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Abstract 

This thesis aimed for a better understanding of the Nordic weather conditions in terms of 
snow induced soiling on the performance and production of an established photovoltaic 
plant located on the roof of Økern nursing home, Oslo. 

In order to realize the main aim, several steps had to be done in preparation of the main 
analysis, these steps in fact are as important to this thesis as the main deliverable.  

The search for appropriate meteorological data proved to be not an easy task because of 
the scarcity of ground measurement stations, and the high inaccuracies in satellite 
observations. 

After analyzing all the sources with available data for the region of Oslo, three sources of 
data were chosen based on comparisons to an onsite set of reference measurements, these 
are the Blindern meteo station, the NASA SSE satellite derived observations, and the 
STRANG data base.  

A model of the actual system was created in PVsyst, exceptional attention to the level of 
detail was exercised in order to approach the case of eliminating any source of variation in 
the simulated models other than the required study parameter, the soiling. 

Simulations of many system variants ultimately resulted in the aggregation of a soiling loss 
profile to be used in conjunction with each of the meteo sources to predict the snow 
induced soiling consequences on the system. 

The soiling loss profiles were tested and the results compared to actual system production 
measurements, and it was successful in introducing the correction the model needed to 
simulate the system closely to reality. 

However, absolute change in production figures is relatively small, therefore, this study 
and any future continuation of it is oriented into research and improvement as it possess 
minimal impact on a commercial application. 
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Nomenclature 

BAPV: Building applied photovoltaic 
PV: Photovoltaic 
Dc: Climatic distance 
Dh: Horizontal distance 
ElD: Elevation difference 
3D: Three dimensional  
Yf: Final system yield 
Yr: Reference yield 
PR: Performance ratio 
STC: Standard test conditions  
MPP: Maximum power point 
SLoss :The soiling loss 
Yf,source : The final system yield of a specific source of meteo data 
Yf,actual : The final system yield of the real plant 
Ds : Snow depth 
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1 Introduction  
Renewable energy sources exploitation and renewable energy systems adaptation are 
exponentially rising with time, indicating a possibility of comprehensive integration of 
these sources into the standardized reliable energy production methods in the near future.  

One praised renewable energy system alternative is small-scale grid connected photovoltaic 
(PV) power plants, they are conveniently constructed in otherwise unused spaces in 
buildings like roof tops or facades, and can contribute greatly towards the reduction of 
consumption of grid-supplied energy, and towards the whole renewable and solar energy 
share in the market. 

Small-scale grid connected PV power plants can be implemented into the modern built 
environment in many different ways based on whether a new building design will include it 
from the early planning and designing phases, or if an already existing building will be 
retrofitted with a PV plant to achieve a particular goal.  

When it comes to retrofitting, building applied photovoltaic systems (BAPV) are the most 
feasible and viable alternative to implement a PV plant into the building, which will 
contribute to an increased energy efficiency of the building and lower the greenhouse gas 
emissions linked to energy consumption within it. 

However, there are many challenges facing the construction of BAPV plants; these can be 
either related to the regulations governing the installation and commissioning of plants on 
buildings or its connection to the grid and allowances, or related to technical aspects like 
available space, technology, mounting, possibilities of shading, or the nature of the 
location’s climatic conditions. 

Conditions of the location in terms of solar radiation intensity and solar availability 
received immense attention to emphasize the potential of solar systems, nevertheless, 
location specific climatic conditions are still poorly investigated even though it has been 
proven that climate variables such as temperature and soiling (by snow) has a substantial 
influence on the production and operation of PV cells.  

One particular and unique set of climatic conditions that are investigated in this thesis are 
the Nordic conditions, with more attention to winter seasons, which can be mainly 
described as cold, which has a positive influence on PV cell efficiency, but inevitably 
accompanied with substantial snow fall rates that can lead to partial or full shading leading 
to reduced production. 

Additionally, a look at different meteorological databases is included in order to investigate 
how accurately they describe the weather variables at diverse times throughout a 
meteorological year, revealing dependability and indicating improvement possibilities. 
Weather variables from these databases are fed into a simulation program to generate 
results for a PV plant and compare the outcomes with the established plant. 

Computer modeling and simulation programs have been improved greatly to recreate a 
simulation environment that resembles reality, one particular piece of simulation software 
is PVsyst, this program is a staple in PV systems design aid, and has developed to 
accommodate a wide range of environmental variables. Still, it lacks in predicting the 
consequences of harsh Nordic conditions on PV plants performance characteristics, 
hence, a comparison is made between a real existing plant and a model of it in PVsyst. 

The plant under investigation is located at Økern nursing home, Oslo, the plant was 
retrofitted on top of the roof of the building during the rehabilitation works that started in 
2012 [Fig. 1]. The system was commissioned in 2014 and performance measurements are 
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available from that point on. This building was part of the European research project 
“Nearly Zero Energy Neighborhoods”. 

The installation generates enough energy to cover approximately 10 % of the building’s 
energy needs; it has a peak capacity of 130 kW, and was expected to have an output energy 
production of over 105 MWh/year. 

 
Figure 1: Roof top installation at Økern nursing home, Oslo 

1.1 Aims 

In order to successfully achieve the desired outcome of better understanding of the 
systematic Nordic boundary conditions on building mounted photovoltaic systems and the 
implications of these operational conditions on the system performance, a set of goals to 
be accomplished are described as follows: 

 Cultivate and analyze data streams from existing and established PV plant to 
obtain reliable comparison base point. 

 Find suitable and accurate meteorological data for the plant’s location and 
possibly test several databases. 

 Asses the conditions of the specified plant location and location specific variables 
like the near shading profile. 

 Construct a model of the plant in a simulation program, and choose the proper 
system components and variables accordingly. 

 Find weaknesses and strengths of the simulation software in recreating simulation 
environmental parameters comparable to reality. 

 Compare real plant measurements with modeling results with emphasis on 
performance ratio and specific system yield. 

 Aggregate a detailed monthly soiling loss profile for the months of interest, and 
valid in the climatic radius of the plant site. 

 Discuss possible improvements and further work. 

 

1.2 Methodology outline 

The working process on this project is divided into three main stages based on the type of 
activities carried out during that projected stage. The first stage deals with obtaining and 
processing of data and information. Next, a modeling stage takes place where a system 
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model for simulation is defined. The last stage of the process is dedicated to reviewing, 
comparing and validating the results then presenting and discussing them.  

A breakdown of each stage is as follows: 

First stage: 

In this stage all the information and data related to the PV plant already in operation is 
attained, this includes; all the operational statistics stating the plant production, the panels 
temperatures, the working and halted strings and what might have led to that, wind speeds, 
and solar irradiation. Furthermore, the specifications of the plant construction are 
acquired, these include; PV panels manufacturer and model, inverters manufacturer and 
model, plant installation parameters, location and the near shading profile. 

Quality and accuracy of all attained data and information are then verified and cross 
checked with other source if available, this is done in an attempt to exclude and eliminate 
error sources from tampering with the fidelity of the results that will be used to validate 
simulation results at a later stage. 

A visit to the plant site will be carried out to gain a closer look at the installation as it adds 
valuable input to the obtained data and information. 

Finally, relevant data is processed to get results in a form comparable to simulation results 
or other plants. 

Second stage: 

This stage starts with surveying various meteorological data sources and checking their 
reported accuracies for the plant site location at Økern, then choosing one or multiple 
databases for using within PVsyst to simulate the system model. 

Once all information is available, a comprehensive system model is constructed in the 
modeling and simulation software PVsyst, this model will include all the specific details of 
the plant including the specific equipment models used, the near shading profile of the 
building, string connections and the environmental variables. 

This stage concludes by simulating the constructed system model and extracting relevant 
results and performance factors necessary, considering the possibly of re-simulating to 
observe the effects of variations on the results. 

Final stage: 

Results of simulation is compared to actual plant operation in this stage, then arranged in 
tables and graphs to be presented, discussed and analyzed to satisfy the aims of 
determining and pointing the factors that led to deviations in the theoretically simulated 
results. 

1.3 Previous work 

The topic of snow resultant soiling loss has not been adequately or widely investigated 
before in the Nordic countries, and there are limited resources for previous knowledge. 
Nevertheless, in order to fully understand the possibilities and inadequacies of the 
followed methodology, a number of research papers concerning the topic in general have 
been studied, following are a brief abstract of the said papers: 

 "A qualitative examination of performance and energy yield of photovoltaic 
modules in southern Norway": this paper compares the performance of different 
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PV panel types mounted in Norway and compares it to performance at standard 
test conditions (Midtgard et al., 2010). 

 

 "Measured and modeled photovoltaic system energy losses from snow for 
Colorado and Wisconsin locations": this paper discusses the developing of a 
model to predict the performance losses imposed on a PV system by snowfall, 
compare it to real results of various systems, and aggregate the deviation between 
measured and modeled losses for each system (Marion et al., 2013). 
 

 "Partial shadowing of photovoltaic arrays with different system configurations: 
literature review and field test results": in this paper the impact of partial shading 
on a PV array is clarified with a stress on how to minimize these shadowing 
effects by manipulating the system configuration (Woyte et al., 2003). 
 

 "Prediction of energy effects on photovoltaic systems due to snowfall events": 
this paper provides ways to identify the effects of snowfall on performance of PV 
systems in northern latitudes and suggests a model to predict those (Andrews et 
al., 2012). 
 

 "Satellite-based snow identification and its impact on monitoring photovoltaic 
systems": provides a validation study for satellite snow monitoring techniques by 
comparing satellite data sources to ground data sources, and how it reflects on 
irradiation estimations (Wirth et al., 2010). 
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2 Meteorological and site specific data  
What defines the operation of a PV generator of a specified overall efficiency are the 
climatic variables surrounding it. Thus, when performing a modeling and simulation of a 
PV system, it is important to ensure that these climatic values provided to the simulation 
model correspond accurately to the location specific meteorological variables. 

Specific emphasis in this thesis is placed on the loss of power generation due to the 
shading induced by snow soiling in the circumstance of Nordic conditions, and how well is 
it predicted by well-established meteorological data sources. 

2.1 Observations and elements required 

2.1.1. Global irradiation 

At any given instance, the solar radiation incident on a surface of finite area constitutes 
mainly of two components; the beam irradiation and the diffuse irradiation. The 
summation of these two components yields the global irradiation on that surface 
referenced to the orientation of the given surface.  

Global irradiation is commonly measured on horizontal surface, and all major sources for 
meteorological data provide horizontal surface measurements too, eliminating confusion 
and facilitating easier adaptation. (Any occurrence of the terms total irradiation or global 
irradiation throughout this thesis, unless explicitly stated, refers to the horizontal global 
irradiation). 

The global irradiation originates from the disc of the sun, and usually consists of the visible 
and near sub-visible wavelengths, although there might not be a standard definition that 
declares the wavelength range of global irradiation, it is usually considered in the 0.3 to 
3 µm range since solar energy is distributed in that range. And since this wavelength range 
is in the short wavelength range, global radiation is sometimes referred to as the short-
wave radiation (Duffie, Beckman, 2013). 

When extraterrestrial solar radiation reaches the earth’s atmosphere, it undergoes some 
attenuation due to the unique composition of the atmospheric layers; there are two forms 
of atmospheric attenuation, scattering and absorption.  

Scattering occurs as a result of the radiation being intercepted and redirected by air 
molecules and airborne water and dust within the atmospheric layers, the occurrence of 
this phenomenon depends on the density and nature of the intercepting partials, the length 
of radiation traveling path, and the wavelength of the radiation (Duffie, Beckman, 2013). 

However, in absorption of radiation, the energy of specific radiation wavelengths is 
absorbed by the molecules in the atmosphere; typically ozone is responsible for shortwave 
radiation absorption, in contrast, water molecules have several absorption bands that are 
located in the longwave radiation spectrum (Duffie, Beckman, 2013). 

The beam component of the total radiation is the part that reaches the terrestrial receiver 
directly from the sun without experiencing any scattering attenuation caused by the 
atmosphere, however, the effective portion that reaches the receiver surface varies based 
on the angels of the sun position, and the tilt of the surface in comparison with a surface 
perpendicular to the line of beam radiation. 

Transposition of the beam component from a perpendicular or a horizontal surface 
measurement to an arbitrarily tilted surface is a done by a straight forward application of 
trigonometry by knowing the sun position at a given instant. 
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On the contrary, transposing the global irradiation to an arbitrarily tilted surface is fairly 
complex, this is because when it is broken down to the beam and diffuse components, 
both components have to be transposed, but the diffuse component cannot be simply 
transposed in a similar manner to the beam component using only trigonometry since the 
diffuse comes from all directions of the sky dome. For this purpose, many models have 
been developed to correlate the diffuse fraction of the radiation to other variables, this will 
be discussed later on in subchapters 2.4 and 2.6. 

Ground based measurement of global solar radiation is usually carried out using an 
instrument called a Pyranometer, they are equipped with thermal sensors that have a 
spectral response corresponding with the frequency spectrum of the sun radiation, and the 
generated output voltage signal is a function of the incident solar energy (Paulescu et al., 

2013). 

Satellite derived radiation measurements are based on the processing of images collected 
from meteorological satellites, this done by the identification of radiation obstructions and 
estimating the radiation at the ground level based on that (Paulescu et al., 2013). 

2.1.2. Diffuse irradiation 

This component of the total solar radiation takes into account all the other sources and 
directions of radiation on a surface that is not beam radiation. The diffuse component is 
generally divided into four main classifications of diffuse sources; the first is the part 
received from the entire sky dome as a result of scattering in the atmosphere and is known 
as the isotropic part. The second part deals with the forward scattering that is concentrated 
around the sun disc in the sky and is known as the circumsolar diffuse. The third part is 
from the horizon band and is known as the horizon brightening. The last part includes all 
the reflected radiation from surrounding objects and landscape, in practice, this part is 
mainstreamed into one reflecting surface, the ground, due to extreme complexity in 
estimating all reflected streams in a real life scenario (Duffie, Beckman, 2013). 

The importance of accurately estimating the diffuse component comes from the fact that 
on cloudy days all the incoming irradiance is from a diffuse source, and it is as equally 
important as the beam component due to the matching wavelength spectrum of both the 
beam and the diffuse components. Additionally, the diffuse component’s energy is mostly 
in the 0.3 to 1 µm wavelength range in a typical clear day, indicating its relevance to PV 
applications bearing in mind that the spectral response of a typical crystalline silicon based 
solar cell lays in the 0.3 to 1.2 µm wavelength range. 

Obtaining accurate measurements for diffuse radiation is done using a pyranometer with a 
shading ring mounted on it, this is usually considered the best source of diffuse radiation 
data due to the high complexity of estimating all the individual diffuse components, and 
the high uncertainty associated to it. 

Surprisingly, diffuse measurements are not that common to obtain, and even when 
available, they often possess debatable uncertainty resulting from lack of proper 
adjustment of the shading ring regularly, for these reasons mathematical models to predict 
the diffuse component from the global radiation was a necessity. 

Multipole models have been developed over the years; each one treats the components of 
the diffuse radiation in a slightly different approach, varying from very complex 
correlations to a simple one with multiple simplification assumptions.  

One model relevant for the work of this thesis is the Liu and Jordan’s correlation, this 
model is the default method of estimating the diffuse component in PVsyst when no 
measured diffuse data is supplied (PVsyst SA, 2014). 



7 

2.1.3. Temperature 

Since the operation and efficiency of PV cells is highly dependent on temperatures, it is 
critical to provide accurate ambient temperature measurements to the simulation model to 
obtain reliable results. 

Generally, an increased ambient temperature adversely affects the PV cell’s efficiency due 
to the increase in the temperature of the cell, and the decreased heat dissipation to the 
ambient, resulting in lower overall production. 

The principle behind temperature dependence of solar cells can be referred to the increase 
of dark current generation, which is a result of increased generation and recombination of 
the electron carriers. This in turn leads to lowering the band gap of the cell’s material; the 
open circuit voltage is therefore decreased. 

2.1.4. Wind velocity 

Wind velocity may have an effect on the performance of a PV module since it aids in an 
increased heat dissipation rate from the module, thus, lowering the cell’s temperature. 
However, the effects of wind velocity on the performance are not sufficiently studied and 
documented (Goverde et al., 2015). 

Two effects have been observed with increasing wind velocity on the surfaces of the 
module, increased convictive cooling, and a slight increase of module temperature. The 
increase in module temperature with increasing wind velocity results from the friction with 
the module surface, and although it is observed, the temperature variation is very small and 
is neglected (Goverde et al., 2015). 

Conversely, the increase in convictive cooling with higher wind velocities might have a 
decent positive impact on the performance of the PV module, temperature difference of 
up to 21 °C have been observed (Goverde et al., 2015). 

In PVsyst, wind velocity is used to estimate the array heat loss factor, however, the results 
of using wind velocities are not very accurate since the software utilizes only the monthly 
averages of speed velocities where required, this is due to the lack of available models to 
predict the accurate consequence of wind velocity (PVsyst SA, 2014). 

2.1.5. Horizon 

The horizon line in the context of this thesis refers to the shading objects located far from 
the installation site creating a distinct horizon shading profile. 

The horizon shading profile consists of data points showing the height of the far objects 
based on their azimuth, this is laid out on the location specific sun height profile in order 
to determine the radiation obstruction instances at all times throughout the year. 

In the PVsyst simulation, beam and diffuse components of the global radiation are treated 
differently to account for the horizon shading; this is due to the difference in the direction 
of incidence of each component. 

Since the beam component possesses a finite directional incidence at any given instant, it is 
a simple process to predict the direction of the beam and determine if it is above or below 
the horizon shading line, and accordingly either have an incident beam on the collector 
plane or not (PVsyst SA, 2014). 

On the other hand, the diffuse component comes from all directions of the sky dome, and 
is therefore treated for horizon shading as the proportion of the sky seen by the collector 
plane that is not obstructed by the far shading, and it does not change over the year since it 
is independent on the sun position (PVsyst SA, 2014). 
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2.1.6. Near shading  

A near shading scene study involves the assessment of shading objects and elements that 
are in the close vicinity to the installation location, and any other shadow casting entities 
that cast a visible shading or a broad semi-shading. 

The effects of near shading on the performance of a PV installation can be divided into 
three types based on the type of shading occurring on a PV string at a given instant; the 
first type is when the whole string is shaded, the second occurs when only part of the 
string is shaded, and the last type that results from shadings that are small enough to not 
cover a whole cell or cells in a module. 

A string of modules that are entirely shaded basically have no beam component of the 
radiation incident on them and are consequently just receiving the diffuse component. And 
as opposed to the common thinking, entirely shaded strings still produce an amount of 
energy relative to the diffuse intensity they receive.  

The distance, position, and dimensions of the shading element are the three governing 
factors in determining the diffuse shading factor, and once again, since the diffuse comes 
from all directions of the sky dome and the physical attributes of the shading elements are 
constant, the diffuse shading factor is constant throughout the year and is not dependent 
on the sun position. 

When a more complex partial shading occurs, two major consequences on the 
performance are observed, one is a result of the general lower total radiation on the string 
relative to the ratio of the shaded area of the whole string, the other results from electrical 
mismatches occurring in the string due to partial shading. 

Lastly, when the shading object is casting a shadow that covers only part of a cell or cells 
in a module, the energy produced by that cell is reduced proportionally by the ratio of the 
cell’s area that is shaded. 

In PVsyst, the construction of a detailed near shading scene is of great importance to 
generate shading factor tables that are used in the simulations to calculate the reduction of 
generated energy. 

Additionally, PVsyst is able to handle all types of shading impacts on an array from the 
general reduction in radiation, down to the electrical mismatch from internal module 
strings (PVsyst SA, 2014). 

2.1.7. Snow cover 

The loss of power generation due to heavy snow soiling is rarely considered in system 
planning due to the lack of observations and the fact that radiation measurements are not 
corrected for snow induced radiation obstruction. 

 As snow is a major source of soiling in Nordic climate conditions, the observation of 
snow occurrence and depth is of particular interest for this thesis in an attempt to extract a 
generalized soiling loss factor for the climatic radius of the installation under investigation. 

The snow cover observations are based on visual observation of snow occurrence and 
describing it using a scale ranging from no snow to full snow coverage. 
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2.2 Sources  

2.2.1. Sources of meteorological data 

There are a number of available sources to obtain meteorological data for Norway, both 
ground based measurements and satellite derived measurements or a combination are 
available, nevertheless, reliability and availability of data varies between different sources. 

A particular attention in reviewing different sources is directed towards the extinct of 
consideration of snow resultant soiling in the data base, if any, and its consequences on the 
utilizable irradiance at a specific location. 

In order to make a choice of which sources to use in the simulations, available providers 
for meteorological data that can provide measurements for the close vicinity of the 
installation are surveyed, six sources were found to hold appropriate relevant 
characteristics and are described next. Narrowing down the choices to be further 
investigated in simulations to one ground station, one satellite source, and one set of 
compiled data set, is presented in subchapter 2.5. 

 

Norwegian Meteorological Institute: 
The Norwegian Meteorological Institute is responsible for delivering quality meteorology 
oriented services for various purposes, including research and development. 

Data from the Norwegian Meteorological institute are available for public use through 
their web site sharki.oslo.dnmi.no. 

Although the Norwegian Meteorological institute operates and administrates a large 
number of stations located all over Norway, only a limited number of these stations are 
equipped for solar radiation measurements. 

Luckily, one of the stations operated by the institute that is measuring and reporting 
radiation data among the different meteorological observations is located in Blindern-Oslo, 
relatively close to the plant installation site. 

The Blindern station provides over 50 measurements and observations, including global 
radiation, temperature, wind velocity, and snow cover. The station has been first operated 
in 1931 and is up kept and upgraded ever since. 

Global radiation data for Blindern station are available from 1996 until the moment; these 
data are provided as mean over last minute values, giving a comprehensive over look of 
the radiation situation over the past 20 years. 

The uncertainties in measurements extracted from Norwegian Meteorological institute 
stations are not given in numbers, and rather are provided as code name from “OK” to 
“erroneous”. 

Details of Blindern station are provided in [Tab. 1]. 

Agriculture Meteorological Service 
The Norwegian Institute of Bioeconomy Research (NIBIO) runs the Agriculture 
Meteorological Service, the service has 47 stations measuring and reporting solar radiation, 
temperature, and wind velocity. 

Data from the Agriculture Meteorological Service are available for public use through their 
web site lmt.bioforsk.no. 

http://sharki.oslo.dnmi.no/
http://lmt.bioforsk.no/
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The closest station from the Agriculture Meteorological Service network to the plant 
installation location is the Ås station; it provides hourly measurements of global radiation, 
temperature, and wind velocity, among other measurements. 

Details of Ås station are provided in [Tab. 1]. 

      Table 1: Details of relevant meteorological stations 

 

Meteonorm  
The Meteonorm database combines ground based measurements and satellite observations 
to mathematically produce synthesized meteorological parameters for a specific location of 
1 km × 1 km spatial resolution (Kjeller vindteknikk, 2013). 

Although it is possible to generate climate data for locations in Norway, the accuracy and 
reliability of the generated data is still questionable, this uncertainty is attributed to the 
limited number of ground base stations in Norway available for the Meteonorm data 
synthetization (Kjeller vindteknikk, 2013), this can generate uncertainties up to 10 % (Remund, 

2015). 

PVGIS 
The PVGIS also utilizes both ground based measurements and satellite observations, and 
provides estimates of beam, diffuse, and reflected radiation. The method of calculating the 
parameters provided by PVGIS is done by calculating the clear sky global radiation from 
satellite based imagery with a resolution of 1 km × 1 km, then calculating the real sky 
radiation by estimating the clear sky indices from ground station measurements and 
interpolating them for the desired land area (Re.jrc.ec.europa.eu, 2016). 

Similar to the case of Meteonorm, the accuracy of the model for generating data for 
locations that lack a decent number of ground stations is questionable and since there is 
only one ground station in Norway included in their network, the root mean square error 
is reported to be as high as 11.2 % (Re.jrc.ec.europa.eu, 2016). 

NASA SSE 
The SSE database relies solely on the satellite data in order to provide long term 
assessment of the meteorological variables, the parameters that can be obtained from the 
data base include the global radiation and the diffuse radiation, and are aggregated for a 22 
year period from 1983 till 2005 with a 1° lat. ×1° long. resolution (NASA-SSE, 2014). 

In order to obtain accuracy figures, the NASA SSE data base have been validated against 
ground measurements worldwide, the ground measurements however are not included in 
the data base and are only used for comparing and improvement. 

Source Meteorological Institute NIBIO 

Name Blindern Ås 
Location 59.94, 10.72   Elevation: 94 59.66, 10.78    Elevation: 94 

Time step 1 min. for radiation and temp. 
10 min. avg. for wind velocity 

Hourly  

Global radiation Measured Measured 
Diffuse radiation N/A N/A 

Temp. Measured  Measured 
Wind velocity Measured  Measured 
Time duration Back to 1996 Back to 1993 

Snow cover Observed  N/A 
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The accuracy of the NASA SSE compared to the Baseline surface measurements for global 
radiation differs based on the region that the desired location lays in, for latitudes greater 
than 60°, the root mean square error is reported to be 34.37 % (NASA-SSE, 2014). 

STRÅNG 
The STRÅNG database uses data from the Swedish Meteorological and Hydrological 
Institute (SMHI), hourly and monthly data can be obtained from the database and is 
available back to 1999. 

The error in hourly model data is reported to be about 30 % for global radiation when 
compared to ground measurements, however, for monthly data the error is reported to be 
10 % approximately for global radiation (Strang.smhi.se, 2016). 

Data from the STRÅNG database are available for public use through their web site 
http://strang.smhi.se/extraction/index.php?data=tmsrs&lev=0. 

2.2.2. Sources of horizon line 

The profile of the horizon line is represented by the heights of the far shading elements 
based on their azimuth. Determining the heights requires measuring the elevation angels of 
the shading elements from the desired specific location. This can be done by either 
manually measuring the elevation angle, extracting the angle from images of the horizon 
taken on a horizontal plane, or from topographical databases that use satellite imagery to 
determine elevations. 

For manual and image derived horizon line generation, it is mostly a straight forward 
process that requires the use of calibrated measuring equipment, however, the challenge is 
to do it on day with clear sky to be able to see the far objects unobstructed by the weather 
situation. 

Retrieving a horizon line from Meteonorm provides an easy and vastly available alternative 
to manual extraction; it uses a digital terrain model based on 90 × 90 m resolution imagery 
from NASA’s space shuttle radar topography mission and is available between 60°N and 
60°S (Meteonorm.com, 2016).  

2.2.3. Near shading scene  

In order to create an accurate near shading scene, the size, shape, and location of all 
objects that extrude higher than the elevation of the installation must be surveyed; this 
mainly includes neighboring buildings, trees, poles, and parts of the building and 
installation itself. 

The characteristics of the objects can be obtained by visiting the plant site and evaluating 
what needs to be included in the shading scene, then acquiring the relevant information 
from available source such as the building blue prints and scaled satellite imagery services 
like google earth™. 

2.3 Reference meteo measurements from the plant at Økern 

For research and monitoring purposes of the performance of the installation at Økern, a 
measurement station of meteorological variables is included within the plant. 

Available meteorological from this station include; the wind velocity obtainable in 10 or 60 
minutes intervals, ambient temperature obtainable in 10 or 60 minutes intervals, and solar 
radiation obtainable in 1, 10, or 60 minutes intervals from four reference cells. 

Additionally, the temperatures of the panels and the reference radiation sensors 
temperature are also recorded. 

http://strang.smhi.se/extraction/index.php?data=tmsrs&lev=0
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Even though the access to meteorological data measured on the exact location of the 
project is considered the best source of data for design and monitoring of the plant, the 
radiation measurements from the station at Økern might not be optimum to relay on. 

The reliability of radiation measurements is essentially questionable due to the measuring 
sensor choice, it is measured using silicon reference cells and that would not reflect the 
actual solar irradiance available due to the spectral selective response of silicon compared 
to a thermopile type pyranometer. 

Sensor types and specifications are listed in [Tab. 2] below. 

Table 2: Meteo sensors at Økern installation 

Sensor  Parameter  Range  Accuracy  Output unit 

Mencke & Tegtmeyer gmbH 
Si-01 TC-T 

Irradiation  0 to 1000 ±5 % W/m2 

Campbell scientific 109 Ambient temp. -50 to 70 ±0.5 °C °C 
Lambrecht 14577 Wind velocity  0.7 to 50 ±0.2 % m/s 

The measured data is available and can be viewed and downloaded directly from the 
monitoring webpage, [Fig. 2] shows an excerpt from the webpage displaying the location 
of the four reference cells, the wind sensor, and the temperature sensor. 

 
Figure 2: sensor locations at Økern installation and their instantaneous measurements at 12:00 on the 
26th of April 2016 

Data availability from the station starts from the 27th of July 2015 till the 9th of May 2016, 
however, irradiation measurements with values higher than zero starts on the 20th of 
August, consequently, giving ten months of recorded on-site meteo data for comparison 
and validation. In [Tab. 3], the monthly averages of the acquired data are presented. 
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Table 3: Monthly averages of sensors data 

Month 

Ambient 
temp. 
[°C] 

Wind 
velocity 
[m/s] 

Irradiation 
cell 1 

[W/m2] 

Irradiation 
cell 2 

[W/m2] 

Irradiation 
cell 3 

[W/m2] 

Irradiation 
cell 4 

[W/m2] 

August 16.4 2.3 146 155 151 151 
September 12.5 2.2 86 87 90 94 

October  7.4 2.0 40 43 43 49 
November 3.6 1.9 9 13 13 15 
December  2.3 2.8 4 5 5 4 

January  -5.9 2.4 3 5 6 4 
February  -0.5 2.2 23 29 30 38 

March  3.1 2.4 63 63 66 65 
April  5.8 2.6 121 125 123 126 
May 10.2 2.5 183 196 194 206 

 

Reference cells in this installation are mounted on the same racking rails of the PV 
modules, accordingly, the four reference cells have different combinations of tilt and 
orientation, and their measurements do not represent the horizontal global irradiation, 
partially explaining the slightly unequal readings from the four cells in [Tab. 3]. 

Therefore, to be able to compare other resources of solar irradiation measurements with 
the measurements from Økern, they have to be transposed from their respective 
orientations and tilts to the horizontal plane.  

As mentioned before in this chapter, the transposition process of global irradiation first 
requires the decomposition of the global irradiation into its respective beam and diffuse 
components, then transpose them into a surface with a desired tilt using geometry for the 
beam component, and a mathematical model for the diffuse component, then adding the 
two components again to obtain the global radiation on the tilted surface. 

However, since the obtained measurements form Økern are already made for surfaces 
corresponding to the tilt of the installed modules, there will be no necessity to perform 
transposition, the tilt and orientation of each reference cell is presented in [Tab. 4]. 

                 Table 4: Tilt and orientation of the four reference cells 

Parameter  
Irradiation 

cell 1  
Irradiation 

cell 2  
Irradiation 

cell 3  
Irradiation 

cell 4  

Tilt 10° 10° 10° 20° 
Orientation 

facing 
East East West West 

Azimuth -90° -90° 90° 90° 

 

2.4 Source choice  

2.4.1. Ground measurement station 

Since a limited number of meteorological stations are provided with irradiation 
measurement devices in the region of Oslo, and only two stations are relatively close to the 
project installation site, simple selection criteria are considered to eliminate one of the two 
stations. 

The three chosen criteria are the climatic distance, snow cover observation, and the time 
step of measurement. 
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The climatic distance as adapted by PVsyst helps in evaluating the distance of a 
measurement location to the desired location based on the horizontal distance and the 
elevation difference in a more realistic approach compared to apparent distance.  

And the rule is, as per recommendations of PVsyst, data measured in a site that has a 
climatic distance lower than 20 km from the desired project site is considered to be 
representative of the meteorology in that location. 

Climatic distance, Dc, is calculated by (PVsyst SA, 2014): 

       
           

                                       (Eq.1) 

Where Dh is the horizontal distance, and ElD is the elevation difference. 

Based on the three criteria for each of the two meteorological stations under consideration 
as shown in [Tab. 5], the station at Blindern from the Norwegian Meteorological Institute 
network was chosen. 

      Table 5: Meteorological stations comparison  

 

Moreover, the area between the station in Blindern and the installation, [Fig. 3], is almost 
flat and clear from any natural topographical obstacles that may alter weather patterns 
significantly, especially snowfall, indicating an optimum relevance and adaptability of the 
station’s measurements for simulation and analysis purposes. 

 
Figure 3: Location of meteo station Blindern relative to the installation at Økern 

 
The monthly averages of the measurements obtained from Blindern station are shown in 
[Tab. 6], the averages are for values from March 2014 till April 2016. 

Source Meteorological Institute NIBIO 

Name Blindern Ås 
Climatic 
distance 

6.5 km 28 km 

Time step 1 min. for radiation and temp. 
10 min. avg. for wind velocity 

Hourly 

Snow cover Observed N/A 
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                               Table 6: Averages from Blindern station 

Month 

Ambient 
temp. 
[°C] 

Wind 
velocity 
[m/s] 

Global 
radiation 
[W/m2] 

January  -2.9 2.8 8 
February  -0.2 2.5 32 

March  3.6 2.9 78 
April  6.9 3.0 151 
May 10.5 3.1 165 
June 15.0 3.0 236 
July  18.5 2.8 227 

August 16.2 2.6 169 
September 12.8 2.6 112 

October  8.1 2.7 55 
November 3.7 2.5 12 
December  -0.1 2.3 4 

 

2.4.2. Satellite and compiled data sources 

Due to the limited number of ground stations utilized to interpolate the data sets provided 
by meteonorm and PVGIS for Norwegian locations in general, and for Oslo in particular, 
data obtained from both sources were claimed to be unsuitable for reliable system 
simulation because it fails in forecasting the available solar resource accurately resulting in 
errors higher than the tolerated threshold (Andersen, 2014). 

However, it was also proved that using NASA SSE database provided high accuracy yield 
forecasts even though the data showed high irradiation values and low diffuse to global 
radiation ratio (Andersen, 2014). 

Consequently, the data bases meteonorm and PVGIS are not chosen for further 
investigation in this thesis, although future expanding of their ground stations will improve 
forecasting accuracy and has to be investigated accordingly. 

The monthly averages of the meteo variables obtained from NASA SSE service are shown 
in [Tab. 7], the averages are for values from 1983 till 2005. 

                              Table 7: monthly averages obtained from NASA SSE service 

Month 

Ambient 
temp. 
[°C] 

Wind 
velocity 
[m/s] 

Global 
radiation 
[W/m2] 

January  -4.3 2.3 16 
February  -3.9 2.4 45 

March  -1.1 2.5 96 
April  3.4 2.8 154 
May 9.3 2.8 221 
June 13.2 2.8 231 
July  15.4 2.4 230 

August 14.4 2.5 176 
September 9.7 2.6 115 

October  5.3 2.4 54 
November 0.1 2.5 23 
December  -3.3 2.4 10 
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Unlike all the aforementioned meteorological data sources, the STRÅNG database has 
very minimal documentation regarding its forecasting technique and the raw data sources, 
and there are no research or journal papers that discuss its validity and accuracy. 

However, with a reported accuracy of approximately 10 % for monthly global radiation 
data, this database might prove to be useful for obtaining meteo data for Nordic locations 
lacking proper meteorological station implementation. 

The monthly averages of the global radiation obtained from STRÅNG are shown in   
[Tab. 8]. 

Table 8: Monthly averages of global  
radiation from STRÅNG database 

Month 

Global 
radiation 
[W/m2] 

January  12 
February  31 

March  87 
April  141 
May 176 
June 194 
July  180 

August 137 
September 98 

October  48 
November 17 
December  9 

 

2.4.3. Horizon 

The horizon line profile is extracted from the meteonorm software, and is considered the 
best representation of the horizon situation without requiring manual recordings or the 
need for complex measuring set-up. 

In [Fig. 4], an excerpt from the metonorm software shows the horizon line on the sun 
path diagram. 

 
Figure 4: Horizon line profile on the sun path diagram for Økern installation, red line is the horizon line, 
yellow lines are the sun paths 
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2.4.4. Near shading  

Shading elements in the surroundings of the PV installation that cast a visible shadow on 
all of or part of the plant were observed during the site visit. 

The locations and dimensions of the objects were established using Google earth [Fig. 5]. 

 It can be seen that only the tall building on the west side of the installation is high enough 
to cast a direct shade, and none of the trees are higher than the roof level of the building, 
therefore, they will not be included in the shading scene. 

Additionally, the building of the installation itself possesses several protruding sections that 
cast a shade on the PV installation; these protrusions are part of the building so their 
dimensions are obtained from the building’s construction plans. 

One important aspect of the plant configuration is; the module strings does not directly 
face the surroundings, which minimizes the albedo effect of the surrounding landscape 
elements on the production of the PV plant. 

 

 
Figure 5: The installation surroundings extracted from Google earth 

2.4.5. Snow cover 

Since the meteorological observations from the Blindern meteo station are the only 
observations that include daily snow depth measurements, they are adapted to indicate 
snow soiling, and will be used to further assist in the confirmation of the effects of snow 
soiling on the system production, and the meteo variables input from all the sources. 

Daily snow depth measurements are obtained from May 1990 till May 2016. 

The analysis and adaptation of the acquired snow cover data to correlate with the system 
production loss will be discussed later on. 
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2.5 Comparison of global irradiation data 

In order to compare measurements of global irradiation from different sources with the 
onsite reference cell measurements, all global irradiation data have to be transposed from 
the horizontal plane to the plane corresponding to the reference cells.  

To do the transposition, a table of transposition factors for the installation location is 
generated [Tab. 9], the factors give the yearly ratio of incident irradiation on a tilted plane, 
to the horizontal global irradiation based on the tilt and azimuth of the plane. 

From the transposition factors table, it is established that for the tilts of 10° and 20° the 
transposition factor are 0.99 and 0.98 respectively, closely approximating unity, thus 
incurring minimum reduction on the values of the global radiation. 

Table 9: Transposition factors generated for Oslo using PVsyst 

 
The transposed measurements from all the chosen meteorological sources are compared in 
[Fig. 6], depicting the discrepancies between each of the sources and the averaged onsite 
measured meteorological variables from all cells.  

 
Figure 6: Average monthly irradiation on a 10°-20° tilted surface for Økern, Norway                    (Ref. 

Cells measurements for June and July are not available for the same year (2015) as the other sources) 
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The annual available period for comparison is only 10 months due to the unavailability of 
the reference cell measurements at the months of June and July/2015 since the data is 
retained in the onsite measurement system for a limited period. 

From [Fig. 6] it can be observed that the NASA database consistently overestimates the 
global irradiation and possesses the highest annual weighed mean of bias error of 28 % 
when compared to the available measurements from the reference cells for the available 
period. 

However, compared to the reference measurements, the values generated by the STRÅNG 
model tend to overestimate irradiation between the months of January until April, and 
September until December, while underestimating it in May and August. But due to both 
underestimating and overestimating throughout the annum, it retains the lowest annual 
weighed mean of bias error of 6 % for the available period. 

The ground meteorological station Blindern measurements show a random under and 
overestimate throughout the annum, and have a decent annual weighed mean of bias error 
of 10 % for the available period. 

Nevertheless, the error figures calculated might be representative of the deviation but are 
not fully accurate, and are probably slightly lower than what was calculated. This is highly a 
result of comparing the sources to the onsite measurements made using silicon reference 
cells which, as discussed earlier, possess a selective spectral response and are temperature 
dependent, meaning the recorded measurements could be lower than the actual solar 
resource values. 

To refine the accuracy of the calculated error figures, the median of the correction factors 
suggested by (Alados-Arboledas et al) to compensate for the limitations of silicon cells 
were used to correct the measurements of the onsite reference cells. The obtained annual 
weighed mean of bias error for all sources has decreased as shown in [Tab. 10] (Alados-

Arboledas, Batlles and Olmo, 1995). 

     Table 10: Annual weighed mean of bias error with corrected and uncorrected referance measurments 

Source Blindern NASA SSE STRÅNG 

Uncorrected reference 
measurements 10 % 28 % 6 % 

Corrected reference 
measurements 5 % 22 % 1 % 
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3 Plant data analysis 

3.1 Components and installation  

The PV installation at Økern nursing home is a grid connected PV system feeding directly 
into the grid without any onsite storage, the system consists of 500 PV panels connected in 
25 strings, and each string is connected to its own dedicated inverter. 

PV modules used in this project are manufactured by REC, the modules are from the REC 
peak energy series. All of the modules are identical and have the model number 
REC260PE, the area of each module is 1.65 m2 with dimensions of 1665 × 991 × 38 mm. 
The modules are of polycrystalline silicon with 60 cells in each module, arranged in 3 
strings of 20 cells and a bypass diode each. 

At standard test conditions, the modules hold a nominal power rating at maximum power 
point – PMPP – of 260 W, and a corresponding maximum power point voltage – VMPP – and 
current – IMPP – of 30.7 V and 8.5 A respectively, with a 15.8 % panel efficiency. 

For full specifications, the data sheet of the REC peak energy series is provided in 
appendix [A.1]. 

Each of the 25 panel strings is connected to its own maximum power point tracking 
inverter, these string inverters are from the THEIA HE-t inverter series manufactured by 
Eltek Valere. 

A single model of the inverter is used for all the strings since the panel distribution for 
each string has nearly identical operating characteristics. The used model is the 4.4HE-t 
offering a maximum DC power input of 4600 W and three string inputs to adequately 
adapt the panel configuration to the maximum power point input voltage range and 
current of 230 / 500 Vdc, and 21 A respectively. 

The EU efficiency of the 4.4HE-t model is 96.9 % giving a nominal output power of 
4400 W, delivered over the voltage and current ranges of 240 / 208 Vac, and 16 / 18.5 A 
respectively. 

For full specifications, the data sheet of the THEIA HE-t series is provided in appendix 
[A.2]. 

Mounting of the modules on top of the Økern nursing home roof is done using aluminum 
mounting rails with three different angles configuration and using both vertical and 
horizontal orientations. 

Additionally, a number of the strings are mounted at a slightly elevated level above the 
roof level with no obstruction between the lower edge of the panel and the roof level [Fig. 
7], which essentially promotes a better snow discard of these modules, and less snow 
accumulation at the edges. 

The rest of the panels are however mounted directly on the roof level and often with two 
panels of opposite azimuth angles facing each other with a very narrow spacing in 
between, limiting discard of the snow and leading to snow accumulation at the bottom 
portion of module [Fig. 7]. 

Since there is a high possibility of snow accumulation at the bottom portion of the roof 
level mounted modules, it is of interest to identify the difference in the effect on modules 
mounted either horizontally or vertically. This difference arises as consequence of internal 
strings in the module equipped with bypass diodes. Thus when the module is mounted 
vertically and bottom snow accumulation is experienced, the module production is 
expected to be diminished completely since at least one cell in each of the internal strings 
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is fully covered. In contrast a module with three bypass diodes mounted horizontally could 
possibly be able to provide 0 %, 33 %, or 66 % of its unshaded expected power depending 
on the height of snow accumulation since snow build up will gradually cover one row of 
cells in the same string at a time. 

 
Figure 7: Mounting of modules; 1. Elevated above roof level,  2. Horizontal facing modules on roof level, 
3. Vertical modules on roof level 

Unfortunately, individual string production data could not be obtained during the time 
frame of this thesis, and specific snow accumulation patterns could not be further 
evaluated individually. 

Tilt and azimuth angles at which the modules are mounted are not the same throughout 
the installation; three angle configurations are present, 20° tilt / 90° azimuth, 10° tilt / 90° 
azimuth, and 10° tilt / -90° azimuth. 

Although the 500 PV modules in the Økern nursing home installation are connected in 25 
strings, not all of the strings have identical panel numbers, this configuration might have 
been done to optimize mismatch losses and adapt to the partial shading scene. 

 In [Tab. 11] the string panel configuration is presented. 
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                                    Table 11: Strings configuration 

String 
No. 

No. of 
panels 

Tilt  Azimuth  

1 20 20° 90° 
2 20 20° 90° 
3 20 10° -90° 
4 20 10° 90° 
5 18 10° -90° 
6 18 10° 90° 
7 18 10° -90° 
8 18 10° 90° 
9 18 10° -90° 
10 18 10° 90° 
11 18 10° -90° 
12 18 10° -90° 
13 24 10° -90° 
14 24 10° 90° 
15 20 10° -90° 
16 20 10° 90° 
17 24 10° -90° 
18 24 10° 90° 
19 26 10° -90° 
20 18 10° 90° 
21 18 10° -90° 
22 20 10° 90° 
23 20 10° -90° 
24 18 20° 90° 
25 20 20° 90° 

 

For the full layout of the strings, refer to appendix [B.2]. 

3.2 Performance and production data 

The inverters used in this installation allow for energy production monitoring, recording, 
and acquisition, the obtainable data comprises of the total accumulated daily energy 
injected into the grid in Wh, the peak power of the interval in W, both recorded at the end 
of each 24 hours, and time stamped with the date and the hour of each data record. The 
daily data records are obtainable for a full year only from the day the data is extracted, thus 
not a full calendar year is available. 

In total, there was 12 missing data points representing the production of 12 days, these 
data points were aggregated statistically by analyzing the production trends and linking it to 
the solar source availability. 

In [Tab. 12] the monthly total energy produced and fed to the grid is presented alongside 
the maximum peak power production of the month. 
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                       Table 12: Økern plant production data 

Month  Total Production 
[Wh] 

Peak power 
[W] 

January/2016 281276 25019 
February/2016  2081871 47330 

March/2016  5067946 90690 
April/2016  10182751 104720 
May/2015  13643930 110050 
June/2015  16975431 109520 
July/2015  16470113 109590 

August/2015  13405731 105200 
September/2015  7536411 101590 

October/2015  3841141 69110 
November/2015  1070422 37770 
December/2015  358623 14618 

 

The performance figures to be examined for the purpose of comparison with simulation 
results are the final PV system yield – Yf – and the performance ratio – PR –. 

In order to better assess and better understand the variation in performance throughout a 
whole year, the monthly values of both of the performance figures are calculated where 
applicable. 

However, to calculate the performance ratio, the reference yield – Yr – also has to be 
calculated, never the less, this figure will not be presented nor used for comparison. 

The monthly performance figures are listed in [Tab. 13]. 

                      Table 13: Monthly performance figures for the Økern plant 

Month  Final system yield, Yf 

[kWh/kWpeak] 
Performance 

ratio, PR  

January/2016 2.16 0.646 
February/2016  16.01 0.767 

March/2016  38.98 0.819 
April/2016  78.33 0.880 
May/2015  104.95 0.923 
June/2015  130.58 - 
July/2015  126.69 - 

August/2015  103.12 - 
September/2015  57.97 0.902 

October/2015  29.55 0.914 
November/2015  8.23 0.910 
December/2015  2.76 0.854 

 

From [Tab. 13], two main remarks can be noticed regarding the operation of the PV plant 
at Økern. 

First, the plant operates ideally with no abnormal or unexpected performance; this was 
proven true by obtaining performance ratio values in the range of a good PV installation 
operation for the months where the solar resource is unhindered by the terrestrial factors 
like atmospheric conditions, or soiling, as seen in April and May. 

And although the performance ratio values or June, July, and August are not available due 
to the unavailability of the total solar irradiance in these months from the onsite reference 
cells. This will not pose any problems to fulfilling the objectives of this thesis; since the 
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objectives are focused around the months where the performance drops as a result of the 
soiling induced by the climatic conditions. 

This leads to the second remark; in the months of January, February, March, and 
December, the performance ratio values drops as predicted due to the soiling that may be 
present in these months, preventing the solar radiation from reaching the PV panels. 

For any consequent use of the values available in [Tab. 12], it should be noticed that the 
values were calculated for the span of a whole month. 
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4 Model & simulation 
In this chapter, the model constructed for the Økern PV system in PVsyst is described and 
detailed; highlighting the faced limitations in the simulation program and providing an 
insight to the available options and the simulation flow. 

After knowing the model, three simulation variants were needed to test each of the 
individual meteorological data sources in order to find the discrepancies between the real 
measured performance of the plant and the simulated performance, ultimately giving the 
needed information to evaluate a proposed correction in each source to account for 
soiling. 

4.1 The model  

Based on the components data and description discussed in detail in subchapter 3.1, and 
the environmental boundaries of the site given in subchapter 2.5, the model in the 
simulation program ‘PVsyst’ was created. 

Due to the vast amount of information and technicalities of how the software PVsyst runs 
and what underlying mathematical models are used in the calculations, it will not be 
described in details in this thesis. Rather, the focus will be oriented towards showing the 
inputs into PVsyst related to the Økern installation, which are deemed to be fundamental 
for the objective of this thesis. For a detailed description and information regarding 
PVsyst, the reader might refer to the help file of PVsyst (PVsyst SA, 2014). 

The four aspects of the model that will be presented are; the system definition, the horizon 
line, the 3D shading model, and selected parts of the detailed system losses. The most 
crucial part of the model, the meteorological data variants, will be presented in the next 
subsection independently. 

The model definition is constant for all meteo variants, ideally eliminating any source of 
variation not related to the climatic conditions under investigation. 

Referring back to [Tab.11], it is seen that the installation is configured in 25 strings of 
varying mounting angles and number of panels, however, in PVsyst it is allowed to have 8 
sub arrays only in the global system configuration. Therefore, it is not possible to assign a 
sub array for each string; alternatively, all similar strings can be collected in a sub array 
enabling an accurate reproduction of the system. 

Based on the string configurations, there will be 9 sub arrays, which cannot be done in 
PVsyst, to address this problem, 2 PV panels were added to one of the strings to make it 
have a similar configuration as of a number of the other strings and resulting in 8 sub 
arrays. 

The 2 extra PV panels were added to string number 24. 

Although the addition of 2 PV panels adds 520 Wpeak to the installation peak power, this 
will not have an impact on the assessment and comparison of the results due to the fact 
that comparisons will be based on the system yield, making it independent of the system 
size. 

The 8 sub arrays are detailed in [Tab.14], and shown in an excerpt from PVsyst in [Fig. 8]. 
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                  Table 14: sub arrays configuration 

Sub array 
No. 

Strings 
No. 

No. of 
panels in 
a string 

Tilt  Azimuth  

1 1, 2, 24, 25 20 20° 90° 
2 4, 16, 22 20 10° 90° 
3 6, 8, 10, 20 18 10° 90° 
4 14, 18 24 10° 90° 
5 3, 15, 23 20 10° -90° 
6 5, 7, 9, 11, 12, 21 18 10° -90° 
7 13, 17 24 10° -90° 
8 19 26 10° -90° 

 

 
Figure 8: System definition as seen in an excrept from PVsyst 

From [Fig. 8], the system components are selected to be the exact models of the real 
system as described in chapter 3.  

Additionally, it can be noticed that the number of PV modules in series is half of the 
number of modules in each string indicating a parallel connection in each string; this is due 
to the desire to keep the input voltage to the inverter in the operating voltage range, and 
not exceed the maximum input voltage. 

The final system characteristics of the constructed model are, a total number of PV panels 
of 502, a total number of inverters of 25, and a nominal rate of peak power equal to      
131 kW. 
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Accurately representing the far shading scene in the model is important; therefore, the 
heights of the far shading elements were precisely extracted from [Fig.8] and entered in 
PVsyst. The resulting horizon line in PVsyst is shown in an excerpt in [Fig. 9]. 

 
Figure 9: Excerpt from PVsyst showing the horizon line 

Based on the description of the shading scene provided in chapter 2, the resulting shading 
model constructed in PVsyst was rather simple because it only includes the tall building to 
the west side of the installation, in addition to the extrusions from the building itself higher 
than the level of the PV panels. 

In the same 3D scene of the building and the close shadings, the panels locations and 
distribution was also projected in order for PVsyst to create a very accurate shading tables 
that will be used in the detailed calculations. 

The 3D scene and the panels layout showing the different string are shown in [Fig. 10] and 
[Fig. 11] respectively. 

 
Figure 10: The shading scene showing the only major element present in the surroundings 
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Figure 11: PV panels layout highlighting the strings 

The shading factor diagrams and the electrical strings configuration are provided in 
appendices [C.1] and [C.2] respectively. 

As for the detailed losses associated with this system, PVsyst includes eight different loss 
parameters that cover all the expected system losses. However, only one of the parameters 
will be manipulated to serve the goals of the thesis, the soiling loss. Other parameters were 
either not used in the simulation, or kept as the default values proposed by PVsyst since 
they were deemed to be representative of the system to a sufficient degree. 

The unused parameters are; the unavailability, since the system is always online and did not 
experience any down time during the period of the extracted production data. The 
degradation, since the system simulation will not be for the span of several years. Finally, 
the auxiliaries since there are not any auxiliaries in this system. 

Other parameters that were kept unchanged with values according to the defaults 
suggested by PVsyst are: the field thermal loss factor, the Ohmic losses, and the quality 
and mismatch figures. Additionally, the incident-angle modifier loss is based on the 
ASHRAE definition and equation suggested to account for loss resulting from surface 
relaxations of light due to the varying of incidence angle. All the values of the used loss 
parameters are presented in [Tab.15].  

However, the monthly soiling profile for the soiling loss will be aggregated and presented 
later on in the results after analyzing discrepancies between the actual production and the 
simulated results, for each of the meteorological data sources.  

For further details about the detailed losses, refer to the work done by Martin Andersen 
(Andersen, 2014), and the PVsyst help file (PVsyst SA, 2014). 

              Table 15: detailed losses parameters 

Parameter  Value  Notes 

Thermal loss factor  
29 W/m2K 

For free mounted modules 
with air circulation  

Ohmic losses 1.5  % Of production at STC 
Module quality  

-0.8  % 
Indicating over-performance, 

based on module model  
Mismatch losses 1  % Power loss at MPP  
bo for incidence 

angle effect  
0.05 

Based on measurements done 
on crystalline modules 
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4.2 Simulation variants and simulation results  

Each of the previously chosen meteorological data sources will be used to run an 
independent simulation on the constructed system model, thus, the three simulation 
variants are for Blindern meteo station, NASA SSE, and the STRÅNG database. 

For each variant, a selected number of the simulation results are presented in the body of 
this thesis, according to relevance to the topic, for full PVsyst reports of all variants results; 
refer to Annex.1. 

4.2.1. Variant 1: Blindern station  

The annual system results generated from running the simulation using the Blindern data 
are shown in [Tab.16]. 

                               Table 16: system results with Blindern station 

Parameter  Value  

Total system 
production  

102 MWh/year 

Specific production 782 kWh/kWpeak/year 

Performance ratio  0.844 kWh/kWpeak/year 
Array losses 0.32 kWh/kWpeak/year 

System losses  0.07 kWh/kWpeak/year 

 

The available monthly energy production to be supplied to the grid in [kWh] is shown in 
[Fig. 12]. 

 
Figure 12: Monthly production using Blindern station 

Additionally, the monthly specific production and performance ratios that will be used in 
the analysis are extracted and presented in [Tab.17]. 
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                      Table 17: Monthly production parameters with Blindern station 

Month  Final system yield, Yf 

[kWh/kWpeak] 
Performance 

ratio, PR  

January 6.5 0.717 
February  22.7 0.814 

March  49.0 0.851 
April  108.3 0.866 
May  108.2 0.86 
June  137.7 0.845 
July  134.2 0.841 

August  112.5 0.835 
September  59.1 0.842 

October  31.0 0.829 
November  9.0 0.746 
December  3.1 0.638 

 

4.2.2. Variant 2: NASA SSE 

The annual system results generated from running the simulation using the NASA data are 
shown in [Tab.18]. 

                               Table 18: system results with NASA SSE 

Parameter  Value  

Total system 
production  

110 MWh/year 

Specific production 841 kWh/kWpeak/year 

Performance ratio  0.844 kWh/kWpeak/year 
Array losses 0.35 kWh/kWpeak/year 

System losses  0.08 kWh/kWpeak/year 

 

The available monthly energy production to be supplied to the grid in [kWh] is shown in 
[Fig. 13]. 

 
Figure 13: Monthly production using NASA SSE 
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Additionally, the monthly specific production and performance ratios that will be used in 
the analysis are extracted and presented in [Tab.19]. 

                      Table 19: Monthly production parameters with NASA SSE 

Month  Final system yield, Yf 

[kWh/kWpeak] 
Performance 

ratio, PR  

January 9.3 0.766 
February  25.8 0.851 

March  62.6 0.88 
April  96.9 0.878 
May  139.2 0.853 
June  137.7 0.839 
July  140.4 0.83 

August  108.8 0.835 
September  69.3 0.84 

October  33.2 0.832 
November  12.6 0.77 
December  5.3 0.692 

 

4.2.3. Variant 3: STRÅNG database 

The annual system results generated from running the simulation using the STRÅNG data 
are shown in [Tab.20]. 

                               Table 20: system results with STRÅNG database 

Parameter  Value  

Total system 
production  

88 MWh/year 

Specific production 677 kWh/kWpeak/year 

Performance ratio  0.848 kWh/kWpeak/year 
Array losses 0.27 kWh/kWpeak/year 

System losses  0.06 kWh/kWpeak/year 

 

The available monthly energy production to be supplied to the grid in [kWh] is shown in 
[Fig. 14].  

 
Figure 14: Monthly production using STRÅNG database 
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Additionally, the monthly specific production and performance ratios that will be used in 
the analysis are extracted and presented in [Tab.21]. 

                      Table 21: Monthly production parameters with STRÅNG database 

Month  Final system yield, Yf 

[kWh/kWpeak] 
Performance 

ratio, PR  

January 5.6 0.717 
February  16.8 0.821 

March  50.5 0.865 
April  88.8 0.871 
May  101.1 0.867 
June  114.0 0.852 
July  110.7 0.845 

August  92.7 0.839 
September  52.5 0.846 

October  31.0 0.83 
November  9.6 0.747 
December  3.1 0.619 
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5 Snow cover correlation  
To extract a soiling loss factor table, the simulation results generated from each variant 
when assuming that the soiling loss zero, will be compared to the actual production 
parameters of the PV plant. The percentile difference will indicate the loss occurring in the 
actual measured data due to soiling. This is done for the three different meteorological 
sources under investigation individually. 

The discrepancy in production between simulations and real results is then directly 
correlated to soiling, since it was the only source of loss that was omitted in the 
simulations. 

This process will conclude in a monthly soiling profile applicable for each one of the 
designated sources of meteorological data, and in the climatic radius of that source. 

However, in the monthly results comparison, the difference percentage between the 
specific production obtained from simulations and the specific production of the actual 
installation would drop to a negative value, this would not indicate an over production of 
the system, rather, it would indicate an underestimation of the solar resource used for that 
particular simulation. In this case, if a negative value occurs in conjunction of snow cover 
absence, the soiling value would be assumed to equal zero. 

Similarly, if a positive difference percentage occurs in conjunction of snow cover absence, 
the soiling value would be also assumed to equal zero, and the positive value would 
indicate an overestimation of the solar resource for that particular month that was used for 
that particular simulation. 

This is illustrated by the following conditional calculation formula: 

       

                    

         
                                   

                                                       

                  (Eq.2) 

Where SLoss is the soiling loss, Yf,source is the final system yield of a specific source of meteo 
data, Yf,actual is the final system yield of the real plant, and Ds is the snow depth. 

    Table 22: summary of the final system yield figures of the various sources 

Month 
Yf 

[kWh/kWpeak] 
Actual  

Yf 

[kWh/kWpeak] 
Blindern 

Yf 

[kWh/kWpeak] 
NASA 

Yf 

[kWh/kWpeak] 
STRÅNG 

Jan 2.2 6.5 9.3 5.6 
Feb  16.0 22.7 25.8 16.8 
Mar  39.0 49.0 62.6 50.5 
Apr  78.3 108.3 96.9 88.8 
May  105.0 108.2 139.2 101.1 
June  130.6 137.7 137.7 114.0 
July  126.7 134.2 140.4 110.7 
Aug  103.1 112.5 108.8 92.7 
Sep  58 59.1 69.3 52.5 
Oct  29.6 31.0 33.2 31.0 
Nov  8.2 9.0 12.6 9.6 
Dec  2.8 3.1 5.3 3.1 

 

According to the figures in [Tab.22] and the snow cover depth in [Fig. 15], the soiling loss 
profile is calculated and presented in [Tab.23]. 
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Figure 15: Snow depth at blindern, monthly averages over the recorded production period  

It should be noted that a snow cover was only present for four months during the whole 
year, thus, no soiling loss factor will be calculated for the months with no observable snow 
cover. 

    Table 23: Calculated soiling loss profile for each of the sources 
      in the climatic radius of Økern in Oslo using Eq.2 

Source Jan Feb Mar Apr-Nov Dec 

Blindern 67 % 29 % 20 % 0 % 11 % 
NASA  77 % 38 % 38 % 0 % 48 % 

STRÅNG  61 % 5 % 23 % 0 % 11 % 

 
Finally, in an attempt to generalize the snow resultant soiling loss, and link it to the depth 
of snow cover rather than having fixed monthly values, the calculated soiling profile was 
weighed against the snow cover depths obtained from the Blindern meteorological station 
for the same period, but a direct correlation could not be established with the available 
data. 
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6 Validation & Results 
In order to check the validity of the obtained soling loss profiles presented in [Tab.23], 
these profiles were used in a second run of the simulation model to verify how well these 
values translate into production results in the four months where snow was present. The 
results of the second run simulations are presented in [Tab.24] below. 

    Table 24: final system yield figures with soiling correction 

Month 
Yf 

[kWh/kWpeak] 
Actual  

Yf 

[kWh/kWpeak] 
Blindern 

Yf 

[kWh/kWpeak] 
NASA 

Yf 

[kWh/kWpeak] 
STRÅNG 

Jan 2.2 1.6  1.2  1.6 
Feb  16.0 15.7 15.4 15.7 
Mar  39 39.1 38.4 38.8 
Apr  78.3 108.3 96.9 88.8 
May  105 108.2 139.2 101.1 
June  130.6 137.7 137.7 114.0 
July  126.7 134.2 140.4 110.7 
Aug  103.1 112.5 108.8 92.7 
Sep  58.0 59.1 69.3 52.5 
Oct  29.6 31.0 33.2 31.0 
Nov  8.2 9.0 12.6 9.6 
Dec  2.8 2.8 2.2 2.8 

 
When comparing the no-soil simulation results in [Tab.22] with the results from the 
second run of the simulation [Tab.24], it is observed that on the months of concern the 
yield figures from the three sources are much better in representing the actual yield. 
However, on an overall annual basis, only the yield figures with soiling correction from 
Blindern and NASA show an improvement in the proximity to the actual annual yield, 
while the STRÅNG yield further recessed away from the actual annual yield. 

6.1 Variants simulation  

The results of simulating the three meteo variants with and without soiling correction are 
compared to each other, and to the actual plant values for the months of concern (January, 
February, March, and December). The months of concern are the months of observed 
snow accumulation presence based on [Fig. 15]. 

In [Fig. 16] the performance ratios, PR, are compared, in [Fig. 17] the specific system yield 
values are compared. 

 
Figure 16: Performance ratio comparison for the months of snow accumulation between results with soil 
correction (W/SOIL), no soil correction (no/SOIL), and the actual measurements  
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From this comparison, it can be clearly seen that applying the calculated soiling loss factors 
provides a more realistic performance ratio numbers, given that the performance ratio is a 
figure used to assess the environmental factors of a plant among other aspects.  

However, comparability to the actual PR numbers are questionable, the actual numbers are 
based on the measurements of solar irradiation from reference solar cells and may not be 
subjected to the same snow accumulation as to the actual panels at any given moment. 
This is confirmed by comparing the actual PR numbers to the PR numbers from “no-soil” 
simulations, and observing that they are in better harmony than with the soiling applied 
simulations. 

In simpler terms, the actual and “no-soil” PR are close because the actual PR is calculated 
from production of reference cells that does not sustain any snow build up, while as 
expected when applying a soiling loss, the PR goes down. 

The NASA SSE database showed the largest change in PR throughout all months off 
concern between “with-soil” and “no-soil” simulations, this is believed to be a result of the 
initial excessive over estimation of the solar resource by this data base.  

Overall, the obtained PR numbers when applying the calculated soiling factors indicted the 
success of the methodology in studying the snow induced soiling effects, nevertheless, a 
modified methodology to fully exclude other environmental variables is expected to be 
more successful at generating accurate results. 

 
Figure 17: Specific system yield comparison for the months of snow accumulation between results with soil 
correction (W/SOIL), no soil correction (no/SOIL), and the actual measurements 

When the specific system yield figures of the soiling corrected simulations are compared, it 
is observed that with no doubt they are representative of the actual state of the system in 
real life. This is because the “actual” specific system yield is calculated using production 
values of the PV modules of the system, and not dependent on the reference cells. 

While comparing the difference between the “with-soil” and “no-soil” simulations reviled 
that largest absolute difference was in the NASA SSE database, as expected, due to the 
initial high over estimation of the solar resource. 

However, on an annual basis, use of a the soiling correction with the STRÅNG database 
resulted in a recess away from the actual yield. This was not expected initially since this 
database was the closest to represent the actual onsite meteo. However, after inspection 
this unexpected recess was believed to be a result of the way PVsyst implements the soiling 
correction. 
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PVsyst accounts for soiling correction as an overall reduction in the irradiation reaching 
the panel. While this approach is generally a good and stable method of incorporating this 
correction, it might not be optimal for very low radiation situations as in the month of 
January when occurring in conjunction with partial PV panel coverage by snow. 

When the irradiation level is lower than a certain threshold, the panel efficiency starts 
dropping, meaning lower production. While in reality, partial snow coverage could mean 
that the system is still producing at a slightly higher efficiency than what is being used in 
the simulation. 

 
Figure 18: Panel efficiency versus the irradiance in [W/m2] 

6.2 Soiling profile 

Based on the comparison of the specific system yield values in [Fig. 17] , it was assumed 
that the values of soiling correction for each of the sources as shown in [Tab.23] are 
accurately representing the loss in power generation to an extent. The extent being the 
limitation of data availability and the singularity of the studied case. 

Additionally, it was attempted to formulate an equation to give the soiling percentage 
based on the snow depth, but not enough data were available to create a statistical model 
to correlate the two. 

In the followed methodology to create the soiling loss schedule, all system inputs and 
variables, but the soiling loss, were kept unchanged with each variant simulations. In 
theory, the elimination of any source of variability was the key to establishing a realistic 
and accurate soiling loss profile. Except that, there was one source of uncertainty that 
could not be eliminated, the uncertainty in the irradiation measurements in each of the 
sources. 

The presence of an uncertainty implies that it is carried to the results, and in this case since 
PVsyst treats the soiling loss as a direct reduction in the solar irradiation, the aggregated 
soiling loss profile for each source carries the uncertainty of the irradiation measurements 
in that source. 

In order to reach a more accurate result, a different methodology of testing and observing 
might be necessary, one methodology is suggested in subchapter 7.3. 

6.3 Uncertainty in results  

The uncertainty of all PVsyst generated results is subjected to the error in the input 
irradiation values and the calculation accuracy of the program itself. 

The error value of the three different sources was provided in chapter 2.2, however, the 
meteorological institution does not provide error values but they can be approximated to 
be around 1% or irradiation measurements as the stations are standardized. 

PVsyst reports an expected calculation annual accuracy of 5%, which include all sources of 
inaccuracies in the calculation models used to predict the annual yield (PVsyst SA, 2014). 
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Therefore, the overall absolute uncertainties in the final generated results using PVsyst for 
each of the three sources are; 5.1% for the meteorological institution, 11.2% for STRANG 
data base, and 34.5% for NASA SSE. 

7 Discussion and conclusions  
This chapter is divided into three sections covering the aims of this thesis, and concluding 
the viability of the results obtained. 

7.1 Data collection and analysis  

Different sources of data streams were cultivated, inspected, verified, analyzed, and finally 
conditioned to be used throughout the work course of this thesis. Expectedly, this process 
was the most time consuming phase due to the variety of sources and the unique approach 
required to extract a useful data set from each source. 

The sources used in this thesis are: 

- The onsite recorded meteorological values provided by a non standardized meteo 
station 

- The plant production values provided by the inverters on site 
- The PV plant installation and equipments documents and location variables  
- The meteorological values from the Blindern meteo station provided by 

Norwegian meteorological institute   
- The meteorological values from the NASA SSE satellite database 
- The meteorological values from the STRÅNG database provided by the Swedish 

meteorological and hydrological institute 

To be able to utilize all of the different sources above, all of the obtained data had to be 
matching in at least a year period in order to comprehend the full extents of the variations, 
and additionally to be formatted according the acceptable PVsyst format to be accepted by 
the software. The retrieval of data from the different sources for the same period of time 
was a cumbersome task, particularly from the non standardized onsite measurements. 

Overall, minimal number of data entry points was missing or abnormal in all data sources, 
simply omitting these points would have had undetectable impact on the results, however, 
simple liner regression was used, when needed, to retrieve an estimation of those points. 

Comparison of the different irradiation data sources required conditioning of the obtained 
values for two main reasons; the different tilt angle for the recordings on site, and different 
sensor type. 

To address the tilt angle difference, date obtained from all meteo sources were transposed 
to the onsite tilt angle. The onsite reference measurements from a silicon cell sensor type 
had to be corrected for spectral sensitivity regards. 

Meteorological data sources were chosen based on climatic distance for ground based 
measurements, and based on availability in the geographical location for satellite and 
synthetically generated data sets. 

The plant overall production information was extracted directly from the inverters, 
however, the data provided directly from the inverter interface was intended for 
monitoring purposes, and although accurate, the data resolution was limited to the daily 
total production, consequently limiting the possibility to have a selective comparison based 
on irradiation intensity.  
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Never the less, the inverters had the possibility for external data logging according to the 
user needs, but due to the lack of documentation and proper communication with the 
operators, these records could not be fully retrieved in a usable manner. 

Among the three tested meteorological data sources, the STRÅNG database was initially 
thought of as good source to use when there are no ground based measurements available, 
however, it proved to have the lowest annual bias error of about 1% when analyzed and 
compared to the onsite measurements. 

The NASA SSE satellite based data’s annual bias error estimation of 22 % confirms 
previous studies showing a substantial over estimation of the solar resource, it is advised to 
use it with caution as the use of this source for system sizing can lead to under sizing the 
system. 

Regarding the only available ground based measurement in the climatic distance; the 
Blindern station had an estimated annual bias error of 5 %, however, as the station is of 
high standard and is well maintained, the observed error might be purely due to the actual 
difference in the solar resource and uncontrollable environmental events. The reason for 
this conclusion is due to the unsystematic over and under estimation of the solar 
irradiation.  

A concluding point on data availability, more work needs to be done on standardizing the 
accusation and delivery of measured data in solar PV systems, in addition to the necessity 
to substantially expand the number of metrological stations equipped with solar resource 
measurement capabilities. 

7.2 Modeling and simulation  

In order to model and simulate the PV system of Økern nursing home, information of 
both the system components and the surroundings had to be collected, the level of detail 
in the collected information had a great importance in recreating an exact replica of the 
system. 

It was necessary to do a site visit before creating the model, in this visit, the exact product 
numbers of the system components was collected, in addition to measurements of the 
onsite dimensions of the sun path obstructions. 

The dimensions and geometry of the close by building present in the near shading scene 
were estimated using Google earth software. 

Once all the specifications of the components were located from the original 
manufacturer’s data sheets, and the site geometry was fully realized, the model 
construction in PVsyst took place right after. 

No complications were experienced while collecting the information required for the 
model, the system components were from established manufacturers and were natively 
supported in the extensive databases of PVsyst. This was an advantage in using PVsyst for 
this kind of existing setups since the databases of the program are easy to navigate, contain 
a wide range of old and new components, and contain extremely detailed information 
suitable for both system simulations and component analysis. 

However, a number of weaknesses in PVsyst were encountered during the modeling and 
simulation, some required minor modifications to the system, while others simply has to 
be mentioned to put the outcomes in perspective. 

The main limitation that required a modification in the system input parameters was the 
limitation of the sub-array kinds only to 8 variants, while the original system at Økern 
nursing home had 9 variants, this required one of the array configurations to be adjusted to 
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fit in the definition of one of the remaining 8. Fortunately, this had no impact on the 
outcome of the thesis since the comparisons were made based on specific production 
parameters and independent on the installed nominal peak power. 

Never the less, it could be argued that adjusting one specific array type and fitting it to one 
specific type of the remaining 8 would result in differences even in the specific production 
depending on the choices made, therefore, two measures were taken into consideration to 
verify the claim of no impact on the outcome. One, results from multiple runs of 
simulations with one set of meteorological data and a randomly altered string were 
compared, reveling a discrepancy approaching zero. Thereafter, the second measure was to 
use the model with the least changes made to the strings, which is, adding 2 PV panels to 
string number 24. 

The other limitation that had to be taken into consideration while interpreting the results 
was the way PVsyst calculated the soiling losses based on the soiling loss percentages, the 
effect well be detailed later on. 

7.3 Concluding points 

This thesis study points out and calculates a numeric representation of the Nordic weather 
effects in terms of snow induced soiling on the production and performance of PV 
systems. Therefore, it can be an approach to a better understanding and development of 
the systems to reduce these effects in combination with other same discipline oriented 
improvements. 

That said, applying the soiling loss correction factors solely in the design of new PV 
systems would lead to a more accurate design. However, the difference in result from a 
commercial point of view is negligible and can be greatly overshadowed by the standard 
procedure of introducing an arbitrary factor of safety in sizing the system components. 

Moreover, the suggested soiling loss correction profile is valid mainly in the range of panel 
tilts covered in this thesis, as higher tilt angles might change the outcomes drastically due 
to better gravitational snow discarding. 

7.4 Possible future work 

In order to get an advanced understanding of the phenomena, more PV installations have 
to be analyzed and reported to gain sufficient data entry points to create a statistical model 
for soiling loss prediction.  

Additionally, a more sophisticated methodology is suggested for results that are more 
accurate.  

A suggested methodology mainly consists of a previously planned observation and 
measurement scheme, where one string of the system is observed without any alterations, 
and another string observed with regularly cleaning any occurring soiling. This will allow 
fully isolating the soiling as a variable. 
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A. Data sheets 
1- PV module 
2- Inverter  
3- Irradiation reference cell 

 
B. Site pictures and installation layout  

1- Site pictures  
2- PV installation layout 

 
C. PVsyst simulation extracts   

1- Shading factor diagrams  
2- Electrical strings definitions  
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A. Data sheets  

1- PV module  
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2- Inverter  
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3- Irradiation reference cell 
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B. Site pictures and installation layout  

1- Site pictures  
 

 
[Figure a] West side view 

 

 
[Figure b] East side view 

 

                        
   [Figure c]Top panels and south view                                   [Figure d] Close shading element    
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[Figure e] Inverter data label 

 
2- Installation layouts 

 

 
[Figure f] Inverters 1-12 layout 

 
[Figure g] Inverters 13-25 layout 
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[Figure h] String layout and panel positioning 
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C. PVsyst simulation extracts 

1- Shading factor diagrams  

 
[Figure i] Orientation 1{20° tilt, 90° azimuth} 

 

 
  [Figure j] Orientation 2{10° tilt, 90° azimuth} 
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[Figure k] Orientation 3{10° tilt, -90° azimuth} 
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2- Electrical strings definition  
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[Figure l] Electrical strings configuration  
 




