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Abstract

Bifacial photovoltaic systems established in a Nordic
climate

Ida Adolfsson, Kristin Boman and Sofia Ekbring

The aim with this project was to study the power output from a 
frameless bifacial photovoltaic (PV) system relative to a traditional 
monofacial PV system with a frame. A general overview of how the 
geographical conditions affects the energy utilization of different 
PV systems is investigated throughout the project. Also, the study 
examined if further comparisons and evaluations, between PV systems, 
can be better established.

The two examined solar parks, installed under different conditions, 
are located in Uppsala and Enköping, Sweden. In order to fulfill the 
aim and compare the different PV systems, three cases were analyzed.
To increase the credibility of a comparison between the two cities, a 
sensitivity analysis considering the weather condition was executed. 

In case one, the result indicates that a bifacial panel is 5.2% and 
3.6% more advantageous than a traditional monofacial panel during 
summer and winter, respectively. In case two, the frameless, more 
tilted and elevated bifacial panel is 58% and 680% more advantageous 
than a traditional monofacial panel during summer and winter, 
respectively. Also, in case three, the frameless, more tilted and 
elevated bifacial panel is 19% and 76% more advantageous than a 
bifacial panel with frame during summer and winter, respectively. 

When installing a new solar park, it is important to consider the 
location’s specific features since these affects the energy yield of 
the PV system. Future installations, which are installed with the 
intention to evaluate certain properties, is suggested to be 
installed with more initially comparable conditions in mind.
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Terminology 

Irradiance and Irradiation  

Irradiance is measured in 𝑊 𝑚2⁄  and irradiation is measured in 𝑊ℎ. 

Photovoltaic (PV) system 

A power system that utilizes electric energy from the sun’s irradiation by means of 

photovoltaics. 

Monofacial PV system 

A traditional PV module designed to collect irradiance on the front side of the panel and 

convert into electrical power. 

Bifacial PV system 

A PV module designed to collect irradiance on both the front and the rear side and 

convert into electrical power. 

Azimuth 

The direction from, in this report, the south point of the horizon, expressed as an 

angular direction, (𝑆 = 0°, 𝐸 = 90°,𝑊 = −90°). 

Winter condition 

In this report, winter condition is defined as days with snow on the ground. 

Albedo 

The ratio of light reflected from a surface. 

Bifacial Gain, BG  

The BG factor is the ratio of power the back side of the bifacial module produces 

compared to the front side. 

  



4 
 

1. Introduction 

For today’s society to achieve a carbon dioxide neutral energy system, multiple 

challenges concerning the development of renewable energy and their technology is 

ahead of us. From 1983, the Swedish Meteorological and Hydrological Institute, SMHI, 

has collected global irradiation data. Since then, until 2006, the global solar irradiation 

had a total increase of 8% and the weather during the year of 2018 resulted in a new 

peak value [1-2]. The increased global insolation together with rising greenhouse gases 

in the atmosphere put demands on shifting to renewable energy sources. Therefore, it is 

vital to find suitable technologies designed to solve, and at the same time, benefit from 

the increased global insolation. One technology that recently has grown significantly is 

the Photovoltaics (PV).  

The debate about power management considering renewable sources, technology and its 

efficiency is an up to date topic. Considering today’s PV systems, and how to fully 

utilize the resources of the insolation, continuous improvements in the PV technology is 

necessary. One approach to handle the resource more efficiently, is to adapt the PV 

system technology to the different weather and climate conditions around the world.  

One, relatively new, approach in PV technology is the bifacial module. Bifacial PV 

panels are designed with the benefit to receive energy from both sides of the panel 

compared to the traditional one sided, monofacial, panel. Hence it is possible that these 

are particularly well suited if the PV modules have a high tilt angle or if the albedo is 

high. 

Today, the knowledge about the potential benefits of the bifacial design at higher 

latitudes is rather unknown. For instance, in Sweden, the most commonly asked 

questions refer to the implementation, profitability, taxes and risk assessment in the 

conventional monofacial PV systems [3]. Knowledge and dissemination about the 

bifacial PV technology is therefore an important subject. 

A problem with PV deployment, especially in Nordic climate, is the impact from harsh 

weather. This mainly refers to snow coverage and rain that may turn into ice, and, the 

fact that snow and ice tend to pile up against the lower edge of the frame of the PV 

panel. Consequently, the PV panel surface is partly covered during some parts of the 

year, reducing the power output [4]. Previous studies about PV systems in the Nordic 

climate are few and there is also a lack of studies considering both bifacial and 

frameless PV systems compared to traditional PV systems with frames for the Nordic 

climate. 

The lack of previous studies in this field in combination with the increased interest and 

necessity of PV technology make it interesting to investigate the potential benefits of a 

frameless, bifacial PV panels in a Nordic context. An interesting question to ask is 

therefore to what degree the power output would increase for PV panels of (i) bifacial 

type and (ii) frameless type in general, in a Nordic context?   
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1.1 Purpose 

The aim of this project is to study the amount of energy collected by a frameless bifacial 

PV system relative to the traditional monofacial PV system with a frame. Furthermore, 

the goal is to investigate if frameless bifacial PV systems are preferable for Nordic 

weather conditions, such as Sweden’s. The two investigated solar parks are located in 

Uppsala and Enköping and the research examines monofacial PV systems with a frame 

and a bifacial PV system with and without a frame during winter and summer at these 

two solar parks. 

1.2 Thesis questions 

▪ How big is the difference, with respect to the total amount of solar energy 

extracted in a Nordic climate, between mono- and bifacial PV systems?  

▪ When installing a solar park, what are the important specific features to consider 

due to the geographical location? 

▪ What kind of knowledge is possible to obtain from the result of the two 

investigated solar parks so that further comparisons and evaluations can be 

better established in the future? 

1.3 Limitations and delimitations 

While considering eventual improvements in the PV technology, there are multiple 

potential parameters that can be affected and adjusted. In this report, focus will be on 

the aspect with or without a frame, for tilted PV systems. Because of limitations in the 

configuration of the two investigated solar parks, in Uppsala and Enköping, the impact 

from e.g. the elevation from the roof will be discussed but its impact on the energy yield 

will not be quantified.  

Since bifacial PV systems are relatively new and recently implemented in Uppsala, data 

are only available from the beginning of 2018. The project is also geographically 

delimited to Uppsala and Enköping. Since snow cover is of particular interest when 

evaluating a frameless bifacial PV system, one winter month was selected for the 

analysis. This will be further explained in section 3.4. 

1.4 Region Uppsala and STUNS 

The two organizations, Region Uppsala with Marcus Nyström and STUNS with Fredrik 

Björklund, are both accountable for forming the project. STUNS is a foundation for 

collaboration between universities, businesses and the society with the intention to act 

as a meeting place for local and regional decision makers [5]. Region Uppsala is a 

democratically governed organization responsible for, among other things, 

sustainability and the regional development in Uppsala [6]. 
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1.6 Methodology and data overview 

The method of this report for collecting information and data consists of a literature 

study, two visits to the solar park in Uppsala and several interviews. To answer the 

purpose of this study, three different cases has been set up. Each case handles two 

different PV systems which are compared to each other with respect to certain 

parameters. The Hay and Davies model [8] is used to calculate the solar irradiance on 

the tilted plane while the RADIANCE model [7] is used to calculate the BG factor. In 

section 3, more details of the method and data are presented. 

1.7 Report outline 

The following chapter (2) handles the essential background information to the study. 

This part is divided into three headlines: Geographical condition, Renewable energy and 

PV systems and finally Bifacial PV systems. Furthermore, in chapter 3, the 

methodology and data are presented. Chapter 4 presents the results of the study and 

includes a sensitivity analysis investigating the reliability of comparing Uppsala’s and 

Enköping’s different weather conditions. Chapter 5 discusses the results which are 

concluded in chapter 6. 
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2. Background 

This chapter will present the essential background to the study. The chapter is divided 

into three main parts: Geographical condition, Renewable energy and PV systems and 

Bifacial PV systems. 

2.1 Geographical conditions 

Sweden is an elongated country in the Nordics, with different climate in different areas. 

For example, the winter period arrival, defined as when the daily mean temperature is 

0°C or lower five days in a row, differ by approximately four months in Kiruna 

compared to Malmö [9]. However, in general, most parts of the country are covered by 

snow during the winter period [10]. In Uppsala and Enköping, the snowfall during 2018 

to 2019 arrived in the middle of December and the snow cover on the ground lasted in 

varying amounts until the end of February [11]. 

The tilt angle has a great impact on the utilization and the optimal tilt angle varies 

seasonally according to the sun’s position. It is therefore fundamental to calculate the 

estimated optimum tilt angle, valid throughout the year, for the solar panel in order to 

optimize the positioning [12]. Uppsala and Enköping are situated at latitudes 59.84° and 

59.63°, respectively. Since the optimal tilt angle for a PV panel varies for different 

periods of the year, it is difficult to clarify one optimal tilt angle for these solar parks. In 

Sweden it is possible to estimate the optimal tilt angle to be 45°, if optimizing the 

annual electricity production [13]. 

2.1.1 Nordic conditions  

In a report written by Michiel van Noord, Torsten Berglund and Mark Murphy (2017), a 

study of how the electricity production from PV systems is affected by snow is 

presented. The study was executed in the north of Sweden where different case studies 

were made on three locations and on six different solar parks, all situated on latitudes 

over 60°. All systems had a design with a frame and a tilt angle below 30° [14]. 

The study investigates the global solar irradiation for one year and concludes that for a 

place like Umeå, where winter conditions often occur between November and April, 

26% of the year’s total irradiation hits the PV system during this period. Out of this, 8% 

and 12% is derived from March and April, respectively, which entails that these months 

are most affected by snow covering the PV systems. Thus, the maximum power losses 

could be up to 26%, if the modules were covered by snow the whole winter, however, in 

reality the losses were substantially lower. This since snow coverage on the panels are 

not 100% for more than a few days or weeks. Also, there was multiple days when there 

was no snow at all [14]. 

The conclusion drawn from this study is that a clear trend in losses of electricity 

production could be identified at the time when there was snow on the PV system, 
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mostly during the late winter. Also, the report concluded that snow melting and snow 

sliding off the modules are significantly affected by the tilt angle of the modules. On the 

other hand, if the angle is above 30° the losses due to snow will decrease rapidly [14]. 

2.2 Renewable energy and PV systems 

Until 2020, one of the climate goals in Sweden is that at least 50% of the total used 

energy is supposed to come from renewable energy, the corresponding proportion in 

Europe is 20% [15]. The solar energy industry is a growing industry with non-negligible 

contributions to the reduction of carbon emissions in our energy system. From 2008 to 

2018, the globally expansion of the solar energy industry increased by forty times [16] 

and solar power globally represented 2.6% of the total used electricity during 2018 [17]. 

2.2.1 PV systems 

A solar cell consists of semiconductor materials, most commonly crystalline silicon, 

assembled in two layers. The layers are processed in a specific way which provides a 

chemical process of free electrons to create a flow between the layers. When the 

irradiation from the sun reaches the solar cell, energy of the photons excites a free 

electron which creates an electric flow [18]. 

The solar cells are encapsulated and protected with ethylene vinyl acetate, which is a 

lamination. Then, in monofacial panels, enclosed between a sheet of thin glass on the 

front side and a back cover on the rear side. The back side is often made with a polymer 

material to make it weather and dust proof [19]. The front side, usually consisting of a 

four millimeter glass, that represents the weight of the panel since the back sheet 

consists of plastic and its weight thereby negligible [20]. 

There exist two main categories of monofacial PV systems, monocrystalline solar 

panels and polycrystalline solar panels. Thin film PV panels are also an alternative but 

not considered in this report. The main advantage of monocrystalline solar panels is that 

they have higher efficiency. The polycrystalline solar panels however, have a lower 

price [21]. 

There are several important parameters when installing PV panels to ensure high 

efficiency, whereas the placement, azimuth, albedo and tilt angle are key aspects. The 

azimuth is significant since a solar panel will produce more power when it is faced to 

the sun perpendicularly [4, 22]. A higher albedo will increase the reflectivity on the roof 

which allows the modules to collect more reflected light and hence, the power output is 

increased. It is therefore profitable to place the modules on a white roof or surface, with 

a high albedo, which ultimately is an economic issue since it is expensive to paint the 

roof white [4]. 
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2.2.2 Frameless PV systems 

There are multiple advantages with a frameless design, mainly that it is less sensitive to 

degradation due to dirt, and, counteract the tendency for the snow to pile up against the 

lower edge of the frame [4, 20], which is illustrated in Figure 1. Furthermore, the 

shading effect from the frame and the part of the module it covers, causes losses in 

potential power output [20].  

 

Figure 1. The differences between a frameless PV panel, to the left, and a PV panel with 

frame, to the right, when the systems are exposed to dirt or snow, grey parts. 

The frameless properties improve the air circulation in the panel which allows the 

module to handle higher temperatures better compared to a module with frame. Also, 

the frameless modules are also expected to last longer, once it is installed, compared to 

modules with frame. The development towards the frameless module is positive, and 

there are several ongoing projects considering further improvements in the technology. 

The primary disadvantages of the frameless module are the higher price and the 

increased sensitivity during the installation and transport [4]. 

2.3 Bifacial PV systems 

The bifacial design enables to collect a bigger amount of solar irradiance due to extra 

direct, diffuse and reflected solar irradiation from the rear side, compared to monofacial 

panels. This aspect is particularly an advantage if the space in the installation is a 

limiting factor [23]. Also, the design of the bifacial modules can be used in more 

aspects and different applications compared to the monofacial module, for instance, sun 

blinds, railings and noise barriers [4]. 

The typical bifacial PV panel is designed with a front side glass, solar cells and a back 

side glass [24]. Compared to the monofacial four millimeters glass on the front, the 

bifacial panels use two millimeter glass on the front side and the same on the rear side. 

This enables the bifacial to be as heavy as the monofacial even though it consists of two 

glass sheets. However, there has recently been new development on lightweight 

monofacial panels with two millimeter front glass as well [20]. 
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2.3.1 Bifacial gain 

The BG factor is the ratio of power the back side of the bifacial module produces 

compared to the front side. The BG factor depends on installation conditions, seen in 

Figure 2, mainly the albedo, tilt angle and the elevation over the roof. Each parameter 

can be influenced during the installation, where a greater elevation, tilt angle and albedo 

results in a higher total power output. Also, the optimal tilt of the PV modules depends 

on the latitude. Furthermore, the amount of wind at the location is often a limitation in 

the installation of the PV system. Dirt and roughness on the surface have a negative 

effect on the albedo [4]. 

 
Figure 2. A schematic figure over different parameters affecting a bifacial PV system 

where A represent the albedo effect, B the total tilt angle, C the elevation over a tilted 

roof and D represent the clearance height. 

Today, models developed to calculate the BG factor is often context-specific and based 

on different measurements and simulations, applicable for various variables. Two ways 

to calculate the BG factor is the empirical methods: Prism Solar Model and Solar World 

Model which are represented in Equation 1 and 2, respectively [25]. 

𝐵𝐺𝐺,𝑃𝑟𝑖𝑠𝑚 = 𝑎 × 𝛽 + 𝑏 × 𝐻 + 𝑐 × 𝐴,               (1) 

where a is estimated to 0.317, b to 12.145 and c to 0.1414 [25]. Furthermore, β 

represent the tilt angle, H represent the clearance height and A is the albedo for the 

investigated PV system [25]. 

𝐵𝐺𝐺,𝑆𝑊 = 𝐴 × 𝜑𝑝𝑚𝑝 × 𝑎[𝑏(1 − √𝑔𝑐𝑟)(1 − 𝑒−𝑑×ℎ×𝑔𝑐𝑟) + 𝑓(1 − 𝑔𝑐𝑟4)],           (2) 

where a is estimated to 0.95, b to 1.037, d to -8.691 and f to 0.125 [25]. Furthermore, A 

is the investigated PV system’s albedo and 𝜑𝑝𝑚𝑝 is the bifaciality factor, usually in the 

range of 60% and 90%. The constant h is the normalized clearance height which is the 

elevation over roof divided by the clearance width and gcr is the ground cover ratio 

[25]. 
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These two presented models are both designed for tilted PV systems placed on a flat 

roof. Equation 1 can be used for latitudes between 21° and 51° and for tilt angles 

between 7.5° and 35°. Equation 2 on the other hand does not include the effects of tilt 

angle, orientation and climate [25]. 

Another model for calculating the BG factor is the ray-trace model RADIANCE [7] 

which is partly developed by Alliance for Sustainable Energy, LLC, and further 

developed by Silvana Ayala Pelaez. RADIANCE consist of a model for bifacial PV 

systems, named NREL Radiance bifacial Model [7, 26], designed with a series of 

Python wrapper functions. The model calculates the annual BG factor by using ray-

tracing and is mainly based on the location, azimuth, albedo, tilt angle and clearance 

height. These parameters are illustrated in Figure 2 where the clearance height is 

defined as the distance between the lowest part of the panel and the horizontal vector of 

the roof [26]. 

3. Methodology and data 

This chapter explains how data were collected and analyzed in order to evaluate 

different designs of the PV modules. It is divided into five separate parts: The different 

solar parks, Data collected from Uppsala, Data collected from Enköping, Weather data 

and lastly, Comparative cases. When referring to the collected data from the monofacial 

PV system in Uppsala, this is named “Monofacial Uppsala”. The collected data from the 

monofacial PV system in Enköping is named “Monofacial Enköping”. 

3.1 The different solar parks 

The construction of the solar parks in Uppsala and Enköping differs in multiple ways. 

The only investigated PV system without a frame is the frameless bifacial PV system in 

Enköping. The remaining modules, the bifacial modules in Uppsala and the monofacial 

modules in Uppsala and Enköping, have frames and drawings over these two solar 

parks are represented in Figure 3.  
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Figure 3. Drawings of the two investigated solar parks, Rudbecklaboratoriet, to the left, 

and Enköping Hospital, to the right. The analyzed modules are highlighted in the 

drawings, bifacial and monofacial modules in red and blue, respectively [27]. 

The two different facilities have different albedos on their roofs which can be seen in 

Figure 4. During summer conditions, the albedo in Uppsala, with a red roof, is 

estimated at 0.23 [28] while in Enköping, with a black roof, is estimated at 0.05 due to 

tar paper similar roof [29]. The albedo differs and changes seasonally due to snow and 

dirt [20]. When calculating and comparing albedo during winter conditions, the albedo 

will still differ from day to day depending on temperature and the amount of snow on 

the roof. Winter albedo is estimated to be between 0.55 and 0.82 [29], and the winter 

albedo is therefore set to a mean value of 0.69 in both Uppsala and Enköping. 

  

Figure 4. Part of the investigated facility in Uppsala, to the left, and in Enköping, to the 

right. 
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3.1.1 Calculating the BG factor 

The model used in this report in order to calculate the BG factor is the model 

RADIANCE. This model is chosen since the other two models: Prism Solar Model and 

the Solar World Model, are not adaptable to given conditions. The model is still 

working with improvements and developments in the formula. Potential errors 

regarding the values of the different BG factors are therefore not possible to exclude.  

The model, based on the NREL Radiance Bifacial Model, has been applied to bifacial 

modules in Uppsala and Enköping in order to calculate the systems’ BG factors during 

summer and winter. The model collects irradiation data from the closest weather station 

based on Uppsala’s and Enköping’s coordinates, which in both cases came from 

Arlanda’s weather station. Values for the placement and size of the roof were estimated 

from pictures and drawings for each facility. 

The model is designed to calculate an annual percentage of the BG factor, with solar 

altitude varying during the year; however, each investigated period was set to a month 

with more specific altitude which may result in miscalculations. Since the albedo varies 

seasonally, between summer and winter, the annual BG factor will not necessary 

correspond to the exact correct value. Also, the impact of the brick wall behind the 

bifacial system in Enköping’s installation is not accounted for in the calculations but 

might result in a higher albedo and therefore a higher BG factor. 

3.1.2 The module types 

Since the albedo differs between summer and winter, the BG factor and consequently 

the peak power and efficiency of the bifacial modules will also differ during the 

investigated periods. Since the bifacial PV system in Uppsala consists of two 

installations with different tilt angles, 24° and 15°, the values of the BG factor will 

differ in the two cases. The modules’ peak power, efficiencies and tilt angles are 

represented in Table 1.  
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Table 1. Each solar parks’ model’s peak power, efficiency and tilt angle. 

 
             Uppsala                                   Enköping 

Monofacial model 

 

Peak power 

IBC Monosol PPAM Paladium 

300 Wp 
1 320 Wp 

2 

 Efficiency 18.4% 3 16.6% 4 

Tilt angle 15° 24° 15° 

Bifacial model  LG Neon2 BiFacial PPAM Transparium 

Peak power 300 Wp 
5 370 Wp 

6 

Efficiency 18.3% 7 19.1% 8 

Tilt angle 15°  24°  45° 

1,3 [30], 2,4 [31], 5,7 [32], 6,8 [33]. 

3.2 Data collected from Uppsala 

During the visits to Uppsala’s solar park on Rudbecklaboratoriet, data were extracted 

from the two different PV systems over the years 2018 and 2019. Data were collected 

for the bifacial PV system with frame and the Monofacial Uppsala PV system and had a 

resolution of five minutes. The data management is further explained in section 3.5. The 

tilt angles were measured through the app “Measurements” in iPhone while the azimuth 

was estimated through Google Maps. Also, drawings of the system contributed to the 

calculations of the BG factor. A summary of collected data can be found in section 3.5. 

3.3 Data collected from Enköping 

Data for the two different PV systems for the last two years, 2018 to 2019, were 

provided from the solar park at Enköping Hospital. The collected data were for the 

frameless bifacial PV system and the Monofacial Enköping PV system. This data had 

five minute resolution, same as the data in Uppsala and the data management is further 

explained in section 3.5. Due to renovation of Enköping Hospital, it was not possible to 

visit the facility. Values of the tilt angle for the two different PV systems and elevation 

from roof for the PV systems were obtained and estimated via mail conversation with 

Fredrik Björklund, STUNS, combined with provided drawings of the facility. The 

azimuths were estimated in similar way as in Uppsala, with Google Maps. Also, 

drawings of the system contributed to the calculations of the BG factor. A summary of 

collected data can be found in section 3.5. 
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3.4 Weather data 

Data containing the amount of global irradiance and direct normal irradiance were 

found through STRÅNG. This data were provided from SMHI with support from the 

Swedish Radiation Protection Authority and the Swedish Environmental Agency [34]. 

Furthermore, this data were later used to normalize the tilt angle and azimuth, which is 

more thoroughly explained in section 3.5.  

The irradiance data obtained through STRÅNG are modelled and therefore contain 

uncertainties, which further may affect the result. However, since the data is only used 

for relative calculations of the power output for different PV systems configuration, e.g. 

tilt angles and azimuths, the impact of the uncertainties is reduced. 

Other weather parameters, such as temperature, were found by using SMHI´s weather 

stations in Uppsala [35]. The amount of snow on the ground were found using SMHI´s 

snow mapping over the last years [10-11]. The corresponding values for Enköping were 

collected in a similar way [10-11, 36].  

3.5 Comparative cases 

To analyze the different PV systems three different cases were set up, which are 

presented in Table 2. Each of the three cases were compared to each other during two 

periods, one during winter and one during summer. The summer period was dated 1 

July to 1 August 2018 and the winter period 17 January to 17 February 2019. 

Table 2. Overview over the three cases. 

Case Frameless bifacial 

(Enköping) 

Bifacial with frame 

(Uppsala) 

Monofacial 

Enköping 

Monofacial 

Uppsala 

1 
 

✩ 

 

✩ 

2 ✩ 

 

✩ 

 

3 ✩ ✩ 

  

 

In each case, two PV systems were compared. The PV systems in Uppsala have 

different tilt angles that needed to be accounted for in the calculations. To handle the 

different tilt angles, the power outputs of each system was normalized to the same tilt 

using the Hay and Davies model [8]. Accordingly, the solar modules with 24° in 

Uppsala were normalized to 15°. Therefore, the utilized energy is normed to only apply 

for a tilt degree at 15°. By using the Hay and Davies model [8], the theoretical values 

were calculated, as seen in Appendix A, Table A3 and A4, compared and then 

normalized in order to compare two PV systems even though the tilt angles were 

different. In Enköping, the azimuths of the modules differ. The modules with an 
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azimuth of +50° were therefore normalized to azimuth -40° by calculating the 

theoretical values for all modules, as seen in Appendix B, Table B3 and B4, with the 

Hay and Davies model [8]. Therefore, the utilized energy is normed to only apply for an 

azimuth at -40°. 

3.5.1 Case 1 

The first case compares the two Uppsala systems: bifacial with frame and the 

Monofacial Uppsala, see Figure 5. 

 

Figure 5. Overview of the different modules in Case 1. Bifacial with frame, to the left, 

and monofacial with frame, to the right.  

There are multiple inverters for the bifacial and monofacial PV systems and the 

installed capacities are different for the two types. Table 3 compiles the different 

conditions for each system in Case 1. After normalizing the tilt angle and the installed 

capacity for all panels, the result will exclusively indicate the benefit of the PV systems’ 

module type with a given tilt angle and azimuth. However, 10 out of 109 bifacial 

modules with frame are partly shadowed during the day due to other buildings. This 

consequently decreases the energy utilization for the bifacial modules.  

Table 3. The different parameters collected at Rudbecklaboratoriet, Uppsala. 

 
Bifacial Monofacial 

Installed capacity 1 7.50 kW 25.2 kW 7.50 kW 20.1 kW 

Number of panels 2 25 84 25 67 

Tilt angle 24° 15° 24° 15° 

Azimuth -10° -10° 

1–2 [28]. 
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3.5.2 Case 2 

The second case compares the two Enköping systems: frameless bifacial PV system and 

the Monofacial Enköping PV system, seen in Figure 6.  

 

Figure 6. Overview of the different modules in Case 2. Frameless bifacial, to the left, 

and monofacial with frame, to the right.  

The installed capacities are different for the two systems. Table 4 compiles the different 

conditions for each system in Case 2. Both the azimuth and the tilt angle differ for the 

two PV systems and this needs to be accounted for. Normalization of the azimuth is 

done in the same way as for the tilt angle in section 3.5.1. Another factor is the 

elevation over the roof, as explained in Figure 2, where the frameless bifacial PV 

system is placed higher above the roof compared to the monofacial PV system. After 

the normalization of the different azimuths and installed capacities, the result will 

indicate the benefit of the frameless, more tilted and elevated bifacial over the 

Monofacial Enköping PV system. 

Table 4. The different parameters collected at Enköping Hospital, Enköping. 

 
Bifacial Monofacial 

Installed capacity 1 16.7 kW 20.2 kW 36.2 kW 

Number of panels 2 44 63 113 

Tilt angle 45° 15° 15° 

Azimuth -40° 50° -40° 

1–2 [28]. 
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3.5.3 Case 3 

The third and last case is based on Cases 1 and 2 and compares the bifacial PV system 

with frame, located in Uppsala, with the frameless, more tilted and elevated bifacial PV 

system, located in Enköping, seen in Figure 7.  

 

Figure 7. Overview of the different modules in Case 3. Bifacial with frame to the left, 

and frameless bifacial, to the right.  

Neither azimuth, nor tilt angle, nor elevation over roof are the same for these PV 

systems, nor are the installed power or efficiency. For this reason, a general conclusion 

and comparison will be done with help from the results from Cases 1 and 2. The impact 

of the differences in the parameters in the result will be discussed further in section 5.3. 

4. Results 

This chapter presents the results from calculating the BG factor and each of the three 

investigated cases in the same order as they were presented in section 3.5. In section 

4.5, a sensitivity analysis is included between Uppsala’s and Enköping’s monofacial PV 

systems. The sensitivity analysis is made in order to investigate the reliability of the 

comparison between the two cities’ weather conditions. 

4.1 BG factors 

The calculated BG factors for each PV system are illustrated in Table 5. Since the 

modules have different initial conditions, which affects the BG factor, the values will 

differ in the different cases.  
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Table 5. The calculated BG factors for the different bifacial PV systems during winter 

and summer conditions. 

 
Bifacial Uppsala Bifacial Enköping 

Peak power 300 Wp 
1 320 Wp 

2 

Tilt angle 15° 24° 45° 

+ BG summer 3.1% 5.0% 11% 

Resulting peak power 310 Wp 320 Wp 410 Wp 

+ BG winter 7.8% 12% 19% 

Resulting peak power 320 Wp 340 Wp 440 Wp 

1 [32], 2 [33]. 

4.2 Case 1 

The result consists of a comparison between the bifacial PV system with frame and the 

traditional monofacial PV system located at Rudbecklaboratoriet in Uppsala. Figure 8 

presents the total energy per day, normalized by installed capacity during summer and 

winter conditions. (Notice the different quantities on the y-axis.) 

 
Figure 8. Total energy normalized by installed capacity and to a tilt angle at 15° from 

the two PV systems, bifacial with frame, red lines, and Monofacial Uppsala, blue lines, 

at Uppsala, for each day during summer conditions, 1 July to 1 August, to the left, and 

during winter conditions, 17 January to 17 February, to the right. Notice the different 

quantities on the y-axis. 

The differences in total power output between the PV systems during the investigated 

periods are illustrated in Table 6. The result of the comparison between the bifacial PV 

system with frame and the traditional monofacial PV system in Uppsala, shows that the 
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bifacial PV module is more advantageous during given conditions. The bifacial PV 

system result in a higher power output compared to the monofacial, both during summer 

and winter condition. 

Table 6. Total utilized energy normalized by installed capacity and to tilt angle at 15° 

for Monofacial Uppsala and bifacial with frame during summer and winter conditions. 

[kWh/kW] Monofacial Uppsala  Bifacial with frame Difference 

1 July to 1 August  170 180 + 5.2% 

17 January to 17 February 11 12 + 3.6% 

4.3 Case 2 

The result consists of a comparison between the frameless, more tilted and elevated 

bifacial PV system and the traditional monofacial PV system at Enköping Hospital. 

Figure 9 presents the total energy per day, normalized by installed capacity, during 

summer and winter conditions. (Notice the different quantities on the y-axis.) 

 
Figure 9. Total energy normalized by installed capacity and to an azimuth at -40° from 

the two PV systems, frameless, more tilted and elevated bifacial, red lines, and 

Monofacial Enköping, blue lines, at Enköping, for each day during summer condition, 1 

July to 1 August, to the left, and during winter condition, 17 January to 17 February, to 

the right. Notice the different quantities on the y-axis. 

The differences in total power output between the PV systems during the investigated 

periods are illustrated in Table 7. From this, the frameless, more tilted and elevated 

bifacial module shows a greater power output compared to the traditional monofacial 

module during both summer and winter. 
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Table 7. Total utilized energy normalized by installed capacity and to an azimuth at  

-40° for Monofacial Enköping and the frameless, more tilted and elevated bifacial 

during summer and winter conditions. 

[kWh/kW] Monofacial 

Enköping  

Frameless, more tilted and 

elevated bifacial 

Difference 

1 July to 1 August  140 210 + 58% 

17 January to 17 February 2.6 20 + 680% 

4.4 Case 3 

The result consists of a comparison between the two investigated bifacial PV systems, 

the frameless, more tilted and elevated bifacial PV system in Enköping Hospital, 

Enköping and the bifacial PV system with frame in Rudbecklaboratoriet, Uppsala. The 

PV systems differ in azimuth, tilt angle and elevation. Figure 10 presents the total 

energy per day during summer and winter conditions. (Notice the different quantities on 

the y-axis.) 

 
Figure 10. Total energy normalized by installed capacity from the two PV systems, 

frameless, more tilted and elevated bifacial, solid red lines, and bifacial with frame, 

dashed red lines, for each day during summer period, 1 July to 1 August, to the left, and 

during winter conditions, 17 January to 17 February to the right. Notice the different 

quantities on the y-axis. 

The differences in total power output between the PV systems during the investigated 

periods are illustrated in Table 8. This implies that a frameless, more tilted and elevated 

bifacial PV module is preferable. The frameless aspects are most significant during the 

winter period, whereas the power output is remarkably higher in Enköping than in 

Uppsala which will be discussed more thoroughly in section 5.3.  



22 
 

Table 8. Total utilized energy normalized by installed capacity for bifacial with frame in 

Uppsala and frameless, more tilted and elevated bifacial in Enköping, during summer 

and winter conditions. 

[kWh/kW] Bifacial with 

frame  

Frameless, more tilted and 

elevated Bifacial 

Difference 

1 July to 1 August  180  210 + 19% 

17 January to 17 February 12 20 + 76% 

4.5 Sensitivity analysis 

To analyze how trustworthy it is to compare two different locations such as Uppsala and 

Enköping, a sensitivity analysis was made between each solar parks’ monofacial 

modules with frame. The locations have slightly different latitude, which therefore is 

analyzed to see the reasonability to compare the locations. This comparison, including 

only monofacial modules, excludes several uncertain parameters. Thus, in the 

sensitivity analysis it is possible to evaluate the impact of the local weather conditions 

between the locations. 

The purpose is to review if the comparison between the two monofacial modules with 

frame differ much in power output. If the difference is small, it strengthens the idea that 

a comparative analysis of PV systems located in Uppsala and Enköping is reasonable. 

One parameter that cannot be excluded from the comparison is the different azimuths of 

the two PV systems.  

Results from the sensitivity analysis with a normalization of installed capacity and 

efficiency, as seen in Figure 11 and Appendix C, Table C1, shows that the power output 

from the two different monofacial PV system are in general well correlated. (Notice the 

different quantities on the y-axis.) Accordingly, this implies that the two different PV 

systems follow a trend even though the weather conditions might differ due to the 

different locations. 
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Figure 11. Total energy normalized by installed capacity and efficiency from the two 

PV systems, Monofacial Enköping, solid blue lines, and Monofacial Uppsala, dashed 

blue lines, for each day during summer period, 1 July to 1 August, to the left, and 

during winter conditions, 17 January to 17 February, to the right. Notice the different 

quantities on the y-axis. 

Moreover, in the end of the winter period, the normed power output is higher in Uppsala 

compared to in Enköping. This might be the result from a greater snow coverage in 

Enköping. During the winter period, the mean value of the temperature in Enköping was 

22% lower than in Uppsala, as seen in Appendix C, Table C2, and this may explain the 

greater snow coverage in Enköping. Another reason might be that in the end of the 

investigated period the amount of irradiation was greater in Uppsala. Therefore, it is 

possible that the snow on the panels in Uppsala melted or slipped off during this period, 

which result in a higher power output.  

Lastly, even though the efficiency and installed power has been normalized in this case, 

the monofacial PV system in Uppsala generate slightly more power in both periods. 

This is most likely a result from the different azimuths between the two PV systems, 

since the panels in Uppsala with an azimuth at -10° is more optimal directed towards the 

sun than Enköping’s panels with an azimuth at -40°. 

5. Discussion 

This chapter will discuss and give possible explanations to the obtained results. The 

chapter is divided into six sections, whereas the first three explains the general meaning 

and reliability of each obtained result of the different cases. In section 5.4, a discussion 

about the uncertainties in the tilt angle differences, albedo and choice of time period, are 

executed. Section 5.5 consists of a discussion concerning future studies followed by 

section 5.6 that discusses the implications of a bigger system. 
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5.1 Case 1 

The result shows a higher normalized power output for the bifacial PV system with 

frame compared to the monofacial PV system, in Uppsala, at summer compared to 

winter. This result may seem unexpected due to the estimated additional albedo effect 

during winter conditions. However, this is most likely a consequence of some bifacial 

panels, in Uppsala, being shadowed. Since the solar altitude during winter is lower, the 

modules are probably more shadowed during this time. The total irradiation is as well 

lower during winter, which conclude that small changes have a greater impact on the 

result. The shadowing of the bifacial panels will still affect the result for the summer as 

well, and the advantage for both seasons would probably been greater if the shadowing 

parameter could have been excluded. 

Furthermore, due to the low elevation of the bifacial panels in Uppsala, it is possible 

that the surface under the panel is not completely covered with snow. Since the albedo 

is set to a constant value, 0.69, during the winter condition, this may have affected the 

result. This is also a possible reason why the advantage during winter is not as high as 

expected. 

The result also shows, as seen in Appendix A, Table A3 and A4, that the bifacial 

modules with a higher tilt angle results in a higher BG factor, as expected, since the 

optimal tilt angle for Sweden is 45° and the BG factor increases with a higher tilt. Also, 

the low irradiation, which in some days was equal to zero, during the first part of the 

investigated winter period may have caused errors in the result. This since the total 

irradiation is lower during winter, which conclude that small changes have a greater 

impact on the result. However, since months with winter condition occurs typically 

when the global irradiance is low, this effect was difficult to avoid. Furthermore, due to 

the delimitation to single month periods, this might not reflect the whole year fully. 

5.2 Case 2 

The power output difference between the bifacial and the traditional monofacial PV 

system in Enköping is more significant compared to Case 1. As in Case 1, the low level 

of irradiance during the first part of the investigated month with winter conditions, 

results in a low amount of total power output. This resulted in a high difference between 

the two investigated systems’ power output and can thereby explain the relative 

differences of 680%. The total irradiation is lower during winter, which conclude that 

small changes have a greater impact on the result. This result can also depend on the 

more advantageous condition the frameless, more tilted and elevated bifacial PV system 

has. These conditions are the elevation, optimal tilt angle as well as the frameless 

characteristics, which is that snow more easily slip of the modules. Overall, the result 

concludes that the bifacial modules in this case is preferable under given conditions.  

The result also shows that the frameless bifacial modules utilize energy on days when 

corresponding values for the monofacial module electricity production is negligible. 
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This might depend on snow coverage on the monofacial modules, which in the case of 

the bifacial modules is prevented by the frameless design. The higher tilt angle of the 

bifacial modules has an impact as well, e.g. snow slides off more easily. 

A higher placement of the monofacial modules would not have affected the produced 

amount of electricity, but the bifacial PV system benefit from increased reflected 

irradiance. 

5.3 Case 3 

Since the frameless, more tilted and elevated bifacial modules in Enköping is installed 

with several advantageous properties compared to the bifacial modules in Uppsala, such 

as higher elevation and an optimal tilt angle, it is hard to fully distinguish the impact of 

the frameless design. As previous studies imply, that losses due to snow will decrease 

rapidly when considering tilt angles above 30° which is worth considering in the 

Enköping case, with a 45° tilt angle. On the other hand, the lower albedo in Enköping 

during summer results in a disadvantage for the frameless module. 

The advantage of the frameless characteristic during summer condition is the aspect of 

improved air circulation which result in a module that is more advantageous and 

tolerant against higher temperatures. This gives the frameless modules a benefit over the 

modules with frame, as well as preventing possible dirt coverage, which may have had 

an influence on the higher power output during summer conditions. Nevertheless, the 

frameless, more tilted and elevated bifacial PV system has a higher power output 

compared to the tilted bifacial PV system. 

Besides the different elevation, tilt angle and design of the modules, the azimuth is also 

different for the two investigated PV systems. In this case the facility in Uppsala has a 

more advantageous azimuth than the facility in Enköping. Together with the other 

different parameters, this advantage is not enough to result in a higher power output for 

Uppsala in the total which concludes that the other parameters in combination has a 

greater influence. 

5.4 Discussion of uncertainties 

In addition to uncertainties regarding tilt angle, albedo and time period, which will be 

presented in more detail further on, there exist other factors that might cause errors in 

the results. Firstly, due to construction work at Enköping Hospital, there is a possible 

risk that there has been power failure in the PV system during some periods of the last 

year. Data of the two investigated months have therefore been double checked in order 

to find if there were periods where the PV system were off. However, the same control 

has not been made for the data, represented in Appendix A, Table A1 and A2, and in 

Appendix B, Table B1 and B2, that covers the whole year. Another aspect worth 

considering is the fact that the summer 2018 in Sweden was warmer than usual, with 

high temperature and irradiance. Since the frameless module is more advantageous and 



26 
 

tolerant against higher temperatures, this gives the frameless modules a benefit over the 

modules with frame. Also, the warm weather has a negative impact on the efficiency for 

the PV systems, in general. 

Since the model used for calculating the BG factor is based on weather data, such as 

irradiation, from the weather station in Arlanda, for both Uppsala and Enköping, this 

consequently result in uncertainties in the results. Therefore, the calculated values do 

not apply for the locations in specific. Also, the use of different sources when collecting 

weather data, STRÅNG and SMHI, might cause errors due to differences in their 

methods. However, this aspect was unavoidable when using the RADIANCE model. 

Furthermore, since the calculation with the RADIANCE model need the size of the roof 

and placement of the panels, which is estimated from pictures and drawings for each 

facility, it may affect the calculated BG factor and furthermore the calculated efficiency. 

5.4.1 Tilt angle differences 

The optimum tilt angle is a fundamental aspect considering the efficiency of the panel’s 

operation; therefore, it is crucial to find the optimal positioning of the tilt angle to avoid 

loss of potential solar power. The tilt angle of Enköping’s frameless bifacial modules is 

45°, which is the optimum tilt angle for the latitude of Enköping. Furthermore, previous 

studies have indicated that it is difficult to compare the BG factor for tilts above 30° 

which consequently creates uncertainties in the results for Enköping. Whether the snow 

mainly disappears because of Enköping’s high tilt angle or if it depends on the 

frameless design is therefore hard to clarify. 

5.4.2 Albedo 

The albedo is estimated in this study, since collected data did not contain a site specific 

monitoring of the albedo at the facilities. The albedo effect still needs to be accounted 

for since the parameter is significant when calculating the BG factor as well as when 

transposing horizontal irradiance to the tilted plane.  

The albedo effect is estimated to have a low impact on the installed PV systems in 

Uppsala due to the low tilt angles. In the case of Enköping Hospital the albedo has a 

greater impact on the result due to a higher tilt angle and elevation, therefore, it needs to 

be accounted for to a larger extent. The effect of the albedo would be interesting to 

investigate further for the different facilities, since the modules in Uppsala and 

Enköping have great variation of tilt angle and elevation over roof. 

5.4.3 Choice of time period 

From earlier studies, mentioned in section 2.1.1, results indicate that the greatest power 

losses, due to snow, were found during late winter. The time period with winter 

conditions was chosen in regard of this together with data from SMHI of when there 

was snow on the ground in Uppsala and Enköping. The data did not confirm if there 
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was snow on the modules or not and since neither video nor photo monitoring of the 

solar parks were done during this period this aspect can neither be confirmed nor 

dismissed. Finally, it would be interesting to use data from multiple years and compare 

the results to see if a trend can be observed. 

5.5 Implications of a bigger system 

The climate goal, considering shifting to renewable sources, is an international 

challenge. In order to reach our climate goals, any technology and innovation with 

contribution to the reduction of carbon emissions is necessary. A design such as the 

frameless, more tilted and elevated bifacial PV module has a great impact on the power 

output in general and in this report, in the Nordic climate in particular. This shows that 

it is important to adapt technology to the context and the surrounding conditions.  

Another aspect is when and during what conditions it is profitable to pay the extra costs 

for a frameless module. When installing a new PV system, it is important to consider 

the location’s weather and climate, e.g. how the standard period of winter condition 

looks like and the mean temperatures throughout the year. The frameless design has two 

main advantages, snow and dirt slipping of the modules more easily and the possibility 

to handle higher temperatures with minimized losses. 

If higher temperatures are not a problem and the PV system can be installed with an 

optimum tilt angle, it may not be necessary to choose a frameless design since snow and 

dirt, to some extent, can slip off anyway. However, if the PV system cannot be installed 

with an optimum tilt angle, a frameless module can be preferable to reduce losses due to 

snow piling up against the frame. On the other hand, if higher temperatures are a 

problem, a frameless module can be preferable to reduce losses due to lower efficiency. 

The geographical location and the design of the PV system is interconnected, whereas 

the frameless bifacial PV module shows eminent results in the Nordic climate. 

5.6 Future studies 

Since it is possible that snow coverage on the panels limits the maximum utilization 

during the winter period of a PV system, it would be interesting to further investigate 

the extracted energy from a vertically oriented bifacial PV system. This design might 

use the high albedo of the snow more advantageously and thereby generate more 

electricity compared to a regularly tilted bifacial PV system. This aspect would be extra 

interesting if it was executed in a location with a greater amount of snowfall. Then, it is 

possible to analyze how PV systems during similar contexts could be improved and 

customized to this specific climate. 

Models found in literature for calculating the BG factor is inadequate for the different 

PV systems’ implementations in Uppsala and Enköping, and for a Nordic climate 

overall. A complete equation and model applicable for corresponding latitudes would 

therefore be interesting to investigate further. A model adapted to a Nordic climate in 
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general would contribute to simplification in the work when comparing different 

parameters and distinguish which variables that has the greatest impacts on the BG 

factor. This would contribute to simplifications in the aspect of attaining an optimal 

installation of the PV system in the Nordic climate, and, simplify the estimation of the 

BG factor for different times of the year. 

A PV system depends on several sensitive variables, and can be configured in multiple 

ways, for instance the aspects mentioned in this study: installation design, location, 

albedo of the roof, azimuth and climate. Because of all these sensitive variables, 

comparing different PV systems is a sensitivity analysis. To simplify the comparison 

and achieve a fair result, it is important that one parameter can be fully isolated from the 

other, i.e. only one parameter should differ between two PV systems in order to evaluate 

the impact of that specific parameter. Keeping this in mind when installing future 

projects will simplify the process of comparing different installed PV systems and 

reduce eventual sources of errors and miscalculations. 

6. Conclusion 

A bifacial PV module with frame, installed in Uppsala, Sweden, that is normalized and 

adapted to the tilt angle 15°, results in 5.2% and 3.6% higher power output during 

summer and winter conditions, respectively, compared to a traditional monofacial PV 

module. The corresponding value for the frameless, more tilted and elevated bifacial PV 

module, installed in Enköping, Sweden, resulted in a 58% and 680% higher power 

output during summer and winter conditions, respectively, given the conditions of the 

study. The result of this study, therefore, indicates that a bifacial PV system is more 

advantageous than a traditional monofacial PV system in a Nordic climate.  

When evaluating the use of different PV systems, it is important to consider the location 

specific features since the amount of insolation, days with snow on the ground and the 

temperature affects the energy yield of the PV systems. This in order to minimize the 

losses due to the location’s characteristics. 

To compare different PV systems and their quality in a more flexible, distinct approach, 

future installations of PV systems which are installed with the intention to evaluate 

certain properties are suggested to be installed with more initially comparable 

conditions in mind. 
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Appendices  

Appendix A 

Table A1: Total energy output normalized by installed capacity, Uppsala. 

Total 

[kWh/kW]  

Mars  

2018 

April  

2018 

May 

2018 

June 

2018 

July 

2018 

August 

2018 

Monofacial 

20.1 kW  

42 120 180 170 170 130 

Bifacial 

25.2 kW  

46 120  190 170 180  140  

Monofacial 

7.50 kW  

34 110 180 160 170 130 

Bifacial 

7.50 kW 

62 140  200 170 180 150  

 

Table A2: Total energy output normalized by installed capacity, Uppsala. 

Total 

[kWh/kW] 

September 

2018 

October 

2018 

November 

2018 

December 

2018 

January 

2019 

February 

2019 

Monofacial 

20.1 kW  

88 53 14 3.0 3.6 30 

Bifacial 

25.2 kW  

92 55 14  2.7  3.1 32 

Monofacial 

7.50 kW  

95 62 16 3.8 4.8 33 

Bifacial 

7.50 kW 

98 63 15 2.5 2.6 38 
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Table A3: Theoretical energy output normalized by installed capacity, Uppsala. 

Theoretical 

[kWh/kW] 

Tilt angle Azimuth 17 January to  

17 February 

Difference 

Monofacial 20.1 kW 15° -10° 24 
 

Monofacial 7.50 kW 24° -10° 28 +16% 

Bifacial 25.2 kW  

+BG 11% 

15° -10° 24 
 

Bifacial 7.50 kW 

+BG 12% 

24° -10° 28 +16% 

 

Table A4: Theoretical energy output normalized by installed capacity, Uppsala. 

Theoretical  

[kWh/kW] 

Tilt angle Azimuth 1 July to  

1 August 

Difference 

Monofacial 20.1 kW 15° -10° 180 
 

Monofacial 7.50 kW 24° -10° 180 +0.12% 

Bifacial 25.2 kW  

+BG 8.4% 

15° -10° 180 
 

Bifacial 7.5 kW  

+BG 9.9% 

24° -10° 180 +0.15% 
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Appendix B 

Table B1: Total energy output normalized by installed capacity, Enköping. 

Total 

[kWh/kW]  

Mars  

2018 

April  

2018 

May 

2018 

June  

2018 

July 

2018 

August 

2018 

Monofacial 

56.3 kW 

34 65 140 130 130 100  

Bifacial 

16.5 kW 

110 150 230 200 210 160 

 

Table B2: Total energy output normalized by installed capacity, Enköping. 

Total 

[kWh/kW] 

September 

2018 

October 

2018 

November 

2018 

December 

2018 

January 

2019 

February 

2019 

Monofacial 

56.3 kW 

63 30 5.7 1.0 1.5 16 

Bifacial 

16.5 kW 

110 70 16 5.4 13 41  

 

Table B3: Theoretical energy output normalized by installed capacity, Enköping. 

Theoretical 

[kWh/kW] 

Tilt angle Azimuth 17 January to  

17 February 

Difference 

Monofacial 20.2 kW  15° 50° 23 +31% 

Monofacial 36.2 kW  15° -40° 18 
 

 

Table B4: Theoretical energy output normalized by installed capacity, Enköping. 

Theoretical  

[kWh/kW] 

Tilt angle Azimuth 1 July to  

1 August 

Difference 

Monofacial 20.2 kW  15° 50° 170 +3.5% 

Monofacial 36.2 kW  15° -40° 170 
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Appendix C 

Table C1: Total energy output normalized by installed capacity and efficiency. 

Total  

[kWh/kW] 

Tilt angle Azimuth 17 January to  

17 February  

1 July to  

1 August  

Monofacial Uppsala 15° -10° 11 170 

Monofacial Enköping 15° -40° 2.9 150 

 

Table C2: Mean temperature.  

 
Uppsala  Enköping Difference 

17 January to 17 February -2.8°C -3.4°C +22% 

 

 

 


