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Executive Summary 

The present study shows the results of a pioneer analysis conducted by PI Photovoltaik-Institut Berlin AG (PI 
Berlin), on behalf of Physikalisch-Technische Bundesanstalt (PTB), of the status of operating grid connected 
solar photovoltaic plants installed across India in the recent years. Six representative plants were selected 
and inspected by PI Berlin between the 3rd and 14th July 2017 thanks to the support of the Solar Energy 
Corporation of India (SECI) and the Kreditanstalt für Wiederaufbau (KfW), in cooperation with the Ministry  
for New and Renewable Energy (MNRE) and the National Institute for Solar Energy of India (NISE). The 
shortlisted plants were selected considering Indian specific environmental stress factors present in different 
climates, representative module and mounting structure technologies used in Indian solar plants and 
statewise accumulated solar capacity. The selected plants were evaluated by PI Berlin using a Technical 
Due Diligence product (Q3) developed for operating assets that focuses on aspects such as contracting, 
installation quality, long term durability of the components, design assumptions, operation and maintenance, 
PV plant commissioning and system performance calculations. The purpose of this study is to document the 
status quo of the six plants in terms of safety, performance and commercial touching points, and to identify 
failures, risks and mitigation measures that help to increase the awareness of solar project developers (SPD) 
and financing institutions in regards to quality assurance of solar PV projects. 

As previously mentioned the selected plants are located in some of the most PV-active states In India and 
the technologies used in these plants represent all dominant technologies used in the Indian market. 
However, due to the reduced sample covered in the framework of this study, the results and interpretations 
shown and illustrated in this document are only applicable to the inspected sites and are not representative 
for the entirety of the Indian solar PV market. It should be also borne in mind that the failures and risks 
identified during the inspection process are not specific to the Indian PV plants, but are present and 
detectable in other markets around the world. 

The results and outcomes of the survey show that strict technical requirements in regards to accurate 
component selection considering Indian specific environmental stress factors, PV plant design orientated 
towards a minimization of the LCOE, failure free installation, commissioning aligned with the norms and 
standards and a comprehensive site and PV specific operation and maintenance program, should be part of 
tender requirements and should also be reflected in the EPC and O&M contracts along with the necessary 
performance warranties. Missing or poorly expressed warranties in the EPC and O&M contracts are a risk 
for the owner since the quality can’t be properly assessed during the various project stages. Lax tender 
requirements should be avoided as they give comfort to module suppliers and installation companies as no 
legal framework is forcing them to provide evidence of long-term durable products and failure free installation 
works. PI Berlin detected three types of failures during the evaluation of the electro-mechanical status of the 
PV plants: (i) sporadic failures with impact on the performance, (ii) systemic failures with impact on the 
performance, and (iii) sporadic and/or systemic safety-related failures without primary impact on the system 
performance. In order to assess the influence of the performance-related failures on the overall energy output 
of the plant, a visual inspection of 100% of the system would be necessary combined with an in-depth 
analysis of the yield, system availability and other monitored data since COD. A proper evaluation is 
especially challenging in those plants where a monitoring system doesn´t even exist.  

A special focus should be put on the PV module as it is the most sensitive component of the PV system and 
its stability during the full operational lifecycle is strongly affected by the environmental factors and damages 
caused by improper module handling during transport, installation and maintenance. The lack of trained 
installers and operators, the use of nondurable and cheap system components, and the lack of supervision 
of owner’s engineers (OE) and lender’s technical advisors (LTA) representing the interests of SPD and 
financing institutions respectively, are some of the ingredients that increase significantly the investment risk 
of the project.  

Competitive reverse auctions that push down bid prices to extremely low levels, is a scenario where cutting 
corners in regards to quality may become a common practice. The present study helps to counteract and 
prevent the negative effects of poor quality during the deployment of PV projects, by detecting risks and 
translating them into clear statements and recommendations that contribute to the sustainable achievement 
of the Jawaharlal Nehru Solar Missions’ political goals, aiming at installing 100 GW of solar generating 
capacity by 2022. 
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1 Introduction  

The present study is part of a PTB project whose aim is to improve the scope and increase the use of quality 
infrastructure (QI) services needed for assuring the quality and reliability of solar energy systems by taking 
into account international best practices. 

More specifically, the following areas are targeted: (i) strengthening capacities of the Indian metrology system 
relevant for the solar sector; (ii) supporting conformity assessment bodies to use and set up quality assurance 
procedures for solar energy systems and components; (iii) informing standardization bodies and regulatory 
agencies on international requirements and good practices for quality assurance in the solar sector; and (iv) 
awareness raising and qualification of companies and public institutions with regards to quality aspects in 
the sector. 

The main project partner is the Ministry of New and Renewable Energy (MNRE) as political partner and the 
National Institute of Solar Energy (NISE) as implementation partner. Further implementation partners include 
the National Physical Laboratory (NPL) for primary reference solar cell calibration plus a variety of well-
established QI institutions in India. 

1.1 Background 

India has become a very competitive market with a strong cost pressure present in all stages and 
stakeholders of the value chain, especially EPCs [20]1. Chinese module prices in India have fallen about 
33% in the last 12 months with average selling prices coming to $0.32/Wp in the first quarter of 2017 and 
11% decrease from $0.36/Wp in Q4 2016. The predictions forecast 11.2 GW of solar capacity connected by 
the end of 2017 [Mercom Capital Group], while the total capacity already in the bidding phase is currently at 
about 14 GW, and there are approximately 6.5 GW of tenders pending auction [20]. The following graphs 
show the accumulated solar capacity by states and the accumulated solar capacity in India since 2009:  

 

Figure 1: State wise accumulated solar capacity in India [Source: Mercom Capital Group (Mar 2017)] 

 
The present project supports the sustainable achievement of the Jawaharlal Nehru Solar Missions’ political 
goals, aiming at installing 100 GW of solar generating capacity until 2022. A central precondition is the use 

 
1 “Quality in India: battling the stereotypes”; pv tech; September 2017; “…the revelation that India has the cheapest EPC services in the 
world is worth investigating.” 
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of premium-quality and secure solar energy systems which are complying with international standards. This, 
in turn, makes it necessary for the national quality infrastructure to render internationally recognized and 
demand-oriented services which comprise metrology and standardization as well as conformity assessment, 
certification and accreditation. The envisaged activities to promote QI services increase the basis for assuring 
the quality and safety of solar collectors and solar-operated instruments. Ultimately, investment security is 
increased as well. 
Competitive reverse auctions that push down bid prices to extremely low levels, is a scenario where cutting 
corners in regards to quality may become a common practice [20]2. The present study contributes to 
counteract and prevent the negative effects of poor quality during the deployment of PV projects, by detecting 
failures and their associated risks, and suggesting solutions for a sustainable development of the solar 
industry in India. 

1.2 Cooperation, Financing and Duration 

Within the scope of German Development Cooperation the project is part of the program for the promotion 
of renewable energies and energy efficiency in India. Close cooperation is especially envisaged with the 
Indo-German Energy Program (IGEN) implemented by GIZ (Deutsche Gesellschaft für Internationale 
Zusammenarbeit). The project is financed by the Federal Ministry for Economic Cooperation and 
Development (BMZ) and will last from 2014 to 2018. 
 

2 About PI Berlin 

PI Photovoltaik-Institut Berlin AG (PI Berlin), with its internationally focused team of photovoltaic experts 
provides a wide spectrum of inspection, planning, consultation services throughout the value chain. With the 
knowledge acquired through years of field experience, laboratory testing and R+D, PI Berlin offers a full 
range of engineering services for photovoltaic plants, from the development and construction phase to 
operation and maintenance. 

PI Berlin features two laboratories, since 2006 in Berlin (Germany), and the second one in Suzhou (China) 
since 2012. The Berlin testing laboratory is accredited as a Certified Body Testing Laboratory (CBTL) in the 
IECEE CB scheme, and internationally acknowledged as a satellite laboratory for Intertek (UL 1703). Both 
laboratories are certified according to DIN / EN / ISO / IEC 17025.  PI Berlin follows a strict culture of 
independence and impartiality, based on internationally recognized and proven scientific methods.  

The activities at PI Berlin laboratory are mainly focused on testing according to IEC, development and 
implementation of new tests (mainly in tropical and desert climates), factory audits and production control; 
installation support and reception of test equipment, lab audits and training courses. Since 2010, this PI 
Berlin business unit has carried out 202 certification projects of PV modules from Asia, USA and Europe, 
and more than 50 factory audits in Germany, China and MENA. 

The second business unit is the R+D department. The area is in charge of evaluating and certifying new 
technologies, and furthermore, providing experience on failure diagnosis and interpretation for PV cells and 
modules, both in laboratory and in the field. The R&D unit has more than 42 international publications since 
2006 in various subjects, such as on site electroluminescence measurements, hot spots, Potential Induced 
Degradation (PID), soiling, cell encapsulation, module thermal behavior, module mechanical damage, 
shading, cell corrosion, abrasion tests, and reliability and durability of PV modules in the desert. The full list 
of the R&D department publications is given in Annex I. The members of this department are currently 
involved in 12 national and international projects, including the EU-funded Horizon 2020 project; IBB, ZIM, 
BMBF and PTJ projects funded by the German Federal Ministry for Economic Affairs and Energy (BMWi). 

Regarding PI Berlin's contribution to the development of international standards, since 2014, PI Berlin has 
been the technical consultant responsible for the development of on-site quality infrastructure programs in 
collaboration with the German Physikalisch-Technische Bundesanstalt. Moreover, PTB belongs to the 
German Ministry of Energy, in charge for the implementation of quality standards in countries such as Tunisia, 
Senegal, Indonesia, India, Malaysia, the Philippines and Mexico. Alongside this endeavor, PI Berlin is directly 
involved in the development of standards for the photovoltaic industry, such as IEC60904-12 TS Ed.1 and 
IEC60904-13 TS Ed.1 regarding infrared measurements in plant, or IEC TS 62804-1: 2015 about prevention 

 
2 In the recently concluded 750 MW Rewa Solar Park auction in Madhya Pradesh, bids reached a new record low of INR 3.30/kWh 
($0.0494) – LCOE over 25 years [20] 
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of Potential Induced Degradation (PID). 

In addition, PI Berlin is also a member of the international PV Quality Assurance Task Force (PV-Qat). The 
objective of this association, is the development of regulations in specific fields such as the influence of 
humidity, temperature and voltage on PV modules, functionality and durability of bypass diodes, and field 
study of the effects of dirt and dust in arid climates. 

 

3 Site Selection and Description of the Inspection Methodology 

PI Berlin has conducted on behalf of Physikalisch-Technische Bundesanstalt (PTB), a pioneer study on 6 
representative PV plants spread around India. The purpose was to document the status quo of these plants 
in terms of safety and functionality, by identifying potential failures and their associated risks. The status of 
these plants helped reflecting the actual situation of the operating solar assets in India, considering various 
factors such as the impact of harsh environmental conditions, the uncertainty associated to the long term 
durability of the selected components and the installation quality on the DC and AC side, among others. After 
evaluating the 6 PV plants and identifying the failures and risks, the outcomes were wrapped up into 
conclusive statements containing mitigation actions, recommendations and risk prevention measures for 
developers, system integrators and financing institutions. 

3.1 List of the Selected Sites 

According to the prerequisites specified in Annex II, a shortlist of suitable PV plants was created by PI Berlin. 
These prerequisites focused mainly on logistic aspects and available documentation needed to perform the 
present study. The final list of selected plants was created based on the following criteria: 
 

• At least one plant should have c-Si PV modules 

• At least one plant should have thin film PV modules 

• At least one plant should have fixed tilt mounting structures  

• At least one plant should have single axis tracking systems 

• At least one plant should be located on a roof top  

• Different climates should be considered (desert, tropical, steppe.) 

• States with significant growing PV potential in the next years will be favored   

 
The PV plants inspected by PI Berlin are listed hereunder: 
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Plant 1 - 200kW rooftop PV plant 
(Delhi) 

Plant 2 - 1,505 kWp rooftop PV  
(Uttar Pradesh) 

Plant 3 - 50MW ground mounted  
PV plant (Rajasthan) 

   
Figure 2: 200kW located in Delhi  
[Source: Google Earth] 

Figure 3: 1,505 kWp located in Uttar 
Pradesh [Source: Google Earth] 

Figure 4: 100MW located in Rajasthan  
[Source: Google Earth] 

   
Plant 4 - 100 MW ground mounted 
PV plant (Rajasthan) 

Plant 5 - 30 MW ground mounted 
PV plant (Madhya Pradesh) 

Plant 6 - 10MW ground mounted  
PV plant (Karnataka) 

   
Figure 5: 100 MW located in Rajasthan 
[Source: Google Earth] 

Figure 6: 30 MW located in Madhya 
Pradesh [Source: Google Earth] 

Figure 7: 10MW located in Karnataka  
[Source: Google Earth] 

 
 

3.2 Representativeness of the Selected Plants in the Indian Market 

The 6 selected sites are located in 5 states where currently 40% of the total solar capacity in India is installed. 
The module and racking types used in these plants represent all dominant technologies used in India such 
as (i) crystalline and thin film technology for the PV modules, and (ii) fixed tilt ground mounted, fixed tilt roof 
top, seasonal horizontal tracking and full horizontal tracking for the anchorage of the PV modules. 
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Figure 8: Overview of the visited sites by PI Berlin 

 
The 6 selected plants are located in the 4 main climate zones of India according to the Köppen-Geiger 
classification [21], which are: 
 
Plant 1 and Plant 5 (BSh-Arid/Steppe/Hot) 

The prevailing climate here is known as a local steppe climate. During the year, there is little rainfall and the 

temperature here averages 25.2 °C. The average annual rainfall is 693 mm and the driest month is April. 

There is 3 mm of precipitation in April and most precipitation falls in August, with an average of 246 mm. With 

an average of 34.3 °C, June is the warmest month and January the coldest with an average temperature of 

14.2 °C. The precipitation varies 243 mm between the driest month and the wettest month. The average 

temperatures vary during the year by 20.1 °C [source: climate-data.org]. The Global Horizontal Irradiation 

(GHI) in Plant 1 and Plant 5 is approximately 1,700 kWh/m² and 1,870 kWh/m² per year respectively [source: 

SolarGIS].  

 

Plant 2 (Csa-Temperate/Dry summer/Hot summer) 

The climate here is mild, and generally warm and temperate. The rain falls mostly in the winter, with relatively 

little rain in the summer. The average annual temperature is 26.1 °C and the rainfall here averages 998 mm. 

At an average temperature of 34.3 °C, May is the hottest month of the year and January the coldest with an 

average temperature of 16.5 °C. Between the driest and wettest months, the difference in precipitation is 296 

mm. The variation in annual temperature is around 17.8 °C [source: climate-data.org]. The Global Horizontal 

Irradiation (GHI) is approximately 1,750 kWh/m² per year [source: SolarGIS]. 

Plant 5  

Plant  3 

Plant 6  

Plant 2  
Plant 1  

Plant 4  
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Plant 3 and Plant 4 (BWh-Arid/Desert/Hot) 

Here the climate is a desert one. During the year, there is virtually no rainfall. The average temperature is 

26.6 °C and the average annual rainfall is 363 mm. Precipitation is the lowest in April, with an average of 2 

mm. Most of the precipitation here falls in August, averaging 125 mm. At an average temperature of 34.4 °C, 

May is the hottest month of the year and January the coldest with temperatures averaging 16.9 °C. Between 

the driest and wettest months, the difference in precipitation is 123 mm. Throughout the year, temperatures 

vary by 17.5 °C [source: climate-data.org]. The Global Horizontal Irradiation (GHI) is approximately 1,980 

kWh/m² per year [source: SolarGIS]. The presence of dust and sand, as well as strong winds and salinity are 

additional environmental factors that need to be taken into account. 

 

Plant 6 (Aw-Tropical/Savanna/Wet) 

The climate here is tropical. The summers are much rainier than the winters and the temperature here 
averages 23.6 °C. In a year, the average rainfall is 831 mm. The driest month is January, with 1 mm of rain. 
The greatest amount of precipitation occurs in September with an average of 182 mm. April is the warmest 
month of the year averaging 27.1 °C. The lowest average temperatures in the year occurs in December with 
20.7 °C. There is a difference of 181 mm of precipitation between the driest and wettest months. The variation 
in temperatures throughout the year is 6.4 °C [source: climate-data.org]. The Global Horizontal Irradiation 
(GHI) is approximately 1,900 kWh/m² per year [source: SolarGIS]. 
 

 

Figure 9: (left) Climate classification of India according to Köppen-Geiger; (right) GHI map of India 

 
The climatic and the environmental description of the selected locations, shows that the most relevant PV 
specific stress factors such as humidity, salinity, sand and dust, abrasion, temperature cycling, high UV loads 
and strong wind are present in one or several of the selected site. The high levels of humidity during all or 
part of the year and the relatively high UV loads especially in the desert area, are environmental 
characteristics common to the 6 sites3. 
 
Even though (i) the selected sites are located in 5 of the most PV-active states in India, (ii) the climatic and 
environmental characteristics of the selected sites cover most of the Indian country, and (iii) the module and 
mounting structure technologies used in the selected projects represent the dominant technologies in the PV 
industry, the results and interpretations shown and illustrated in this document are only applicable to the 
inspected sites and are not representative for the entirety of the Indian solar PV market, due ro the reduced 
sample covered in the present study. 

 
3 The Köppen-Geiger classification was originally developed for agriculture and plant growth in different regions. There is no correlation 
between the PV specific environmental stress factors and the KG classification. The KG map is used merely for displaying the various 
climatic zones in India. As more PV systems are operating in diverse climatic zones, stronger correlations between KG climatic zones 
and failure modes will be developed [22]. 

Plant  6 

Plant  3 

Plant  4 

Plant  1 

Plant  2 
Plant  5 
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3.3 Scope of the Analysis Applied to Each PV Plant 

PI Berlin offers 3 TDD products across the value chain of a PV project. The Q1 product is created for PV 
projects that are still in the development phase prior to Financial Close (FC). The Q2 product is used after 
construction and commissioning prior to take over and Provisional Acceptance Commissioning. Finally, the 
Q3 product is applied for operating assets during refinancing or acquisition processes. PI Berlin has applied 
a reduced version of the Q3 to the 6 selected project since all of them are in the operational phase. 
  

 

Figure 10: TDD products offered by PI Berlin 

 
The Q3 is divided in 7 evaluation topics as shown in the following scheme. 
 
 

  
Figure 11: Scope of the Q3 product 

 
In the first topic Contracts and Warranties, the legal and commercial scenario of the PV project is evaluated 
from a technical perspective. EPC and O&M contracts along with the performance warranties are analyzed.  
The suitability of the selected products for a specific location together with the technical design are evaluated 
in the second topic, PV Plant Design. The quality of the Electromechanical Installation of the PV plant is 
the third topic and is assessed onsite. The fourth topic Commissioning evaluates the tests conducted after 
the construction phase and the generated protocols during the Provisional Acceptance Commissioning 
(PAC). The fifth topic System Performance evaluates the yield prognose conducted prior to FC, as well as 
the accuracy of the installed weather station and the onsite PR calculation. The topic PV Module Quality 
assesses the status of the PV modules onsite by conducting a visual inspection and measurements using 
sopecial hardware. Finally, the last topic Operation and Maintenance evaluates the preventive and 
corrective measures carried out by the O&M team, the system availability calculation, the SCADA system, 
the reporting and the module cleaning among other activities. The Q3 will be applied separately to each of 
the 6 plant using the checklist specified in Annex III.  

Q3Contracts
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4 Technical Background 

The following chapters serve as a guide for the better understanding of some of the module failures 
mentioned in the present study.  

4.1 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+ locatedin the 
glass and migrating into the solar cells damaging the p-n junction responsible for the electron flow. The 
degree of affection is highly dependent on the level of the potential (high voltage stress) relative humidity and 
temperature. The first bibliographic references relate to the investigations carried out by Hoffman and Ross 
(JPL) in 1978 (Impact of voltage-biased humidity exposure of solar modules on long-term stability) in which 
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 12: (left) pn-junction damage (left); (right) typical PID pattern [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  

• 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.  

 

4.2 Snail trails 

It is defined as a grey/black discoloration of the silver paste of the front metallization of screen-printed solar 
cells. In the PV module the effect looks like a snail trail on the front glass of the module and is visible for the 
human eye. The discoloration occurs along invisible cell cracks. The discoloration typically occurs 3 months 
to 1 year after installation of the PV modules. The initial rate of discoloration depends on the season and the 
environmental conditions. During the summer and in hot climates snail trails occur faster [12]. The origin of 
the discoloration of the silver paste is not clear. However, the area of the snail trail discoloration along the 
silver finger of the front side cell metallization shows nanometer-sized silver particles in the EVA above the 
silver finger. These silver particles cause the discoloration [12]. The snail trails appear typically as branched 
trails across the cells and are a clear sign of hidden cell damages. 
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Figure 13: PV module showing snail trails [source: PI Berlin] 

 

4.3 Hot spots 

A hot spot is defined as a localized region in a PV module whose operating temperature is very high in 
comparison with its surroundings. This can occur when a cell generates less current than the rest of cells 
connected in series as a result of partial shading, cell damage, mismatching or interconnection failure. As a 
result, the defective cell is reverse biased and behaves like a load that dissipates the power generated by 
the rest of cells in the form of heat [13]. The protection against hot spots is also well-known and consists of 
connecting a bypass diode, with reverse polarity, in parallel with a group of cells, typically 12 or 18 for 
crystalline silicon modules. Thus, the defective cell is reverse biased to a point that causes the forward 
conduction of the bypass diode, which almost short circuits the group of cells and ensures that, in the worst 
case, the aforementioned cell dissipates nearly the power generated by the remaining cells in the group. Hot 
spots present a potential risk of irreversible damage for PV modules. They can cause, for example, tedlar 
delamination, glass breakage, loss of electrical insulation or even fire [13]. 
 

 

Figure 14: PV Module affected by a hot spot [source: PI Berlin] 

 

4.4 Soldering failures during module manufacturing 

The soldering of the ribbon to the cell busbar is a key process in PV module manufacturing. Soldering may 
easily provoke perpetual cell damages if not conducted properly. Already slight process issues may create 
tiny damages that can get worse during field operation of the module. Ultimately, bad soldering quality can 
lead to a detachment of the ribbon and a consequent reduction of the current flow. The inhomogeneous 
current guidance leads to a chromatic mismatch in the electroluminescence pictures. One defect busbar 
forces the other busbars to handle higher currents which might lead to an earlier failure of those busbars as 
well. A second effect that may occur during an insufficient supervised soldering process is the creation of 
micro-cracks and associated cell short circuits (shunts) due to improper settings such as soldering 
temperature or duration. These shunts appear as hot spots in the infrared images and as bright dots in the 
electroluminescence pictures.  
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Figure 15: (left) Inhomogeneous current guidance in a cell affected by inaccurate soldering [source: PI Berlin]   
Figure 16: (middle and right) Shunts in a cell affected by inaccurate soldering [source: PI Berlin] 

 

4.5 Inactive cell string 

In parallel to a certain number of solar cells, bypass diodes are integrated into the PV module. These bypass 
diodes reduce the power loss caused by partial shading on the PV module. Besides the power loss, the diode 
avoids the reverse biasing of single solar cells higher than the allowed cell reverse bias voltage of the solar 
cells. If a cell is reversed with a higher voltage than it is designed for, the cell may create hot spots that may 
cause browning, burn marks or, in the worst case, fire. Typically, Schottky diodes are used as bypass diodes 
in PV modules. Schottky diodes are very susceptible to static high voltage discharges and mechanical stress. 
So they should be handled with care and human contact without grounding should be avoided [12]. 
Consequently, many bypass diode failures may occur. But it is difficult to find them because they only attract 
attention when the PV modules have severe mismatch in the individual I-V characteristic of single cells, e.g. 
caused by shading or disconnected parts of a cell due to cell cracks [12]. 
 

 

Figure 17: PV Module with an inactive cell string [source: PI Berlin] 

 

4.6 Cell breakage and micro-cracks 

Photovoltaic cells are made of silicon. This makes photovoltaic cells very fragile. Cell cracks are cracks in 
the silicon substrate of the photovoltaic cells that often cannot be seen by the naked eye. Cell cracks can 
form in different lengths and orientations in a solar cell. The wafer slicing, cell production, stringing, the 
embedding process during the production of the solar cell and module, transport, handling and installation 
are all sources of cell cracks in the photovoltaic cells [12]. The cracks and microcracks can be detected easily 
with electroluminescence technique as shown in the picture below. 
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Figure 18: PV Module showing cracks and micro-cracks [source: PI Berlin] 

 

The associated power losses to the aforementioned phenomenon will depend on the size and depth of the 
crack, while the crack propagation is purely influenced by the site conditions (for instance wind, temperature 
or snow). 
 

4.7 Backsheet scratches 

Backsheet scratches generally occur during transport and handling of the PV modules. They are caused 
typically when construction tools fall on the back side of the modules, when stacking the modules on top of 
each other or during the module fixing to the mounting structure. A damage of the module backsheet has 
primarily safety consequences rather than performance related issues. The safety impact is caused by a 
decrease of the module insulation values (and thus, of the whole string and electrical circuit) and a loss of 
the protection class II as well as the IP degree. 
  

 

Figure 19: PV Module showing backsheet scratches [source: PI Berlin] 
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5 Results of the Analysis  

The following chapters will summarize the main outcomes of the investigations carried out in the selected 
plants and will serve as a basis for the risk analysis conducted in chapter 6.2. 

5.1 Plant 1 - 200kW rooftop (Delhi) 

Date of inspection 
by PI Berlin  

03.07.2017 

Name and size of 
the plant 

confidential, 200kW (roof top) 

Coordinates confidential 

Commercial 
Operation Date 
(COD) 

confidential 

Name of the 
Owner 

confidential 

Name of the EPC confidential 

Name of the O&M 
company 

confidential 

The 200kWp PV plant is split in several roofs. 2 PV modules are arranged in portrait and tilted at 26° 
building stings of 20 modules in series. Between 4 and 6 strings are connected in parallel to 20kW or 30kW 
string inverters. The inverters are connected with 4R: 1Cx16mm² or 4R: 1Cx10mm² XLPE Cu cables 
protected with 63A breakers to IP65 AC combiner boxes. The lines 1R 3.5Cx50mm² XLPE Al are protected 
with 200A and are collected by one aluminium bar that leads to the meter. The level of injection is 400V. A 
PPA between the building owner and the PV plant owner was signed for 25 years. 

 

5.1.1 Contracts 

Under this chapter PI Berlin has put the main focus on: 

• EPC contract 

• O&M contract 

• Role of the Owner’s Engineer 

• Role of the Lender’s Technical Advisor supporting the financing institution   
 
The evaluation of the above mentioned points leads to the following outcomes: 

• A typical EPC contract wasn´t created since the Owner and EPC are the same entity. Hence, no 
standard EPC warranties expressed as Provisional Acceptance Commissioning (PAC) or Final 
Acceptance Commissioning (FAC) certificates exist. 

• A typical O&M contract wasn´t created since the Owner and Operator are the same entity. Hence, 
no standard O&M warranties based on Performance Ratio or system availability were formulated. 
The only warranty in place is an internal requirement forcing the plant to reach a CUF of 15% on 
yearly basis. 

• There is no EPC contract, hence no binding Provisional Acceptance Commissioning (PAC) tests 
have been conducted. 

• No Owner´s Engineer was appointed. 

• No Lender´s Technical Advisor was appointed since the plant was financed by the Owner. At the time 
of the visit, the Owner was looking for refinancing options. 

 

5.1.2 PV Plant Design 

This chapter analyses: 

• Interrow shading based on the selected pitch and tilt 

• Statics 

• Location of inverters and combiner boxes in regards to voltage drop minimization 
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Interrow shading based on the selected pitch and tilt 
The pitch is 5.8m (lower edge-lower edge) according to the design and PV SYST simulation provided by the 
Owner. PI Berlin has measured values between 5.3m and 6,53m at some locations of the PV plant. A 
difference of the pitch between 5.3m and 6.53m at 26° can lead to variations of the mutual shading losses of 
1%. The tilt of the modules according to the design is 26° south. PI Berlin has measured values between 24° 
and 27° at some locations of the PV plant. Combining the pitch and tilt variations and comparing the worst 
case (5.8m/27°) and the best case (6.53m/24°) the interrow shading losses can vary up to 1.8% according 
to the PV SYST simulations conducted by PI Berlin.  
 

   

Figure 20: Tilt measurement device 

 
Statics 
The statics of the mounting structure in combination with the structural integrity of the roof and the applicable 
wind loads have been calculated comprehensively.4 
 
Location of inverters and combiner boxes 
The inverters and distribution boxes are located considering cable and voltage drop reduction criteria. The 
cable runs are kept short avoiding an unnecessary voltage mismatch at inverter level. This statement bases 
both on the onsite inspection as well as on the review of the as-built layouts provided by the Owner.5 
  

5.1.3 Electromechanical Installation 

The quality of the electromechanical installation was assessed onsite by PI Berlin evaluating the following 
subsystems:  

• Mounting structure  

• Combiner boxes 

• DC Cables  

• Inverter 

• Grounding and equipotential bonding  

• Civil work 

• Documentation 
 
Mounting structure and module fixation 
 

i. Module fixation: The module clamps used for fixing the modules do not seem to be manufactured for 
PV applications. In some cases the clamps do not ensure a proper fixation and even lead to hotspot 
effects by shading partially the solar cells next to them. 

 
 
 
 

 
4 PI Berlin has reviewed the project report “XXXX_Complete Document.pdf” sent by the Owner on the 3rd July 2017. 
5 PI Berlin has reviewed the drawings JEL-S042-DRG-GE-01, JEL-S042-DRG-EE-02, JEL-S042-DRG-EE-03 included in the project 
report “XXXX_Complete Document.pdf” sent by the Owner on the 3rd July 2017 
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Figure 21: Improper module fixing and associated hot spots due to microshading effects 

 
ii. Labelling of rows: No labelling of module rows could be observed. 

 

 

Figure 22: Missing labelling of the module rows 

 
iii. Rust on the mounting structure surface: Rust is present in many parts of the mounting structure after 

18 months of outdoor exposure. Some areas of the plant show advanced levels of rust. No aluminium 
has been used, all parts are made of steel. 
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Figure 23: Presence of rust in the mounting structure 

 
 
Combiner boxes 
 

i. Sealing of the cable glands: The cable glands are properly sealed both in the DC and AC combiner 
boxes.  
 

    

 

Figure 24: Cable glands of the combiner box 

 
 

ii. Cleanliness of the CB: The DC combiner boxes have a significant amount of dust and dirt inside. 
Signs of rust could also be detected. The AC combiner boxes couldn´t be opened. 
 

 

Figure 25: Presence of dust inside the combiner box 
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iii. Overvoltage in the CB: An overvoltage protection is present in the DC combiner boxes. 
 

 

Figure 26: View of the combiner box hardware 

 
iv. Labelling of the CB: A durable and clearly visible labelling of the DC combiner boxes is missing. The 

AC combiner boxes are labelled. 
 

    

 
Figure 27: (left) Missing labelling of the DC combiner box; (right) Labelled AC combiner boxes 

 
Cable fixation and routing 
 

i. Cable damage: Some cables show mechanical damages caused by monkey bites. Additionally, 
some cables are in contact with sharp edges of the mounting structure components leading to 
abrasion of the cable shield. 
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Figure 28: String cables damaged by monkey bites 

 
 

 

   

Figure 29: (left) Monkeys present on site; (right) String cables in contact with sharp edges 

 
ii. Labelling of cables: Each module string is labelled. The positive and negative poles are also labelled. 

In both cases the used tags do not seem to be durable for the whole lifetime of the project.   
 

   

Figure 30: Non-durable string cable labelling 

 
iii. Connectors: The connectors are in general in a good shape. Some of them were not properly closed 

and screwed. 
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Figure 31: PV module connectors not properly closed 

 
iv. Cable fixation: The cables ties used for the cable fixation are not suitable for outdoor exposure and 

start falling apart. 
 

   

Figure 32: String cables not properly fixed due to degraded cable ties 

 
v. Bending radius: In general, the minimum bending radius has been respected. In some sporadic 

cases the manufacturer’s requirements are not fulfilled. 
 

   

Figure 33: Low bending radius in the string cables 
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vi. Sealing of tubes: The tubes are not sealed. 
 

   

Figure 34: Non sealed cable tubes 

 
vii. Cable pipes: The tubes where the cables are routed show degradation due to outdoor exposure. 

That leads to a lack of UV protection of the cables in some areas of the plant. 
 

   

   

Figure 35: Degraded cable pipes 

 
Inverter 
The inverters have an overvoltage protection both on the DC and AC side as well as a DC switch. The cooling 
of the inverter is ensured with active fans and the inverter filters are clean. The housing is grounded and the 
IP 65 is ensured. The inverters could not be opened due to warranty aspects, hence no information about 
the cleanliness of the inverter inside can be provided. The cable size of the RS 485 communication cable 
exceeds the maximum size of the gland diameter. This has led to an improvised solution where the shield 
had to be removed letting the interface between cable and gland unprotected. All inverters are protected from 
the sun. 
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Figure 36: (left) String inverter; (right) Unprotected interface between communication cables and inverter housing 

 
Grounding and equipotential bonding  
The equipotential bonding system connects all conductive parts of the PV plant as the mounting structure, 
module frames or housings. The equipotential bonding system is integrated in the equipotential bonding 
system of the building. The equipotential bonding belt shows signs of corrosion. In terms of Potential Induced 
Degradation (PID) avoidance, no measures have been taken, such as functional grounding of the negative 
pole. However, the presence of PID could not be detected. 
 

   

   

Figure 37: (Top) Equipotential bonding system installed onsite; (bottom) Rust in the equipotential bonding system 

 
Civil work 
The access to the roof as well as to the PV plant components is ensured. The foundation of the mounting 
structure is robust and the statics are compatible with the roof integrity. No damage on the roof has been 
observed. No drainage system has been installed on the roof, however, no water accumulation has been 
detected. 
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Documentation 
In terms of completeness, the provided documents do not comply with all the requirements of the IEC 62446. 
Some aspects are missing, such as the commissioning protocols, the string layout or the O&M activities. 
During the 2 months of installation where 11 workers were involved, no progress reports were issued. 

 

5.1.4 Commissioning 

PI Berlin considers the commissioning process conducted at the end of the installation phase a crucial 
milestone in the deployment of a PV project. The commissioning process as per IEC 62446 is divided in 
“cold” and “hot” commissioning6, and ends with the issuance of the Provisional Acceptance Certificate, and 
is the last step before the EPC warranty starts. This process gives an idea of the status of the plant in terms 
of safety and functionality. Due to the fact that  no EPC contract has been issued since the Owner and EPC 
are the same entity, there are no warranties to be provided by the latter either. That leads to no existing 
commissioning tests as per the IEC 62446. 
 

5.1.5 System Performance 

In this chapter PI Berlin analyses several factors that influence the calculation of the system performance. 
  
Weather station status and sensor accuracy 
The weather station is constituted by a c-Si sensor which is measuring the irradiation on the tilted plane and 
the ambient temperature. A Pt sensor adhered to the backsheet of the modules for measuring the module 
temperature is missing. The global horizontal irradiation (GHI) is not measured. The cables connecting the 
sensor to the communication box are not protected and properly fixed. PI Berlin quantified an offset of 
54W/m² at 4.34PM at the plane of the array (POA). The onsite sensor was reading lower values. Possible 
reasons for that can be dirt on the sensor surface, a communication problem with the SCADA system or a 
shading on the irradiation sensor. According to the Operator, the last calibration of the irradiation sensor was 
conducted on the 13th December 2016. According to the Owner a calibration is conducted once a year. 
 

   

Figure 38: (left) Not protected communication cable; (right) Irradiation sensor installed onsite 

 
Performance Ratio calculation 
The PR is calculated as a ratio of the accumulated POI in kWh/m² and the metered production in kWh. No 
temperature correction of the PR is conducted. According to the Owner, the PR varies between 78% and 
83% depending on the season. PI Berlin did not have access to the daily and monthly PR values since COD. 
The losses due to soiling are not measured in order to calculate the real PR of the plant. The yield assessment 
conducted by the Owner with the simulation program PV SYST on the 12th January 2016 represents the state 
of the art.7 
 
 
 
  

 
6 „cold“ stands for all tests performed before grid connection, while „hot“ stands for the tests conducted after grid connection. 
7PI Berlin has reviewed the file “PVSyst_200kWp_XXXX.pdf”  sent by the Owner on the 3rd July 2017 
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5.1.6 PV Module Quality 

The PV modules represent the most sensitive part of the PV plant, especially in harsh climates with high UV 
loads, high temperatures and high humidity rates. These environmental stressing factors are present in Plant 
1 whose climate is classified as BSh according to Köppen-Geiger [21]. In order to assess the quality of the 
modules, PI Berlin has conducted a visual inspection and an infrared analysis using the equipment specified 
in Annex IV. The investigated aspects are listed as follows: 
 
Results of the visual inspection 
The visual inspection on the modules did not show major defects affecting the quality of the BOM, the system 
performance or the safety of persons, animals and goods. No scratches of the backsheet were detected. No 
snail trails were detected on site. 
 

   

Figure 39: PV modules installed onsite 

 
Long term durability certificates  
No specific  Q certificates beyond the basic IEC certification were requested by the Owner in regards to the 
long term durability of the modules considering the environmental stressing factors mentioned above. 
 
Infrared analysis 
The infrared inspection did not show major defects apart from a few hot spots. 
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Figure 40: Modules affected by hot spots 

 

5.1.7 Operation and Maintenance 

The quality of the Operation and Maintenance service has been evaluated considering the points listed below. 
PI Berlin had the chance to interview a few members of the O&M team while conducting the site visit. 
 
Experience of the O&M team 
According to the Owner, at the time of the installation of the PV plant, the workers had an accumulated 
experience between 0 and 2 years. The Owner and Operator of the plant is currently operating 100 roof top 
plants across India. 
 
Cleaning methodology and calculation of the soiling loss  
A bias of 10% production difference between a clean inverter unit (benchmark) and the rest of units is set as 
a maximum acceptable value before starting a module cleaning campaign. The bias is monitored over the 
SCADA system. PI Berlin considers the bias of 10% as too high. The PV plant is cleaned 3 times a year in 
order not to exceed the 10% production difference. The module cleaning is performed using cotton wipers 
and tap water. The impact of the selected cleaning methodology on the module warranty hasn´t been 
analysed by the Owner and Operator. 
 
Tools used on site 
The plant Operator uses the following devices: IV curve tracer, IR camera, thermometer and current clamp. 
PI Berlin considers this set as sufficient. 
 
Reporting and reaction times 
According to the Operator a report is issued monthly. PI Berlin did not have access to the same. According 
to the Operator, the reaction time is kept below 24h for all failures. PI Berlin could not prove this statement. 
 
Preventive and corrective maintenance 
PI Berlin did not have access to the preventive and corrective maintenance checklists. 
 
Availability calculation and SCADA monitoring 
The system availability is not monitored. According to the Operator, the grid availability is above 99%. The 
regular check of the PV plant via the SCADA system is performed by the Operator. PI Berlin could not check 
if the SCADA system visualizes each module string which is highly recommended. 
 
Curtailment and grid stability 
According to the plant Operator the curtailment losses originated by the Discom are not significant due to the 
high grid availability in the area. According to the plant Operator the PV plant is not forced to support actively 
the grid due to its reduced size. 
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5.1.8 Summary of the Results 

The following table summarizes the failures detected onsite and the associated risks. 
 
Table 1: Summary of the failures and the associated risks – Plant 1 

Ref. Item Risk Description   

1 Contracts  

1.1 
No appointment of an 
Owner´s Engineer 

The OE has the task to support the Owner´s interests against the EPC and the various 
product suppliers. The OE conducts independent checks and verifications starting at the 
earlier phases of the EPC tendering and ending after commissioning or beyond. The 
absence of an experienced OE as an independent party, may lead to an increased risk for 
the Owner. In this case, the Owner and EPC are the same entity, so no OE was requested 
from any of the parties. The quality assurance services provided by an OE are highly 
recommended in order to avoid mistakes in all stages of the value chain. 

1.2 
No appointment of a 
Lender´s Technical Advisor 

Similarly to the OE, the LTA supports the interests of the bank as the financing institution. 
Accordingly, the bank is interested in financing projects which are bankable and are 
exposed to low risks. Thus, the task of the LTA is to ensure the bankability of the project 
by supervising that all steps made by the Developer (very often also the Owner at the 
same time) lead to a low risk scenario. In this project the Owner financed the project, so 
the services of an LTA were not contracted. Strictly seen, the role of the LTA and OE could 
have been unified under the same entity. One way or the other, no independent advisory 
has been conducted in this project. 

1.3 Not existing EPC contract.  

A typical EPC contract wasn´t created since the Owner and EPC are the same entity. 
Hence, no standard EPC warranties expressed as Provisional Acceptance Commissioning 
(PAC) or Final Acceptance Commissioning (FAC) certificates exist. Only the product 
warranties prevail. The lack of an EPC contract is typical in scenarios where the Owner 
and EPC are the same company since all services are placed under the same roof. The 
EPC warranties have the goal to put pressure on the EPC in order to ensure that the plant 
meets certain quality criteria which ensure that the plant will last longer than the EPC 
warranty period (usually 24 months). According to the present scenario, no EPC 
warranties exist, so no specific tests were conducted that would help assessing the quality 
of the plant in terms of functionality, safety and performance. 

1.4 Not existing O&M contract.  

A typical O&M contract wasn´t created since the Owner and Operator are the same entity. 
Hence, no standard O&M warranties based on Performance Ratio or system availability 
were formulated. The only warranty in place is an internal requirement forcing the plant to 
reach a CUF of 15%. The lack of O&M warranties leads to a comfortable scenario where 
the O&M team has no special incentive to force the PV plant to run at its maximum 
potential. The consequences are usually a lower availability and a lower output than 
expected.  

2 PV Plant Design  

2.1 
Not consistent interrow 
shading simulation. 

The PV plant shows variations of the pitch and tilt in different areas which leads to a 
variation of the interrow shading losses up to 1.8% between the worst and the best case 
according to the PV SYST simulations conducted by PI Berlin. The design and simulation 
of the plant has been conducted by the EPC with a fixed tilt and pitch which does not fully 
reflect the as-built situation. This uncertainty may affect directly the P90 and financial 
model of the project. 

3 
Electromechanical 
Installation 

 

3.1 Mounting structure  

3.1.1 Poor module fixation 

The module clamps are unsuitable for PV applications and do not ensure the proper 
fixation of the modules to the mounting structure. In case of strong wind, the modules 
might suffer severe damages. Apart from this, the micro-shadings caused by the clamps 
have an influence on the module performance. 

3.1.2 No row labelling 
The missing row labelling makes the correct identification of the various areas of the plant 
more difficult leading to increased reaction times during corrective maintenance.  

3.1.3 
Rust on the mounting 
structure components 

The rust can lead to a reduction of the structural strength of the mounting structure, 
especially in combination with strong wind. 

3.2 Combiner boxes  

3.2.1 
Dust and dirt inside the 
housing 

The presence of dust and dirt inside the combiner boxes can lead to the development of 
micro-organisms and possible corrosion and chemical reactions that damage the electrical 
components inside the housing. Additionally, the dust tends to grip the electrical 
protections such as fuse holders and breakers limiting their functionality. 

3.2.2 No labelling of the boxes. 

The missing combiner box labelling makes the correct identification of the various areas 
of the plant more difficult leading to increased reaction times during corrective 
maintenance. Additionally, electrical parts that aren´t properly labelled may hide safety 
risks when manipulated by O&M members.  

3.3  Cables   
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3.3.1 Mechanical damage visible  

The cables damaged by monkey bites represent a severe safety issue since the minimum 
required insulation values of the electrical circuit are lost. Additionally, the contact of the 
cables with the sharp edges of the mounting structure may also cause damages in the 
shield of the cables leading to the same problem described previously.  

3.3.2 
Poor or not existing labelling 
of the DC cables  

A non-durable or non-existing cable labelling makes the correct identification of the various 
electrical circuits more difficult leading to increased reaction times during corrective 
maintenance. Additionally, the confusion caused by the missing tags and labels represents 
a safety issue for the O&M staff during preventive and corrective maintenance. 

3.3.3 Open connectors  
Connectors not properly closed have an increased local resistance between the male and 
female connector leading to an increase fire risk. 

3.3.4 Poor cable fixation 
Hanging cables due to non-durable cable ties are more exposed to mechanical damage 
caused by the wind and the friction against other components such as the mounting 
structure or the module frames. 

3.3.5 Insufficient bending radius 
Not respecting the bending radius specified by the cable manufacturer leads to the loss of 
the product warranty and to an increased risk of shield damage. Damaged cable shields 
are responsible for insulation losses and associated safety issues. 

3.3.6 
Not suitable tubes for 
outdoor 

The tubes used for routing the cables should be suitable for outdoor conditions and should 
withstand the action of humidity, rain and UV radiation among others. Not fulfilling these 
conditions makes these tubes useless in the midterm leaving the cables without protection.  

3.3.7 No sealing of pipes 
Sealing the pipes and tubes helps protecting the cables from water and dirt accumulation 
as well as mechanical damage caused by animals. No foam was used to seal the pipes. 

3.4 Inverter  

3.4.1 
Poor cable guidance into the 
inverter  

The connection of the RS 485 cable wasn´t conducted with appropriate junctions and cable 
glands. Additionally, the size of the input cable is lower than the RS 485 cable which leads 
to an improvised solution where the shield had to be removed letting the interface between 
cable and gland unprotected. The long-term durability of the cable at the interface with the 
inverter is not ensured.  

3.5 
Grounding and 
equipotential bonding 
system 

 

3.5.1 

 
 
 
Continuity not ensured due 
to corrosion 

The continuity of the equipotential bonding system is not ensured due to the appearance 
of rust at the junctions of the various belts. The rust is responsible for an increase of the 
resistance of the belts, which leads to an increased voltage drop when the fault current 
flows through the rusted conductor. As rust develops, the voltage drop increases limiting 
the correct functionality of the equipotential bonding system losing its capacity to protect 
against uneven potentials.  

3.5.2 
No functional grounding 
against PID 

No anti-PID measures were taken in order to avoid the appearance and development of 
PID. The Delhi region is a PID risk area due to high temperatures and humidity. The 
development of PID can´t be excluded as long as the PID sensitivity in the modules isn´t 
confirmed. 

3.6 Documentation  

3.6.1 
No compliance of the as-
built documentation with the 
IEC 62446 

The as-built documentation is not complete according to the applicable norms and 
standards. This represents a risk for instance during takeover, as the new Owner acquires 
an asset whose installation, BOM and drawings are not properly documented.  

3.6.2 
Missing construction 
progress reports 

The installation phase reports are very helpful during O&M as they include valuable 
information of one of the most relevant phases of the project. Not having access to this 
information means losing part of the history of the plant.  

4 Commissioning   

4.1 
Insufficient commissioning 
tests. No compliance with 
the IEC 62446 

Due to the fact that no EPC contract has been issued since the Owner and EPC are the 
same entity, there are no warranties to be provided by the latter. One of the most relevant 
EPC warranties is the performance warranty which is typically expressed as a PR test to 
be conducted during an agreed amount of days at PAC and FAC. This test was not 
conducted. In regards to the commissioning requirements specified by the IEC 62446, no 
tests have been conducted either. The present situation shows a scenario where the plant 
hasn´t been commissioned neither considering the performance values, nor in terms of 
safety. 

5 System Performance   

5.1 
BOM of the weather station 
not complete. Installation 
failures. 

The cell temperature and the global horizontal irradiation (GHI) are not measured onsite. 
These parameters are an essential part of a correct meteorological data assessment of an 
operating plant. The cell temperature is especially important for conducting a PR 
correction, which is a crucial step for a proper comparison between the onsite PR and the 
contractual PR. Besides, the cables connecting the sensor to the communication box are 
neither protected nor properly fixed. 

6 PV Module Quality   

 
  6.1 

No specific certificates 
beyond the basic IEC 
certification requested to the 
manufacturer 

No specific certificates beyond the basic IEC certification were requested by the Owner in 
regards to the long term durability of the modules considering the environmental stressing 
factors present in Delhi. The high temperature, UV and humidity rates registered onsite 
represent a threat for the PV modules in terms of long-term durability.  
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7 
Operation and 
Maintenance 

  

7.1 
No evaluation of the impact 
of the cleaning concept on 
the module warranty 

The impact of the selected cleaning methodology on the module warranty hasn´t been 
analyzed. Several factors such as the material used for the wipers, the type of water, the 
cleaning methodology, the water pressure and the physical and chemical properties of the 
soil, might have an influence on the glass and the anti-reflective coating of the modules. 
Product damages or performance losses of any kind originated by the cleaning process 
are not covered by the product warranty unless the cleaning concept has been approved 
previously by the module manufacturer. This step was not given before starting the 
operational phase. 

7.2 
No system availability 
calculation 

The system availability is not measured, neither on inverter nor on string level. As a 
consequence, it remains unknown if the amount of operational hours of the various 
subsystems such as inverters or module strings, can be increased leading to a 
maximization of the yield output. 

 
 

5.2 Plant 2 - 1,505 kWp rooftop (Uttar Pradesh) 

Date of inspection 
by PI Berlin  

04.07.2017 

Name and size of 
the plant 

confidential, 1505kWp (roof top) 

Coordinates confidential 

Commercial 
Operation Date 
(COD) 

confidential 

Name of the Owner confidential 

Name of the EPC confidential 

Name of the O&M 
company 

confidential 

The 1,505 kW PV plant is split into several roofs. 2 PV modules are arranged in portrait and tilted at 20° 
building stings of 20 modules in series. Between 4 and 10 strings are connected in parallel to 20kW or 
50kW string inverters. The inverters are connected with 4R: 1Cx10mm² or 4R: 1Cx35mm² XLPE Cu 
protected with 63A or 100A breakers to IP65 AC combiner boxes. The 1R 3.5Cx50mm² lines are protected 
with 100, 125, 200, 250 or 400A and are collected by one aluminium bar that leads to the meter. A PPA 
between the PV plant owner and the building owner was signed for 25 years. 

5.2.1 Contracts 

Under this chapter PI Berlin has put the main focus on: 

• EPC contract 

• O&M contract 

• Role of the Owner’s Engineer 

• Role of the Lender’s Technical Advisor supporting the financing institution   
 
The evaluation of the above mentioned points leads to the following outcomes 

• A typical EPC contract wasn´t created since the Owner and EPC are the same entity. Hence, no 
standard EPC warranties expressed as Provisional Acceptance Commissioning (PAC) or Final 
Acceptance Commissioning (FAC) certificates exist. 

• A typical O&M contract wasn´t created since the owner and operator are the same entity. Hence, no 
standard O&M warranties based on Performance Ratio or system availability were formulated.  

• There is no EPC contract, hence no binding Provisional Acceptance Commissioning (PAC) tests 
have been conducted. 

• No Owner´s Engineer was appointed. 

• No Lender´s Technical Advisor was appointed since this was not required by the financing institution. 
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5.2.2 PV Plant Design 

This chapter analyses: 

• Interrow shading based on the selected pitch and tilt 

• Statics 

• Location of inverters and combiner boxes 
 
Interrow shading based on the selected pitch and tilt 
PI Berlin has measured the pitch at several locations. The results show variations between 5.1m and 6.5m 
(lower edge-lower edge). No PV SYST simulation was provided by the Owner. PI Berlin has measured 
module tilt values between 19° and 20° in most locations of the PV plant. The tilt angle of the PV modules 
seems to be very consistent. A variation of the pitch at 19° leads to variations in the interrow shading of 1.9% 
according to the PV SYST simulations.  
   
Statics 
No static calculations were shared with PI Berlin, hence the structural integrity of the roof in combination with 
the PV plant loads could not be proven. 
 
Location of inverters and combiner boxes 
The inverters and distribution boxes are located considering cable and voltage drop reduction criteria. The 
cable runs are kept short avoiding an unnecessary voltage mismatch at inverter level. This statement bases 
both on the onsite inspection as well as on the review of the as-built layouts provided by the Owner.8  
 

5.2.3 Electromechanical Installation 

The quality of the electromechanical installation was assessed onsite by PI Berlin evaluating the following 
subsystems:  

• Mounting structure  

• Combiner boxes 

• Cables fixation  

• Inverter 

• Grounding and equipotential bonding  

• Civil work 

• Documentation 
 
Mounting structure and module fixation 
 

i. Module fixation: The modules are fixed to galvanize steel U-profiles using screws and nuts. This 
system does not always ensure a proper fixation. 

 

 

Figure 41: Loose fixation of the PV modules to the cross beam    

 
 

 
8 PI Berlin has reviewed the drawings “1.2 IIT XXX-1 Plant Array Layout 504 kW.pdf”, “2.2 IIT XXX-2 Plant Array Layout 504 kW.pdf” 
and “3.2 IIT XXX-3 Plant Array Layout 510 kW.pdf” sent by the Owner on the 3rd July 2017 
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ii. Labelling of rows: No labelling of module rows could be observed. 
 

 

Figure 42: Missing labelling of the module rows 

 
iii. Rust on the mounting structure surface: Rust couldn´t be observed on the mounting structure profiles, 

the galvanized steel layer remains undamaged. 
 

 

Figure 43: Clean mounting structure surface with no rust 

 
iv. Foundation: The foundation of the mounting structure does not seem to be durable for the whole 

lifetime of the project.  
 

 

Figure 44: Improper anchorage of the mounting structure  
foundation to the roof top surface 

 
Combiner boxes 
The AC combiner boxes are properly sealed and are clean inside. The AC combiner boxes are not labelled 
with durable tags. 
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Cables fixation and routing 
 

i. Cable damage: The cables do not show damages caused by external agents. 
 

ii. Labelling of cables: Both the strings cables entering the inverter and the AC cables connecting the 
inverter with the AC combiner box, do not show a consistent labelling concept. In both cases the 
used tags do not seem to be durable for the whole lifetime of the project.   

 

   

Figure 45: (left) Inconsistent labelling of the string cables; (right) Non-durable tags of the AC cables 

 
iii. Connectors: The connectors are in general in a good shape. 

 
iv. Cable fixation: The cables ties used for the cable fixation are not suitable for outdoor exposure and 

start falling apart. 
 

 

Figure 46: Improper fixing of the string cables to the mounting structure 

 
v. Bending radius: In general, the minimum bending radius of the cables has been respected. 

 
vi. Protection against UV: A lack of UV protection of the cables has been detected in the gaps between 

module tables. 
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Figure 47: Missing UV protection of the string cables 

 
vii. Sealing of tubes: The tubes conducting the DC cables to the inverter are not sealed. 

 

   

Figure 48: Non sealed cable conduits 

   
viii. Cable pipes: The tubes were the cables are routed do not show degradation due to outdoor 

exposure.  
 

   

Figure 49: Cable pipes used for routing the string cables 

 
Inverter 
The inverters have an overvoltage protection both on the DC and AC side as well as a DC switch. The cooling 
of the inverter is ensured with active fans and the inverter filters are clean. The housing is grounded and the 
IP 65 is ensured. The inverters could not be opened due to warranty aspects, hence no information about 
the cleanliness of the inverter inside can be provided. All inverters are protected from the sun. 
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Grounding and equipotential bonding  
The equipotential bonding system connects all conductive parts of the PV plant as the mounting structure, 
module frames or housings. The equipotential bonding system of the PV plant is not integrated in the 
equipotential bonding system of the building which violates the requirements specified in the IEC 62305-3. 
The equipotential bonding belt does not show signs of corrosion. In terms of Potential Induced Degradation 
(PID) avoidance, no measures have been taken, such as functional grounding of the negative pole. The 
presence of PID could be confirmed on site as shown in chapter 5.2.6.  
 

   

Figure 50: Equipotential bonding system conductor 

 
Documentation 
In terms of completeness, the provided documents do not comply with most of the requirements of the IEC 
62446. Several aspects, such as the project report, commissioning protocols, string layout, O&M activities or 
mechanical design information have not been documented. During the installation phase no progress reports 
were issued. 
 

5.2.4 Commissioning 

PI Berlin considers the commissioning process conducted at the end of the installation phase a crucial 
milestone in the deployment of a PV project. The commissioning process as per IEC 62446 is divided in 
“cold” and “hot” commissioning, and ends with the issuance of the Provisional Acceptance Certificate, and is 
the last step before the EPC warranty starts. This process gives an idea of the status of the plant in terms of 
safety and functionality. Due to the fact that  no EPC contract has been issued since the Owner and EPC are 
the same entity, there are no warranties to be provided by the latter either. Thus, a proper commissioning of 
the PV plant as specified in the IEC 62446 was not conducted prior to COD. The only test carried out on site 
corresponds to the AC phase voltage check and the earth resistance check conducted in the various 
buildings.9 No third party was involved during the commissioning process, as the same did not take place as 
required by the IEC 62446. 
 

5.2.5 System Performance 

In this chapter PI Berlin analyses several factors that influence the calculation of the system performance. 
  
Weather station status and sensor accuracy 
The review of the logged ambient temperature and the cell temperature for the period between the 23rd 
March 2017 and 25th June 2017 shows significant deviations above +/- 5.6K. The ambient temperature is 
not placed at a representative location of the site.10 No calibration certificates were provided to PI Berlin. 
 
 
 
  

 
9 “PI Berlin has reviewed the file “Earthing& Voltage test.pdf” sent by the Owner on the 3rd July 2017.” 
10 PI Berlin has reviewed the file “pIITXXX Sensor data_Daily.xlsx” sent by the Owner on the 3rd July 2017.” 
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Figure 51: Ambient temperature sensor 

 
The weather station is constituted by a c-Si sensor which is measuring both the irradiation on the tilted plane 
and the ambient temperature. A Pt sensor adhered to the backsheet of the modules for measuring the module 
temperature is missing. The global horizontal irradiation (GHI) is not measured either. 
 
Performance Ratio calculation 
No Performance Ratio tracking is conducted onsite. The losses due to soiling are not measured in order to 
calculate the real PR of the plant. The simulated output during the development phase is based on 1 month 
of operation and uses data and estimations provided by papers and studies and not necessarily site specific 
variables. 
 

5.2.6 PV Module Quality 

The PV modules represent the most sensitive part of the PV plant, especially in harsh climates with high UV 
loads, high temperatures and high humidity. These environmental stressing factors are present on site whose 
climate is classified as Csa according to Köppen-Geiger [21]. In order to assess the quality of the modules 
PI Berlin has conducted a visual inspection and an infrared analysis using the equipment specified in Annex 
IV. The investigated aspects are listed as follows: 
 
Results of the visual inspection 
The visual inspection on the modules did not show major defects affecting the quality of the BOM, the system 
performance or the safety of persons, animals and goods. No scratches of the backsheet were detected. No 
snail trails were detected on site either. 
 
Long term durability certificates  

No specific certificates beyond the basic IEC certification were requested by the Owner in regards to the long 
term durability of the modules considering the environmental stressing factors mentioned above. Apart from 
this, no flash lists of the PV modules are available. 
 
Infrared analysis 
The infrared inspection showed clear evidences of PID. 
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Figure 52: PV modules affected by PID 

 
 
Electroluminescence analysis 
The electroluminescence analysis on a selected amount of PV modules confirmed the presence of PID. 
 

    
Sr.Nr.: confidential Sr.Nr.: confidential Sr.Nr.: confidential Sr.Nr.: confidential 

   Figure 53: PV modules affected by PID 

 

5.2.7 Operation and Maintenance 

The quality of the Operation and Maintenance service has been evaluated considering the points listed below. 
PI Berlin had the chance to interview a few members of the O&M team while conducting the site visit. 
 
Experience of the O&M team 
According to the Owner, at the time of the installation of the PV plant, the workers had no previous experience 
in PV.  This is the first PV project operated by the Owner. 
 
Cleaning methodology and calculation of the soiling loss  
The module cleaning is performed 2 times a month using cotton wipers and tap water. The impact of the 
selected cleaning methodology on the module warranty hasn´t been analysed by the Owner and Operator. 2 
persons are involved in the cleaning. The impact of the selected cleaning methodology on the module 
warranty hasn´t been analysed. No soiling losses are measured onsite. 
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Figure 54: Wipers used for the module cleaning 

 
Tools used on site 
No PV specific tools and devices are used onsite. 
 
Reporting and reaction times 
No O&M reports are issued, only the generation is registered. According to the Operator, the reaction time is 
kept below 24h for all failures. PI Berlin could not prove this statement. 
 
Preventive and corrective maintenance 
No preventive and corrective maintenance programs had been set up at the time of the visit.  
 
Availability calculation and SCADA monitoring 
The system availability is not calculated. The PV plant has no SCADA system. 
 
Curtailment and grid stability 
According to the plant Operator the curtailment losses originated by the DSO are not significant due to the 
high grid availability. According to the plant Operator the PV plant is not forced to support actively the grid 
due to its reduced size. 
 

5.2.8 Summary of the Results 

The following table summarizes the failures detected onsite and the associated risks. 
 
Table 2: Summary of the failures and the associated risks – Plant 2 

Ref. Item Risk Description  

1 Contracts  

1.1 
No appointment of an Owner´s 
Engineer 

The OE has the task to support the Owner´s interests against the EPC and the various 
product suppliers. The OE conducts independent checks and verifications starting at the 
earlier phases of the EPC tendering and ending after commissioning or beyond. The 
absence of an experienced OE as an independent party, may lead to an increased risk 
for the Owner. The quality assurance services provided by an OE are highly 
recommended in order to avoid mistakes in all stages of the value chain. 

1.2 
No appointment of a Lender´s 
Technical Advisor 

Similarly to the OE, the LTA supports the interests of the bank as the financing institution. 
Accordingly, the bank is interested in financing projects which are bankable and are 
exposed to low risks. Thus, the task of the LTA is to ensure the bankability of the project 
by supervising that all steps made by the Developer (very often also the Owner at the 
same time) lead to a low risk scenario. In this project the financing institution did not 
require the services of an LTA. 

1.3 Not existing EPC contract.  

A typical EPC contract wasn´t created since the Owner and EPC are the same entity. 
Hence, no standard EPC warranties expressed as Provisional Acceptance 
Commissioning (PAC) or Final Acceptance Commissioning (FAC) certificates exist. Only 
the product warranties prevail. The lack of an EPC contract is typical in scenarios where 
the Owner and EPC are the same company since all services are placed under the same 
roof. The EPC warranties have the goal to put pressure on the EPC in order to ensure 
that the plant meets certain quality criteria which ensure that the plant will last longer 
than the EPC warranty period (usually 24 months). According to the present scenario, 
no EPC warranties exist, so no specific tests were conducted that would help to assess 
the quality of the plant in terms of functionality, safety and performance. 



 

 

 

 

 

Page 40 / 136 

1.4 
Not existing O&M contract. 
Poor or not existing O&M 
warranties 

A typical O&M contract wasn´t created since the Owner and Operator are the same 
entity. Hence, no standard O&M warranties based on Performance Ratio or system 
availability were formulated. The lack of O&M warranties leads to a comfortable scenario 
where the O&M team has no special incentive to force the PV plant to run at its maximum 
potential. The consequences are usually a lower availability and a lower output than 
expected. 

2 PV Plant Design   

2.1 
Not consistent interrow 
shading simulation. 

The PV plant shows variations of the pitch between 5.1m and 6.5m in different areas 
which leads to an interrow shading variation of 1.8% according to the PV SYST 
simulations conducted by PI Berlin. The design and simulation of the plant has been 
conducted by the EPC with a fixed tilt and pitch which does not fully reflect the as-built 
situation. This uncertainty affects directly the P90 and the financial model of the project. 

2.2 Missing statics  
No static calculations were conducted by the EPC considering the applicable wind loads 
and mounting structure design. Hence, the structural integrity of the roof in combination 
with the PV plant loads could not be proven. This scenario carries risks to the Owner. 

3 
Electromechanical 
Installation 

  

3.1 Mounting structure   

3.1.1 Poor module fixation 
The module fixation based on screws and nuts fixed to the U-profile does not ensure the 
long-term durability of the module fixation and is not suitable for PV applications.   

3.1.2 No row labelling 
The missing row labelling makes the correct identification of the various areas of the 
plant more difficult leading to increased reaction times during corrective maintenance. 

3.1.3 
Weak foundation, no solid 
anchorage 

The foundation loses adherence to the roof top surface which affects the structural 
strength of the mounting structure.  

3.2 Combiner boxes   

3.2.1 No labelling of the boxes. 

The missing combiner box labelling makes the correct identification of the various areas 
of the plant more difficult leading to increased reaction times during corrective 
maintenance. Additionally, electrical parts that aren´t properly labelled hide safety risks 
when manipulated by O&M members.  

3.3 Cables   

3.3.1 
Poor or not existing labelling of 
the DC cables  

A non-durable or non-existing cable labelling makes the correct identification of the 
various electrical circuits more difficult leading to increased reaction times during 
corrective maintenance. Additionally, the confusion caused by the missing tags and 
labels represents a safety issue for the O&M staff during preventive and corrective 
maintenance. 

3.3.2 Poor cable fixation 
Hanging cables due to non-durable cable ties are more exposed to mechanical damage 
caused by the wind and the friction against other components such as the mounting 
structure or the module frames. 

3.3.3 
Poor or insufficient UV 
protection 

The cables should not be exposed to the direct sunlight since the long term durability of 
the cable shield may be affected. This effect was detectable mainly in the gaps between 
the mounting tables. 

3.3.4 No sealing of pipes 
Sealing the pipes and tubes helps protecting the cables from water and dirt accumulation 
as well as mechanical damage caused by animals. No foam was used to seal the pipes. 

3.4 
Grounding and equipotential 
bonding system 

  

3.4.1 
Equipotential bonding system 
(EBS) not integrated in the 
EBS of the building 

The equipotential bonding system of a PV plant installed on a roof should be integrated 
in the equipotential bonding system of the building in order to avoid uneven potentials 
and risks of indirect contact. 

3.4.2 
No functional grounding 
against PID 

No anti-PID measures were taken in order to avoid the appearance and development of 
PID. The region around Plant 2 is a PID risk area due to high temperatures and humidity. 
The presence of PID was confirmed onsite.  

3.5 Documentation   

3.5.1 
No compliance of the as-built 
documentation with the IEC 
62446 

The as-built documentation is not complete according to the applicable norms and 
standards. This represents a risk for instance during takeover, as the new Owner 
acquires an asset whose installation, BOM and drawings are not properly documented.  

3.5.2 
Missing construction progress 
reports 

The installation phase reports are very helpful during O&M as they include valuable 
information of one of the most relevant phases of the project. Not having access to this 
information means losing part of the history of the plant.  

4 Commissioning   

4.1 
Insufficient commissioning 
tests. No compliance with the 
IEC 62446 

Due to the fact that no EPC contract has been issued since the Owner and EPC are the 
same entity, there are no warranties to be provided by the latter. One of the most relevant 
EPC warranties is the performance warranty which is typically expressed as a PR test 
to be conducted during an agreed amount of days at PAC and FAC. This test was not 
conducted. In regards to the commissioning requirements specified by the IEC 62446, 
only a few tests were conducted. The present situation shows a scenario where the plant 
hasn´t been commissioned considering the performance values, and the safety checks 
according to the IEC 62446 have been conducted only partially.  

5 System Performance   
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5.1 
Not consistent logging of the 
temperature values 

The ambient temperature sensor does not provide consistent data. Besides, the location 
where it´s placed is not representative for the whole PV plant. Both aspects combined 
lead to recorded values that do not reflect the real situation on site. Inaccurate values 
lead to a wrong assessment of the system performance of the plant. 

5.2 
BOM of the weather station 
not complete 

The cell temperature and the global horizontal irradiation (GHI) are not measured onsite. 
These parameters are an essential part of a correct meteorological data assessment of 
an operating plant. The cell temperature is especially important for conducting a PR 
correction, which is a crucial step for a proper comparison between the onsite PR and 
the contractual PR.  

5.3 
No PR calculation conducted 
onsite 

The real PR is not calculated which makes a correct assessment of the system 
performance impossible. 

5.4 
The yield simulation during the 
development phase does not 
use site specific data 

The yield assessment conducted during the development phase should use input data 
that are site and project specific. Otherwise, the assessment won´t reflect the system 
performance properly (with the corresponding limitations) and won´t be bankable. 

6 PV Module Quality   

6.1 No flash lists available 
The flash lists shall be provided by the module manufacturer as part of the quality control 
program. The flash lists are useful for determining the exact nominal power of the PV 
plant and for conducting an adequate module sorting, among other reasons. 

6.2 
No specific certificates beyond 
the basic IEC certification 
requested to the manufacturer 

No specific certificates beyond the basic IEC certification were requested by the Owner 
in regards to the long term durability of the modules considering the environmental 
stressing factors present on site. The high temperature, UV and humidity rates 
registered onsite represent a threat for the PV modules in terms of long-term durability.  

6.3 Presence of PID 

The PID effect can be responsible in the short term, for a significant reduction of the PV 
power output of the modules located on the negative side of the string, and should be 
stopped immediately. The development of PID is accelerated with high temperatures 
and humidity rates, both present at the PV plant location. 

7 Operation and Maintenance   

7.1 
Lack of experience of the 
O&M team 

The lack of experience of the O&M team may lead to a wrong diagnose of the detected 
failures, as well as to an inaccurate corrective maintenance, among other 
consequences. In order to maximize the performance and availability of the PV plant, 
the O&M team should be familiar with as many events as possible in all potential 
scenarios.  

7.2 

Definition of the cleaning 
intervals without knowing the 
accumulated soiling losses 
between 2 periods 

The losses due to soiling are not measured onsite. 2 cleaning rounds per month have 
been agreed without conducting a previous study on the accumulated soiling loss 
between 2 periods. As a consequence, the cleaning frequency is not adjusted to a 
defined soiling loss which should not be exceeded. Actually, due to the amount of 
cleaning rounds defined in advance, there might be some periods when the PV plant is 
“undercleaned” and others in which the PV plant is “overcleaned”. In the first case 
performance is lost, while in the second case unnecessary costs are generated. 

7.3 
No evaluation of the impact of 
the cleaning concept on the 
module warranty 

The impact of the selected cleaning methodology on the module warranty hasn´t been 
analyzed. Several factors such as the material used for the wipers, the type of water, 
the cleaning methodology, the water pressure and the physical and chemical properties 
of the soil, might have an influence on the glass and the anti-reflective coating of the 
modules. Product damages or performance losses of any kind originated by the cleaning 
process are not covered by the product warranty unless the cleaning concept has been 
approved previously by the module manufacturer. This step was not given before 
starting the operational phase. 

7.4 
No PV specific devices used 
onsite 

Devices and tools used in the PV industry such as IV curve tracers, electroluminescence 
sets and infrared cameras help detecting and evaluating failures easily. The regular use 
of these devices is necessary during O&M for detecting and monitoring defects and 
degradation phenomena such as hot spots, cracks or PID. 

7.5 Poor reporting 

The reporting of the O&M activities should contain monthly and yearly reports specifying 
production data, availability values, spare parts managements, costs, outage time, 
preventive and corrective actions, trend analysis, meteorological data and accumulated 
production among other values. A poor reporting activity does not support a proper 
monitoring of the plant operation which is crucial for a successful asset management 
orientated to maximize the performance and operating hours. 

7.6 

Preventive maintenance not 
adjusted to the PV technology. 
Corrective maintenance 
without analysis of the root 
cause, mitigation measures, 
documentation and follow up 

There is neither preventive nor corrective maintenance conducted onsite. The 
maintenance activities are a crucial task to maximize the performance and the 
availability of the system. No root cause analysis, mitigation actions and follow up is 
conducted on the events registered onsite. Part of the corrective maintenance is to 
investigate the origin of the failures, find a solution and monitor the evolution in the short 
term. 

7.7 
No system availability 
calculation 

The system availability is not measured, neither on inverter nor on string level. As a 
consequence, it remains unknown if the amount of operational hours of the various 
subsystems such as inverters or module strings, can be increased leading to a 
maximization of the yield output. 
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5.3 Plant 3 - 50MW ground mounted (Rajasthan) 

Date of inspection 
by PI Berlin  

06.07.2017 

Name and size of 
the plant 

confidential, 50MW (ground mounted) 

Coordinates confidential 

Commercial 
Operation Date 
(COD) 

confidential 

Name of the 
Owner 

confidential 

Name of the EPC confidential 

Name of the O&M 
company 

confidential 

The 50MW PV plant uses three different module types with an arrangement of 2 modules portrait and 4 
landscape at 22° tilt building stings of 21 or 24 modules in series. Between 8 and 20 strings are connected 
in parallel to 8 DC combiner boxes leading to 680kW inverters. 
3 or 4 inverters are connected to a 4 or 5 winding transformer (0.38/33kV) of 2.1 or 2.8MVA. The 33kV line 
3Cx185mm² AL is connected to a common bar with 3Cx300mm² AL leading to the substation. The level of 
injection is at 132kV. Each owner of the five 10MW blocks has signed a PPA with SECI for 25 years.  

 

5.3.1 Contracts 

Under this chapter PI Berlin has put the main focus on: 

• EPC contract 

• O&M contract 

• Role of the Owner’s Engineer 

• Role of the Lender’s Technical Advisor supporting the financing institution   
 
The evaluation of the above mentioned points leads to the following outcomes: 

• The EPC warranty has a limited duration of 12 months. A PR test is conducted at PAC and FAC. The 
Procurement of the components has been conducted by the Owner. The EPC advised the Owner on 
the procurement of the PV modules. Besides the PR test, the EPC isn´t forced to conduct any other 
test as per the IEC 62446 

• A typical O&M contract wasn´t created since the Owner and Operator are the same entity. Hence, 
no standard O&M warranties based on Performance Ratio or system availability were formulated.  

• A consultancy company was appointed as Owner’s Engineer. According to the Owner, the consultant 
was involved in the production and transport of the modules, including a factory audit. 

• A consultancy company was hired by the bank as Lender’s Technical Advisor 
 

5.3.2 PV Plant Design 

This chapter analyses: 

• Interrow shading based on the selected pitch and tilt 

• Statics 

• Location of inverters and combiner boxes 

• Electrical overbuilt 
 
Interrow shading based on the selected pitch and tilt 
The pitch (lower edge-lower edge) is 7m according to the design. This value was confirmed onsite by PI 
Berlin. No PV SYST simulation was provided by the Owner. PI Berlin has measured module tilt values very 
close to 22° in most locations of the PV plant. The tilt angle of the PV modules seems to be very consistent 
and matches the design criteria. 2 different module arrangements have been mixed: 2 portrait and 4 
landscape. According to the PV SYST simulations the different arrangement barely influence the mutual 
shading behavior. 
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Figure 55: Tilt measurement device 

   
Statics 
No static calculations were shared with PI Berlin, hence the structural integrity of the mounting structure 
couldn´t be proven. However, the module fixation doesn´t withstand the wind loads registered onsite. 
 

   

   

Figure 56: Damaged modules due to strong winds 

 
Location of inverters and combiner boxes 
The inverters and distribution boxes are located considering cable and voltage drop reduction criteria. The 
cable runs are kept short avoiding an unnecessary voltage mismatch at inverter level. This statement bases 
both on the onsite inspection as well as on the review of the as-built layouts provided by the Owner. The 
following screenshot of one of the inspected drawings shows the location of the inverters and AC combiner 
boxes 
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Figure 57: DC combiner boxes in green and inverters in red 

 
Electrical overbuilt 
The tender specifications11 allow a plant design with an overbuilt higher than 1 as long as the AC capacity is 
not exceeded. However, the selected capacity is very close to 1 which leads to waste AC capacity even 
though the partial load bevavior of the inverter is more efficient. The DC and AC capacity values specified in 
some of the evaluated documents are not consistent. The DC and AC capacity are specified as 50 MWp and 
50MW respectively according to the excel file “Checklist XXXX.xlsx” provided by the Owner, and as 57.5 
MWp and 48.96 MW according to the EPC contract12 and the as-built drawings13.  

5.3.3 Electromechanical Installation 

The quality of the electromechanical installation was assessed onsite by PI Berlin evaluating the following 
subsystems:  

• Mounting structure  

• Combiner boxes 

• Cables fixation  

• Inverter 
 

11    Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
12 The file “TGE_MEPC_Contract backup.pdf” was provided to PI Berlin by the Owner on the 20th June 2017 
13 The file “Array layout.pdf” was provided to PI Berlin by the Owner on the 20th June 2017 
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• Grounding and equipotential bonding  

• Civil work 

• Documentation 
 
 
Mounting structure and module fixation 
 

i. Module fixation: The modules are not always properly fixed to the cross beams which leads to a 
misalignment along the mounting tables. 

 

   

Figure 58: Improper module fixation 

 
    

ii. Labelling of rows: The labelling of the mounting structure hasn´t been conducted in all areas of the 
PV plant. Besides, the labels are not durable for the entire lifetime of the project. 
 

   

Figure 59: Improper row labelling 

 
iii. Rust on the mounting structure surface: The mounting structure shows advanced levels of rust due 

to the salty environment. 
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Figure 60: Mounting structure affected by rust due to the salty environment 

 
  

Combiner boxes 
 

i. Sealing of the cable glands: The cable glands of the combiner boxes are not properly sealed. 
 

   

Figure 61: Not sealed cable glands (a screwdriver has been passed through the cable gland to show that it is not properly sealed) 

 
ii. Cleanliness of the combiner box: The dust accumulation inside the combiner boxes is significant. 

 

   

Figure 62: Dust presence inside the combiner boxes 

 
iii. Labelling of the combiner box: The DC combiner boxes aren’t labelled with durable tags. 
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Figure 63: Non-durable labelling of the DC combiner boxes 

 
Cables fixation and routing 
 

i. Cable damage: The cables do not show damages caused by external agents. However, many cables 
are in contact with sharp edges of the metallic cable trays, thus, an erosion of the cable shield can’t 
be excluded in the midterm. 
 

 

Figure 64: String cables in contact with sharp edges 

 
ii. Labelling of cables: Both the strings cables entering the combiner box and the main DC cables 

connecting the combiner box with the inverter aren’t properly labelled. In both cases the used tags 
are either not durable or do not exist at all. 
 

 

Figure 65: Non-durable string cable labelling 

 
iii. Connectors: The connectors are in general in a good shape. In some cases the connectors are not 

properly closed. 
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Figure 66: MC connectors 

 
iv. Cable fixation: The cables ties used for the cable fixation are not suitable for outdoor exposure and 

start falling apart. 
 

   

   

Figure 67: Improper cable fixation of the string cables 

 
v. Bending radius: In general, the minimum bending radius of the cables has been respected. In some 

cases the manufacturer requirements are not fulfilled.  
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Figure 68: Low bending radius of the string cables 

 
vi. Protection against UV: A lack of UV protection of the cables has been detected in many areas of the 

plant. This affects mainly hanging cables between module rows and open cable trays. 
 

   

Figure 69: String cables not protected against UV radiation 

 
vii. Sealing of tubes: The tubes conducting the DC cables to the inverter are not sealed. 

 

 

Figure 70: Tubes used for the string cable routing not sealed   

 
viii. Cable pipes: The tubes where the cables are routed show degradation due to outdoor exposure. 
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Figure 71: Degraded cable pipes due to outdoor exposure 

 
Inverter 
The inverter has an overvoltage protection on the AC side as well as a DC switch. The inverter room shows 
a significant amount of dust. During the site visit a dust cloud was created when the air ventilation fan was 
switched on showing that the dust accumulates fast. The inverter has a default ventilation system. The 
inverter room does not have a thermostat that regulates the temperature inside the housing, so the cooling 
is conducted when the air ventilation fan is connected manually which happens only during selected months 
of the year. The inverter filters and air inlets are clean. 

 

   

   

Figure 72: (top and bottom left) Presence of dust inside the PCU; (right) Air inlets of the PCU 

 
Grounding and equipotential bonding  
The equipotential bonding system connects all conductive parts of the PV plant as the mounting structure, 
module frames or housings. The equipotential bonding conductor is heavily damaged by the corrosion of the 
ground and is not properly buried. In terms of Potential Induced Degradation (PID) avoidance, no measures 
have been taken, such as functional grounding of the negative pole. The PV plant does not show signs of 
PID.  
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Figure 73: Heavily damaged equipotential bonding system due to corrosion 

   
Civil work 
The status of the internal roads is good. No drainage system has been installed on site. According to the 
Owner and Operator of the plant, the terrain has problems absorbing high amounts of rain water. The 
concrete used for the foundations onsite corresponds to the type M30. 
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Documentation 
In terms of completeness, the provided documents comply with most of the requirements of the IEC 62446. 
During the installation phase no progress reports were issued. 
 

5.3.4 Commissioning 

PI Berlin considers the commissioning process conducted at the end of the installation phase a crucial 
milestone in the deployment of a PV project. The commissioning process as per IEC 62446 is divided in 
“cold” and “hot” commissioning, and ends with the issuance of the Provisional Acceptance Certificate, and is 
the last step before the EPC warranty starts. This process gives an idea of the status of the plant in terms of 
safety and functionality. 
In the case of the 50MW PV plant a proper commissioning of the PV plant as specified in the IEC 62446 was 
not conducted prior to COD. According to the EPC contract, the commissioning is passed when following 
conditions are met: “The Subcontractors have installed the Facility in accordance with the Contract and the 
respective Subcontractors, excluding any punch-list items; and the Facility has delivered power to the Grid”.14 
Additionally, on page 42 of the EPC contract the requirements for a Performance Ratio test are specified. 
This test is conducted during 7 consecutive days and the contractual value is defined on monthly basis. The 
simulated values base on a plant configuration which uses PV modules different than those actually builtand 
no correction of the temperature is requested. According to the Owner, the LTA was present during the PR 
test. A Final Acceptance Commissioning (FAC) is mentioned but no date is specified. 
Besides the contractual conditions described in the EPC contract, the official commissioning is approved as 
per the tender requirements15 after the submission of a short document issued by the State Nodal Agency of 
Rajasthan containing the installed capacity, an electrical inspector report, the connectivity report, the 
synchronization certificate, photos and an installation report.  
 

5.3.5 System Performance 

In this chapter PI Berlin analyses several factors that influence the calculation of the system performance. 
  
Weather station status and sensor accuracy 
PI Berlin had no access to the readings of the irradiation and temperature data of the installed sensors. 
According to the Owner, the sensors are calibrated each 6 months. No calibration certificates were provided 
to PI Berlin. The weather station is constituted by a pyranometer on the tilted plane, an ambient temperature 
sensor and an anemometer. A Pt sensor adhered to the backsheet of the modules for measuring the module 
temperature is missing. The global horizontal irradiation (GHI) is not measured. The metal arm fixing the 
pyranometer to the mounting structure is too long leading to an oscillation of the sensor when the wind blows. 
 

 

Figure 74: Pyranometer installed onsite 

 
 
  

 
14 “PI Berlin has reviewed the file “XXXX_Contract backup.pdf” sent by the Owner on the 17th July 2017.” 
15 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
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Performance Ratio calculation 
The data corresponding to the first year of operation were not registered since the sensors were missing, 
and those corresponding to the second year where not provided to PI Berlin. According to the tender 
requirements specified by SECI16 the minimum CUF shall not be below 17%17. Evidences showing that the 
plant is matching this condition haven’t been shared with PI Berlin. The PR is calculated using the irradiation 
values registered by the pyranometer and the metered production. PI Berlin had no access to daily or monthly 
PR values. The simulated output of the plant using Meteonorm data and calculated for defining the 
contractual PR of the EPC contract was not provided to PI Berlin. 
 

5.3.6 PV Module Quality 

The PV modules represent the most sensitive part of the PV plant, especially in harsh climates with high UV 
loads, high temperatures, abrasion, high humidity rates, salinity and presence of sand and dust. These 
environmental stressing factors are present on site whose climate is classified as BWh according to Köppen-
Geiger [21]. In order to assess the quality of the modules, PI Berlin has conducted a visual inspection, an 
infrared analysis and an electroluminescence inspection using the equipment specified in Annex IV. The 
investigated aspects are listed as follows: 
 
Results of the visual inspection 
The visual inspection on the modules showed clear signs of snail trails and evidences of burned cells. Some 
modules showed backsheet fully covered with mud while others were scratched pointing towards an improper 
module handling. In some sporadic cases, the junction box is not properly aligned with the module frame. 
Footprints were detected on the module surface in some areas of the plant. According to the Owner the flash 
lists of the PV modules are available, however these were not shared with PI Berlin. 
 

   

   

Figure 75: (top left) Scratched module backsheet; (top right) J-box misaligned; (bottom left) Burned cell front; (bottom right) Burned cell  

 

 

 
16 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
17 “The declared annual CUF shall in no case be less than 17% over a year.” - page 23 section 3.8 (i) 
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Figure 76: Module backsheet covered with mud 

 

    

   

Figure 77: PV modules showing snail trails 

 
Long term durability certificates  
No specific certificates beyond the basic IEC certification were requested by the Owner in regards to the long 
term durability of the modules considering the environmental stressing factors mentioned above. The BOM 
was directly negotiated with the module supplier.  
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Infrared analysis 
The infrared inspection showed clear evidences of soldering problems. Additionally, the cell and module 
cracks evidenced by the snail trails, are also visible on infrared basis as hot spots. 
 

   

   

   

Figure 78: PV modules affected by bad soldering 
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Electroluminescence analysis 
The electroluminescence analysis on a selected amount of PV modules confirmed the presence of cell cracks 
and shunts caused by an inaccurate soldering process of the ribbon to the busbars18.  
 

   
Sr.Nr.: confidential Sr.Nr.: confidential Sr.Nr.: confidential 

   Figure 79: PV Modules affected by cracks 

 

   
         Sr.Nr.: confidential 
   Figure 80: (Black) Damaged cells due to backsheet scratches; (blue) Inhomogeneous current flow due to bad soldering; (red) Shunts due to   
   bad soldering; (green) Hotspots due to bad soldering 

     

5.3.7 Operation and Maintenance 

The quality of the Operation and Maintenance service has been evaluated considering the points listed below. 
PI Berlin had the chance to interview a few members of the O&M team while conducting the site visit. 
 
Experience of the O&M team 
This is the first project operated by the Owner. 15 people are involved in the O&M of the plant. The years of 
experience of the O&M members vary between 2 and 5. At the moment the Owner owns and operates more  

 
18 See chapter 4.4 
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than 100MWp of PV assets in India, all of them have signed PPAs with governmental bodies.  
 
Relevant environmental elements 
The most relevant environmental phenomena reported onsite are: sandstorms, highly corrosive environment 
due to salt presence, strong winds and difficulties with water drainage. The O&M plan does not include 
specific actions to mitigate the effects of the abovementioned phenomena. 
 

   

   

Figure 81: (top and bottom right) Salt presence onsite; (bottom left) Removed modules due to strong winds 

 
Cleaning methodology and calculation of the soiling loss  
According to the Owner and Operator, the module cleaning is performed 2 times a month using cotton wipers 
and underground water stored at 5kg/cm². The impact of the selected cleaning methodology on the module 
warranty was not analysed by the Owner and Operator. 2 persons are involved in the cleaning. No soiling 
losses are measured onsite and the cleaning campaign is started after conducting only a visual analysis of 
the PV module surface. It could be observed that the remaining water drops on the module surface attract 
dust and dirt particles. 
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Figure 82: (top and bottom left) Module cleaning system; (bottom left) Dust and soil attracted by water drops 

 
Tools used on site 
The O&M team uses current clamps, multimeters, insulation measurement devices and tools for measuring 
the continuity and the ground resistance. No PV specific tools and devices are used onsite. 
 
Reporting and reaction times 
Daily O&M reports are issued registering only the PV plant output generation. According to the Operator, the 
reaction time is kept below 24h for all failures. PI Berlin could not prove this statement. An increase of the 
reaction times is caused by the cable trays blocking the access by car to the interrow space. 
 

 

Figure 83: Cable routing system disturbing the access by car to the interrow space 

 
Preventive and corrective maintenance 
The preventive maintenance program focuses mainly on the switchyard, inverters, combiner boxes, LV DC 
module, HV and MV transformers and weather station. No preventive actions are conducted on PV modules 
and DC cables. No corrective maintenance program has been shared with PI Berlin. PI Berlin could identify 
signs of bad module handling onsite 
 

   

Figure 84: (left) Inaccurate module transport; (right) Footprints on the module surface 
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Availability calculation and SCADA monitoring 
The system availability is only calculated on inverter level. The value is kept around 98%. The availability of 
the module strings is proved weekly using current clamps. All events registered during the PV plant operation 
are listed in a daily fault record specifying the root cause, time, date and follow up of each event.19 The 
SCADA system was installed 1 year after COD and visualizes only up to DC combiner box level. The SCADA 
system logs the inverter input and output parameters, the DC combiner box input and output parameters, the 
irradiation on the POA and the ambient temperature each 2min. The cell temperature is not measured.  
 

5.3.8 Summary of the Results 

The following table summarizes the failures detected onsite and the associated risks. 
 
Table 3: Summary of the failures and the associated risks – Plant 3 

Ref. Item Risk Description  

1 Contracts  

1.1 
Not existing O&M contract. 
Poor or not existing O&M 
warranties.  

A typical O&M contract wasn´t created since the Owner and Operator are the same entity. 
Hence, no standard O&M warranties based on Performance Ratio or system availability 
were formulated. The lack of O&M warranties leads to a comfortable scenario where the 
O&M team has no special incentive to force the PV plant to run at its maximum potential. 
The consequences are usually a lower availability and a lower output than expected. 

1.2 
Poor or not existing EPC 
warranties 

The EPC warranty period is limited to 12 months, which is significantly shorter than the 
standard period of 24 months. Short EPC warranty periods are safer for the EPC and more 
risky for the Owner since the likelihood of detecting system failures while the warranty is 
active increases with the duration of the same. The warranties highlighted in the contract 
base only on a PR test which was not conducted according to standards. 

2 PV Plant Design   

2.1 
Inconsistent DC and AC 
power values. 

The DC and AC power values specified in the project files are not consistent and show 
variations that introduce an uncertainty that influences the PR and P90 calculations. The 
exact definition of the nominal power is crucial for a correct assessment of the system 
performance. 

2.2 Low overbuilt 

The tender specifications20 allow a PV plant design with an overbuilt higher than 1 as long 
as the AC capacity is not exceeded. However, the selected capacity is very close to 1 
which leads to waste AC capacity even though the partial load behavior of the inverter is 
more efficient. 

2.3 Missing statics  
The module fixation doesn’t seem to be suitable for the applicable wind loads, considering 
the reported damaged caused by strong winds. This evidence represents a high risk for 
the entire PV plant and may lead to a significant reduction of the system performance. 

3 
Electromechanical 
Installation 

  

3.1 Mounting structure   

3.1.1 
Rust on the mounting 
structure components 

The rust can lead to a reduction of the structural strength of the mounting structure, 
especially in combination with strong wind. 

3.1.2 Poor module fixation 

The module clamps are unsuitable for PV applications and do not ensure the proper 
fixation of the modules to the mounting structure. In case of strong wind, the modules might 
suffer severe damages. Apart from this, the micro-shadings caused by the clamps have 
an influence on the module performance. 

3.1.3 No row labelling 
The missing row labelling makes the correct identification of the various areas of the plant 
more difficult, leading to increased reaction times during corrective maintenance.  

3.2 Combiner boxes   

3.2.1 Cable glands not sealed 
Not sealed cable glands allow dust and dirt entering the combiner box housing. This is 
especially critical in desert areas with a high amount of dust in the air combined with winds 
carrying sand and dirt particles. 

3.2.2 
Dust and dirt inside the 
housing 

The presence of dust and dirt inside the combiner boxes can lead to the development of 
micro-organisms and possible corrosion and chemical reactions that damage the electrical 
components inside the housing. Additionally, the dust tends to grip the electrical 
protections such as fuse holders and breakers limiting their functionality. 

3.2.3 No labelling of the boxes. 

The missing combiner box labelling makes the correct identification of the various areas 
of the plant more difficult leading to increased reaction times during corrective 
maintenance. Additionally, electrical parts that aren´t properly labelled hide safety risks 
when manipulated by the O&M members.  

 
19 PI Berlin has reviewed the file “Checklist XXXX.xlsx” sent by the Owner on the 20th June 2017. 
20 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
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3.3 Cables   

3.3.1 Mechanical damage visible  
The contact of the cables with the sharp edges of the mounting structure may cause 
damages in the shield of the cables leading to insulation loss of the electrical circuit.  

3.3.2 
Poor or not existing labelling 
of the DC cables  

A nondurable or not existing cable labelling makes the correct identification of the various 
electrical circuits more difficult leading to increased reaction times during corrective 
maintenance. Additionally, the confusion caused by the missing tags and labels represents 
a safety issue for the O&M staff during preventive and corrective maintenance. 

3.3.3 Open connectors  
Connectors not properly closed have an increased local resistance between the male and 
female connectors leading to an increase fire risk. Open connectors have been detected 
at several locations of the plant. 

3.3.4 Poor cable fixation 
Hanging cables due to nondurable cable ties are exposed to mechanical damage caused 
by the wind and the friction against other components such as the mounting structure or 
the module frames. 

3.3.5 Insufficient bending radius 
Not respecting the bending radius specified by the cable manufacturer leads to the loss of 
the product warranty and an increased risk of shield damage. Damaged cable shields are 
responsible for insulation losses and associated safety issues. 

3.3.6 
Poor or insufficient UV 
protection 

The cables should not be exposed to the direct sunlight since the long term durability of 
the cable shield may be affected. This effect was detectable mainly in the gaps between 
the mounting tables and in the interrow spaces. 

3.3.7 No sealing of pipes 
Sealing the pipes and tubes helps protecting the cables from water and dirt accumulation 
as well as mechanical damage caused by small animals. No foam was used to seal the 
pipes. 

3.3.8 
Not suitable tubes for 
outdoor 

The tubes used for routing the cables should be suitable for outdoor conditions and 
withstand the action of humidity, rain and UV radiation among others. Not fulfilling these 
conditions makes these tubes useless in the midterm leaving the cables without protection.  

3.4 Inverter   

3.4.1 
Presence of dust inside the 
room, dirty filters 

The significant amount of dust inside the inverter room may affect on the one hand the 
electrical protection devices by causing grip and limiting their functionality, and on the other 
hand the presence of dust tends also to block the filters reducing the heat evacuation 
capacity of the ventilation system. A poor ventilation system is critical for the long term 
durability of the inverter. 

3.4.2 
Cooling concept not 
comprehensive 

The absence of a thermostat that avoids the room temperature to exceed certain limits is 
compensated with a ventilation fan that is connected manually. The temperature control 
should be fully automatized since the manual action does not ensure a proper control and 
judgement of the cooling demand. 

3.5 
Grounding and 
equipotential bonding 
system 

  

3.5.1 

 
 
 
Continuity not ensured due 
to corrosion 

The continuity of the equipotential bonding system is not given due to the severe damages 
of the equipotential bonding conductor buried in the ground. The rust appears due to a 
corrosion process triggered by the salty environment in combination with heat and 
humidity. The rust is responsible for an increase of the resistance of the belts, which leads 
to an increased voltage drop when the fault current flows through the rusted conductor. As 
rust develops, the voltage drop increases limiting the correct functionality of the 
equipotential bonding system losing its capacity to protect against uneven potentials.  

3.5.2 Belt not buried 

The equipotential bonding conductor (belt) should be buried at a depth according to the 
applicable norms (typically around 60cm) in order to avoid safety issues due to possible 
interactions between personnel and fault currents flowing through the conductor. 
Additionally, the conductor should be buried in order to avoid mechanical damages caused 
by vehicles and machinery. 

3.6 Documentation   

3.6.1 
Missing construction 
progress reports 

The installation phase reports are very helpful during O&M as they include valuable 
information of one of the most relevant phases of the project. Not having access to this 
information means losing part of the history of the plant.  

4 Commissioning   

4.1 
Insufficient commissioning 
tests. No compliance with 
the IEC 62446 

One of the most relevant EPC warranties is the performance warranty which is typically 
expressed as a PR test to be conducted during an agreed amount of days at PAC and 
FAC. This test was conducted at PAC but the applied methodology shows deviations 
towards the established standards. In regards to the commissioning requirements 
specified by the IEC 62446, no tests have been conducted. The commissioning process 
complies with the tender requirements specified by SECI. The present scenario shows a 
PV plant that was not commissioned according to the best practices, neither in terms of 
performance validation, nor in terms of safety. 

5 System Performance   

5.1 
BOM of the weather station 
not complete 

The cell temperature and the global horizontal irradiation (GHI) are not measured onsite. 
These parameters are an essential part of a correct meteorological data assessment of an 
operating plant. The cell temperature is especially important for conducting a PR 
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correction, which is a crucial step for a proper comparison between the onsite PR and the 
contractual PR.  

5.2 Installation failures detected 
The excessively long arm that supports the pyranometer oscillates with the wind. The 
accuracy of the registered data can thus be affected. 

5.3 
Poor or no PR calculation 
conducted onsite 

Due to the fact that the SCADA system was installed one year after COD, the PR 
calculation during the first year could not be performed. Thus, the performance history of 
the first operational year is lost. 

6 PV Module Quality   

6.1 
Presence of module and cell 
cracks due to bad module 
handling 

The snail trails detected on site are an evidence of the presence of cell cracks which can 
be confirmed with infrared and electroluminescence technology. These cracks show the 
typical pattern of damages caused by bad module handling during the construction phase. 
Cracks may lead to performance losses as they develop further, and to hot spots when 
parts of the cells are isolated by the cracks. The strong winds registered onsite may 
contribute to a faster development of the cracks due to the dynamic loads associated to 
them. Further signs of bad module handling are the presence of mud in the backsheet or 
footprints on the module surface. Both effects were present on site.  

6.2 Presence of burned cells 
Burned cells might be responsible for fire events. Thus, the affected modules should be 
replaced immediately. 

6.3 
Presence of manufacturing 
failures  

Failures such as inaccurate soldering of the ribbons or misalignment of the module junction 
boxes point towards lack of quality inspection programs at certain stages of the value 
chain. In the specific case of the inaccurate soldering, the further development of the hot 
spots visible along the busbars, can lead to a permanent damage of the module or even 
to fire events.  

6.4 
Presence of scratched 
backsheets 

Some modules showed scratches in the backsheet, pointing towards clear signs of bad 
module handling. This failure leads to the loss of the required insulation value of the 
electrical circuits and eventually to cell cracks combined with corrosion at the location of 
the scratches. This effect is especially critical in areas with high humidity rates. 

6.5 

No specific certificates 
beyond the basic IEC 
certification requested to the 
manufacturer 

No specific certificates beyond the basic IEC certification were requested by the Owner in 
regards to the long term durability of the modules considering the environmental stressing 
factors present on site. The high temperature, UV load and humidity rates, as well as the 
effect of the sand as abrasive agent and the high salinity of the region, represent a threat 
for the PV modules in terms of long-term durability.  

7 
Operation and 
Maintenance 

  

7.1 

Definition of the cleaning 
intervals without knowing 
the accumulated soiling 
losses between 2 periods 

The losses due to soiling are not measured onsite. 2 cleaning rounds per month have been 
agreed without conducting a previous study on the accumulated soiling loss between 2 
periods. As a consequence, the cleaning frequency is not adjusted to a defined soiling loss 
which should not be exceeded. Actually, due to the amount of cleaning rounds defined in 
advance, there might be some periods when the PV plant is “undercleaned” and others in 
which the PV plant is “overcleaned”. In the first case performance is lost, while in the 
second case unnecessary costs are generated. 

7.2 
Lack of experience of the 
O&M team 

The lack of experience of the O&M team may lead to a wrong diagnose of the detected 
failures, as well as to an inaccurate corrective maintenance, among other consequences. 
In order to maximize the performance and availability of the PV plant, the O&M team 
should be familiar with as many events as possible in all potential scenarios.  

7.3 
No evaluation of the impact 
of the cleaning concept on 
the module warranty 

The impact of the selected cleaning methodology on the module warranty hasn´t been 
analyzed. Several factors such as the material used for the wipers, the type of water used, 
the cleaning methodology, the water pressure and the physical and chemical properties of 
the dust and sand, might have an influence on the glass and the anti-reflective coating of 
the modules. Product damages or performance losses of any kind originated by the 
cleaning process are not covered by the product warranty unless the cleaning concept has 
been approved previously by the module manufacturer. This step was not given before 
starting the operational phase. 

7.4 
Preventive maintenance not 
adjusted to the PV 
technology 

The preventive maintenance program focuses mainly on the switchyard, inverters, 
combiner boxes, LV DC module, HV and MV transformers and weather station. No 
preventive actions are conducted on PV modules and DC cables, which are an essential 
part of the system. They require specific checklists which can´t be recycled from other 
technologies. 

7.5 
No PV specific devices used 
onsite 

Devices and tools used in the PV industry such as IV curve tracers, electroluminescence 
devices and infrared cameras help detecting and evaluating failures easily. The regular 
use of these devices is necessary during O&M for detecting and monitoring defects and 
degradation phenomena such as hot spots, cracks or PID. 

7.6 Poor reporting 

The reporting of the O&M activities should contain monthly and yearly reports specifying 
production data, availability values, spare parts managements, costs, outage time, 
preventive and corrective actions, trend analysis, meteorological data and accumulated 
production among other values. A poor reporting activity does not support a proper 
monitoring of the plant operation which is crucial for a successful asset management 
orientated to maximize the performance and operating hours. In this project only daily 
reports are generated. 
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5.4 Plant 4 - 100MW ground mounted (Rajasthan) 

Date of inspection by 
PI Berlin AG 

07.07.2017 

Name and size of the 
plant 

confidential, 100MW (ground mounted) 

Coordinates confidential 

Commercial Operation 
Date (COD) 

confidential 

Name of the Owners confidential 

Name of the EPC confidential 

Name of the O&M 
company 

confidential 

The 100MW PV plant is split in five 20MW projects and uses three different module types with an 
arrangement of 4 and 6 modules landscape. The modules are seasonally tracked in 3 projects while at the 
two others a fixed tilt solution is used. The strings contain between 16 and 24 modules in series and are 
connected over a DC combiner box to 1000kW inverters. 4 inverters are connected with 4R-1Cx300m² to a 
0.38/33kV transformer of 3 or 4MVA. The 11kV line 1R-3Cx185mm² AL is connected to a common bar with 
4R-3Cx300mm² AL leading to the substation. The level of injection is at 132kV. Each owner of the five 20MW 
blocks has signed a PPA with SECI for 25 years.  

 

5.4.1 Contracts 

Under this chapter PI Berlin has put the main focus on: 

• EPC contract 

• O&M contract 

• Role of the Owner’s Engineer 

• Role of the Lender’s Technical Advisor supporting the financing institution   
 
The evaluation of the above mentioned points leads to the following outcomes: 

• The new Owner has no access to the EPC contract signed between the previous owner and the EPC 
companies. Only the product warranties are in place at the moment.  

• A PR test was agreed as part of the PAC process. However, the test hasn´t been conducted yet and 
due to this reason, a claim is ongoing. The same case applies to the FAC. Besides the PR test, the 
EPC isn´t forced to conduct any other test as per the IEC 62446. 

• A typical O&M contract wasn´t created since the Owner and Operator are the same entity. Hence, 
no standard O&M warranties based on Performance Ratio or system availability were formulated.  

• No Owner’s Engineer was appointed 

• A consultant was involved as LTA at the time when the former owner was still active in the project. 
After the change of the owner, no LTA activity has been documented onsite. 

5.4.2 PV Plant Design 

This chapter analyses: 

• Interrow shading based on the selected pitch and tilt 

• Statics 

• Location of inverters and combiner boxes 

• Electrical overbuilt 
 
Interrow shading based on the selected pitch and tilt 
The pitch (lower edge-lower edge) is 6.9 m according to the as-built situation. This value was confirmed 
onsite by PI Berlin. PI Berlin has measured module tilt values very close to 5° in the manual tracked plants 
and 21° tilt in the fixed tilt plants. The values match the design criteria. The simulation values provided by the 
Owner in the project report corresponding to one 20MW block, indicate that the plant suffers a total annual 
performance loss of 1.3% due to shading21. This is caused by the interrow shading and near shading of the 
PCU buildings. No PV SYST simulation was provided by the Owner. The simulated losses and yield  

 
21 PI Berlin has reviewed the file “DPR_AGPPL-20MW-SPV-XXXX-11kV.pdf” sent by the Owner on the 17th July 2017 
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generation values of the other plants were not provided either.  
 

 

Figure 85: Tracked and fixed tilt systems 

 
Statics 
No static calculations were shared with PI Berlin, hence the structural integrity of the mounting structure 
couldn´t be proven. The mounting structures have been designed for a maximum wind speed of 47 m/s. 
However, the module fixation doesn´t withstand the wind loads registered onsite. 
 

   

Figure 86: PV modules damaged by strong winds 

 
Location of inverters and combiner boxes 
The inverters and distribution boxes are located considering cable and voltage drop reduction criteria. The 
cable runs do not exceed critical values even though the PCU concentrates close to 4MW DC capacity and 
only one distribution level has been planned on the DC side. This statement bases both on the onsite 
inspection as well as on the review of the as-built layouts provided by the Owner.22 The following screenshot 
of one of the inspected drawings shows the location of the inverters. 
 
Electrical overbuilt 
The selected overbuilt (DC/AC ratio) of 20% is considered as acceptable considering the environmental 
conditions present in the region and the selected components.  

5.4.3 Electromechanical Installation 

The quality of the electromechanical installation was assessed onsite by PI Berlin and focused on the 
following subsystems:  

• Mounting structure  

• Combiner boxes 

• Cables fixation  

• Inverter 

• Grounding and equipotential bonding  

• Civil work 

• Documentation 
 
  

 
22 PI Berlin has reviewed the file “DPR_AGPPL-20MW-SPV-XXXX-11kV.pdf” sent by the Owner on the 17th July 2017 
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Mounting structure and module fixation 
 

i. Module fixation: The modules are properly fixed to the cross beams. The thin film modules installed 
in two 20MW blocks show occasionally micro-shading effects due to cell coverage through the 
clamps. 
 

 

Figure 87: Module clamps shading the cells 

      
ii. Labelling of rows: The labelling of the mounting structure was conducted in the entire PV plant. 

Besides, the labels are durable for the entire lifetime of the project. 
 

 

Figure 88: Labelling of the rows 

 
iii. Foundation: Sporadically, damages in the foundation were observed.  

   

 

Figure 89: Sporadic damages in the foundation 

 
  

Combiner boxes 
 

i. Sealing of the cable glands: The cable glands are properly sealed in all combiner boxes 
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Figure 90: Combiner box view 

 
ii. Cleanliness of the combiner box: The dust accumulation inside the combiner boxes is significant. 

   

       

Figure 91: Dust inside the combiner boxes 

 
iii. Labelling of the combiner box: The DC combiner boxes are labelled with durable tags. The 

datasheets adhered to the combiner box enclosure do not withstand an outdoor exposure. 
 

   

Figure 92: (left) Missing datasheet; (right) Combiner box labelling 

 
Cables fixation and routing 
 

i. Cable damage: The cables do not show damages caused by external agents. However, some cables 
are in contact with sharp edges of the metallic cable trays, thus, an erosion of the cable shield can’t 
be excluded in the midterm. 
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Figure 93: String cables in contact with sharp edges 

 
ii. Labelling of cables: Both the strings cables entering the combiner box and the main DC cables 

connecting the combiner box with the inverter are properly labelled. In both cases the used tags 
seem to be durable for the whole lifetime of the project. 
 

   

Figure 94: Accurate labelling of string cable and DC main cables   

 
iii. Connectors: The connectors are in general in a good shape.  

 
iv. Cable fixation: The cables ties used for the cable fixation are not suitable for outdoor exposure and 

start falling apart. In some areas no cable ties were used and the cables were fixed directly to the 
mounting structure. 
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Figure 95: Improper cable fixation 

 
v. Bending radius: In general, the minimum bending radius of the cables was respected. 

 
vi. Protection against UV: In general the DC cables are protected from UV exposure by using pipes. In 

some cases however, the protection between module tables is missing. 
 
 

   

Figure 96: (left) String cables protected from UV; (right) Missing UV protection   

 
vii. Sealing of tubes: The tubes conducting the DC cables to the inverter are sealed. 

   

 

Figure 97: Accurate sealing of cable tubes 

 
viii. Cable pipes: The tubes where the cables are routed do not show degradation due to outdoor 

exposure. 
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Inverter 
The inverter has an overvoltage protection on the AC side as well as a DC switch. The inverter room shows 
a significant amount of dust, especially in the filters. The inverter has a default ventilation system. The inverter 
room does not have a thermostat that regulates the temperature inside the housing. A forced ventilation 
system was installed inside the PCUs. The door is kept open to ensure natural convection. The inverter filters 
and air inlets are clean. 
 

   

Figure 98: Inverter room 

 

   

Figure 99: Dirty filters due to dust accumulation 

    
Grounding and equipotential bonding  
The equipotential bonding system connects all conductive parts of the PV plant as the mounting structure, 
module frames or housings. The equipotential bonding system is undamaged and doesn´t show any signs 
of corrosion or rust. The equipotential bonding conductor is not properly buried. In some junctions, the 
continuity is not ensured in the long-term. In terms of Potential Induced Degradation (PID) avoidance, no 
measures have been taken, such as functional grounding of the negative pole. The PV plant does not show 
signs of PID.   
 

   

Figure 100: Equipotential bonding system 
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Figure 101: Not buried equipotential bonding conductor 

   
Civil work 
The status of the internal roads is good. A drainage system was implemented on site. The drainage channels 
are not well maintained in all areas of the plant. According to the Owner and Operator of the plant, the terrain 
has problems absorbing high amounts of rainwater. 
 

   

Figure 102: Drainage system 

 

   

Figure 103: Internal roads 

 
Documentation 
In terms of completeness, the provided documents comply with most of the requirements of the IEC 62446. 
The Owner didn`t receive any progress reports from the previous owner. 
 

5.4.4 Commissioning 

PI Berlin considers the commissioning process conducted at the end of the installation phase a crucial 
milestone in the deployment of a PV project. The commissioning process as per IEC 62446 is divided in 
“cold” and “hot” commissioning, and ends with the issuance of the Provisional Acceptance Certificate, and is 
the last step before the EPC warranty starts. This process gives an idea of the status of the plant in terms of 
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safety and functionality. In the case of the 5x20MW PV plant, a proper commissioning of the PV plant as 
specified in the IEC 62446 was not conducted prior to COD. The only test formulated in the EPC contract is 
a PR test that is still pending. PI Berlin had no access to the PR test requirements and methodology 
description. Besides the contractual conditions described in the EPC contract, and according to the tender 
requirements of SECI23, the official commissioning is approved after the submission of a short document 
issued by the State Nodal Agency of Rajasthan containing the installed capacity, an electrical inspector 
report, the connectivity report, the synchronization certificate, photographs and an installation report. 
 

5.4.5 System Performance 

In this chapter PI Berlin analyses several factors that influence the calculation of the system performance. 
 
Weather station status and sensor accuracy 
PI Berlin had access to the readings of the irradiation and temperature data of the installed sensors. The 
values are consistent.24 According to the Owner, the sensors are calibrated each 24 months. No calibration 
certificates were provided to PI Berlin 
 

   

Figure 104: (left) Module temperature sensor; (right) Weather station 

 
The weather station of each 20MW block is constituted by a pyranometer on the tilted plane (POA), a 
pyranometer on the horizontal surface (GHI), a module temperature sensor, a cell temperature and an 
anemometer. One value is recorded each 10min. In some weather stations the GHI sensor is missing. No 
redundancy was considered. Due to the fact that both pyranometers are installed close to each other and 
one is higher than the other, a reduction of the diffuse light absorption in the lower pyranometer can´t be 
excluded. 
 

 

Figure 105: Pyranometers on the horizontal and tilted surface 

 
 

 
23 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
24 PI Berlin has reviewed the files “Data 2015.xlsx”, “Data 2016.xlsx”, “Data 2017.xlsx” and “Temperature Reading.xlsx” sent by the 
Owner on the 8th July 2017 
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Performance Ratio calculation 
The production on monthly basis since COD, is properly documented. In compliance with the tender 
requirements specified by SECI25, the minimum CUF 17% is met so far according to the Owner. The PR is 
calculated using the irradiation values registered by the pyranometer and the metered production. PI Berlin 
had no access to daily or monthly PR values. The simulated output of the one 20MW blockt using PV SYST 
data and shown in the project report26 is plausible and well documented. A similar analysis for the other 4 
plants was not shared with PI Berlin. 
 

5.4.6 PV Module Quality 

The PV modules represent the most sensitive part of the PV plant, especially in harsh climates with high UV 
loads, high temperatures, high humidity rates, abrasion and presence of sand and dust. These environmental 
stressing factors are present on site whose climate is classified as BWh according to Köppen-Geiger [21]. In 
order to assess the quality of the modules, PI Berlin has conducted a visual inspection, an infrared analysis 
and an electroluminescence inspection using the equipment specified in Annex IV. The investigated aspects 
are listed as follows: 
 
Results of the visual inspection 
The visual inspection on the modules showed clear signs of snail trails. Some modules are also affected by 
corrosion originated by moisture ingress through the damaged edge sealing. The damage is caused by 
improper handling. No other relevant defects were detected by PI Berlin. 
According to the Owner the flash lists of the PV modules are available, however these were not shared with 
PI Berlin. 
 

   

Figure 106: PV modules showing snail trails 

 

   

Figure 107: PV modules affected by corrosion 

   
  

 
25 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
26 PI Berlin has reviewed the file “DPR_AGPPL-20MW-SPV-XXXX-11kV.pdf” sent by the Owner on the 17th July 2017 
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Long term durability certificates  
No specific certificates beyond the basic IEC certification were requested by the Owner in regards to the long 
term durability of the modules considering the environmental stressing factors mentioned above.  
 
Infrared analysis 
The infrared inspection didn´t show major problems besides some sporadic hot spots and inactive cell strings 
both in the crystalline modules.   
  

    

Figure 108: PV modules affected by inactive cell strings  

 

:  

   

Figure 109: PV modules affected by hot spots   

 
Electroluminescence analysis 
The electroluminescence analysis on a selected amount of crystalline PV modules confirmed the presence 
of cell cracks. The same analysis conducted on the thin film modules showed a high shunt sensitivity caused 
by shading.      
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         Sr.Nr.: confidential               Sr.Nr.: confidential  
Figure 110: Broken PV module              Figure 111: PV modules affected by inactive cell strings 
  

     
         Sr.Nr.: confidential  
Figure 112: PV modules affected by cell cracks evidenced by snail trails 
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         Sr.Nr.: confidential            Sr.Nr.: confidential  
Figure 113: (left) (before shading); (right) after shading 

 

5.4.7 Operation and Maintenance 

The quality of the Operation and Maintenance service has been evaluated considering the points listed below. 
PI Berlin had the chance to interview a few members of the O&M team while conducting the site visit. 
 
Experience of the O&M team 
The Operator has vast experience in the O&M of PV plants. 50 people are involved in the O&M of this plant 
and 40 people in the security. The O&M members are allowed to operate MV components of the plant. 
 
Cleaning methodology and calculation of the soiling loss  
According to the Owner and Operator, the module cleaning is performed 2 times a month using cotton wipers 
and underground water. The applied water pressure is 5kg/cm².  
 

   

Figure 114: Module cleaning system 

 
The impact of the selected cleaning methodology on the module warranty hasn´t been analysed. According 
to the Operator, the cleaning is performed after the inverters shut down. The cleaning campaign is properly 
recorded specifying which tables are cleaned which day.27 The losses due to soiling are not measured onsite. 
2 cleaning rounds per month have been agreed without conducting a previous study on the actual needs. PI 
Berlin observed that the remaining water on the PV module surface after conducting the cleaning attracts 
dust and dirt particles accelerating the soiling storage on the PV module. 
 

 
27 PI Berlin has reviewed the file “Module Cleaning Schedule.pdf” sent by the Owner on the 7th July 2017. 
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Figure 115: Dust accumulated on the remaining water after the cleaning process 

 
The losses due to soiling were quantified by PI Berlin using an IV-curve tracer with the specifications shown 
in Annex IV. The soiling losses vary depending on the module technology, the tilt and the degree of soiling 
among others.  
 

 

Figure 116: Module cleaned 

 
The soiling measurements were conducted at three sample locations and the results are shown below: 

 
Table 4: Soiling measurements conducted by PI Berlin 

PV module 
Module  
type 1 

Module  
type 1 

Module  
type 3 

20 MW block 1 1 2 

Tilt 5° 21° 21° 

Soiling loss 3,61% 2,70% 2,13% 

 
These values correspond to the accumulated losses after the last rainfall which happened 3 days before the 
site visit. The results show an increase of the losses with a reduction of the tilt and also a better behavior of 
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the thin film modules compared to the c-Si technology. According to the infrared analysis conducted by PI 
Berlin onsite, the soiling accumulation on the module surface leads to soiling induced hotspots as shown in 
the pictures below. 
 

   

Figure 117: Soiling induced hot spots 

 
Tools used on site 
The O&M team uses current clamps, multimeters, IR camera and insulation measurement devices among 
others. No PV specific tools and devices are used onsite except the infrared camera.  
 

   

Figure 118: Tools used during the O&M activities 

 
Reporting and reaction times 
At the time of the visit, PI Berlin had the chance to inspect the O&M reports issued by the team which can 
be described as comprehensive and detailed .According to the Operator, the failure detection time is kept 
below 5min for all failures. One O&M worker is permanently visualizing the SCADA. No O&M reports were 
issued until the new investor acquired the project. 
 
Preventive and corrective maintenance 
The preventive maintenance is very comprehensive and includes several checklists and forms for all system 
components such as DC cables, connectors, modules, switchyard, inverters, combiner boxes, LV DC 
module, HV and MV transformers, grounding system, UPS and weather station. A selection of corrective 
maintenance documents were shown to PI Berlin onsite. Every action taken by the O&M team is documented. 
Some sporadic shading due to vegetation was detected. 2 vegetation cuts are conducted each year. 
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Figure 119: Vegetation growth 

 
Availability calculation and SCADA monitoring 
The system availability is only calculated on inverter level. The value is kept above 99%. The SCADA system 
monitors up to DC combiner box level and the most important parameters are logged. One person is 
permanently in charge of visualizing the SCADA system. All events registered during the PV plant operation 
are listed in a daily fault record. A detailed description of the root cause, time, date and follow up of each 
event is missing.  
 
Curtailment and grid stability 
According to the plant Operator the curtailment losses originated by the DSO are less than 3% per year. 
According to the plant Operator the PV plant is not forced to support actively the grid. 
 

5.4.8 Summary of the Results 

The following table summarizes the failures detected onsite and the associated risks. 
 
Table 5: Summary of the failures and the associated risks – Plant 4 

Ref. Item Risk Description   

1 Contracts  

1.1 
Not existing O&M 
contract. Poor or not 
existing O&M warranties 

A typical O&M contract wasn´t created since the Owner and Operator are the same entity. 
Hence, no standard O&M warranties based on Performance Ratio or system availability 
were formulated. The lack of O&M warranties leads to a comfortable scenario where the 
O&M team has no special incentive to force the PV plant to run at its maximum potential. 
The consequences are usually a lower availability and a lower output than expected. 

1.2 
Poor or not existing EPC 
warranties 

The handover from the previous owner to new one didn´t happen in a smooth way. As a 
consequence, the new owner had no access to the EPC contract which might have been 
still valid at the time of handover. Besides, the PR test defined as part of the EPC warranty, 
has not been conducted yet leading to an ongoing claim. As a result, the actual scenario 
shows a contract violation (no PR test conducted) combined with a non-transparent 
handover where the validity of the former contract agreements is questionable.  

1.3 
No appointment of an 
Owner´s Engineer 

The OE has the task to support the Owner´s interests against the EPC and the various 
product suppliers. The OE conducts independent checks and verifications starting at the 
earlier phases of the EPC tendering and ending after commissioning or beyond. The 
absence of an experienced OE as an independent party, may lead to an increased risk for 
the Owner. In this project, the services of an OE were not requested even though the quality 
assurance services provided by an OE are highly recommended in order to avoid mistakes 
in all stages of the value chain. 

1.4 
No appointment of a 
Lender´s Technical 
Advisor 

The LTA supports the interests of the bank as the financing institution. Accordingly, the bank 
is interested in financing projects which are bankable and are exposed to low risks. Thus, 
the task of the LTA is to ensure the bankability of the project by supervising that all steps 
made by the Developer (very often also the Owner at the same time) lead to a low risk 
scenario. An LTA was hired during development and construction and left the project after 
the change of the Owner. The plant has currently no LTA involved. 

2 PV Plant Design   

2.1 Missing statics  
The module fixation doesn’t seem to be suitable for the applicable wind loads, considering 
the reported damages caused by strong winds. This evidence represents a high risk for the 
entire PV plant and may lead to a significant reduction of the system performance. 

3 
Electromechanical 
Installation 
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3.1 Mounting structure   

3.1.1 Poor module fixation 
The micro-shadings caused by the clamps used for fixing the thin film modules have an 
influence on the module performance. 

3.2 Combiner boxes   

3.2.1 
Dust and dirt inside the 
housing 

The presence of dust and dirt inside the combiner boxes can lead to the development of 
micro-organisms and possible corrosion and chemical reactions that damage the electrical 
components inside the housing. Additionally, the dust tends to grip the electrical protections 
such as fuse holders and breakers limiting their functionality. 

3.2.2 
Loss of adherence of the 
datasheets attached to 
the housings 

The tags and datasheets attached to the housing are losing adherence. The missing 
combiner box labelling makes the correct identification of the various areas of the plant more 
difficult leading to increased reaction times during corrective maintenance. Additionally, 
electrical parts that aren´t properly labelled hide safety risks when manipulated by O&M 
members.  

3.3 Cables   

3.3.1 
Mechanical damage 
visible  

The contact of the cables with the sharp edges of the mounting structure may cause 
damages in the shield of the cables leading to insulation loss of the electrical circuit.  

3.3.2 Poor cable fixation 
Hanging cables due to nondurable cable ties are more exposed to mechanical damage 
caused by the wind and the friction against other components such as the mounting structure 
or the module frames. 

3.3.3 
Poor or insufficient UV 
protection 

The cables should not be exposed to the direct sunlight since the long term durability of the 
cable shield may be affected. This effect is seen sporadically in the gaps between the 
mounting tables. 

3.4 Inverter   

3.4.1 
Presence of dust inside 
the room, dirty filters 

The significant amount of dust inside the inverter room may affect on the one hand the 
electrical protection devices by causing grip and limiting their functionality, and on the other 
hand the presence of dust tends also to block the filters reducing the heat evacuation 
capacity of the ventilation system. A poor ventilation system is critical for the long term 
durability of the inverter. 

3.4.2 
Cooling concept not 
comprehensive 

No thermostat that avoids the room temperature to exceed certain limits was installed. The 
temperature control should be fully automatized and the door of the inverter room should be 
kept closed in order to avoid the heat and dust entering the room. 

3.5 
Grounding and 
equipotential bonding 
system 

   

3.5.1 

 
 
 
Continuity not ensured 
due to corrosion 

The continuity of the equipotential bonding system is not given due to the appearance of rust 
in the equipotential bonding conductor buried in the ground. The rust appears due to a 
corrosion process triggered by the salty environment in combination with heat and humidity. 
The rust is responsible for an increase of the resistance of the belts, which leads to an 
increased voltage drop when the fault current flows through the rusted conductor. As rust 
develops, the voltage drop increases limiting the correct functionality of the equipotential 
bonding system losing its capacity to protect against uneven potentials.  

3.5.2 Belt not buried 

The equipotential bonding conductor (belt) should be buried at a depth according to the 
applicable norms (typically around 60cm) in order to avoid safety issues due to possible 
interactions between personnel and fault currents flowing through the conductor. 
Additionally, the conductor should be buried in order to avoid mechanical damages caused 
by vehicles and machinery. 

3.6 Documentation   

3.6.1 
Missing construction 
progress reports 

The installation phase reports are very helpful during O&M as they include valuable 
information of one of the most relevant phases of the project. Not having access to this 
information means losing part of the history of the plant.  

4 Commissioning   

4.1 

Insufficient 
commissioning tests. No 
compliance with the IEC 
62446 

One of the most relevant EPC warranties is the performance warranty which is typically 
expressed as a PR test to be conducted during an agreed amount of days at PAC and FAC. 
This test wasn´t conducted at PAC even though it was specifically mentioned in the EPC 
contract. A claim is ongoing due to this reason. In regards to the commissioning 
requirements specified by the IEC 62446, no tests have been conducted. The present 
scenario shows a PV plant that was not commissioned according to the best practices, 
neither in terms of performance validation, nor in terms of safety. The commissioning 
process complies with the tender requirements specified by SECI. 

5 System Performance   

5.1 
Installation failures 
detected 

Due to the fact that both pyranometers (GHI and POA) are installed close to each other and 
one is higher than the other, a reduction of the diffuse light absorption in the lower 
pyranometer can´t be excluded. Thus, the accuracy of the readings could be affected. 

5.2 
No cell temperature 
correction of the PR 

The cell temperature even if recorded, it’s not used for conducting a PR correction, which is 
a crucial step for a proper comparison between the onsite PR and the contractual PR. 

6 PV Module Quality   
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6.1 
Presence of module and 
cell cracks due to bad 
module handling 

The snail trails detected on site are an evidence of the presence of cell cracks which can be 
confirmed with infrared and electroluminescence technology. These cracks show the typical 
pattern of damages caused by bad module handling during the construction phase. Cracks 
may lead to performance losses as they develop further, and to hot spots when parts of the 
cells are isolated by the cracks. The strong winds registered onsite may contribute to a faster 
development of the cracks due to the dynamic loads associated to them.  

6.2 
Corrosion due to moisture 
ingress 

The glass-glass modules show damages at the corners, which lead to the ingress of 
moisture triggering a corrosion process in the cells. The further development of the corrosion 
process and the associated performance loss of the module can´t be excluded. The root 
cause of these damages is bad handling. 

6.3 Presence of shunts 

The thin film modules have a high sensitivity towards shading, which leads to the 
development of shunts as soon as the module cells are shaded. The shunts reduce the 
active surface of the cells. Thus, the shading of the cells should be avoided in any case, 
which is difficult to fulfill during cleaning or replacement actions. 

6.4 

No specific certificates 
beyond the basic IEC 
certification requested to 
the manufacturer 

No specific certificates beyond the basic IEC certification were requested by the Owner in 
regards to the long term durability of the modules considering the environmental stressing 
factors present on site. The high temperature, UV and humidity rates, as well as the 
presence of sand as an abrasive agent, represent a threat for the PV modules in terms of 
long-term durability.  

7 
Operation and 
Maintenance 

  

7.1 

Definition of the cleaning 
intervals without knowing 
the accumulated soiling 
losses between 2 periods 

The losses due to soiling are not measured onsite. 2 cleaning rounds per month have been 
agreed without conducting a previous study on the accumulated soiling loss between 2 
periods. As a consequence, the cleaning frequency is not adjusted to a defined soiling loss 
which should not be exceeded. Actually, due to the amount of cleaning rounds defined in 
advance, there might be some periods when the PV plant is “undercleaned” and others in 
which the PV plant is “overcleaned”. In the first case performance is lost, while in the second 
case unnecessary costs are generated. 

7.2 

No evaluation of the 
impact of the cleaning 
concept on the module 
warranty 

The impact of the selected cleaning methodology on the module warranty hasn´t been 
analyzed. Several factors such as the material used for the wipers, the type of water used, 
the cleaning methodology, the water pressure and the physical and chemical properties of 
the dust and sand, might have an influence on the glass and the anti-reflective coating of 
the modules. Product damages or performance losses of any kind originated by the cleaning 
process are not covered by the product warranty unless the cleaning concept has been 
approved previously by the module manufacturer. This step was not given before starting 
the operational phase. 

7.3 
No PV specific devices 
used onsite 

Devices and tools used in the PV industry such as IV curve tracers, electroluminescence 
devices and infrared cameras help detecting and evaluating failures easily. The regular use 
of these devices is necessary during O&M for detecting and monitoring defects and 
degradation phenomena such as hot spots, cracks or PID. 
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5.5 Plant 5 - 30 MW ground mounted (Madhya Pradesh) 

Date of inspection 
by PI Berlin  

11.07.2017 

Name and size of 
the plant 

confidential, 30MW (ground mounted) 

Coordinates confidential 

Commercial 
Operation Date 
(COD) 

confidential 

Name of the Owner confidential 

Name of the EPC confidential 

Name of the O&M 
company 

confidential 

The 30 MW PV plant uses two different c-Si module types, part of it contains also a-Si modules. The 
crystalline modules are installed on a horizontal E-W tracking system with a tracking range of ±45°. The 
strings contain 21 modules in series and are connected in pairs to 12 input DC combiner boxes. 10 
combiner boxes are connected with an Rx1Cx300mm² 1.1kV Al cable and protected with 315A fuses prior 
to the LV DC module. 7 outputs lead to a 1,474kW inverter that operates in master/slave mode. The 3-
phase output with 8R-1Cx300mm² leads to a 0.38/11kV transformer of 1.5MVA or 3.2MVA. The level of 
injection is at 33kV. The Owners have signed a 25 year PPA with SECI.  

  

5.5.1 Contracts 

Under this chapter PI Berlin has put the main focus on: 

• EPC contract 

• O&M contract 

• Role of the Owner’s Engineer 

• Role of the Lender’s Technical Advisor supporting the financing institution   
 
The evaluation of the above mentioned points leads to the following outcomes: 

• Only product warranties and 2 years civil work guarantee exist in written form between the EPC and 
the Owner. However, since the main EPC went bankrupt, there seems to be a legal gap that released 
the EPC from his obligations. Between the main EPC and the subcontracted EPC, some warranties 
were agreed whose validity are also questioned due to the bankruptcy of the main EPC. The 
Operator did not share with PI Berlin the list of the specified tests and its results. No warranties in 
regards to FAC were agreed according to the Operator.  

• The Developer purchased the modules, inverters, trackers and the weather station. All remaining 
components were bought by the subcontracted EPC. 

• A typical O&M contract wasn´t created since the owner and operator are the same entity. Hence, no 
standard O&M warranties based on Performance Ratio or system availability were formulated. The 
only requirement that applies is an availability of 97% on inverter level. 

• According to the Operator, the Owner´s Engineer appointed during development and construction 
was an Indian company and the name was not shared with PI Berlin.  

• A consultancy company  was hired by the bank as Lender’s Technical Advisor 
 

5.5.2 PV Plant Design 

This chapter analyses: 

• Interrow shading based on the selected pitch and tilt 

• Statics 

• Location of inverters and combiner boxes 

• Electrical overbuilt 
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Interrow shading based on the selected pitch and tilt 
The pitch (lower edge-lower edge) is 5.5m according to the design. This value was confirmed onsite by PI 
Berlin. The E-W tracking range of the solar tracker is ±45°. Due to the considerable height difference between 
the trackers in N-S an additional mutual shading loss can´t be excluded. The reason for this height difference 
is the fact that the installation manual of the tracker specifies 1° as the maximum N-S slope28. In order to 
meet this condition, the installation company adjusted the foundation height in order to absorb the terrain 
slope that is significantly higher than 1° is some areas of the plant. 
 

   

   

Figure 120: Height difference between the tracker units 

 
Statics 
No static calculations were shared with PI Berlin, hence the structural integrity of the mounting structure 
couldn´t be proven. However, a few deviations from the installation manual were detected. On the one hand 
the cantilever arm at the end of the tracker unit is 3.5m long which exceeds the dimensions specified in the 
installation manual. This length is the result of conducting the anchorage of each tracker unit to the ground 
with only 6 foundation piles instead of 8 as prescribed in the manual. Additionally, the modules are fixed to 
the tracker using only one crossbeam, while the installation manual recommends two. 
 

   

Figure 121: (left) Real length of the cantilever; (right) Module fixation using two crossbeams according to the installation manual 

 
28 PI Berlin reviewed the file “8.XXXX Tracker Installation Manual RevD:pdf” provided by the Operator on the 24th July 2017 
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Location of inverters and combiner boxes 
The location of the PCUs containing the inverters, transformers and MV switchgear was not selected 
considering voltage drop minimization. The cable runs are long enough to exceed 3% of voltage drop 
between some combiner boxes and the corresponding inverter29. Additionally, the resulting voltage difference 
between combiner boxes located close and other located far away from the inverter may lead to a voltage 
mismatch on inverter level. The following screenshot of one of the reviewed drawings30 shows with red dots 
the location of the inverters and how long the cable runs are on the DC side.  
 

  

Figure 122: Location of the inverters 

 
Electrical overbuilt 
The DC capacity of the plant is 31.00608MWp while the AC capacity is labelled as 29.4MW. The resulting 
DC/AC ratio is close to 5%. The tender specifications31 allow a PV plant design with an overbuilt higher than 
1 as long as the AC capacity is not exceeded. However, the selected capacity is very close to 1 which leads 
to waste AC capacity even though the partial load behaviour of the inverter is more efficient.  
  

5.5.3 Electromechanical Installation 

The quality of the electromechanical installation was assessed onsite by PI Berlin evaluating the following 
subsystems:  

• Mounting structure  

• Combiner boxes 

• Cables fixation  

• Inverter 

• Grounding and equipotential bonding  

• Civil work 

• Documentation 
 
Mounting structure and module fixation 
 

i. Module fixation: The modules are properly fixed to the cross beams. 
 

 
 
 

 
29 PI Berlin reviewed the file “DC CABLE SCHEDULE AND LOSS CALCULATION.pdf“ sent by the Owner on the 8th July 
30 PI Berlin reviewed the file “12- OVERALL SITE PLAN--OVERALL PLANT LAYOUT.pdf“ sent by the Owner on the 8th July  
31 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
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Figure 123: Fixation of the modules to the tracker      

 
ii. Labelling of rows: The labelling of the mounting structure was conducted in the entire PV plant. 

Besides, the labels are durable for the entire lifetime of the project. 
 

 

Figure 124: Labelling of the trackers   

 
iii. Rust on the mounting structure surface: The mounting structure doesn´t show signs of rust.  

 

   

Figure 125: Good surface status of the tracker structure 

 
iv. Status of the motors and dampers: Both elements are in a good shape and no not show signs of 

deterioration. 
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Figure 126: (left) Dampers of the tracking system; (right) Motor of the tracking system 

 
  

Combiner boxes 
 

i. Sealing of the cable glands: The cable glands are properly sealed in all combiner boxes 
 

 

Figure 127: Sealing of the cable glands inside the DC combiner boxes 

 
ii. Cleanliness of the combiner box: The combiner boxes are clean inside. 

 

 

Figure 128: Clean DC combiner box 

 
iii. Labelling of the combiner box: The DC combiner boxes are clearly labelled. The tags are starting to 

bleach. The torques are marked in the screws of all electrical connections. 
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Figure 129: (left) Torque marking; (right) Bleaching of the combiner box labels 

 
iv. Protection: Overvoltage protection and DC main switch is included inside the DC combiner boxes. 

Only the positive pole is protected with 30A fuses.  
 

 

Figure 130: View of the DC combiner box 

 
Cable fixation and routing 
 

i. Cable damage: The cables do not show damages caused by external agents. However, some cables 
are in contact with rocks and stones, thus, an erosion of the cable shield can’t be excluded.  

 

Figure 131: Cable ducts covered with stones 

 
ii. Labelling of cables: Both the strings cables entering the combiner box and the main DC cables 

connecting the combiner box with the inverter, are properly labelled. In both cases the used tags 
seem to be durable for the whole lifetime of the project. 
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Figure 132: Labelling of the string cables 

 
iii. Connectors: The connectors are in general in a good shape. 

 

 

Figure 133: MC4 connectors 

 
iv. Cable fixation: The cables ties used for the cable fixation are not suitable for outdoor exposure and 

start falling apart. 
   

   

Figure 134: Fixation of the string cables 

 
v. Bending radius: In general, the minimum bending radius of the cables was respected.  

 
vi. Protection against UV: The cables are protected from UV light. Sporadically, some string cables are 

directly exposed to the sun. 
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Figure 135: (left) UV protection of the string cables; (right) Missing UV protection of the string cables 

   
 

vii. Sealing of tubes: The tubes conducting the DC cables to the inverter are sealed. However, the used 
foam doesn´t seem to be durable. 
 

 

Figure 136: Sealing of the cable ducts   

   
viii. Cable pipes: The tubes where the cables are routed do not show degradation due to outdoor 

exposure. 
   

   

Figure 137: Cable pipes used for the string cable routing 

 
Inverter 
The inverter is based on 7 modular units building a master-slave concept. It has an overvoltage protection 
on the AC side as well as a DC switch. The PCU is clean, no significant amount of dust has been detected. 
The inverter has a default ventilation system. The inverter room does not have a thermostat that regulates 
the temperature inside the housing. A forced ventilation system was installed inside the PCUs. The inverter 
filters and air inlets are clean. 
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Figure 138: Central inverter  

 

   

Figure 139: (left) Filters of the inverter room; (right) Ventilation system inside the inverter room    

 
Grounding and equipotential bonding  
The equipotential bonding system connects all conductive parts of the PV plant as the tracker, module frames 
or housings. The equipotential bonding conductor is not properly buried and does not comply with the 
requirement that specifies a minimum depth of 60cm. No signs of rust or corrosion were observed. The 
negative pole of the generator is grounded with a GFDI kit in order to avoid the development of PID. 
 

   

Figure 140: Equipotential bonding conductor not buried 
 



 

 

 

 

 

Page 89 / 136 

   

Figure 141: Equipotential bonding system 

 
The earthing, lightning protection and resistivity calculations are traceable and properly conducted.  
 
Civil work 
The status of the internal roads is good. A drainage system was implemented on site. The drainage channels 
aren´t kept clean. According to the Owner and Operator of the plant, the terrain has problems to absorb high 
amounts of rainwater during heavy rainfalls registered on site. 
 

 

Figure 142: Drainage system 

 
Documentation 
In terms of completeness, the provided documents comply with most of the requirements of the IEC 62446. 
No progress reports are available according to the Operator. 
 

5.5.4 Commissioning 

PI Berlin considers the commissioning process conducted at the end of the installation phase a crucial 
milestone in the deployment of a PV project. The commissioning process as per IEC 62446 is divided in 
“cold” and “hot” commissioning, and ends with the issuance of the Provisional Acceptance Certificate, and is 
the last step before the EPC warranty starts. This process gives an idea of the status of the plant in terms of 
safety and functionality. Between the main EPC and the subcontracted EPC, some warranties were agreed 
whose validity is questioned due to the bankruptcy of the main EPC. No warranties in regards to FAC were 
agreed according to the Operator. Independently of what was stated in the EPC contract, the project 
developer conducted internal tests to verify the safety of the plant. These tests include earthing/ground 
resistance check, string tests and checks of the modules, tracker, combiner box, LVDC module, inverters, 
transformer, MV switchgear and substation among others. The testing protocols were not shared with PI 
Berlin. These tests do not fully comply with the IEC 62446 requirements. 
Besides the contractual conditions described in the EPC contract, the official commissioning was approved 
following the specifications of the tender documentation32. The requirements included the submission of the 

 
32 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
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electrical inspector report, the connectivity report issued by the Discom authority, a confirmation of 
compliance from SECI, a synchronization certificate issued by the Discom authority, snapshots of the plant, 
plant layout, SLD and meter readings submitted by the Solar Project Developer, and an installation report 
also submitted by the Solar Project Developer. 
 

5.5.5 System Performance 

In this chapter PI Berlin analyses several factors that influence the calculation of the system performance. 
  
Weather station status and sensor accuracy 
The 3 weather stations installed onsite are constituted by a pyranometer on the tilted plane, a pyranometer 
on the horizontal surface (GHI), a module temperature sensor, a cell temperature and an anemometer. The 
metal arm fixing the pyranometer to the mounting structure is too long leading to an oscillation of the sensor 
when the wind blows. One value is recorded each minute. According to the Owner, the sensors are calibrated 
each 2 years. The calibration certificates were provided to PI Berlin. The readings of the irradiation and 
temperature sensors show gaps due to communication problems due to the weak internet connection onsite. 
 

   

Figure 143: (left) Weather station; (right) Pyranometer 

 
Performance Ratio calculation 
The PR is calculated using the irradiation values registered by the pyranometer and the metered production. 
However, the PR calculated by the SCADA system is very unprecise due to the lack of data caused by 
communication failures. The calculated PR value can oscillate from one day to the next from 59% to 198% 
which is physically impossible33. According to the tender requirements specified by SECI the minimum CUF 
shall not be below 17%. Evidences showing that the plant is fulfilling this condition haven’t been shared with 
PI Berlin. No soiling losses are calculated onsite. This calculation would help to evaluate the PR without the 
influence of dust and dirt accumulated on the module surface. 
 

5.5.6 PV Module Quality 

The PV modules represent the most sensitive part of the PV plant, especially in harsh climates with high UV 
loads, high temperatures and high humidity rates. These environmental stressing factors are present on site 
whose climate is classified as BSh according to Köppen-Geiger [21]. In order to assess the quality of the 
modules, PI Berlin has conducted a visual inspection, an infrared analysis and an electroluminescence 
inspection using the equipment specified in Annex IV. The investigated aspects are listed as follows: 
 
 
 
 
 
 
 
  

 
33 PI Berlin reviewed the files “Daily Generation Report.xlsx” sent by the Owner to PI Berlin on the 8th July 



 

 

 

 

 

Page 91 / 136 

Results of the visual inspection 
The visual inspection on the modules showed clear signs of snail trails and shunts [23]. 
 

   

   

Figure 144: PV modules showing snail trails 

 

   

Figure 145: PV modules showing shunts 

 
Additionally, scratches of the module backsheet caused by the bushing of the tracker were found. These 
scratches are also visible from the front side of the modules in form of a localized corrosion. According to the 
Owner the flash lists of the PV modules are not available. 
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Figure 146: PV modules damaged by the dampers   

 
Long term durability certificates  
No specific certificates beyond the basic IEC certification were requested by the Owner in regards to the long 
term durability of the modules considering the environmental stressing factors mentioned above.  
 
Infrared analysis 
The infrared inspection didn´t show major problems besides some sporadic hot spots and inactive cell strings 
both in the crystalline modules.    
 

   

Figure 147: (left) Infrared inspection on site conducted by PI Berlin; (right) PV modules affected by one inactive cell string 
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Figure 148: PV modules affected by hot spots 

   
Electroluminescence analysis 
The electroluminescence analysis on a selected amount of crystalline PV modules confirmed the presence 
of cell cracks caused by improper handling, as well as a cell damage at the spots of the backsheet scratches 
caused by the bushings.   
   

                                                    
         Sr.Nr.: confidential               Sr.Nr.: confidential  
Figure 149: (left) Cell damages caused by the dampers; (right) PV module affected by one inactive cell string 
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        Sr.Nr.: confidential                        Sr.Nr.: confidential 
Figure 150: PV module affected by cell cracks 
 
 

5.5.7 Operation and Maintenance 

The quality of the Operation and Maintenance service has been evaluated considering the points listed below. 
PI Berlin had the chance to interview a few members of the O&M team while conducting the site visit. 
 
Experience of the O&M team 
The Operator has vast experience in the O&M of PV plants and has introduced many O&M procedures in 
the this project. 2 engineers, 4 technicians and 1 site supervisor are involved in the O&M of this plant. The 
O&M staff has 2 years of PV experience. 
 
Most relevant events occurred since COD 
Problems in the oil pressure (PRV) of the MV transformers were reported in the first year. The EPC lead the 
replacement of the affected transformers and provided the O&M team with spare parts at site to mitigate 
future losses. The production loss registered during the transformer outage (around 30 days) wasn’t 
compensated as no PR warranty was in place between the main EPC and the subcontracted EPC or between 
the Owner and the main EPC. During rainy days insulation problems were detected in connectors, damaged 
cables and modules. Fire events caused by a faulty contact in the connectors were also reported. 
 
Cleaning methodology and calculation of the soiling loss  
The losses due to soiling are not measured onsite. 2 cleanings per month have been agreed without 
conducting a previous study on the actual needs. The module cleaning is performed 2 times a month using 
cotton wipers and underground water. The impact of the selected cleaning methodology on the module 
warranty was not analyzed. According to the Operator, the cleaning is performed after the inverters shut 
down.  
  
Tools used on site 
The O&M team uses current clamps, multimeters, IR camera and insulation measurement devices among 
others. No PV specific tools and devices are used onsite except the infrared camera. 
 
Reporting and reaction times 
The O&M team generates the following reports: preventive maintenance report (monthly), generation report 
(daily), spare parts management (monthly) and safety report (daily). The reports include detailed information 
in regards to the working hours of the inverters, PR, irradiation on the POA, GHI, yield, internet connectivity 
data, inverter output/input, meter output, availability data, curtailment losses and outage time of the inverters, 
among others. No specific data regarding reaction times were shared with PI Berlin. 
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Preventive and corrective maintenance 
The preventive maintenance is very comprehensive and includes several checklists and forms for all system 
components such as DC cables, connectors, modules, switchyard, inverters, combiner boxes, LV DC 
module, HV and MV transformers, grounding system, UPS and weather station among others. The corrective 
maintenance actions are recorded onsite and sent to the staff in the operational headquarter, who is 
conducting the root cause analysis and advises on the mitigation actions to be taken. The O&M members 
are allowed to operate all MV components of the plant. 
 
Availability calculation and SCADA monitoring 
The system availability is calculated by the staff in the operational headquarter based on the data provided 
by the team onsite. The staff based in the HQ is permanently visualizing the SCADA system. In case of 
failure, the HQ staff communicates with the field staff. The internet connection onsite is very slow which leads 
to communication problems with the monitoring system and with the HQ. The lost data are not recoverable, 
no server is installed onsite. The SCADA system visualizes each pair of strings entering the combiner box.  
 
Curtailment and grid stability 
According to the plant Operator, under frequency and under voltage events in the grid cause synchronization 
problems in the inverters leading to availability losses. The PV plant is not forced to support actively the grid 
as per grid code requirements. 
 

5.5.8 Summary of the Results 

The following table summarizes the failures detected onsite and the associated risks. 
 
Table 6: Summary of the failures and the associated risks – Plant 5 

Ref. Item Risk Description   

1 Contracts  

1.1 
Poor or not existing EPC 
warranties 

After the bankruptcy of the EPC, the validity of the warranties specified in the EPC contract 
went lost. This legal gap had negative consequences on the Owner since no party was 
longer responsible for the performance losses caused by defect components installed by 
the EPC. The Owner was not compensated for the reduction of the system output since 
no EPC warranty was longer in place. This scenario might arise again if the warranties 
given by the EPC are not assumed by a new entity. This affects mainly the product 
warranties. 

1.2 
Poor or not existing O&M 
warranties 

A typical O&M contract wasn´t created since the Owner and Operator are the same entity. 
Hence, no standard O&M warranties based on Performance Ratio or system availability 
were formulated. The lack of O&M warranties leads to a comfortable scenario where the 
O&M team has no special incentive to force the PV plant to run at its maximum potential. 
The internal requirement which sets the inverter availability at a minimum of 97% is very 
lax. Inverter availabilities close to 99.5% and beyond are achievable in large scale PV 
plants with central inverters. 

1.3 
No appointment of an 
Owner´s Engineer 

The OE has the task to support the Owner´s interests against the EPC and the various 
product suppliers. The OE conducts independent checks and verifications starting at the 
earlier phases of the EPC tendering and ending after commissioning or beyond. The 
absence of an experienced OE as an independent party, may lead to an increased risk for 
the Owner. In this project, the services of an OE were not requested even though the 
quality assurance services provided by an OE are highly recommended in order to avoid 
mistakes in all stages of the value chain. 

2 PV Plant Design   

2.1 
Missing statics or deviation 
from the manufacturer´s 
racking design manual 

The deviations from the installation manual of the solar tracker add uncertainty to the long-
term durability of the mechanical assembly. Failures caused by limit states are not 
excludable as long as appropriate static calculations based on the alternative design prove 
the contrary. 

2.2 
Not consistent interrow 
shading simulation. 

Due to the considerable height difference between the trackers, an additional mutual 
shading loss to the already existing E-W interrow shadings can´t be excluded. This effect 
can be reduced by adjusting the foundation height of the trackers during the design phase. 

2.3 High DC cable runs 

The DC cable losses between the string combiner boxes and the inverter exceed 3% in 
some locations due to the fact that the PCUs concentrate a high amount of power without 
introducing a second distribution level between the string combiner boxes and the 
inverters. Additionally, the resulting voltage difference between combiner boxes located 
close and other located far away from the inverter, may lead to a voltage mismatch on 
inverter level. These combined effects lead to performance losses that could have been 
avoided with a more accurate design. 
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2.4 Low overbuilt 

The tender specifications34 allow a PV plant design with an overbuilt higher than 1 as long 
as the AC capacity is not exceeded. However, the selected capacity is very close to 1 
which leads to waste AC capacity even though the partial load behavior of the inverter is 
more efficient. 

3 
Electromechanical 
Installation 

  

3.1 Cables   

3.1.1 
Mechanical damage visible 
or non-excludable 

Some cables are in contact with rocks and stones, thus, an erosion of the cable shield 
can’t be excluded leading to insulation losses of the electrical circuit. 

3.1.2 Poor cable fixation 
Hanging cables due to nondurable cable ties are more exposed to mechanical damage 
caused by the wind and the friction against other components such as the mounting 
structure or the module frames. 

3.1.3 
Poor or insufficient UV 
protection 

The cables should not be exposed to the direct sunlight since their long term durability 
may be affected. This effect was detectable sporadically in the gaps between the mounting 
tables. 

3.1.4 No sealing of pipes 
Sealing the pipes and tubes helps protecting the cables from water and dirt accumulation 
as well as from mechanical damage caused by small animals. The proper sealing of the 
tubes is not ensured in the midterm since the used foam is starting to degrade. 

3.2 
Grounding and 
equipotential bonding 
system 

  

3.2.1 Belt not buried 

The equipotential bonding conductor (belt) should be buried at a depth according to the 
applicable norms (typically around 60cm) in order to avoid safety issues due to possible 
interactions between personnel and fault currents flowing through the conductor. 
Additionally, the conductor should be buried in order to avoid mechanical damages caused 
by vehicles and machinery. 

3.3 Documentation   

3.3.1 
Missing construction 
progress reports 

The installation phase reports are very helpful during O&M as they include valuable 
information of one of the most relevant phases of the project. Not having access to this 
information means losing part of the history of the plant.  

4 Commissioning   

4.1 
Insufficient commissioning 
tests. No compliance with 
the IEC 62446 

One of the most relevant EPC warranties is the performance warranty which is typically 
expressed as a PR test to be conducted during an agreed amount of days at PAC and 
FAC. This test was not conducted at PAC due to the change of the scenario occurred after 
the bankruptcy of the EPC contractor which lead to questioning the validity of the 
previously agreed conditions in the EPC contract. In regards to the commissioning 
requirements specified by the IEC 62446, only part of the tests were conducted The 
present scenario shows a PV plant that was not commissioned according to the best 
practices, neither in terms of performance validation, nor in terms of safety. The 
commissioning process complies with the tender requirements specified by SECI. 

5 System Performance   

5.1 Installation failures detected 
The excessively long arm that supports the pyranometer oscillates with the wind. Thus, 
the accuracy of the registered data can be affected. 

5.2 
PR fluctuation due to 
communication failures 

The internet access onsite is not good which leads to an inconsistent logging of the 
meteorological data registered by the sensors. As a result, the PR calculations are not 
consistent either, leading to unrealistic values with very high daily PR fluctuations. 

5.3 
No cell temperature 
correction of the PR 

The cell temperature even though it’s recorded, it’s not used for conducting a PR 
correction, which is a crucial step in the comparison between the onsite PR and the 
contractual PR. 

6 PV Module Quality   

6.1 
Presence of scratched 
backsheets 

Some modules showed scratches in the backsheet, caused by the bushings of the 
trackers. This failure leads to the loss of the required insulation value of the electrical 
circuits and to cell cracks combined with corrosion at the location of the scratches. This 
effect is especially critical in areas with high humidity rates. 

6.2 Presence of shunts 
The thin film modules show signs of shunt presence. The consequences and root cause 
of this effect should be further investigated. 

6.3 
Presence of module and 
cell cracks due to bad 
module handling 

The snail trails detected on site are an evidence of cell cracks which were confirmed with 
infrared and electroluminescence technology by PI Berlin. These cracks show the typical 
pattern of damages caused by bad module handling during the construction phase. Cracks 
may lead to performance losses as they develop further, and to hot spots when parts of 
the cells are isolated by the cracks.  

6.4 No flash lists available 
The flash lists shall be provided by the module manufacturer as part of the quality control 
program. The flash lists are useful for determining the exact nominal power of the PV plant 
and for conducting an adequate module sorting, among other reasons. 

 
34 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
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6.5 

No specific certificates 
beyond the basic IEC 
certification requested to the 
manufacturer 

No specific certificates beyond the basic IEC certification were requested by the Owner in 
regards to the long term durability of the modules considering the environmental stressing 
factors present on site. The high temperature, UV and humidity rates registered onsite 
represent a threat for the PV modules in terms of long-term durability.  

7 
Operation and 
Maintenance 

  

7.1 
Corrective maintenance 
conducted remotely 

The HQ is conducting the system availability calculation, the event registration, the root 
cause analysis and the advisory on the mitigation measures to be taken, even though they 
are not present onsite. The local O&M members should be more involved with the 
operational data and daily activities of the plant in order to increase their knowledge and 
improve their capability to detect, solve and predict failures as well as to assess the 
operational quality of the system. 

7.2 
No evaluation of the impact 
of the cleaning concept on 
the module warranty 

The impact of the selected cleaning methodology on the module warranty hasn´t been 
analyzed. Several factors such as the material used for the wipers, the type of water used, 
the cleaning methodology, the water pressure and the physical and chemical properties of 
the soil, might have an influence on the glass and the anti-reflective coating of the modules. 
Product damages or performance losses of any kind originated by the cleaning process 
are not covered by the product warranty unless the cleaning concept has been approved 
previously by the module manufacturer. This step was not given before starting the 
operational phase. 

7.3 

Definition of the cleaning 
intervals without knowing 
the accumulated soiling 
losses between 2 periods 

The losses due to soiling are not measured onsite. 2 cleaning rounds per month have been 
agreed without conducting a previous study on the accumulated soiling loss between 2 
periods. As a consequence, the cleaning frequency is not adjusted to a defined soiling loss 
which should not be exceeded. Actually, due to the amount of cleaning rounds defined in 
advance, there might be some periods when the PV plant is “undercleaned” and others in 
which the PV plant is “overcleaned”. In the first case performance is lost, while in the 
second case unnecessary costs are generated. 

7.4 
No PV specific devices 
used onsite 

Devices and tools used in the PV industry such as IV curve tracers, electroluminescence 
devices and infrared cameras help detecting and evaluating failures easily. The regular 
use of these devices is necessary during O&M for detecting and monitoring defects and 
degradation phenomena such as hot spots, cracks or PID. 

7.5 Communication problems 

The internet connection onsite is very slow which leads to communication problems with 
the monitoring system and with the HQ. The lost data are not recoverable since no server 
is installed onsite. A proper logging, recording and sending of the data used for calculating 
the key performance indicators is crucial for a correct assessment of the plant operation. 
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5.6 Plant 6 - 10MW ground mounted (Karnataka) 

Date of inspection 
by PI Berlin  

15.07.2017 

Name and size of 
the plant 

confidential, 10MW (ground mounted) 

Coordinates confidential 

Commercial 
Operation Date 
(COD) 

confidential 

Name of the Owner confidential 

Name of the EPC confidential 

Name of the O&M 
company 

confidential 

The 10 MW PV plant uses PV modules arranged in two portrait tilted at 12° on a fixed mounting structure. 
The strings contain 20 modules in series and are connected to a 16 input DC combiner box. 7 combiner 
boxes are connected to one 630kW inverter and 2 inverters are connected in parallel to a 0.35/11kV 1.6MVA 
transformer. The 11kV line 1Rx3Cx185mm² is connected to a common bar with 2Rx3Cx400mm² leading to 
the substation. The level of injection is at 66kV. The Owner has signed a 25 year PPA with SECI. 

  

5.6.1 Contracts 

Under this chapter PI Berlin has put the main focus on: 

• EPC contract 

• O&M contract 

• Role of the Owner’s Engineer 

• Role of the Lender’s Technical Advisor supporting the financing institution   
 
The evaluation of the above mentioned points leads to the following outcomes: 

• The EPC has guaranteed 14,892 GWh per year for the first 3 years considering 1% degradation per 
year. This value must be achieved regardless the registered irradiation and temperature data onsite. 
However, this value can be considered as lenient considering the irradiation and temperature values 
typical for the site, as well as the relatively low interannual variability compared to other regions. The 
analysed production data for the first two years of operation show that the contractual value has been 
exceeded by 4% in the first year and by 10% in the second year35.  

• The O&M contract has been signed for 3 years between the O&M company and the EPC contractor. 

• No PAC tests are mentioned in the EPC contract 

• No Owner´s Engineer was appointed. 

• No Lender´s Technical Advisor was appointed. SECI is the financing institution. 

5.6.2 PV Plant Design 

This chapter analyses: 

• Interrow shading based on the selected pitch and tilt 

• Statics 

• Location of inverters and combiner boxes 

• Electrical overbuilt 
 
Interrow shading based on the selected pitch and tilt 
The pitch (lower edge-lower edge) is 5.5 m according to the as-built situation. This value was confirmed 
onsite by PI Berlin. No PV SYST simulation was provided by the Owner. PI Berlin has measured tilt values 
very close to 12° in most locations of the PV plant. The tilt angle of the PV modules seems to be very 
consistent and matches the design criteria. The height differences in E-W direction may lead to additional 
shading losses. 
 

 
35 PI Berlin reviewed the file “measurement of irradiation ambient temp & gen.xlsx” sent by the Owner on the 27th June 2017 
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Figure 151: Height differences between the mounting tables in E-W direction 

 
The reason for this height difference is the non-adjustment of the foundation height in order to absorb the 
terrain slope. 
   
Statics 
No static calculations were shared with PI Berlin, hence the structural integrity of the mounting structure 
couldn´t be proven.  
  
Location of inverters and combiner boxes 
The inverters and distribution boxes are located considering cable and voltage drop reduction criteria. The 
cable runs are kept short avoiding an unnecessary voltage mismatch at inverter level. This statement bases 
both on the onsite inspection as well as on the review of the as-built layouts provided by the Owner.36  
 
Electrical overbuilt 
The tender specifications37 allow a PV plant design with an overbuilt higher than 1 as long as the AC capacity 
is not exceeded. However, the selected overbuilt is low (2.14%) which leads to waste AC capacity even 
though the partial load bevavior of the inverter is more efficient.  
 

5.6.3 Electromechanical Installation 

The quality of the electromechanical installation was assessed onsite by PI Berlin evaluating the following 
subsystems:  

• Mounting structure  

• Combiner boxes 

• Cables fixation  

• Inverter 

• Grounding and equipotential bonding  

• Civil work 

• Documentation 
 
Mounting structure and module fixation 

i. Module fixation: The modules are properly fixed to the cross beams. No misalignment could be 
observed. 

 
 
 
 
 
 
 

 
 

36 PI Berlin has reviewed the drawings “array layout part A.pdf” and “array layout part B.pdf” sent by the Owner on the 27th June 2017 
37 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
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Figure 152: PV modules fixed to the mounting structure   
    

ii. Labelling of rows: The labelling of the mounting structure hasn´t been conducted properly. The used 
labelling system is not durable and some areas are not labelled at all. 

 

   

Figure 153: Missing labelling of the module rows 

 
iii. Rust on the mounting structure surface: The mounting structure shows signs of rust  

 

  

Figure 154: Presence of rust in the mounting structure 

 
  

Combiner boxes 
 

i. Sealing of the cable glands: Some cable glands in the DC combiner boxes are open. 
 



 

 

 

 

 

Page 101 / 136 

 

Figure 155: Open cable glands in the DC combiner box 

 
ii. Cleanliness of the combiner box: The dust accumulation inside the combiner boxes is not significant. 

 

  

Figure 156: Clean DC combiner box 

 
iii. Labelling of the combiner box: The DC combiner boxes are labelled. Some of the tags attached to 

the housing are starting to lose adherence. 
 

  

Figure 157: Missing labelling of the DC combiner box 

 
Cables fixation and routing 
 

i. Cable damage: the string cables show damages caused by external agents. Some of them are in 
contact with sharp edges, thus, an erosion of the cable shield can’t be excluded in the midterm. 
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Figure 158: String cables in contact with sharp edges 

 
ii. Labelling of cables: Both the strings cables entering the combiner box and the main DC cables 

connecting the combiner box with the inverter are properly labelled. In both cases the used tags 
seem to be durable for the whole lifetime of the project. 
 

   

Figure 159: Labelling of the string cables 

 
iii. Connectors: The connectors are in general in a good shape 

 
iv. Cable fixation and bending radius: The cables ties used for the cable fixation do not show 

degradation due to outdoor exposure. In general, the minimum bending radius of the cables has 
been respected.  
 

v. Protection against UV: The cables aren´t protected from UV light between the mounting tables. 
 

   

Figure 160: Missing UV protection of the string cables 

   
vi. Cable pipes and sealing: The tubes conducting the DC cables to the inverter are sealed with durable 

foam. The tubes where the cables are routed do not show degradation due to outdoor exposure. 
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Figure 161: Sealed cable tubes 

 
 
Inverter 
The inverter has an overvoltage protection on the AC side as well as a DC switch. The PCU is clean, no 
significant amount of dust has been detected. The inverter has a default ventilation system. The inverter 
room does not have a thermostat that regulates the temperature inside the housing. A forced ventilation 
system was installed inside the PCUs. The inverter filters and air inlets are clean. 
 

 

Figure 162: View of the central inverter    

 
Grounding and equipotential bonding  
The equipotential bonding system connects all conductive parts of the PV plant as the mounting structure, 
module frames or housings. The equipotential bonding conductor is not properly buried due to the stony 
ground. No rust or corrosion was observed. In terms of Potential Induced Degradation (PID) avoidance, no 
measures have been taken, such as functional grounding of the negative pole. The PV plant is affected by 
PID.   
 

   

Figure 163: (left) Equipotential bonding conductor; (right) Not buried equipotential bonding conductor 

 
   



 

 

 

 

 

Page 104 / 136 

Civil work 
The status of the internal roads is very good. The drainage system is clean and well maintained. According 
to the EPC, the costs associated to the civil work represent 3% of the total CAPEX due to the levelling, 
grading and removing of stones and trees. 
 

   

Figure 164: (left) Internal roads; (right) Drainage system 

 
Documentation 
In terms of completeness, the provided as-built documents do not comply with many requirements of the IEC 
62446. No progress reports of the installation phase are available.  
 

5.6.4 Commissioning 

PI Berlin considers the commissioning process conducted at the end of the installation phase a crucial 
milestone in the deployment of a PV project. The commissioning process as per IEC 62446 is divided in 
“cold” and “hot” commissioning, and ends with the issuance of the Provisional Acceptance Certificate, and is 
the last step before the EPC warranty starts. This process gives an idea of the status of the plant in terms of 
safety and functionality. The EPC contract doesn´t mention any tests to be conducted by the EPC following 
the IEC 62446. Thus, no commissioning tests were performed during PAC. No EOW tests are defined either. 
Besides the contractual conditions described in the EPC contract, the official commissioning was approved 
following the specifications of the tender documentation38. The requirements included the submission of the 
electrical inspector report, the connectivity report issued by the Discom authority, a confirmation of 
compliance from SECI, a synchronization certificate issued by the Discom authority, snapshots of the plant, 
plant layout, SLD and meter readings submitted by the Solar Project Developer, and an installation report 
also submitted by the Solar Project Developer. 
 

5.6.5 System Performance 

In this chapter PI Berlin analyses several factors that influence the calculation of the system performance. 
  
Weather station status and sensor accuracy 
The weather stations installed onsite is constituted by a pyranometer on the horizontal surface, an ambient 
temperature sensor and an anemometer. Both the irradiation on the plane of the array (POA) and the cell 
temperature are not measured. The file “measurement of irradiation ambient temp & gen.xlsx” shows 
consistent values of the ambient temperature and wind velocity. The recorded GHI data of the first two years 
lead to PR values of 124% for the first year and 96% for the second year which are non-realistic values. The 
communication cable is in a very bad shape and the reliability is not ensured. According to the Owner, the 
sensors are calibrated each 2 years. The calibration certificates were not provided to PI Berlin.  
 
 
 
 

 
38 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
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Figure 165: (left) Weather station; (right) Ambient temperature sensor and anemometer 

 

   

Figure 166: (left) Pyranometer on the horizontal surface; (right) Damaged communication cable   

 
Performance Ratio calculation 
The PR is not calculated onsite. According to the EPC, the contractual yield output value used for Financial 
Close was simulated with PV SYST using meteorological data from NASA. The achieved value was 14,892 
GWh/year considering a linear degradation of 1% per year. PI Berlin had no access to the simulation reports. 
The analysed production data for the first two years of operation shows that the contractual value has been 
exceeded by 4% in the first year and by 10% in the second year39. The minimum CUF requirement in the 
tender documentation specified by SECI40 is fulfilled.  
 

5.6.6 PV Module Quality 

The PV modules represent the most sensitive part of the PV plant, especially in harsh climates with high UV 
loads, high temperatures and high humidity rates. These environmental stressing factors are present on site 
whose climate is classified as Aw according to Köppen-Geiger [21]. In order to assess the quality of the 
modules, PI Berlin has conducted a visual inspection, an infrared analysis and an electroluminescence 
inspection using the equipment specified in Annex IV. The investigated aspects are listed as follows: 
 
Results of the visual inspection 
The visual inspection on the modules showed clear signs of snail trails, evidences of burned cells, soldering 
failures and burned busbars. The flash lists are available since the Operator is also the module supplier. 
 
 
 
 
 
 

 
39  PI Berlin has evaluated the file “measurement of irradiation ambient temp & gen.xlsx” sent by the Owner on the 27th June 2017 
40 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
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Figure 167: (left) Detached ribbon; (right) Burned cell 

 

   

Figure 168: Hot spots 

 

   

Figure 169: (left) Browning along the busbars; (right) Signs of snail trails 

 
Long term durability certificates  
No specific certificates beyond the basic IEC certification were requested by the Owner in regards to the long 
term durability of the modules considering the environmental stressing factors mentioned above. 
 
Infrared analysis 
The infrared inspection showed clear evidences of hot spots along the ribbon, cell hotspots and PID. Other 
minor effects such as inactive cell strings or cell mismatch were also visible. 
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Figure 170: PV modules affected by hot spots 

 

   

Figure 171: (left) PV module with one inactive cell string; (right) PV module affected by bad soldering 

 

   

Figure 172: (left) PV module affected by bad soldering; (right) PV module affected by PID 

   

Figure 173: PV modules affected by PID 
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Electroluminescence analysis 
The electroluminescence analysis on a selected amount of crystalline PV modules confirmed the presence 
of PID and cell cracks caused by improper module handling.  
 

    
Sr.Nr.: confidential                        Sr.Nr.: confidential 

Figure 174: PV modules affected by cracks 

 

Sr.Nr.: confidential Sr.Nr.: confidential 
 

   

 

Sr.Nr.: confidential                        Sr.Nr.: confidential   
   Figure 175: PV modules affected by PID 

 

5.6.7 Operation and Maintenance 

The quality of the Operation and Maintenance service has been evaluated considering the points listed below. 
PI Berlin had the chance to interview a few members of the O&M team while conducting the site visit. 
 
Experience of the O&M team 
The O&M team subcontratcted by the Operator is currently maintaining 125MW of PV plants across India. 
The subcontracted company has 5 years of experience in O&M of PV plants. This project is the first 
experience for the staff involved onsite. 
 
  



 

 

 

 

 

Page 109 / 136 

Relevant environmental elements 
The most relevant environmental phenomena reported onsite are: rainfalls and erosion. The O&M plan does 
not include specific action to mitigate the effects of the erosion. 
 

 

Figure 176: Signs of erosion 

 
Cleaning methodology and calculation of the soiling loss  
The soiling losses are not measured onsite. According to the Owner and Operator, the module cleaning is 
performed 3 times a month using cotton wipers and underground water. The resulting soiling losses derived 
from the established cleaning frequency were not calculated by the Operator. The impact of the selected 
cleaning methodology on the module warranty was not analysed either. According to the Operator, the 
module cleaning is performed after the inverters shut down.  
 

   

Figure 177: (left) Soil accumulation; (right) Module cleaning team 

 

   

Figure 178: (left) Module cleaning team; (right) Module cleaning device 

  
Tools used on site 
The O&M team uses current clamps, multimeters, an arcing measurement device and an insulation 
measurement device. No PV specific tools and devices are used onsite. 
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Reporting and reaction times 
The O&M team generates the following reports: (i) generation report (daily); (ii) cleaning, vegetation cut, 
spares, string current measurements at CB level and corrective maintenance actions (monthly). The reports 
are issued as an excel file. The reaction times agreed by the Operator and the EPC were not shared with PI 
Berlin. The water pipes used for water cleaning disturb the access by car to the interrow space during 
preventive maintenance and may lead to an increase of the reaction time. 
 
Preventive and corrective maintenance 
The daily, monthly and yearly maintenance plans do not cover the entire PV system. Certain subsystems 
such as the DC cabling, mounting structure or combiner boxes do not have a proper maintenance plan. Some 
safety aspects are covered by the checklists shared with PI Berlin, such as the earth resistance 
measurements, but other aspects like insulation measures, continuity measures of the equipotential bonding 
system or the functionality check of the protective devices remain uncovered. A specific plan for the PV 
modules using specialized devices is also missing. The vegetation is cut every 15 days. The corrective 
maintenance actions are logged onsite and added to the monthly reports. No root cause analysis or mitigation 
plans were shared with PI Berlin. 
 
Availability calculation and SCADA monitoring 
One person is responsible for the daily visualization of the SCADA system. The system availability is not 
calculated. The SCADA monitors data up to string pair level. All values are recorded each 15min and a local 
server is used for storing the recorded data. 
 

5.6.8 Summary of the Results 

The following table summarizes the failures detected onsite and the associated risks. 
 
Table 7: Summary of the failures and the associated risks – Plant 6 

Ref. Item Risk Description   

1 Contracts   

1.1 
Poor or not existing O&M 
warranties 

The O&M was signed between the EPC and the O&M company for a period of 3 years. 
However, no warranties based on Performance Ratio or system availability were formulated. 
The lack of O&M warranties leads to a comfortable scenario where the O&M team has no 
special incentive to force the PV plant to run at its maximum potential. The consequences 
are usually a lower availability and a lower output than expected. 

1.2 
Poor or not existing EPC 
warranties 

The EPC has guaranteed 14,892 GWh per year for the first 3 years considering 1% 
degradation per year regardless the registered meteorological values. Even if this 
requirement is binding, this condition is easy to fulfill considering the registered POA values 
in the region and the output values registered for the first two years. Additional requirements 
in terms of safety and long-term durability were not required to the EPC, so evidences in this 
regard weren´t provided. 

1.3 
No appointment of an 
Owner´s Engineer 

The OE has the task to support the Owner´s interests against the EPC and the various 
product suppliers. The OE conducts independent checks and verifications starting at the 
earlier phases of the EPC tendering and ending after commissioning or beyond. The 
absence of an experienced OE as an independent party, may lead to an increased risk for 
the Owner. In this case, the Owner did not request the services of an OE even though the 
quality assurance services provided by an OE are highly recommended in order to avoid 
mistakes in all stages of the value chain. 

1.4 
No appointment of a 
Lender´s Technical 
Advisor 

Similarly to the OE, the LTA supports the interests of the bank as the financing institution. 
Accordingly, the bank is interested in financing projects which are bankable and are exposed 
to low risks. Thus, the task of the LTA is to ensure the bankability of the project by 
supervising that all steps made by the Developer (very often also the Owner at the same 
time) lead to a low risk scenario. In this project the financing institution did not require the 
services of an LTA. 

2 PV Plant Design   

2.1 Missing statics  
As long as static calculations are not performed showing that the selected design is 
appropriate for the applicable environmental conditions, the structural integrity of the 
mounting structure is not ensured. 

2.2 
Not consistent interrow 
shading simulation. 

Due to the height difference between the module tables in E-W direction, an additional 
mutual shading loss to the already existing N-S interrow shadings can´t be excluded. This 
effect can be reduced by adjusting the foundation height of the mounting tables during the 
design phase. 
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2.3 Low overbuilt 

The tender specifications41 allow a PV plant design with an overbuilt higher than 1 as long 
as the AC capacity is not exceeded. However, the selected capacity is very close to 1 which 
leads to waste AC capacity even though the partial load behavior of the inverter is more 
efficient. 

3 
Electromechanical 
Installation 

  

3.1 Mooting structure   

3.1.1 No row labelling 
The missing row labelling makes the correct identification of the various areas of the plant 
more difficult leading to increased reaction times during corrective maintenance.  

3.1.2 
Rust on the mounting 
structure components 

The rust can lead to a reduction of the structural strength of the mounting structure, 
especially in combination with strong wind. 

3.2 Combiner boxes   

3.2.1 Cable glands not sealed Not sealed cable glands allow dust and dirt entering the combiner box housing.  

3.2.2 
Loss of adherence of the 
datasheets attached to the 
housings 

The tags and datasheets attached to the housing are losing adherence. The missing 
combiner box labelling makes the correct identification of the various areas of the plant more 
difficult leading to increased reaction times during corrective maintenance. Additionally, 
electrical parts that aren´t properly labelled hide safety risks when manipulated by O&M 
members.  

3.3 Cables   

3.3.1 
Mechanical damage 
visible or non-excludable 

Some cables are in contact with rocks and stones, thus, an erosion of the cable shield can’t 
be excluded in the midterm. 

3.3.2 
Poor or insufficient UV 
protection 

The cables should not be exposed to the direct sunlight since the long term durability of the 
cable shield may be affected. This effect was detectable mainly in the gaps between the 
mounting tables. 

3.4 
Grounding and 
equipotential bonding 
system 

  

3.4.1 Belt not buried 

The equipotential bonding conductor (belt) should be buried at a depth according to the 
applicable norms (typically around 60cm) in order to avoid safety issues due to possible 
interactions between personnel and fault currents flowing through the conductor. 
Additionally, the conductor should be buried in order to avoid mechanical damages caused 
by vehicles and machinery. In this specific project, burying the belt was difficult due to the 
high amount of stones in the ground. 

3.4.2 
No functional grounding 
against PID 

No measures were taken in order to avoid the appearance and development of PID. The 
Karnataka region is a PID risk area due to relatively high temperatures and humidity. The 
presence of PID was confirmed onsite.  

3.5 Documentation   

3.5.1 
No compliance of the as-
built documentation with 
the IEC 62446 

The as-built documentation is not complete according to the applicable norms and 
standards. This represents a risk for instance during takeover, as the new Owner acquires 
an asset whose installation, BOM and drawings are not properly documented.  

3.5.2 
Missing construction 
progress reports 

The installation phase reports are very helpful during O&M as they include valuable 
information of one of the most relevant phases of the project. Not having access to this 
information means losing part of the history of the plant.  

4 Commissioning   

4.1 
Insufficient commissioning 
tests. No compliance with 
the IEC 62446 

One of the most relevant EPC warranties is the performance warranty which is typically 
expressed as a PR test to be conducted during an agreed amount of days at PAC and FAC. 
This test was not conducted. In regards to the commissioning requirements specified by the 
IEC 62446, no tests have been conducted either. The present situation shows a scenario 
where the plant hasn´t been commissioned neither considering the performance values, nor 
in terms of safety. The commissioning process complies with the tender requirements 
specified by SECI. 

5 System Performance   

5.1 
No PR calculation 
conducted onsite 

The real PR is not calculated which makes a correct assessment of the system performance 
impossible. 

5.2 
BOM of the weather 
station not complete 

The cell temperature and the irradiation on the tilted plane (POA) are not measured onsite. 
These parameters are an essential part of a correct meteorological data assessment of an 
operating plant and were required in the tender specifications. Both values are crucial to 
conduct a PR calculation. The cell temperature values help correcting the PR value, which 
is a crucial step for a proper comparison between the onsite PR and the contractual PR. 
These values would be useful to conduct a PR calculation at a later stage. 

5.3 
Not consistent logging of 
the irradiation values 

The logged irradiation values lead to unrealistic PR values above 100% for the first two years 
of operation. Thus, the system performance is not properly reflected. 

5.4 
Installation failures 
detected 

The communication cable is in a very bad shape and as a consequence, the reliability of the 
data sent to the SCADA system are not ensured. Besides, the weather station is not located 
at a representative place. 

 
41 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
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5.5 

The yield simulation during 
the development phase 
does not use site specific 
data 

The yield assessment conducted during the development phase should use meteorological 
data that are as accurate as the project phase demands. Otherwise the assessment won´t 
reflect the system performance properly (with the corresponding limitations) and won´t be 
bankable. 

6 PV Module Quality   

6.1 
Presence of module and 
cell cracks due to bad 
module handling 

The snail trails detected on site are an evidence of the presence of cell cracks which can be 
confirmed with infrared and electroluminescence technology. These cracks show the typical 
pattern of damages caused by bad module handling during the construction phase. Cracks 
may lead to performance losses as they develop further, and to hot spots when parts of the 
cells are isolated by the cracks. 

6.2 Presence of burned cells 
Burned cells might be responsible for fire events. Thus, the affected modules should be 
replaced immediately. In some cases, burned busbars were also visible.  

6.3 
Presence of 
manufacturing failures  

The presence of inaccurate soldering of the ribbons points towards lacking quality inspection 
programs during manufacturing. When this specific failure arises, the further development 
of the hot spots visible along the busbars, can lead to a permanent damage of the module 
or even to fire events.  

6.4 Presence of PID 

The PID effect can be responsible in the short term for a significant reduction of the PV 
power output of the modules located on the negative side of the string, and should be 
stopped immediately. The development of PID is accelerated with high temperatures and 
humidity rates, both present at the PV plant location. 

6.5 

No specific certificates 
beyond the basic IEC 
certification requested to 
the manufacturer 

No specific certificates beyond the basic IEC certification were requested by the Owner in 
regards to the long term durability of the modules considering the environmental stressing 
factors present on site. The high temperature, UV and humidity rates registered onsite 
represent a threat for the PV modules in terms of long-term durability.  

7 
Operation and 
Maintenance 

  

7.1 
Lack of experience of the 
O&M team 

The lack of experience of the O&M team may lead to a wrong diagnose of the detected 
failures, as well as to an inaccurate corrective maintenance, among other consequences. In 
order to maximize the performance and availability of the PV plant, the O&M team should 
be familiar with as many events as possible in all potential scenarios.  

7.2 

Definition of the cleaning 
intervals without knowing 
the accumulated soiling 
losses between 2 periods 

The losses due to soiling are not measured onsite. 2 cleaning rounds per month have been 
agreed without conducting a previous study on the accumulated soiling loss between 2 
periods. As a consequence, the cleaning frequency is not adjusted to a defined soiling loss 
which should not be exceeded. Actually, due to the amount of cleaning rounds defined in 
advance, there might be some periods when the PV plant is “undercleaned” and others in 
which the PV plant is “overcleaned”. In the first case performance is lost, while in the second 
case unnecessary costs are generated. 

7.3 

No evaluation of the 
impact of the cleaning 
concept on the module 
warranty 

The impact of the selected cleaning methodology on the module warranty hasn´t been 
analyzed. Several factors such as the material used for the wipers, the type of water used, 
the cleaning methodology, the water pressure and the physical and chemical properties of 
the soil, might have an influence on the glass and the anti-reflective coating of the modules. 
Product damages or performance losses of any kind originated by the cleaning process are 
not covered by the product warranty unless the cleaning concept has been approved 
previously by the module manufacturer. This step was not given before starting the 
operational phase. 

7.4 
Preventive maintenance 
not adjusted to the PV 
technology 

The preventive maintenance program focuses mainly on the switchyard, inverters, combiner 
boxes, LV DC module, HV and MV transformers and weather station. No preventive actions 
are conducted on PV modules and DC cables, which are an essential part of the system and 
require specific checklists which can´t be recycled from other technologies. 

7.5 
No PV specific devices 
used onsite 

Devices and tools used in the PV industry such as IV curve tracers, electroluminescence 
devices and infrared cameras help detecting and evaluating failures easily. The regular use 
of these devices is necessary during O&M for detecting and monitoring defects and 
degradation phenomena such as hot spots, cracks or PID. 

7.6 

Corrective maintenance 
without root cause 
analysis, mitigation 
measures, documentation 
and follow up 

No root cause analysis, mitigation actions and follow up is conducted on the events 
registered onsite. Part of the corrective maintenance is to investigate the origin of the 
failures, find a solution and monitor the evolution in the short term. 

7.7 
No system availability 
calculation 

The system availability is not measured, neither on inverter nor on string level. As a 
consequence, it remains unknown if the amount of operational hours of the various 
subsystems such as inverters or strings, can be increased leading to a maximization of the 
yield output. 
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6 Interpretation of the Results  

6.1 Failure Matrix 

The following table gives an overview of all failures and defects detected in the 6 analyzed plants and also 
in which of the 6 sites each of the failures is present. The norms and references applicable to each defect 
are indicated in the last column. 
 
Table 8: Failure matrix 

Ref. Item Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 6 
Literature and 

normative 
guidelines 

1 
Contracts and 
warranties 

       

1.1 
Not existing EPC 
contract 

X X      

1.2 
Poor or not existing 
EPC warranties 

X X X X X X  

1.3 
Not existing O&M 
contract 

X X X X X   

1.4 
Poor or not existing 
O&M warranties 

X X X X  X  

1.5 
No appointment of 
an Owner´s 
Engineer 

X X  X X X  

1.6 
No appointment of a 
Lender´s Technical 
Advisor 

X X    X  

2 PV Plant Design        

2.1 
Not consistent 
interrow shading 
simulation. 

X X      

2.2 

Missing statics or 
deviation from the 
manufacturer´s 
racking design 
manual 

 X X X X X  

2.3 High DC cable runs     X   

2.4 Low overbuilt   X  X X  

2.5 

Height differences 
between module 
tables in E-W or N-S 
direction 

    X X  

3 
Electromechanical 
Installation 

       

3.1 Mounting structure        

3.1.1 Poor module fixation X X X X    

3.1.2 No row labelling X X X   X  

3.1.3 

Rust on the 
mounting structure 
components 

X  X   X  

3.1.4 
Weak foundation, no 
solid anchorage 

 X      

3.2 Combiner boxes   

3.2.1 
Cable glands not 
sealed 

  X   X  

3.2.2 
Dust and dirt inside 
the housing 

X  X X   IEC 62548 

3.2.3 Poor or no labelling X X X X  X IEC 6254842 

 
42 10.2: “…be constructed and affixed to remain legible for the life of the equipment…” 
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of the boxes 

Ref Item Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 6 Literature 

3.3 Cables        

3.3.1 

Mechanical damage 
visible or non-
excludable 

X  X X X X 

IEC 62446, IEC 
6254843, IEC 

60664-1, VDE-
AR-E-2283-

4:2010-10, [16] 

3.3.2 

Poor or not existing 
labelling of the DC 
cables 

X X X     

3.3.3 
Open or damaged 
connectors 

X  X     

3.3.4 Poor cable fixation X X X X X  

IEC 60364-5-
52:2009, IEC 
6254844, [10], 

[14] 

3.3.5 
Insufficient bending 
radius 

X  X    IEC 60364-5-
52:2009 

3.3.6 
Poor or insufficient 
UV protection 

 X X X X X 

IEC 60364, IEC 
6254845, VDE-

AR-E-2283-
4:2010-10, IEC 
60721 3-4, IEC 
60445:2010 y 2 

PfG 
1169/08.2007, 

[10]46 

3.3.7 No sealing of pipes X X X  X  

IEC 62548, IEC 
60364-7-712, 
IEC 60364-5-

52:2009 

3.3.8 
Non durable cable 
pipes 

X  X    IEC 6254847 

3.4 
Inverter and inverter 
room 

       

3.4.1 

Presence of dust 
inside the room, dirty 
filters 

  X X   
IEC 60364-7-

712, IEC 62548, 
[14]48 

3.4.2 
Poor cable guidance 
into the inverter 

X       

3.4.3 
Cooling concept not 
comprehensive 

  X X    

3.5 
Grounding and 
equipotential 
bonding system 

       

3.5.1 

Continuity not 
ensured due to 
corrosion 

X  X X    

3.5.2 Belt not buried   X X X X 
IEC 60364, 

[16]49 

3.5.3 
No functional 
grounding against 

X X    X  

 
43 7.3.6.3: “Cables shall be supported so that their properties and installation requirements are maintained over the stated life of the PV 
plant.”; “They shall also be protected from sharp edges” 
44 7.3.6.3: “Cable ties shall not be used as a primary means of support unless they have a lifetime greater than or equal to the life of the 
system or the scheduled maintenance period”; “Cables shall be supported so they do not suffer fatigue due to wind/snow effects.” 
45 7.3.6.2: “… if exposed to the environment, be UV-resistant, or be protected from UV light by appropriate protection, or be installed in 
UV-resistant conduit,..” 
46 “Cable care”; PV Magazine; issue 05-2013, 3rd May 2013. “Despite being rated as UV-resistant or able to withstand high temperature 
ranges to combat environmental factors, cables and connectors alike should be kept out of direct sunlight as much as possible. Materials 
that are exposed to high irradiation conditions can face degradation over time despite ratings and having been tested.” 
47 7.3.6.3: “All non-metallic conduit and ducting exposed to sunlight shall be of a UV resistant type.” 
48 “Manual of good and bad practices to improve the quality and reduce the cost of PV systems”; PV Crops; 2013. “The room is full of 
dust and the filters of the inverter fans are clogged. Therefore, the inverter cooling and the efficiency are reduced.” 
49 “Utility Scale Solar Power Plants -  A guide for developers and investors”;IFC; 2012; page 118: “Underground cables should be buried 
at a suitable depth (generally between 500mm and 1,000mm) with warning tape or tiles placed above and marking posts at suitable 
intervals on the surface.” 
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PID 

Ref Item Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 6 Literature 

3.5.4 

Equipotential 
bonding system 
(EBS) not integrated 
in the EBS of the 
building 

 X n/a n/a n/a n/a  

3.6 Documentation        

3.6.1 

No compliance of 
the as-built 
documentation with 
the IEC 62446 

X X    X  

3.6.2 
Missing construction 
progress reports 

X X X X X X  

4 Commissioning        

4.1 

Insufficient 
commissioning tests. 
No compliance with 
the IEC 62446. 

X X X X X X 
IEC 62446, IEC 
6254850, [16]51 

4.2 
No witnessing of the 
PR Test 

X X X X X X  

5 
System 
Performance 

       

5.1 
Not consistent 
logging of the 
irradiation values 

X    X X  

5.2 
Not consistent 
logging of the 
temperature values 

 X   X X  

5.3 
BOM of the weather 
station not complete 

X X X   X  

5.4 
Installation failures 
detected 

X X X X X X [9]52 

5.5 
Poor or no PR 
calculation 
conducted onsite 

 X   X X  

5.6 
No cell temperature 
correction of the PR 

X X X X X X  

5.7 

Bankable yield 
simulation for FC not 
conducted acc. to 
standards 

 X *  * X [19]53 

6 PV Module Quality        

6.1 
Presence of cell 
cracks due to bad 
module handling 

  X X X X 
[5], [6], [7], [8], 

[14], [17]54, [18], 
[16]55 

6.2 
Scratched 
backsheets 

  X  X  

IEC 61730, IEC 
62446, IEC 

62548, UL 1703, 
IEC 60364-7-

712, [16] 

6.3 Burned cells   X   X  

 
50 section 8 Ed. 2013 “Acceptance testing should be performed according to the requirements of IEC 62446.” 
51 Utility Scale Solar Power Plants-A guide for developers and investors”; IFC; 2012; page 122: “Commissioning should follow the 
procedure described in IEC 62446 and prove three main criteria…” 
52 “The Atacama desert, extreme conditions for instrumentation”; Kipp & Zonen news; Thursday, March 17, 2016. “The cables must be 
channelled through metal tubes and waterproofed.” 
53 Page 52: “State of the art in PV yield assessments”; Power PV TECH – PV Power Plant Technology and Business, página 52; André 
Schuman (SolPEG); May 2016. 
54 “Review of failures of photovoltaic modules”; IEA - International Energy Agency; Report IEA-PVPS T13-01:2014. “Once cell cracks 
are present in a solar module, there is an increased risk that during operation of the solar module short cell cracks can develop into 
longer and wider cracks.” 
55 “Utility Scale Solar Power Plants - A guide for developers and investors”; IFC; 2012; page 116: “Controlling construction quality is 
essential for the success of the project. The required level of quality should be defined clearly and in detail in the contract specifications.” 
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Ref Item Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 6 Literature 

6.4 PID  X    X  

6.5 
Presence of 
manufacturing 
failures  

  X   X  

6.6 Presence of shunts    X X   

6.7 

No specific 
certificates beyond 
the basic IEC 
certification 
requested to the 
manufacturer 

X X X X X X [15] 

6.8 
No flash lists 
available 

 X   X   

7 
Operation and 
Maintenance 

       

7.1 
Lack of experience 
of the O&M team 

 X X   X  

7.2 

No evaluation of the 
impact of the 
cleaning concept on 
the module warranty 

X X X X X X [3], [4], [11] 

7.3 

Definition of the 
cleaning intervals 
without knowing the 
accumulated soiling 
losses between 2 
periods 

 X X X X X  

7.4 
No PV specific 
devices used onsite 

 X X X X X  

7.5 Poor reporting * X X     

7.6 

Preventive 
maintenance not 
adjusted to the PV 
technology 

* X X   X  

7.8 

Corrective 
maintenance without 
analysis of the root 
cause, mitigation 
measures, 
documentation and 
follow up 

* X *   X  

7.9 
No system 
availability 
calculation 

X X    X  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*: no information provided by the Owner 

 



 

 

 

 

 

Page 117 / 136 

6.2 Risk Analysis 

This chapter will identify and describe the risks derived from the failures and deviations found in the 6 
analyzed plants. The assessment will be divided in the seven topics that constitute the Q3-Technical Due 
Diligence product that PI Berlin developed for operating plants. In this assessment, the risks will be evaluated 
from the perspective of the Owner or the SPD56. 
 
Contracts and Warranties 

In the EPC57 and O&M58 contracts signed between the involved parties, the warranties are not properly 
addressed. In the EPC contracts, these warranties are typically fixed with a Performance Ratio (PR) test, 
additional tests to be conducted before and after grid connection59 and a defined warranty period60, while the 
O&M contracts focus usually on yearly system availability values defined either on inverter or string level. 
The purpose of agreeing on contractual warranties is to reduce the risk of the Owner while ensuring first, a 
minimum quality of installation, and second a proper operation that maximizes the performance and the 
operating hours.  
After evaluating the contracting of the 6 analyzed projects, PI Berlin could identify two different scenarios: on 
the one hand, the warranties do not exist in all those projects where (i) the Owner is at the same time the 
EPC or (ii) the Owner is at the same time the Operator. In this situation there is no way to assess both the 
construction quality at the time of grid connection61 and the operational quality during the lifetime of the 
project, as neither the EPC nor the O&M company are contractually forced to provide evidences. Plants 1 
and 2 correspond to this case where EPC and O&M contracts don´t even exist. 
The second scenario is given by those cases where certain warranties are defined, but they do not represent 
the state of the art as they are expressed in a very lenient manner. In the case of Plant 3, the EPC warranty 
is limited to 12 months and the PR test is conducted with deviations from the industrial standards. In Plant 6 
the EPC is forced to reach 14,892 GWh of net production per year during the first 3 years of operation, which 
is easily achievable considering the irradiation sources in the region and the registered production during the 
first 2 years. The third example is shown in Plant 5 where the lack of O&M contract and O&M warranties is 
compensated with an internal requirement, which sets the inverter availability at a minimum of 97%. This 
value is very lax as inverter availabilities close to 99.5% and beyond are nowadays common in stabilized 
large scale PV plants with central inverters. 
Non-existing EPC warranties provide a high comfort to the Contractor as neither the suitability of the selected 
components nor the design and installation are supervised. Only the product warranties apply. It should be 
kept in mind that the EPC is interested in building as fast and cheap as possible in order to maximize his 
margin and also to leave the project as soon as possible by reducing the warranty periods to the maximum. 
Short warranty periods62 are safer for the EPC and riskier for the Owner since the likelihood of detecting 
system failures while the warranty is active decreases the shorter the warranty periods are. The lack of O&M 
warranties leads to a comfortable scenario where the O&M team has no special incentive to force the PV 
plant to run at its maximum potential. The consequences are usually a lower availability and a lower output 
than the theoretical maximum.  
In regards to the OE63 and LTA64, these two entities play an important role in the quality assurance of any 
project. The OE has the task to support the Owner´s interests against the EPC and eventually the various 
product suppliers. The OE conducts independent checks and verifications starting at the earlier phases of 
the EPC tendering and ending after commissioning or beyond. The absence of an experienced OE acting as 
independent party, may lead to an increased risk for the Owner as mistakes and inaccurate decisions might 
be overseen at any of the project stages [20]. Similarly to the OE, the LTA supports the interests of the bank 
as the financing institution. The latter is interested in financing projects which are bankable and are exposed 
to low risks. Thus, the task of the LTA is to ensure the bankability of the project by supervising that all steps 
made by the stakeholders lead to a low risk scenario. Out of the 6 evaluated projects, only Plant 3 used an 
OE. The services of the LTA were only used in Plant 3, Plant 4 and Plant 5. 

 
56 Solar Project Developer 
57 Engineering Procurement Construction 
58 Operation and Maintenance 
59 These tests fall under the Provisional Acceptance Commissioning (PAC) process which is described below 
60 Typically 24 months 
61 Usually close to COD (Commercial Operation Date) 
62 24 months 
63 Owner`s Engineer 
64 Lender´s Technical Advisor 
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Table 9: Risk summary – Contracts and warranties 

Risk Summary 

 

Missing or poorly expressed warranties in the EPC and O&M contracts are a risk for the Owner since 
the quality can’t be properly assessed during construction, commissioning and operation. EPC and 
O&M companies push in the opposite direction trying to reduce or even eliminate any warranties that 
put contractual pressure on them. Not having an LTA and/or an OE on board may lead to oversee 
failures and mistakes at early, intermediate and advanced stages of the PV plant deployment 
threatening the profitability of the project. Projects financed, constructed and operated by the same 
companies are less bankable in refinancing or acquisition processes since self-imposed quality 
control measures usually don´t exist. 

 

PV Plant Design 

The design of the PV plant is a process that needs to be performed in regards to a minimization of the LCOE65 
which is not necessary equal to a minimization of the CAPEX66. The reason is that the CAPEX is only one of 
the inputs of the financial model together with the OPEX67, capital costs and energy production among others, 
and some design decisions orientated towards reducing the CAPEX lead automatically to an increase of the 
OPEX and eventually to a reduction of the energy output. The reduction of the CAPEX shouldn´t be the 
driving factor when designing a PV plant, instead, the final decision shall be taken based on a minimization 
of the LCOE.   
During the analysis of the various projects, PI Berlin detected a few examples of design decisions focused 
on a CAPEX reduction but with potential influences in the LCOE, and thus, in the profitability of the system. 
In Plant 5, the location of the PCUs containing the inverters, transformers and MV switchgear wasn´t selected 
considering voltage drop minimization. The cable runs are long and exceed 3% of voltage drop between 
some combiner boxes and the corresponding inverter. Additionally, the resulting voltage difference between 
combiner boxes located close and other located far away from the inverter, may easily lead to a voltage 
mismatch on inverter level. The fact of concentrating the PCU in less locations leads to lower CAPEX in form 
of a reduction of civil costs and installation time. On the other hand, the long cable runs doom the plant to 
face increased DC cable losses and voltage imbalance on inverter level throughout the whole lifetime of the 
project leading to an increase of the LCOE as the system performance decreases.  
A second example is also shown in Plant 5 as well as in Plant 3 and Plant 6. In this case, the selected 
overbuilt or DC/AC ratio is almost 1, even though the tender specifications of SECI68 allow on page 78 section 
10 (ii) a PV plant design with an overbuilt higher than 1 as long as the AC capacity is not exceeded69. The 
optimal DC/AC ratio should be determined while considering investment costs, inverter warranties, PV 
module temperature losses, meteorological data and OPEX among others. Low overbuilt ratios lead to a low 
CAPEX in the short term but may also lead to waste inverter AC capacity even though the partial load 
behavior of the inverter is more efficient. 
A third example is given by the selection criteria applied when it comes to choose a specific supplier out of a 
shortlisted group. It could be observed that the price is still the driving factor leaving the long term durability 
aspects aside. This phenomenon was detected by PI Berlin in all inspected plants but with varying levels of 
affection. The described situation combined with the low experience of some SPD could be solved with 
stricter tender requirements prescribed by the corresponding authorities. Considering the tender 
requirements specified by SECI in Annexure B, the selection criteria for the main components of the plant 
are relatively lax and general70. It can be observed that no strict technological requirements for modules, 
inverters, cables and other components are defined considering Indian specific environmental conditions. 
The specified norms correspond to the basic IEC certification process and are not accompanied by additional 
tests beyond the norm created for increasing the long term durability of the products.  
Other examples such as the inconsistent module row distances detected in Plant 1 and Plant 2 and leading 
to different shading losses, the absence of different MPPT71 trackers for different roof orientations detected 

 
65 Leveled Cost of Energy 
66 Capital Expenditures 
67 Operating Expense 
68  Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013  
69 “Higher DC capacity arrays so as to achieve AC capacity limit as mentioned above for scheduling at the delivery point in compliance 
to Article 4.4 “Right to Contracted Capacity & Energy” of the PPA is allowed.  
70 “The Bidder shall provide sufficient proof and credentials that the technology proposed by him has been in successful operation in at 
least one Project anywhere in the world at the time of Financial Closure." (page 21 section 3.7 C. i) 
71 Maximum Power Point Tracker 
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also in Plant 2 or the weak module fixation detected in Plant 3 and Plant 4 that does not withstand strong 
winds, are further examples of design mistakes that were not detected at earlier stages. 
 
Table 10: Risk summary – PV plant design 

Risk Summary 

 

Focusing the design of a PV plant towards a low initial investment provides a benefit in the short term 
but does not necessary lead to a more profitable project crystallized in a lower LCOE at the end of 
the lifetime. In cases where the EPC conducts the design, the efforts to reduce the CAPEX are more 
visible, leading to an increase of the risk on the Owner´s side in terms of the system profitability in 
the long term. Soft tender requirements that do not impose strict quality criteria for the component 
selection and system design contribute to perpetuate the risks. 

 
 
Electromechanical Installation 

In regards to the installation quality of the analyzed plants there is still room for improvement basing on the 
onsite surveys conducted by PI Berlin. In general it could be seen that the supervision activities during the 
construction phase were not thorough in some of the visited plants and that improvised solutions were applied 
in others, not following standardized installation patterns leading to homogeneous results that simplify the 
maintenance activities [16].  
4 out of the 6 plants have a module fixation system unsuitable for PV applications and do not ensure the 
proper fixation of the modules to the mounting structure. In case of strong winds, the modules might suffer 
severe damages, which was actually reported in Plant 3 and Plant 4. Apart from this, some plants show 
micro-shading effects caused by the clamps, which have an influence on the module performance. 
Additionally, the missing row labelling makes the correct identification of the various areas of the plant more 
difficult leading to increased reaction times during corrective maintenance. Another relevant aspect has to do 
with the rust on the mounting structure surface identified in Plant 1, Plant 3 and Plant 6. The rust can lead to 
a reduction of the structural strength of the mounting structure, especially in combination with strong wind. 
The DC combiner boxes installed in the PV plants of Plant 3 and Plant 4, both located in the Rajasthan 
desert, show a significant amount of dust inside the housing. The dust accumulation reduces the heat 
evacuation and tends to grip the electrical protections such as fuse holders and breakers limiting their 
functionality. Not sealed cable glands allow dust and dirt entering the combiner box housing. This is especially 
critical in desert areas with a high amount of dust in the air combined with winds carrying sand and dirt 
particles. Additionally, and in more humid areas such as Plant 6, this can lead to the development of micro-
organisms and possible corrosion and chemical reactions that damage the electrical components inside the 
housing. In nearly all investigated plants, it could be observed that the tags and datasheets attached to the 
housing were losing adherence. The missing combiner box labelling makes the correct identification of the 
various areas of the plant more difficult leading to increased reaction times during corrective maintenance.  
The DC cabling is probably the subsystem that shows most installation failures. Damages in the cables are 
responsible for the loss of insulation of the electrical circuits, which becomes especially relevant during the 
rainy season due to the especially high humidity rates. The damages can be easily provoked by monkey 
bites or due to the contact with sharp edges or stones as seen for instance in Plant 1, Plant 3 and Plant 5 
respectively. More failures were identified in 2 plants in regards to connectors that were not properly closed 
leading to an increase of the local resistance between the male and female and higher likelihood of fire risk. 
In 5 out of 6 plants the cable ties used for fixing the cables were falling apart leaving the cables loose and 
exposed to mechanical damage caused by the wind and the friction against other components such as the 
mounting structure or the module frames. It could be observed that in all PV plants except in Plant 1 the 
protection of the cables against high UV loads was not completely avoided which leads to a potential affection 
of the long term durability of the cable shield. Finally, in half of the analyzed plants it could be observed that 
the cables were either labelled with non-durable tags or not labelled at all. The consequence of this is a more 
difficult identification of the different electrical circuits leading to increased reaction times during corrective 
maintenance and confusion caused by the missing tags and labels which represents a safety issue for the 
O&M staff during preventive and corrective maintenance. 
The most relevant issues detected on inverter level are related to (i) the dust accumulation and (ii) the cooling 
inside the inverter room. Both aspects affect mainly the projects in Plant 3 and Plant 4 due to their location 
in an arid area. In regards to the first issue, the significant amount of dust inside the inverter room may affect 
on the one hand the electrical protection devices by causing grip and limiting their functionality, and on the 
other hand the presence of dust tends also to block the ventilation filters reducing the heat evacuation 
capacity. A poor ventilation system is critical for the long term durability of the inverter. The absence of a 
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thermostat that avoids the room temperature to exceed certain limits is compensated with a ventilation fan 
that is connected manually. The temperature control should be fully automatized since the manual action 
does not ensure a proper control and judgement of the cooling demand. 
The equipotential bonding system has a pure safety function and is intended to avoid uneven potentials 
across the PV plant by connecting all conductive parts to a common ground. The continuity of the 
equipotential bonding system can be easily reduced for instance through a corrosion process or with 
mechanical damages. Signs of corrosion could be seen in Plant 3 showing a conductor whose continuity was 
not given due to the severe damages caused by rust. The rust was created by the corrosion triggered by the 
salty environment in combination with heat and humidity. As rust develops, the voltage drop increases along 
the conductor limiting the correct functionality of the equipotential bonding system losing its capacity to 
protect against uneven potentials. This effect was also present in Plant 1 and Plant 4 but with lower levels of 
affection. The risk of mechanical damage is present in all plants where the equipotential bonding conductors 
are not buried as per normative standards72. A second reason for keeping the conductors underground is to 
avoid possible interactions between personnel and fault currents flowing through the conductor.  
The as-built documentation should be complete according to the IEC 62446. This is not fulfilled in half of the 
analyzed plants. This represents a risk for instance during takeover, as the new Owner acquires an asset 
whose installation, BOM and drawings are not properly documented. In regards to the installation reports, 
they missed in all inspected plants. These documents are very helpful for instance during O&M as they 
include valuable information of one of the most relevant phases of the project. Not having access to this 
information means losing part of the history of the plant. 
 
Table 11: Risk summary – Electromechanical installation 

Risk Summary 

 

The lack of trained and experienced installers as well as poor supervision procedures combined with 
the use of components unsuitable for the applicable environmental conditions, are three factors that 
increase significantly the number of installation failures leading to performance and safety risks. The 
most affected subsystems are those on the DC low voltage side, especially the cabling system. In 
general, there is a lack of awareness among some installers in regards to the consequences derived 
from the installation failures, both in terms of safety and performance. The installation failures 
occurred during the construction phase and described above, represent a pre-damage of the plants 
which are in many cases barely removable during the operational phase. It is crucial to prevent the 
failures in order to reduce retrofitting costs and revenue losses for the Owner. The lack of 
documentation of both the as-built situation and the installation process, make handover processes 
significantly more difficult. 

  
  
Commissioning 

PI Berlin considers the commissioning process conducted at the end of the installation phase a crucial 
milestone in the deployment of a PV project [16]. According to the best industrial practices, the commissioning 
process is divided in a “cold73” and a “hot74” commissioning, and ends with the issuance of the Provisional 
Acceptance Certificate. This is the last step before the EPC warranty starts and is a process that gives an 
idea of the status of the plant in terms of safety and functionality. Additionally a performance test (PR test) 
shall also be conducted during an agreed amount of days both at PAC75 and FAC76. The commissioning 
procedure as well as the description of the tests and the associated pass/fail criteria, are usually described 
in the EPC contract and the successful passing of these tests represents a contractual warranty between the 
Owner and the EPC.  
The reality of the investigated plants differs significantly from the scenario described above. None of the 
investigated plants was commissioned according to the requirements of the IEC 62446 and the industrial 
best practices. In Plant 1, Plant 2 and Plant 6, there were no requirements in the EPC contracts specifying 
the tests described above77 and obviously, the EPC companies did not conduct them voluntarily. In Plant 3, 
only a PR test was conducted, but the same was not aligned with the state of the art as already described in 
chapter 5.5.4. The same test was required in Plant 4 and Plant 5 but wasn´t conducted at all due to several 

 
72 They should be buried at a depth according to the applicable norms, typically around 60cm (IEC 62548) 
73 “cold” stands for those tests conducted prior to grid connection 
74 “hot” stands for those tests conducted after grid connection once current is flowing 
75 Provisional Acceptance Commissioning 
76 Final Acceptance Commissioning 
77 In the cases of Plant 1 and Plant 2 there was no EPC contract signed at all. 
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reasons. In regards to the commissioning tests specified in the IEC 62446 which refer mainly to safety 
aspects such as insulation, polarity or continuity among others, only part of the prescribed tests were 
conducted in Plant 2 and Plant 5, in the other plants none of the tests of the IEC 62446 were carried out. In 
those plants where either a PR tests or any of the tests specified in the IEC 62446 were conducted, no 
validation or witnessing from a third party was reported except in Plant 3. The present scenario of the 
analyzed projects shows PV plants that weren´t commissioned according to the best practices, neither in 
terms of performance validation nor in terms of safety.  
In regards to the commissioning requirements specified under point 11 of the Annexure B page 79 of the 
tender released by SECI in October 201378, all plants that were built under this program79 do officially comply 
with the tender specifications. Therefore, following documents had to be submitted: installation report 
provided by the SPD (Annexure I); snapshots of the plant, plant layout, SLD and meter readings provided by 
the SPD (Annexure II); electrical inspector report collected by the SPD and submitted to the State Nodal 
Agency (Annexure III); connectivity report issued by the Discom (Annexure IV); synchronization certificate 
issued by the Discom (Annexure V); and compliance with tender verified by SECI (Annexure VI). In regards 
to the tender compliance specified under Annexure VI, PI Berlin could observe during the visits, that certain 
plants do not comply with some of the requirements listed in the tender. One example is shown in Plant 6, 
where an irradiation sensor on the module plane is not installed even though it´s required in the tender under 
point 8b on page 7880. Another example is given by the flash-lists that are requested by SECI in the section 
8.a. of the Annexure B on page 78, as part of the documentation to be submitted by the SPD and that was 
not available in 2 of the 6 evaluated plants81. 
The fact that the commissioning certificate was issued even though part of the tender requirements were not 
fulfilled but specifically requested82, raises questions in regards to how thorough the validation of the tender 
compliance actually was. In opinion of PI Berlin, the commissioning requirements specified in the tender 
under Annexure B need to be reinforced, mainly in regards to (i) DC and AC low voltage safety checks such 
as insulation tests, continuity tests, polarity tests, AC breaker and RCD functionality tests, (ii) verification of 
the nominal power, (iii) short circuit and open voltage tests on the PV modules, (iv) system availability tests, 
(v) PR test and (vi) inverter and SCADA reliability tests, among others.   
 
Table 12: Risk summary – Commissioning 

Risk Summary 

 

The inspected PV plants weren´t commissioned according to the industrial best practices of the PV 
industry mainly due to the lack of a legal framework that required so. The few tests conducted by 
some SPD weren´t validated by independent parties. The commissioning requirements specified 
under Annexure B in the tender released by SECI in October 2013 need to be reinforced in regards 
to safety and performance aspects both on system and component level. Certain PV plants show 
noncompliance with some tender requirements even though the commissioning certificate was 
issued. At the moment the commissioning processes applied on grid connected PV plants in India do 
not include strict tests and verifications especially designed for ensuring the safety and high 
performance of the plants during the operational phase. 

 

System Performance 

The system performance of a PV plant expressed as the Performance Ratio (PR), is a critical value for 
assessing the efficiency of a PV system. Usually, this parameter has a significant contractual relevance in 
regards to the EPC warranties previously described. Besides the commercial meaning, the PR is a key 
indicator for asset managers that helps tracking the plant´s efficiency and detecting performance drops at 
early stages. Two aspects are crucial in order to obtain valid and useful PR values: (i) the type of 
meteorological sensors used along with the installation quality and maintenance of the same, and (ii) the 
calculation methodology applied for obtaining the PR value. The main variables needed for calculating the 
PR are the irradiation registered on the module plane during a certain period, and the metered energy 
production during the same period. In order to compare the real onsite PR value with a contractual value, a 
temperature correction is usually conducted using the module temperature values registered during the same 

 
78 Request for Selection (RfS) Document for 750MW Grid Connected Solar Photovoltaic Projects Under JNNSM Phase II Batch-I; RfS 
No. SECI/JNNSM/SPV/P-2/B-1/RfS/102013 
79 Plant 3, Plant 4, Plant 5 and Plant 6 
80 “The SPDs shall install equipment to monitor solar radiation on the module plane,” 
81 “The SPD shall maintain the list of Module IDs along with performance characteristic data for each module.” 
82 “The Bidders shall strictly comply with the technical parameters detailed in the Annexure-B to make the Project technically eligible.” - 
page 21 section 3.7 C. iii 
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period.83 
The onsite evaluation conducted on the 6 selected sites shows that in none of them a full weather station 
was installed. The cell temperature for instance, which is key for correcting the PR value as already 
mentioned, isn´t measured in half of the analysed plants, while the GHI records are also missing in 50% of 
the projects. In Plant 6, the irradiation sensor on the tilted plane is also missing which is a tender requirement 
specified by SECI. The correction of the PR with the temperature isn´t conducted in any of the plants, first 
because in some of them the cell temperature wasn’t recorded, and second because in others the internal 
PR calculation methodologies didn’t require so. In Plant 2 and Plant 6, the PR value is not even calculated. 
In regards to the installation quality of the various sensors constituting the weather station, failures were 
detected in most of the plants. In Plant 1 and Plant 6, the communication cables were not properly routed 
and in the case of Plant 6 they were even damaged, so that the reliability of the data sent to the SCADA 
system was not ensured. In Plant 3 and Plant 5, the excessively long arm that supports the pyranometer 
oscillates with the wind. Thus, the accuracy of the registered data can be affected. In some cases the location 
of the weather sensors was not representative for the whole PV plant. This leads usually to recorded values 
that do not reflect the real behavior of the modules. Inaccurate values lead to a wrong assessment of the 
system performance of the plant. This aspect affects especially the plants in Plant 2 and Plant 6. Plant 5 is 
also affected occasionally by an imprecise system performance assessment, but in this case due to 
communication problems. The internet access onsite was not good which lead to inconsistent loggings of the 
meteorological data registered by the sensors. As a result, the PR calculations are not consistent either, 
which leads to unrealistic values with very high daily PR fluctuations. 
Finally, PI Berlin could observe that the energy simulations conducted by the Owners during the development 
phase in Plant 2 and Plant 6, weren’t performed according to the industrial standards. The yield assessment 
conducted during the development phase should use input data that are site and project specific. Otherwise, 
the assessment won´t reflect the system performance properly and won´t be bankable. 
 
On a separate note, when it comes to address the impact of defect system components and installation 
failures on the overall system performance, several failure categories with different levels of impact must be 
distinguished. The failures and defects of the PV modules and BOS components detected by PI Berlin during 
the site visits can be categorized in three main groups.  

I. Sporadic failures with impact on the performance: examples of this failure category are for 
example cell hot spots84. The total amount of affected modules and the correspondent impact on the 
system performance can only be determined after an infrared inspection of 100% of the modules 
and a subsequent electroluminescense and nominal power evaluation of the affected samples.  

II. Systemic failures with impact on the performance: This failure category refers to failures inherent 
to a specific system component or caused by a repeated behavioural pattern that affects the entirety 
of the PV plant. These failures can be (i) product specific, for instance PID85, (ii) repeated installation 
failures such as bad module handling causing PV module damage, or (iii) inaccurate O&M measures, 
for instance wrong or improper module cleaning concept. The failures corresponding to any of these 
three sub-categories affect in principle 100% of the PV plant, as the root cause analysis shows that 
they are linked to the intrinsic nature of a given system component or to an installation or 
maintenance behaviour adopted in all subfields of the PV plant. 

III. Sporadic and/or systemic safety-related failures without primary impact on the system 
performance: issues such as monkey bites in DC cables (sporadic), untight DC combiner boxes 
(systemic) or grounding rods not suitable for salty environments (systemic) among others, belong to 
this group. These failures lead essentially to safety issues but do not compromise necessarily the 
system performance in the short term.  
 

In order to assess the influence of the performance-related failures on the overall energy output of the plant, 
a visual inspection of 100% of the system would be necessary combined with an in-depth analysis of the 
yield, system availability and other monitored data since COD. A proper evaluation is especially challenging 
in those plants where a monitoring system doesn´t even exist.  

 

 
83 The temperature losses represent a big portion of the total system losses. A correction of the temperature losses helps to normalize 
the influence of this factor especially when the average module temperature during the onsite measuring period differs significantly from 
the temperature used for calculating the contractual value. 
84 See chapter 4.3 
85 See chapter 4.1 
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Table 13: Risk summary – System performance 

Risk Summary 

 

Incomplete weather stations that do not record and log properly all relevant meteorological data, 
combined with installation failures and a disregard of the importance of calculating and correcting the 
Performance Ratio of the plant, are three factors that handicap a proper assessment of the 
performance of the system. Others aspects such as the selection of not representative locations for 
placing the sensors, or yield simulations not aligned with the industrial best practices, are additional 
factors that contribute to reducing the bankability of the project.  
The impact of the detected failures on the system performance is different dependent on the failure 
category and needs additional investigations to be properly assessed.  

 

PV Module Quality 

The PV modules represent the most sensitive part of the PV plant, especially in harsh climates with high UV 
loads, high temperatures, high humidity rates, salinity and abrasion, all of them present at the locations visited 
by PI Berlin. In order to assess the quality of the modules, PI Berlin conducted a visual inspection, an infrared 
analysis and an electroluminescence inspection using the equipment specified in Annex IV. 
After conducting the surveys on the 6 sites, it could be observed that no specific certificates beyond the basic 
IEC certification were requested by the Owners to the module manufacturers in regards to the long-term 
durability of the modules in the correspondent climates where the modules were installed [15]. The high 
temperatures, UV loads and humidity rates registered in places like Plant 3, Plant 4 and Plant 6, represent a 
threat for the PV modules in terms of long-term stability. In this sense, the quality requirements for the module 
selection specified by SECI in point 1 of the Annexure B of the tender documentation86, are limited to the 
basic IEC certificates87 and only specify the salt-mist corrosion test (IEC 61701) as a test especially created 
for particularly harsh environments such as those present in Plant 388. Other tests and quality criteria that 
would help reinforcing the tender specifications and that refer to failures and defects detected by PI Berlin 
during the site visits, are the sand and dust test89, the PID test90, UV stability tests on the front and back side 
of the modules, advanced hot spot tests, factory audits and production supervision of the PV modules.   
Certain failures detected in the inspected PV plants, are preventable when conducting some of the tests and 
inspections mentioned above for instance by LTAs or OEs [20]91. One example is the Potential Induced 
Degradation (PID) effect, which was detected in Plant 2 and Plant 6. The PID effect can be responsible in 
the short term for a significant reduction of the PV power output of the modules located on the negative side 
of the string, and should be stopped immediately. The development of PID is accelerated with high 
temperatures and humidity rates. The PID test according to the IEC 62804 was created to analyze the PID 
sensitivity prior to installation. A second example is given by the manufacturing problems detected on the PV 
modules installed in Plant 3 and Plant 6. Failures such as inaccurate soldering of the ribbons or misalignment 
of the module junction boxes point towards lack of quality inspection programs at certain stages of the module 
manufacturing process. In the specific case of the inaccurate soldering, the further development of the hot 
spots visible along the busbars, can lead to a permanent damage of the module or even to fire events. 
Accurate factory audits and production supervision services provided for instance by LTAs or OEs can help 
preventing these problems. 
A second problem detected onsite has to do with the improper handling of the modules. The snail trails 
detected in 4 out of the 6 plants are an evidence of the presence of cell cracks which could be confirmed by 
PI Berlin using infrared and electroluminescence technology. These cracks show the typical pattern of 
damages caused by bad module handling during the construction phase. Cracks may lead to performance 
losses as they develop further, and to hot spots when parts of the cells are isolated by the cracks [17]. The 
strong winds registered in some of the sites may contribute to a faster development of the cracks due to the 
dynamic loads associated to them. Further signs of bad module handling are the presence of footprints, 
scratched backsheets and damages of the corners of the glass-glass modules. Cracks and signs of bad 
module handling were observed in Plant 3, Plant 4, Plant 5 and Plant 6. 

 
86 Tender page 76: IEC 61215 (c-Si), IEC 61646 (TF), IEC 61730 (safety), IEC 61701 (for highly corrosive areas) 
87 IEC 61730, IEC 61215, IEC 62108 and IEC 61646 
88 Since the environment in and around Plant 3 has a significant amount of salt present in the ground, the salt-mist corrosion test as per 
the IEC 61701 is a relevant test to be conducted on the modules which are installed in this region. 
89 IEC 60068 
90 IEC 62804 
91 “Quality in India: battling the stereotypes”; pv tech; September 2017; “Ultimately, developers in India will need to engage in third-party 
testing beyond just the IEC standard…Such independent verification would help stamp out the chances of significant potential-induced 
degradation.” 
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Table 14: Risk summary – PV module quality 

Risk Summary 

 

The lack of strict quality requirements in regards to the module selection and installation contributes 
to increasing the risks primarily for plant owners and investors. Lax tender requirements give comfort 
to module suppliers and installation companies as no legal framework is forcing them to provide 
evidences of long-term durability products and failure free installation works. The PV modules are the 
most sensitive component of the PV system and its stability during the full operational live cycle is 
strongly affected by the environmental factors and damages caused due to improper module handling 
during the installation process. 

 
 
Operation and Maintenance 

The O&M service is typically divided in preventive and corrective activities whose main task is to ensure the 
highest system performance during the highest amount of operating hours. Part of the preventive 
maintenance activities is the module cleaning. In regards to this, two points are key: first, the impact of the 
selected cleaning methodology on the PV module warranty should be analyzed before implementing it in the 
field. Several factors such as the material used for the wipers, the type of water, the cleaning methodology, 
the water pressure and the physical and chemical properties of the soil, might have an influence on the glass 
and the anti-reflective coating properties of the modules. Product damages or performance losses of any 
kind originated by the cleaning process are not covered by the product warranty unless the cleaning concept 
has been approved previously by the module manufacturer. Second, the accumulated soiling losses during 
a certain interval shall be measured before setting the amount of cleaning rounds per year. Otherwise, the 
cleaning frequency may not be adjusted to a defined soiling loss, which is set as the maximum acceptable 
value. Actually, when defining the amount of cleaning rounds without conducting a previous study on the 
needs of the plant, there might be some periods when the PV plant is “undercleaned” and others in which 
the PV plant is “overcleaned”. In the first case performance is lost, while in the second case unnecessary 
costs are generated. None of the two mentioned steps was given in the 6 inspected plants. 
In half of the analyzed plants the preventive maintenance activities focused mainly on the switchyard, 
inverters, combiner boxes, LV DC module, HV and MV transformers and weather station. No preventive 
actions were conducted on PV modules and DC cables, which are an essential part of the system and require 
specific checklists which can´t be recycled from other technologies. In Plant 2 a preventive maintenance 
program doesn´t even exist.  
 
In regards to the corrective maintenance, in Plant 2 and Plant 6 no root cause analysis, mitigation actions 
and follow up was conducted on the events registered onsite. Part of the corrective maintenance is to 
investigate the origin of the failures, find a solution and monitor the evolution in the short term. In Plant 5, the 
event registration, the root cause analysis and the advisory on the mitigation measures is conducted 
remotely. The O&M members present onsite should be more involved in the operational data and daily 
activities of the plant in order to increase their knowledge and improve their capability to detect, solve and 
predict failures as well as to assess the operational quality of the system. 
Both for preventive and maintenance activities a proper set of devices and tools used in the PV industry such 
as IV curve tracers, electroluminescence devices and infrared cameras help detecting and evaluating failures 
easily. The regular use of these devices is necessary during O&M for detecting and monitoring defects and 
degradation phenomena such as hot spots, cracks or PID. PV specific tools such as those described in the 
Annex IV of this report, weren´t used in any of the plants inspected by PI Berlin.  
The reporting of the preventive and corrective maintenance activities should contain monthly and yearly 
reports specifying production data, availability values, spare parts managements, costs, outage time, 
preventive and corrective actions, trend analysis, meteorological data and accumulated production among 
other values. A poor reporting activity does not support a proper monitoring of the plant operation which is 
crucial for a successful asset management orientated to maximize the performance and operating hours. In 
Plant 2 and Plant 3, the reporting is especially poor or even nonexistent.  
The system availability is one of the key performance indicators during the O&M period and should be 
constantly measured and monitored. In Plant 1, Plant 2 and Plant 6, the system availability is not measured, 
neither on inverter nor on string level. As a consequence, it remains unknown if the amount of operational 
hours of the various subsystems such as inverters or module strings, can be increased leading to a 
maximization of the yield output. In the case of Plant 3, the minimum availability value has been set internally 
at 98% at inverter level, which is lower than the industrial standard close to 99.5% in stabilized PV plants 
using central inverters.  
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The above mentioned deviations from the industrial best practices have the origin in the lack of experience 
of some of the O&M teams involved in the analyzed plants. This may lead to a wrong diagnose of the detected 
failures, as well as to an inaccurate corrective maintenance, among other consequences. In order to 
maximize the performance and availability of the PV plant, the O&M team should be familiar with as many 
events as possible in all potential scenarios. 
 
Table 15: Risk summary – Operation and Maintenance 

Risk Summary 

 

The preventive maintenance plan is not completely adapted to the PV technology and is still strongly 
focused on the electrical components that are common to other technologies. The module cleaning 
should be planned considering the impact on the module warranty in order to avoid legal hassle, and 
should also be based on a previous study that avoids undercleaning or overcleaning the plant during 
certain periods in order to avoid unnecessary costs and performance losses. A corrective 
maintenance without root cause analysis and follow up doesn´t ensure an entire problem solution. A 
poor reporting as well as the absence of a system availability calculation, are two aspects that 
contribute to an inaccurate operation of a PV plant since the key performance indicators, the 
maintenance costs, the failure diagnosis or the event registration among others, aren´t properly 
documented. The lack of experience of some O&M teams is responsible for the deviations detected 
on site. 
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7 Lessons Learned and Take-away Messages for the Future PV 
Deployment in India 

The previous chapter has described the risks present in the 6 inspected projects based on the failures and 
deviations from the state of the art identified during the evaluation process. The risk analysis focused mainly 
on contracting, installation quality, long term durability of the components, design assumptions, operation 
and maintenance, PV plant commissioning and accuracy of the system performance calculation during the 
operational phase. This chapter will use the identified risks and transform them into clear statements and 
recommendations that would help prevent the fast growing PV sector in India from quality concerns and loss 
of bankability.  

1 
The tender requirements shall include strict quality criteria applicable to the whole value chain. 
Special focus shall be put on the long term durability of PV modules and DC cables, 
electromechanical installation and commissioning. 

 

2 Trainings and workshops will contribute to increase the awareness of SPD and financing 
institutions (FI) in regards to quality lacks and associated investment risks. 

 

3 
The performance warranties along with the applicable pass fail criteria should be clearly 
expressed in the EPC and O&M contracts in order to reduce the risks of the solar power 
developers (SPD). 

   

4 
In projects financed, constructed and operated by the same company, EPC and O&M contracts 
may not exist. Thus, external third party inspection should be mandatory since self-imposed 
quality control measures are usually not applied by the SPDs.  

   

5 LTAs and OEs play an important role during the development process helping banks and SPD to 
detect failures at early stages. 

   

6 
The design of a PV plant shall be orientated towards a minimization of the LCOE. Decisions 
orientated towards a low initial investment provide a benefit in the short term but do not necessary 
lead to higher profitability. 

   

7 Less experienced construction companies should be properly trained and supervisory activities 
during the installation phase should be defined in advance. 

   

8 
The awareness of the construction companies in regards to the consequences derived from the 
installation failures should be increased in order to prevent costs, safety issues and performance 
drops. 

   

9 The EPC shall be liable for the installation failures. The technical requirements for allowing a 
proper identification of the same shall be annexed to the EPC contracts. 

   

10 The as-built documentation shall be comprehensive and up to date in order to ensure a smooth 
take over. 

  

11 
The tender requirements shall ensure that all PV plants are commissioned according to the 
industrial best practices of the PV industry in regards to performance and safety aspects, both 
on system and component level. 
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12 The commissioning tests shall be validated by independent parties. 

   

13 The commissioning tests along with the pass/fail criteria and the reporting specifications shall be 
annexed to the EPC contracts. 

   

14 
Clear installation guidelines and a comprehensive BOM of the weather station shall be part of the 
tender requirements in order to ensure a proper logging of all relevant environmental variables 
responsible for an accurate Performance Ratio assessment. 

   

15 The location of the weather station shall be representative for the system that will be monitored.   

   

16 The yield simulations issued prior to financial close shall be aligned with the industrial best 
practices in order to ensure the bankability of the project. 

   

17 The module suppliers shall prove evidence of quality not only in regards to the basic IEC 
certification but also considering Indian specific environmental stress factors.    

   

18 Factory audits and production supervision of PV modules shall be part of the tender requirements 
avoiding low quality modules reaching the PV facilities. 

   

19 The prevention of module damages due to improper handling is key in order to avoid accelerated 
aging and degradation effects. 

   

20 The preventive maintenance activities shall shift the focus from the electrical components that 
are common to other technologies and become more PV specific. 

   

21 Before starting the operational phase, the impact of the cleaning methodology on the module 
warranty shall be assessed. 

   

22 The amount of cleaning rounds shall be fixed based on a previous soiling study that avoids 
undercleaning or overcleaning the plant during certain periods.   

   

23 The corrective maintenance shall include a root cause analysis, mitigation plan and follow up that 
prevents repetitive failure events. 

  

24 A strong O&M reporting including the monitoring of the system availability contributes to an 
accurate tracking of a PV plant behavior. 

  

25 The awareness of the O&M companies in regards to the consequences derived from an inaccurate 
maintenance should be increased in order to prevent safety issues and performance drops. 
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9 Disclaimer 

Copyright © 2017 – PI Berlin AG. The content of this document is subject to the copyright and ancillary 
protections. Any of exploitation unauthorized by the copyright and ancillary protections needs our prior written 
approval. Especially any circulation to third parties, as well as any duplication, edition or manipulation in 
electronic media is prohibited. We suggest that the unauthorized duplication or circulation of any single 
content to third parties can be penal according to the copyright law. There is no license of usage associated 
with the transmission of the information. The contents presented are prepared with maximum diligence. If not 
declared otherwise, PI Berlin AG assumes no responsibility for the validity, completeness and actuality of the 
provided contents. 
 

ANNEX I – Chronology of the Inspection Period 

 

Sunday 2rd July: Arrival in Delhi 
 
Monday 3rd July: Meeting with NISE (Rajesh Kumar Deputy Director General) and SECI (Bharat 

Reddy Deputy General Manager). Visit to the Plant 1. 
 
Tuesday 4th July: Visit to Plant 2. 
 
Wednesday 5th July: Travel time. 
 
Thursday 6th July: Visit to Plant 3. 

 
Friday 7th July: Visit to Plant 4. 
 
Saturday 8th July: Trip to Delhi. 
 
Sunday 9th July: Data post-processing. 
 
Monday 10th July: Travel time. 
 
Tuesday 11th July: Visit to Plant 5 
 
Wednesday 12th July: Meetings in Delhi. 
 
Thursday 13th July: Travel time. 
 
Friday 14th July: Visit to Plant 6. 
 
Saturday 15th July: Arrival in Berlin 
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ANNEX II – Shortlist Criteria  
Table 16: Shortlist criteria applied for selecting the sites 

Item Relevance 

Coordinates of the site *** 

On-site measurements of global horizontal irradiation (GHI) in W/m² since grid connection ideally 
on hourly basis. Alternatively on accumulated daily/monthly basis in kWh/m² 

*** 

On-site measurements of ambient temperature since grid connection ideally on hourly basis. 
Alternatively on average daily/monthly basis 

*** 

Energy output values at feed-in point (kWh) on daily basis. Alternatively on accumulated 
daily/monthly basis. 

*** 

Remote access to the SCADA (monitoring system) ** 

Authorized access to the sites during day and night time *** 

Authorization for taking pictures on site *** 

Authorization for performing measurements including punctual disconnection of modules, strings 
and/or combiner boxes 

*** 

Authorization for interviewing O&M personnel *** 

Easy access to the sites (preferably no remote areas) ** 

50m extension cables for performing the night measurements *** 

As-built documentation ** 

Yield assessment prior to financial close ** 

EPC and O&M contracts * 

Monthly and yearly O&M reports since grid connection *** 

Provisional acceptance commissioning protocols issued after grid connection ** 

Grid connection date *** 

Exact nominal power of the PV plant *** 

Datasheet of PV modules *** 

Datasheet of inverters *** 

Calibration dates of the weather sensors ** 

DWG plan of the module layout *** 

Single line diagram *** 

Photos taken during the construction phase * 
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ANNEX III – Extract of the TDD Checklist  
Table 17: TDD checklist (reduced version) 

0 General 
Interview 
needed? 

Photo 
needed? 

Comments Photo Nr. Note Nr. 

0.1 
Date of 
inspection 

  
 
 
 

    

0.2 
Name and 
size of the 
plant 

       

0.3 Coordinates        

0.4 
Commercial 
Operation 
Date (COD) 

     

0.5 
Name of the 
Owner 

     

0.6 
Name of the 
EPC 

     

0.7 
Name of the 
O&M 
company 

     

1 Contracts  
Interview 
needed? 

Photo 
needed? 

Comments Photo Nr. Note Nr. 

1.1 

Warranties of 
the EPC 
contract (PAC 
and FAC) 

       

1.2 
Warranties of 
the O&M 
contract 

       

1.3 

Completeness 
of the PAC in 
the EPC 
contract 

       

1.4 
Name of the 
OE  

     

1.5 
Name of the 
LTA  

     

2 
PV Plant 
Design 

Interview 
needed? 

Photo 
needed? 

Comments Photo Nr. Note Nr. 

2.1 DC size        

2.2 AC size        

2.3 DC/AC ratio      

2.4 
Level of 
injection 

       

2.5 
Size of each 
PCU 

       

2.6 Module type        

2.7 
Module 
technology 

       

2.8 Inverter type        

2.9 Pitch         

2.10 
Tilt of the 
modules 

       

2.11 
Mounting 
structure type 

       

2.12 
Module 
arrangement 

       

2.13 Statics      

2.14 

Location of 
the inverters 
and AC 
distribution 
boxes 
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3 
Electromechanical 
installation 

Interview 
needed? 

Photo 
needed? 

Comments Photo Nr. Note Nr. 

3.1 
Mounting 
Structure 

       

3.1.1 Module fixation        

3.1.2 Labelling of rows        

3.1.3 
Rust mounting 
structure 

       

3.2 
Combiner box 
(CB) 

       

3.2.1 
Sealing of the cable 
glands 

       

3.2.2 
Cleanliness of the 
CB 

       

3.2.3 
Overvoltage in the 
CB 

       

3.2.4 Labelling of the CB        

3.3 Cables        

3.3.1 Cable damage        

3.3.2 Labelling of cables        

3.3.3 Connectors        

3.3.4 Cable fixation        

3.3.5 Bending radius        

3.3.6 
Protection of cables 
against UV  

       

3.3.7 Sealing of tubes        

3.3.8 Cable pipes      

3.4 Inverter         

3.4.1 
Overvoltage in the 
inverter 

       

3.4.2 
Cleanliness of the 
inverter room 

       

3.4.3 Cooling         

3.4.4 Status of filters         

3.4.5 
Entrance  of the 
communication 
cable 

     

3.5 Grounding        

3.5.1 

Status of the 
grounding and 
equipotential 
bonding system 

       

3.5.2 
Functional 
grounding  

       

3.6 Civil work        

3.6.1 Status of the roads        

3.6.2 
Status of the 
drainage system 

       

3.7 Documentation        

3.7.1 
Completeness of 
the as-built 
documentation 

       

3.7.2 
Progress reports of 
the installation 
phase. 

       

4 Commissioning 
Interview 
needed? 

Photo 
needed? 

Comments Photo Nr. Note Nr. 

4.1 
Tests conducted at 
PAC and FAC? 

       

4.2 
Did anyone witness 
and validate? 

       

5 
System 
performance 

Interview 
needed? 

Photo 
needed? 

Comments Photo Nr. Note Nr. 

5.1 
Parallel logging of 
the irradiation 
sensors 

       

5.2 
Parallel logging of 
the temperature 
sensors 

       

5.3 
Date of calibration 
of the sensors 
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5.4 
Weather station 
status 

       

5.5 

What has been the 
PR of the plant 
since grid 
connection? 

       

5.6 
How is the PR 
calculated 

       

5.7 PR correction         

5.8 Yield assessment       

6 Module quality  
Interview 
needed? 

Photo 
needed? 

Comments Photo Nr. Note Nr. 

6.1 
Visual inspection 
modules 

       

6.2 
Availability of the 
flash lists  

       

6.3 
Scratches in 
backsheet 

       

6.4 

Long term durability 
certificates of the 
PV modules and 
inverters 

       

6.5 IR analysis        

6.6 EL analysis        

6.7 IV curve tracing        

6.8 Snail strails        

6.9 PID        

7 
Operation & 
Maintenance 

Interview 
needed? 

Photo 
needed? 

Comments Photo Nr. Note Nr. 

7.1 
Specific issues 
reported since COD 

       

7.2 
Relevant 
environmental 
events  

       

7.3 
Experience of 
workers in PV 

       

7.4 
Experience of 
workers in O&M 

       

7.5 H&S program         

7.6 
Allowance to 
operate MV 
devices 

       

7.7 
Calculation of the 
soiling loss 

       

7.8 
Cleaning 
methodology 

     

7.9 Vegetation         

7.10 
Check the tools 
and devices used 

       

7.11 Reporting        

7.12 Reaction times        

7.13 
Preventive 
maintenance 

       

7.14 
Corrective 
maintenance 

       

7.15 
Availability 
calculation 

       

7.16 
Responsibility for 
SCADA 

       

7.17 SCADA resolution        

7.18 Theft on site        

7.19 
Curtailment and 
grid stability 

       

7.20 

Reactive power 
compensation and 
power quality 
requirements. 

       

 
*: This checklist is a reduced version of the extended Q3 checklist 
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ANNEX IV – Measurement Equipment Used On Site 

PVPM1000X [S/N. PVPM1000X08811, calibration date 12.09.2016, tolerance 5%] is a peak power 
measuring device and IV curve tracer that provides the measurement of the I-V-curve of photovoltaic modules 
and strings on site. Measurements of PV array I-V characteristics under actual on-site conditions and their 
extrapolation to Standard Test Conditions (STC) can provide data on power rating, verification of installed 
array power performance relative to design specification, detection of possible differences between on-site 
module characteristics and laboratory or factory measurements, and detection of a possible performance 
degradation of module and arrays with respect to on-site initial data. 
 

 

Figure 179: PVPM1000X I-V tracer [source: pv-engineering] 

 
Irradiation sensor Si-13TC-x [S/N.13-00000-05-16190072, calibration date 17.05.2016, tolerance <3%] is 
a reference cell for sun irradiation measurements that enables a precise analysis of PV module power or 
energy yields using measured values from the sensor. It has a double input for connection to single or multi 
crystalline modules.  
 

 

Figure 180: Duo reference cell [source: PI Berlin] 

 
Infrared camera Testo T890 [S/N. 2298789, lens S/N 20488056, tolerance <2°, calibration date 31.05.2017] 
enables non-destructive diagnosis of some thermal and electrical failures in PV modules. It provides fast, 
real-time, two-dimensional infrared (IR) imaging, revealing characteristic features of PV systems. The 
measurements can be performed during normal operation for individual PV modules as well as large arrays.  

 

Figure 181: Infrared camera [source: Testo] 
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By means of the Nikon 800 camera [CCD High pass edge filter, ISO 400, 15 s, 2.8] electroluminescence 
pictures are taken in the field to reveal failures such as microcracks, PID, failure of diodes or similar, as a 
complement to the STC-measurement and infrared inspection. EL imaging is particularly suitable for the 
detection and tracking of crack related issues, which can occur for example during module transportation or 
installation. 
 

 

Figure 182: Nikon 800D with CCD high pass edge filter [source: PI Berlin] 
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ANNEX V – Normative References Used for the Study 
Table 18: Normative references used for the creation of the present study 

IEC 61557-4:2007 

Electrical safety in low voltage distribution systems up to 1 000 V a.c. and 1 
500 V d.c. – Equipment for testing, measuring or monitoring of protective 
measures 
Part 4: Resistance of earth connection and equipotential bonding 

IEC 60664-1:2007 
Insulation coordination for equipment within low-voltage systems 
Part 1: Principles, requirements and tests  

IEC 61215:2005 
Crystalline silicon terrestrial photovoltaic (PV) modules - Design qualification 
and type approval 

IEC 61730-1&2:2005 Photovoltaic (PV) module safety qualification 

IEC 61829:2015 
Photovoltaic (PV) array - On-site measurement of current-voltage 
characteristics 

IEC 60364-4-41:2005 
Low-voltage electrical installations - Part 4-41: Protection for safety - 
Protection against electric shock 

IEC 60364-4-42:2010 
Low-voltage electrical installations - Part 4-42: Protection for safety - 
Protection against thermal effects 

IEC 60364-4-43:2008 
Low-voltage electrical installations - Part 4-43: Protection for safety - 
Protection against overcurrent 

IEC 60364-4-46:1981 
Electrical installations of buildings. Part 4: Protection for safety. Chapter 46: 
Isolation and switching 

IEC 60364-5-51:2005 
Electrical installations of buildings - Part 5-51: Selection and erection of 
electrical equipment - Common rules 

IEC 60364-5-52:2009 
Low-voltage electrical installations - Part 5-52: Selection and erection of 
electrical equipment - Wiring systems 

IEC 60364-5-54:2011 
Low-voltage electrical installations - Part 5-54: Selection and erection of 
electrical equipment - Earthing arrangements and protective conductors 

IEC 60364-6:2006 Low-voltage electrical installations - Part 6: Verification 

IEC 60364-7-712:2011 
Electrical installations of buildings - Part 7-712: Requirements for special 
installations or locations - Solar photovoltaic (PV) power supply systems 

IEC 60529 1989+A1:1999+A2:2013 Degrees of protection provided by enclosures (IP Code) 

IEC 60068-2-68:1997 Environmental testing - Part 2: Tests; test L: Dust and sand 

IEC 60721 1-2:2013 Classification of environmental conditions 

IEC 60721 3-4:1995 
Classification of environmental conditions - Part 3: Classification of groups of 
environmental parameters and their severities - Section 4: Stationary use at 
non-weather protected locations (?) 

IEC 61084-1:1991 Cable trunking and ducting systems for electrical installations 

IEC 61238-1:2003 Foundation earth electrode - Planning, execution and documentation 

IEC 62446:2009 
Photovoltaic (PV) systems - Requirements for testing, documentation and 
maintenance 

IEC 62548:2010 Photovoltaic (PV) arrays - Design requirements 

UL 1703:2002 Standard for Flat-Plate Photovoltaic Modules and Panels 

VDE-AR-E-2283-4:2010-10 Requirements for cables for PV systems 

2 PfG 1169/08.2007* Requirements for cables for use in photovoltaic-systems 

 


