 

18 Nagpur 80 637 kWh/kWp 

19 Nagpur 20 1159 kWh/kWp 

20 Nagpur 20 768 kWh/kWp 

21 Mehsana 124 1090 kWh/kWp 

22 Godhra 39 1322 kWh/kWp 

23 Dholka 40 1440 kWh/kWp 

24 Anand 39 1033 kWh/kWp 

25 Gondal 348 1324 kWh/kWp 

26 Bhavnagar 23 1245 kWh/kWp 

27 Amreli 28 1374 kWh/kWp 

28 Sarangpur 120 1216 kWh/kWp 

29 Surendranagar 50 1230 kWh/kWp 

30 Lucknow 109 678 kWh/kWp 

31 Lucknow 10 1131 kWh/kWp 

32 Lucknow 80 909 kWh/kWp 

33 Lucknow 5 870 kWh/kWp 

34 West Bengal 10 1039.6 kWh/kWp 

35 West Bengal 5 526.8 kWh/kWp 

36 West Bengal 10 1203.6 kWh/kWp 

37 West Bengal 10 1044.3 kWh/kWp 

38 West Bengal 20 1331.83 kWh/kWp 

39 West Bengal 5 1100.8 kWh/kWp 

40 West Bengal 10 1172 kWh/kWp 

41 West Bengal 10 1099.7 kWh/kWp 

42 West Bengal 10 894.7 kWh/kWp 

43 Himachal Pradesh 349 942.7 kWh/kWp 

44 Himachal Pradesh 29 1245.9 kWh/kWp 

45 Himachal Pradesh 300 1190.1 kWh/kWp 

46 Himachal Pradesh 160 759.1 kWh/kWp 

47 Himachal Pradesh 300 894.7 kWh/kWp 
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48 Himachal Pradesh 6 1052.1 kWh/kWp 

49 Himachal Pradesh 5 646.2 kWh/kWp 

50 Punjab 120 906.8 kWh/kWp 

51 Punjab 65 824.81 kWh/kWp 

52 Punjab 500 839.97 kWh/kWp 

53 Punjab 151 1081.97 kWh/kWp 

54 Punjab 100 604.31 kWh/kWp 

55 Punjab 90 1294.84 kWh/kWp 

56 Punjab 80 1275.8 kWh/kWp 

57 Punjab 71 1262.8 kWh/kWp 

58 Punjab 399 1040.58 kWh/kWp 

59 Punjab 72 664.65 kWh/kWp 

60 Punjab 101 1194.66 kWh/kWp 

61 Ahmedabad 2 Underconstruction 

62 Gujarat 2 Underconstruction 

63 Mumbai 2 Underconstruction 

64 Kerala 33 Underconstruction 

65 Gujarat 5 Underconstruction 
 

* limited information provided concerning the energy production. 

 

  
Figure 1: Inspected sites: Jammu, Himachal Pradesh, Punjab, Gujarat, Nagpur, Lucknow, West Bengal, and 

Kerala. Source: Google Earth 

Nagpur 
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Climate characteristics:  

   
Figure 2: Köppen-Geiger climate classification map for India (1980-2016) [17] 

Jammu 

In Jammu, Jammu and Kashmir, the climate is warm and temperate. When compared with 

winter, the summers have much more rainfall. According to Köppen and Geiger, this climate 

is classified as Cwa. The average annual temperature in Jammu is 21.3 °C | 70.4 °F. About 

1313 mm | 51.7 inch of precipitation falls annually. The driest month is October. There is 17 

mm | 0.7 inch of precipitation in October. In July, the precipitation reaches its peak, with an 

average of 321 mm | 12.6 inch. May is the warmest month, with an average of 31.3 °C and 

December the coldest with an average temperature of 22.2 °C [source: climate-data.org].  

The average Global Horizontal Irradiation (GHI) in the region is 1695 kWh/m² [source: 

SolarGIS]. 

 

Figure 3: Global horizontal irradiation map of Jammu. GHI: 1695.4 kWh/m². Specific yield PVout 1477kWh/kWp) 
[source: SolarGIS] 
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Gujarat 

The climate here is considered to be a local steppe climate. During the year there is little 

rainfall. The Köppen-Geiger climate classification is BSh. The temperature here averages 27.1 

°C | 80.7 °F. About 757 mm | 29.8 inch of precipitation falls annually. The driest month is 

January, with 1 mm | 0.0 inch of rain. Most of the precipitation here falls in July, averaging 

307 mm | 12.1 inches. May is the warmest month of the year. The temperature in May 

averages 33.0 °C | 91.4 °F. January is the coldest month, with temperatures averaging 20.4 

°C | 68.7 °F. [source: climate-data.org].  

The average Global Horizontal Irradiation (GHI) in the region is 2016 kWh/m² [source: 

SolarGIS]. 

 

Figure 4: Global horizontal irradiation map of Gujarat. GHI: 2016 kWh/m². Specific yield PVout 1705kWh/kWp) 
[source: SolarGIS] 

Nagpur 

Nagpur, Maharashtra, has a tropical climate. In winter, there is much less rainfall than in 

summer. The Köppen-Geiger climate classification is Aw. The temperature here averages 

27.0 °C | 80.7 °F. About 1128 mm | 44.4 inch of precipitation falls annually. The driest month 

is December, with 6 mm | 0.2 inches of rainfall. Most precipitation falls in July, with an 

average of 355 mm | 14.0 inch. The warmest month of the year is May, with an average 

temperature of 35.6 °C | 96.1 °F. In January, the average temperature is 21.1 °C | 69.9 °F. It 

is the lowest average temperature of the whole year. [source: climate-data.org].  

The average Global Horizontal Irradiation (GHI) in the region is 1888 kWh/m² [source: 

SolarGIS]. 
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Figure 5: Global horizontal irradiation map of Nagpur. GHI: 1888kWh/m². Specific yield PVout 1579kWh/kWp) 
[source: SolarGIS] 

Lucknow 

Lucknow, Uttar Pradesh, has a dry-summer subtropical climate. In winter, there is much less 

rainfall than in summer. The Köppen-Geiger climate classification is Csa (Mediterran 

Climate). The temperature here averages 25.6 °C | 78.0 °F. About 1016 mm | 40.0 inch of 

precipitation falls annually. The driest month is November, with 2 mm | 0.1 inches of rainfall. 

Most precipitation falls in July, with an average of 310 mm | 12.2 inch. The warmest month 

of the year is May, with an average temperature of 32.8 °C | 91.1 °F. In January, the average 

temperature is 14.9 °C | 58.9 °F. It is the lowest average temperature of the whole year. 

[source: climate-data.org].  

The average Global Horizontal Irradiation (GHI) in the region is 1754 kWh/m² [source: 
SolarGIS]. 

   

Figure 6: Global horizontal irradiation map of Lucknow. GHI: 1754kWh/m². Specific yield PVout 1484kWh/kWp) 
[source: SolarGIS] 
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West Bengal 

West Bengal has a tropical climate. In winter, there is much less rainfall than in summer. The 

Köppen-Geiger climate classifications for the state range from Aw (Tropical savanna climate) 

to Cwb (Subtropical highland oceanic climate). The temperature here averages 26 °C | 78.8 

°F. About 1656 mm | 65.2 inch of precipitation falls annually. The driest month is December, 

with 7.6 mm | 0.3 inches of rainfall. Most precipitation falls in July, with an average of 355.6 

mm | 14 inch. The warmest month of the year is May, with an average temperature of 31.3 

°C | 88.3 °F. In January, the average temperature is 20.1 °C | 68.1 °F. It is the lowest average 

temperature of the whole year. [source: climate-data.org].  

The average Global Horizontal Irradiation (GHI) in the region is 1758 kWh/m² [source: 

SolarGIS]. 

  

Figure 7: Global horizontal irradiation map of West Bengal. GHI: 1758kWh/m². Specific yield PVout 
1477kWh/kWp) [source: SolarGIS] 

Himachal Pradesh 

Himachal Pradesh has a dry-summer subtropical climate. In winter, generally there is much 

less rainfall than in summer. The Köppen-Geiger climate classification ranges from Cfa 

(Humid subtropical climate) to Dfc (Subarctic climate). The temperature here averages 16.1 

°C | 61.0 °F. About 1876 mm | 73.9 inch of precipitation falls annually. Most precipitation 

falls in July. [source: climate-data.org].  

The average Global Horizontal Irradiation (GHI) in the region is 1518 kWh/m² [source: 
SolarGIS]. 
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Figure 8: Global horizontal irradiation map of Himachal Pradesh. GHI: 1518kWh/m². Specific yield PVout 
1504kWh/kWp) [source: SolarGIS] 

Punjab 

Punjab has a humid  subtropical climate. Summers usually receive slightly higher rainfall than 

winters, with much of the precipitation from thunderstorm and tropical cyclones. The 

Köppen-Geiger climate classification is Cfa (Humid subtropical climate). The temperature 

here averages 24.3 °C | 75.7 °F. About 698.5 mm | 27.5 inch of precipitation falls annually. 

The driest month is November, with 5.1 mm | 0.2 inches of rainfall. Most precipitation falls 

in July, with an average of 200.7 mm | 7.9 inch. The warmest month of the year is June, with 

an average temperature of 33.9 °C | 93.0 °F. The coolest month is January, with an average 

temperature is 13 °C | 55.4 °F. [source: weatherbase.com].  

The average Global Horizontal Irradiation (GHI) in the region is 1738 kWh/m² [source: 
SolarGIS]. 

  

Figure 9: Global horizontal irradiation map of Punjab. GHI: 1738kWh/m². Specific yield PVout 1507kWh/kWp) 
[source: SolarGIS] 
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Kerala 

Kerala has a tropical monsoon climate. The Köppen-Geiger climate classification is Am 

(Tropical monsoon climate). The temperature here averages 27.8 °C | 82.0 °F. About 2743.2 

mm | 108 inch of precipitation falls annually in average. The driest month is January, with 

22.9 mm | 0.9 inches of rainfall. Most precipitation falls in June, with an average of 566.4 

mm | 22.3 inch. The warmest month of the year is September, with a maximum temperature 

of 38.9 °C | 102.0 °F. The coolest month is January, with an average temperature is 17.2 °C 

| 63.0 °F. [source: weatherbase.com].  

The average Global Horizontal Irradiation (GHI) in the region is 1769 kWh/m² [source: 
SolarGIS]. 

    

Figure 10: Global horizontal irradiation map of Punjab. GHI: 1769kWh/m². Specific yield PVout 
1424kWh/kWp) [source: SolarGIS] 
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6.  Technical Background 

This chapter serves as a guide for the better understanding of some of the module failures 

mentioned in the present study.  

6. 1.  Potential-Induced Degradation 

The phenomenon of Potential-Induced Degradation (PID) is based on a power loss 

degradation caused by a negative potential of the solar cells towards earth, which leads to 

an accumulation of Na+ located in the glass and migrating into the solar cells damaging the 

p-n junction responsible for the electron flow [14]. The degree of affection is highly 

dependent on the level of the potential (voltage stress). The first bibliographic references 

ǊŜƭŀǘŜ ǘƻ ǘƘŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ IƻŦŦƳŀƴ ŀƴŘ wƻǎǎ όWt[ύ ƛƴ мфту όάLƳǇŀŎǘ ƻŦ 

voltage-biased humidity exposure of solar modules on long-ǘŜǊƳ ǎǘŀōƛƭƛǘȅέύ ƛƴ ǿƘƛŎƘ this 

physical effect was internationally presented for the first time. The PID effect was associated 

in the past principally to back contact cell technology, TCO corrosion in thin film modules 

and processes based upon band silicon. In recent years, the PID effect has also been linked 

to silicon technology; thus, this phenomenon has become more and more relevant due to 

the enormous amount of solar facilities built with this technology.  

       
Figure 11: p-n junction damage (left) and typical PID pattern (right) [source: PI Berlin] 

The necessary conditions for the appearance of PID in the field can be summarized as 

follows: 

¶ High system voltage (has increased in the last years in order to minimize transport 

losses in the string) 

¶ High relative humidity and high temperature 

¶ Certain combination of materials (glass, encapsulate material, etc.) 

The degree of PID of the PV modules decreases towards the positive pole, with the first 

modules of the negative pole being usually the most affected with power drops up to 95% 

in cases of advanced PID.  


























































































































































































































































































































