
TVE-STS 18 004

Examensarbete 15 hp
Juni 2018

BiFacial PV Systems
A technological and financial comparison 

between BiFacial and standard PV panels 

Hanna Langels
Fredrik Gannedahl



 

 
 
Teknisk- naturvetenskaplig fakultet 
UTH-enheten 
 
Besöksadress: 
Ångströmlaboratoriet 
Lägerhyddsvägen 1 
Hus 4, Plan 0 
 
Postadress: 
Box 536 
751 21 Uppsala 
 
Telefon: 
018 – 471 30 03 
 
Telefax: 
018 – 471 30 00 
 
Hemsida: 
http://www.teknat.uu.se/student 

Abstract

BiFacial PV Systems

Hanna Langels and Fredrik Gannedahl

The purpose of this project is to evaluate the potential for BiFacial photovoltaic 
(PV) by comparing the power and energy output of BiFacial and standard PV 
panels. This is done by studying a PV system located at Rudbecklaboratoriet in 
Uppsala Science Park, Uppsala. The possibility to enhance the performance of 
BiFacial panels, mainly focusing on the albedo, is investigated. The aim of the 
report is to examine if it is financially beneficial to invest in BiFacial technology in 
Uppsala, Sweden. 

Simulations are made for three cases; standard-, BiFacial- and BiFacial panels with 
increased albedo. The simulations are made over the panels assumed lifetime, to 
investigate estimated annual power and energy productions, levelized cost of 
energy, net present value, and payback time of the three cases. A sensitivity 
analysis is made to validate the credibility of the simulations. 

The results from the observed system show that the BiFacial panels produce 7.8 
percent more energy than the standard panels installed in Uppsala Science Park. 
The hypothetical case with increased albedo is estimated to produce 16.2 percent 
more than the standard panels. 

The simulations show results that are in favor of the BiFacial- and BiFacial panels 
with increased albedo, despite higher investment costs. The levelized cost of 
energy and payback period show lower values, as well as higher net present 
values, for the BiFacial panels in comparison with the standard panels. From these 
simulations we can conclude that under the circumstances investigated, it is 
financially beneficial to invest in BiFacial technology in Uppsala.
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Terminology 
Albedo 
A measurement of lights reflectance off a surface or body.  
 
Energy output 
The amount of power produced over a certain time period.  
 
Azimuth 
The angular direction of an object towards the sun, measured in degrees from north.  
 
Additional energy yield 
Extra energy produced.  
 
Elevation  
The height to which something, in this report solar panels, are elevated.  
 
Levelized cost of energy (LCOE) 
The cost of a system during its lifetime divided by the amount of energy it produces.  
 
Net present value (NPV) 
The difference between the present value of cash inflows and outflows over a period of 
time.  
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1. Introduction 
The global growth of photovoltaic (PV) cells has been exponential for the last 25 years. 
The usage of PV technology has evolved from a market of small scale applications to 
become a commonly used energy source in large parts of the world. As a result of the 
increasing demand, the development of PV has evolved rapidly and lowered the 
production costs. [1] This has enabled fairly unrecognized PV technologies to become 
more implemented. One of these technologies is BiFacial PV. BiFacial PV is a 
technology that produces power from radiation striking the front, as well as the rear side 
of the module. This gives the module a higher energy output potential than a standard 
one, without covering any more physical area. Since the main feature of a BiFacial 
panel is its ability to absorb radiation reflected on the rear side, the albedo of its 
surroundings is of high importance. Research studies have shown that modules installed 
on high reflective surfaces can produce 5-30 percent more than a standard module. [2] 
  
The BiFacial technology is becoming more recognized globally, however it has not yet 
been implemented at any large scale in Sweden. One company currently looking into 
the potential of this technology in Sweden is the energy consultancy company Stuns. 
Stuns is based in Uppsala Science Park where they have, in cooperation with Region 
Uppsala, installed a PV system consisting of both standard and BiFacial solar cells. The 
system has been operational since the beginning of November 2017 and due to it being 
so new, most of the data has not been thoroughly analyzed. [3] 
  
This report aims to analyze the data from the system in Uppsala Science Park to 
compare the power and energy outputs of the BiFacial panels to the standard ones. It 
will also investigate how different parameters can enhance the additional energy yield 
of BiFacial modules, focusing primarily on the albedo. This study will examine the 
potential for BiFacial PV in Sweden, and whether investing in this technology is 
financially reasonable. This will be done by running simulations overlooking various 
financial aspects. 

1.1 Purpose 

The main purpose of this thesis is to evaluate the potential for BiFacial PV by 
comparing the power and energy output of a BiFacial system and a standard PV system. 
This will be done by analyzing collected data from the system located at 
Rudbecklaboratoriet in Uppsala Science Park. The possibility of enhancing the energy 
yield of BiFacial modules by increasing the albedo of its surroundings will also be 
investigated. This will be done by comparing the standard and BiFacial panels from the 
studied system with a hypothetical scenario with increased albedo. Simulations will be 
done in a program called System Advisor Model (SAM) to investigate the annual power 
and energy production, levelized cost of energy (LCOE), net present value (NPV), and 
payback time of the three scenarios. The aim of the report is, through these analyses and 
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simulations, to examine if it is financially beneficial to invest in BiFacial technology in 
Uppsala, Sweden.  

1.2 Thesis questions 

▪ How much energy do the BiFacial PV modules installed in Uppsala Science 
Park generate compared to the standard modules?  

▪ How much more energy would the BiFacial modules generate if the albedo was 
increased? 

▪ Would investing in BiFacial PV systems be financially beneficial in Uppsala?  
▪ Does the conclusion to the question above change when the electricity rates 

change? 

1.3 Limitations 

There are multiple factors that can be altered in order to increase the power output of a 
BiFacial module. This report will focus mainly on one of these parameters, the albedo. 
The reason for this is because it is the parameter with the highest influence on the 
additional energy yield [4]. The output of a BiFacial module relies very much on the 
albedo of its surroundings since the incoming radiation is reflected on these surfaces. It 
is therefore important to point out that the findings in this report cannot be generalized 
to rooftops of a different color or material, with a different albedo.  
 
Other parameters that also have an effect on the energy output of a PV system will be 
mentioned but not analyzed as thoroughly as the albedo. These other parameters include 
the geographical location, azimuth and tilted angle. The elevation of the module can 
also have an effect on the output, but only for the BiFacial modules. The main reason 
for not thoroughly analyzing these other parameters is partly due to the limitations of 
this report. Altering these parameters would result in too many uncertainties in the 
analysis. Since the PV system reviewed in this report is located in Uppsala Science 
Park, this project and the results will be geographically limited to Uppsala.  
 
The system consists of BiFacial and standard modules of two different brands. The 
standard ones are manufactured by IBC Solar and the BiFacial ones by LG. LG uses a 
different technology than IBC called Cello, a technology that will be further explained 
in the report. This technology is supposed to give the BiFacial module a slightly higher 
efficiency than the IBC. This higher efficiency is mainly a result of improved electrical 
current transmission between cells, which means that, for example, less material is 
needed for manufacturing an LG module to achieve the same rated power as an IBC 
module. The two types of panels are supposed to produce the same amount of power 
from the frontside of the module, however this is based on standard test conditions. 
Therefore, this technical difference is worth mentioning, since it is not certain that these 
power ratings correlate with the actual performance of the panels installed at 
Rudbecklaboratoriet.  
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Due to technical difficulties in the startup phase of the project, data for the tilted 
BiFacial and standard modules obtained, only covered a one-month period. Simulations 
will however be made on estimated annual energy production, based on predictions 
from the limited amount of data collected. This will be further explained in the 
methodology section.  
 
In order to analyze the entire estimated lifetime of the system, future electricity prices 
will have to be simulated. However, due to the difficulty to foresee future electricity 
prices, some assumptions and limitations had to be made. The electricity prices and 
escalation rate of these prices used in SAM will be estimated by studying historical data 
and prognosis reports. The historical data reviewed were based on statistics from 
Statistiska Centralbyrån (SCB), covering the period between the years 2000 to 2013. 
The statistics show the average electricity price, excluding VAT, for a Swedish 
apartment with a variable cost plan. We also tried to find statistics from 2013 to present 
day by looking at electrical prices from some of the largest Swedish electrical 
companies like Vattenfall, Eon and Fortum. The spot prices are pretty much the same 
for all electrical companies. However other prices like supplement charge, electricity 
certificate prices etcetera vary a lot from company to company. Therefore, we chose to 
limit our historically viewed data to the years 2000 to 2013. This will only be used, in 
combination with outlook analyses made by Bixia, to get a percentage on a reasonable 
escalation rate as an input parameter for simulations in SAM.  

2. Background 
This section will provide background information about PV and BiFacial technology. It 
will include a description of the system examined in this project and the two different 
types of modules used in that system. Possible solutions of increasing the power output 
on the rear side of the BiFacial module will be provided, focusing mainly on the effects 
of albedo.  

2.1 Solar energy and solar cells 

Photovoltaic is a technology used to harness energy from the sun's radiation into 
electricity. A photovoltaic system consists of solar modules. These solar modules 
consist of several solar cells that collect solar radiation and convert it into electricity. 
The solar cell absorbs energy from photons and converts it into an electric current. Most 
of today's solar cells are slices of silicon, which is a semiconductor. A solar cell can be 
described as a sandwich of two different layers of silicon. The two layers of silicon have 
been processed in a particular way, letting electricity flow through them when exposed 
to light. When the photons hit the cell, they are absorbed by the silicon. The energy of 
the photon excites an electron, which then travels to the positive electrode and creates 
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an electric flow. The more energy the cell is exposed to, the more electrons will jump 
across the layers, resulting in a higher flow of current. [5] 
 
The cells are encapsulated by a thin layer of glass on the front and a back sheet on the 
rear. The back sheet is usually made of a polymer-based material with high durability, 
preventing water, dirt and other materials to get into the module from the backside. The 
cells are held in place by EVA, Ethylhene Vinyl Acetat. [6] 
 
Most household applications run on alternating current and since a PV system produces 
direct current electrical power, an inverter is needed to convert the direct current from 
the PV system into alternating current. An inverter is also used to control and monitor 
the entire system. One of the most important requirements of a PV inverter, for a high 
conversion efficiency, is to keep energy loss to a minimum. Modern PV inverters have a 
conversion efficiency around 98 percent. It is essential that a PV inverter is properly 
sized, since an undersized inverter can have a negative effect on the yield from the 
system resulting in clipping losses, see Figure 1.  This loss occurs when DC power from 
a PV system exceeds the maximum input level for the inverter. In contrast, oversizing 
the inverter results in a cost inefficiency, due to the higher purchase price for a larger 
inverter. [7] 
 
 

 

Figure 1. The green line represents a power system connected to an undersized 
inverter, resulting in clipping loss. The blue line represents a power system connected 
to an oversized inverter. The blue line results in no clipping loss, however the energy 

output is lower. The figure is inspired by [8]. 

On the PV cell, small metal wires called busbars are placed. A busbar is a wire on the 
cell that conducts the direct current generated by the solar cell. The amount of current 
that can be carried in a safe way is determined by the size of the busbar. The industry 
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standard has been three busbars per cell. However, the development of solar cells has 
led to new, more efficient modules that use an increased number of busbars per cell, 
usually four or five. The increased number of busbars leads to higher module efficiency 
due to the reduced series resistance. Another way of increasing the efficiency is the 
multi-busbar design, also known as the Cello technology. This design uses 12 thin 
circular wires, instead of fewer thicker ones. This multi-busbar technology helps reduce 
shading on the cells and also reduces the electrical loss by spreading the current on 
multiple wires. [9] 

2.2 BiFacial Photovoltaic 

2.2.1 History of BiFacial and global implementation 

The research on BiFacial PV systems dates back as early as the 1960s. The first 
functioning prototype was designed by the Japanese researcher H. Mori in 1966, and the 
first BiFacial PV system to be deployed was as a part of the Russian Space Program in 
the 1970s. Even though the technology has been around for many years, high 
production costs have prevented it from being commercialized in any large scale. [10] 
The reason for it being more implemented in our society today is due to the rapid 
expansion of the solar cell market. The global growing demand that has lowered the 
prices on PV technology and enabled the BiFacial technology to grow. In January 2018, 
the world's largest BiFacial solar park was installed in Qinghai, western China, with an 
installed capacity of 100 MW. [11] In Sweden, any large-scale installations of BiFacial 
PV systems have not yet been installed.  

2.2.2 The BiFacial module 

In contrast to standard PV cells, the BiFacial model consists of glass sheets on both 
sides instead of one glass sheet and one back sheet. The total irradiance on the backside 
is a combination of light reflected on the surroundings and light passing through the 
module, which is possible due to its optical transparency. This allows for the module to 
produce more power than a standard cell, without covering more physical area, and 
utilizing the same amount of silicon. [12] Figure 2 illustrates the differences between a 
BiFacial and a standard panel.     
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                (a)                            (b) 

Figure 2. In (a), a BiFacial PV module. In (b), a standard PV module. 

2.2.3 BiFacial Gain 

To evaluate the amount of power the rear side of a module produces, the term BiFacial 
gain is introduced. The BiFacial gain, also referred to as the additional energy yield, 
represents the amount of power produced by the backside of the cells and can be 
calculated using equation (1).  
 
Annual BiFacial Gain(%) = (0.30 deg⁄ ) ∙ 𝜃 + (11.5 m⁄ ) ∙ ℎ + (0.134 %⁄ ) ∙ 𝛼,      (1) 
 
where 𝜃 is the tilted angle of the module in reference to the tilt of the roof or surface, h 
is the elevation (distance between the lowest point of the module and the roof or 
ground) and 𝛼 is the albedo. [13] 
 
To achieve the highest BiFacial Gain, the installation of the module is dependent on 
primarily three factors; the albedo, tilted angle and elevation of the module. The optimal 
tilt angle is determined by the latitude of the installation. The closer a solar panel is 
located to the equator, the more leveled the angle should be. [14] In Sweden, the tilt 
angle should be around 40 degrees for maximum power output. 
 
The installation height, or elevation, of the module also has a large influence on the 
energy yield. The higher the module is mounted from the ground or roof, the more light 
is able to reach the rear side which results in greater energy yield. Eq. (1) is valid for 
elevations between 0.15 to 0.8 meters. [13] Research has shown that after reaching an 
elevation of one meter the additional energy yield stagnates and continues to be 
constant. [15] 
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As can be seen in eq. (1), the albedo is the largest factor in BiFacial performance. In the 
following sections, albedo will be further explained, and ways to enhance albedo will be 
presented.  

2.2.4 The importance of albedo 

The albedo is a measurement of the reflectivity of a body and is crucial for the energy 
output of a BiFacial module. The albedo of a surface corresponds to the ratio between 
the reflected light and the incident light. The albedo represents the amount of light 
reflected off a surface. A dark body that absorbs light has low albedo, and a bright 
reflective body has high albedo (see Figure 3). In Table 1, examples of different kinds 
of surfaces and their corresponding albedo values can be viewed. The highest 
theoretical value the albedo can reach is 1, for extremely bright or reflective surfaces, 
and the lowest value is 0, corresponding to an absolute black surface. [16] 
 

 
(a) (b) 

Figure 3. Light reflecting off a surface, where (a) has an albedo of 0.81 and (b) an 
albedo of 0.1. 

Table 1. The albedo of different kinds of surfaces. [17] 

Surface type Albedo 

Green grass 0.24 

Red brick 0.24 

White sand 0.67 

Snow 0.85 

2.2.5 Raising the albedo on roof tops 

In recent years, new technologies have been developed to achieve cool roofs. A cool 
roof is designed to reflect incoming radiation to reduce heat absorption. This extends 
both the lifespan of the roof due to less wearing, as well as preventing heat transferring 
into the building. This in turn lowers energy costs in forms of e.g. air conditioning. 
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Since the purpose of these roofs is to reflect incoming sunlight, it is also a useful 
technology to enhance the energy yield of BiFacial panels. [18] 
 
There are different methods that can be used in order to achieve highly reflective roofs. 
One alternative is painting the roof with a reflective color, another option is using a 
reflective material. One company that specializes in energy efficient roof solutions is 
Derbigum. One of the products that they offer is called Derbibrite, which is a white 
colored high reflective roof membrane. According to the manufacturers’ data sheet, 
Derbibrite has an albedo of 0.81. [19] 

2.3 The System at Uppsala Science Park 

2.3.1 Overview of the system 

The PV system investigated in this report is located on the roof of Rudbecklabratoriet, 
building C11 in Uppsala Science Park. It is a 79.5 kW system that consists of 253 solar 
modules, both standard and BiFacial. The system design can be viewed in Figure 4. 
109, of the 253 installed solar modules, are LG 300W BiFacial. The remaining 144 
modules are IBC Solar 300W. [3] Nearly all of the power produced by the system is 
consumed by the building. 
 
Due to problems with building permits, most of the modules are mounted flat on the 
roof with an elevation of 0.15 meters. The roof itself has an angle of 15 degrees. 50 of 
the modules, 25 of the standard and 25 of the BiFacial, are however mounted with a 25-
degree angle on top of the roof giving them a total angle of 40 degrees from the 
horizontal plane. The tilted modules are installed next to each other, giving them the 
same south-oriented azimuth. [3] South facing panel placement is the optimal 
orientation for installations in the northern hemisphere.  
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Figure 4. The system design. Blue (standard) and green (BiFacial) squares are tilted 
modules. Black squares are BiFacial and red/purple are standard flat mounted. [20] 

 

Figure 5. A picture of the tilted LG300W and IBC300W modules at Rudbecklabratoriet. 
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2.3.2 The modules  

The standard modules installed at Uppsala Science Park are called IBC MonoSol300 
and are made out of sixty monocrystalline solar cells. They have a maximum power of 
300 W under standard test conditions and a module efficiency of 18.4 percent. These 
modules have three busbars per cell. [21] The purchase price for one IBC 300W panel is 
$244,04. [22] 
 
The BiFacial modules installed at Rudbecklaboratoriet are manufactured by LG. One 
module consists of sixty n-type, monocrystalline solar cells with a maximum power of 
300W. Factoring in the BiFacial gain, they can produce up to 25 percent more power 
under optimal conditions. As mentioned before, the modules use the multi-busbar 
design technology Cello, with 12 thin circular wires instead of the standard 3 busbars. 
The module efficiency is 18.3 percent but can reach 22.9 percent with full BiFacial 
Gain. [23] The purchase price for one LG 300W panel is $304,04. [24] 
 
The differences between the two types of modules, BiFacial and standard, and their 
characteristics can be viewed in Table 2.  

Table 2. The manufacturers instrumentation details. [23], [25] 

 
SI 

units 
IBC 300W LG 300W LG 300W 

BiFacial 
Gain 10% 

LG 300W 
BiFacial Gain 

20% 

Maximum Power, Pmax  W 300 300  330  360  

Open Circuit Voltage (Voc) V 39.6 40.1  40.1  40.2  

Maximum Power Point Voltage  V 32.9 32.9 32.9 32.9 

Maximum Power Point Current A 9.35 9.15 10.07 10.98 

Short Circuit Current, (Isc) A 9.74 9.65 10.68 11.65 

Nominal operating temperature ℃ 46 45 45 45 

Temperature coefficient of Voc 
 

-118.92mV/℃ -0.28%/℃ -0.28%/℃ -0.28%/℃ 

Temperature coefficient of Isc %/℃ 0.05 0.03 0.03 0.03 

Temperature coefficient of max. 
power point 

%/℃ -0.42 -0.38 -0.38 -0.38 

2.3.3 The inverters 

The inverters used for the system are two different models, both manufactured by SMA. 
The flat mounted solar panels are connected to three inverters of the same model, SMA 
Sunny Tripower 20000TL-30. The tilted modules are connected to two inverters of the 
model SMA Sunny Tripower 7000TL-20. The characteristics of the two different 
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inverters can be viewed in Table 3. The purchase price for SMA Sunny Tripower 
7000TL-20 is $2072. [26] The purchase price for SMA Sunny Tripower 20000TL-30 is 
$3178. [27] 

Table 3. The manufacturer's instrumentation details. [28], [29] 

 
SMA 20000 SMA 7000 

Maximum AC power output  20000 W 7000 W 

Weighted efficiency  98% 97.5% 

Nominal AC voltage 400 V 400 V 

Maximum DC Voltage 1000 V 1000 V 

Maximum DC Current 33 A 15 A 

MPP DC voltage range 320 V to 800 V 290 V to 800 V 

Nominal DC voltage 600 V 580 V 

2.4 Solar in Uppsala, energy goals and policies 

Uppsala municipality has an environment and climate program in which it has set up 
eight goals for becoming a more environmental friendly city. One of these goals 
concerns the development of solar energy in Uppsala. The municipality wants to have 
30 MW solar power installed by the year 2020 and 100 MW installed by 2030. In 2017, 
515 PV systems had been installed in Uppsala resulting in a power output of about 7 
MW. It is not only the municipality’s installations that are taken into account in 
connection to the solar energy goals. Installations made by different companies and 
organizations are also included, as well as installations made on rooftops by 
homeowners. [30] 

2.5 Investment calculations 

In order to assess whether an energy project is financially beneficial to invest in, 
financial prediction analyses can be made and calculated. Three of these will be 
presented and explained in the following section. Historical and future estimations of 
energy prices and statistics will also be presented.  

2.5.1 LCOE, payback period and NPV calculations  

One of the financial analyses used for this report was a Levelized Cost of Energy 
(LCOE). LCOE measures the kilowatt-hour cost of building and annual expenditure for 
maintaining a power generation plant over an assumed lifetime. It is a tool that can help 
comparing different renewable energy technologies with e.g. life spans, costs and 
return.  
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 LCOE = ∑ Costs over a lifetime
∑ Electricity produced over a lifetime

  .  (2) 

 
LCOE is typically represented in units of currency per kilowatt-hour. The LCOE takes 
all possible costs into consideration, e.g. the set-up cost, operation and maintenance 
costs as well as possible fuel costs, which for most renewable energy projects is zero. 
[31] 
 
The second financial analysis made was calculating the net present value (NPV). NPV 
is a measurement of profit, and can be calculated using equation 3. 
 

  NPV =  ∑ 𝐶𝑡
(1+𝑟)𝑡 − 𝐶0

𝑇
𝑡=1  ,  (3) 

 
where 𝐶𝑡 is the net cash inflow during the period t, 𝐶0 is the total initial investment 
costs, r is the discount rate and t is number of time periods. [32] It calculates what all 
the future inflows and outflows in a project are worth in the current monetary value, 
with regard to inflation and investment return requirements. NPV calculations are done 
in order to compare different projects, in order to determine which ones to pursue on a 
financial basis. [33] 
 
The third financial analysis, payback period, is the time period before the original 
investment cost of a project is recovered. When comparing projects, a shorter payback 
period is more attractive to investors. [34] 

2.5.2 Energy prices and statistics 

The price of electricity can differ a lot depending on what country one is located in, and 
within that country it may even vary locally. In Sweden, as in most countries, the price 
is determined by supply and demand. If the price of electricity is high, it is probably due 
to the demand being high and/or the supply of electricity being low. The electricity 
price is divided into two categories, one for the grid and one for the electricity. The 
price of the grid is determined by the electricity company that owns the local grid and it 
is not directly affected by how much electricity a household consumes. [35] 
 
Historical electricity prices in Sweden can be viewed in Figure 6. These statistics have 
been collected from SCB´s website and show the average electricity prices, excluding 
VAT, for an average apartment with a variable cost plan. [36], [37] 
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Figure 6. Graph over annual average electricity prices in Swedish öre per kWh, 
excluding VAT, from the period of year 2000 to 2013. 

The Swedish electricity company Bixia has made a prognosis over future estimated 
electricity price. According to this prognosis, the electricity price will increase 
significantly after the year 2020. The reason for this is because of the planned 
decommissioning of nuclear power, as well as an increased usage of electric vehicles, 
which will overload the grid and push up the electricity prices. According to the 
prognosis, the escalation rate of electricity prices could have an annual increase of 3.4 
percent. [38] 

3. Methodology  
This report is based on literature studies, interviews and data collected from the PV 
system at Uppsala Science Park. This section will further explain how the obtained data 
was collected, plotted and analyzed in order to compare the different types of modules 
and the hypothetical scenario with increased albedo. It will give a description on how 
the simulation program, SAM, was used in order to make financial and performance 
analyses for the different scenarios.  

3.1 Gathering of information 

The information and data for this report has been collected from various sources. Our 
background studies have been made of scientifically reviewed publications and sources 
on the internet concerning PV in general, BiFacial technology and albedo. Information 
regarding the specifications of the modules and inverter was collected from the 
respective manufacturers websites. To get an understanding of Uppsala municipality’s 
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view on PV systems, an interview with the development leader of solar energy at 
Uppsala Municipality, Kristina Starborg, was conducted. This provided us with 
information about the municipality’s energy goals and plans for future PV expansion. 
Information has also been gathered from meetings with our supervisor Dennis van der 
Meer and our contact person at Stuns, Fredrik Björklund. 
 
In order to compare how the modules performed under different conditions, weather 
data from the studied period was collected from SMHI. [39] The data was used to find 
days with different kind of weather, in order to compare the power output on these days.  

3.2 Measuring albedo 

The albedo on the roof of Rudbecklaboratoriet was measured using the app Albedo: A 
Reflectance App. The app is designed to analyze the reflectivity of pictures taken of a 
surface with a gray card used as reference. The gray card was made in Photoshop by 
creating an 18 percent medium gray image (see Figure 7.a). The procedure of using the 
app is as follows: 
 

▪ Placing the gray card on the surface from which albedo is wished to be 
measured. 

▪ Holding the device parallel to the gray card and then using the app to collect an 
image.  

▪ Removing the card and collecting an image of the surface. 

The same procedure was then used to measure the albedo of a Derbibrite sample (see 
Figure 7.b). This sample was later used for the hypothetical scenario. The measured 
albedo of the Derbibrite piece corresponded well with the high number stated on the 
description of the sample. This gave an indication of the app being reliable. The albedo 
values were measured to 0.23 for the red tin roof and 0.81 for the Derbibrite sheet.  
 

  
              (a)                   (b) 
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Figure 7. In (a), the gray card, used to measure albedo on the roof of 
Rudbecklaboratoriet is shown. The Derbibrite sample on the same roof, used for the 

hypothetical scenario with increased albedo is shown in (b). 

The measured albedo values were then inserted into eq. (1) and tested against different 
installation heights. This was done in order to get a perception of what impact the 
elevation and albedo have on the additional yield.  

Table 4. BiFacial gain values for different albedo (AL) and elevation heights (EL). 

AL\EL 0.15 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

0.23 12.31 12.88 14.03 15.18 16.33 17.48 18.63 19.78 

0.81 20.08 20.65 21.80 22.95 24.10 25.25 26.40 27.55 

  
The blue boxes in Table 4 represent the BiFacial Gain values of the same elevation 
height as the installed modules at Rudbecklaboratoriet. The BiFacial Gain value in the 
dark blue box will be compared with the obtained data from the actual system, and the 
light blue box will be compared with the hypothetical scenario. The percentage 
difference of the two blue boxes, approximately 7.8 percent, was used for creating the 
hypothetical scenario. The amount of energy produced by the observed 25 BiFacial 
panels will be multiplied by 7.8 percent and added to the total energy production over 
the observed month. This will create an estimated monthly energy production for the 
hypothetical case with increased albedo.  

3.3 Data from the system 

The technical data from the PV system at Uppsala Science Park was obtained through 
our contact at Stuns, Fredrik Björklund. The received data files contain 5-minute data of 
energy and power produced by the solar panels of the observed system. As previously 
mentioned, due to technical problems, the data obtained for the tilted modules only 
cover the period 13th of April 2018 to the 13th of May 2018. The data for the rest of the 
system stretches from the first of November to the 13th of May. The additional energy 
produced by the observed tilted BiFacial panels was 7.85 percent higher than the tilted 
standard panels. For the hypothetical case with increased albedo, the additional energy 
was estimated to be 16.2 percent higher than for the standard tilted panels. The 
accumulated data was analyzed and plotted in Excel, which will be shown in section 4. 

3.4 The System Advisor Model 

To analyze the data from the reviewed system, the simulation program SAM was used. 
SAM is a model designed to facilitate decision for people involved in the renewable 
energy industry. It makes performance predictions and estimates cost of energy for grid-
connected power projects. [40] 
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The first thing to do when creating a SAM model is to choose what type of renewable 
technology (PV, wind etc.) project and for what kind of building (residential or 
commercial) one wishes to simulate. A residential PV system was chosen, considering a 
commercial project would be too large for a realistic simulation over 25 panels. SAM 
will automatically input default values for the chosen project. These default values can 
be changed in the program in order to replicate the real system as well as possible. 
Some of the changeable input parameters include location and design of the system, the 
type and number of modules and inverters used, tilt and azimuth of these modules and 
shading.  
 
The observed system had an additional energy yield of 7.85 percent and the 
hypothetical case with increased albedo had an additional energy yield of 16.2 percent. 
To be able to use these as input parameters in SAM, the values were changed to 10 and 
20 percent, in order to match the manufacturers sheet stated in Table 2. To simulate the 
three cases, the following modules from Table 2 where chosen: 
 

▪ Standard (to simulate the standard panels) 
▪ BiFacial LG 300W 10% (to simulate the BiFacial panels) 
▪ BiFacial LG 300W 20% (to simulate the hypothetical case with increased 

albedo) 

Some financial values such as the cost of the modules and inverters were altered. In this 
simulation some parameters were kept as the default values and others were set to zero, 
e.g. the taxes mainly because they apply to the American market. The electricity rate 
was set to 0.12$/kWh, for buying and 0.14$/kWh, for selling electricity. These prices 
were chosen based on an instruction sheet from Uppsala University from 2017 on how 
to design and perform realistic PV simulations, in Sweden, in SAM. [41] The escalation 
rate of electricity was set to 3.4 percent per year in SAM. [38] 
 
In order to clarify what input parameters were chosen for SAM, screenshots from the 
simulation pages of the module, inverter and costs of the system are shown in Figures 8-
10.  
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Figure 8. What parameters changed to simulate the different modules (standard module 
showing in picture). 

 

Figure 9. The parameters for the inverter (inverter for the tilted modules showing). 
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Figure 10. System cost for standard modules. 

4. Results 
The following section contains results from the observed and simulated system.  

4.1 Observed system 

The analyzed data from the system showed that the LG 300W tilted modules produced 
1194 kWh during the period 13th of April to 13th of May. The tilted standard IBC 
300W modules produced 1107 kWh during the same period. The energy output was 87 
kWh higher for the BiFacial modules, which corresponds to a 7.85 percent higher 
energy output.  
 
The hypothetical scenario of the BiFacial modules with increased albedo was estimated 
to produce 1287 kWh during the one-month period. This corresponds to a 16.2 percent 
higher energy output than the standard module, and 7.8 percent higher than the BiFacial 
module installed at Uppsala Science Park. A graph of the three cases can be seen in 
Figure 11.  
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Figure 11. Energy produced by the tilted standard, BiFacial and the hypothetical 
BiFacial scenario with increased albedo during 13th of April to 13th of May. 

The 67 flat mounted standard modules produced 5273 kWh during the period 2nd of 
November to the 13th of May. The flat mounted BiFacial produced 5506 kWh during 
that same period, corresponding to a 4.4 percent higher energy output. As can be seen in 
Figure 12, both modules produced significantly less during the period November to the 
middle of March compared to the following months. This drastic increase of the energy 
output was due to the fact that snow on the modules melted. 
 

 

Figure 12. Energy produced by the flat mounted standard and BiFacial during the 
period 2nd of November 2017 to 13th of May 2018.  
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The power output of the BiFacial and standard modules during different weather 
conditions is shown in Figure 13. As can be seen, both types of modules have a higher 
power output during clear days than on cloudy and rainy days. The BiFacial panels had 
a higher power output than the standard panels during all three different weather 
conditions.  
 

 

Figure 13. Power produced by the tilted standard (S), blue lines, and BiFacial (B) 
modules, orange dashed lines, during three different days with different weather 

conditions. 

4.2 Simulated system 

The annual energy production simulated in SAM for the three cases can be seen in 
Figures 14 to 16, and in Table 6. Please note that the y-axes are of different scales for 
the different graphs.  
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Figure 14. Energy produced by the standard modules over a one-year period 

 

Figure 15. Energy produced by the tilted BiFacial modules, with a 10 percent BiFacial 
Gain, over one year. 
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Figure 16. Energy produced by the tilted BiFacial modules with 20 percent BiFacial 
Gain over one year. 

Table 6. Energy produced (kWh) during the first year through simulation in SAM. 

 
Standard BiFacial BiFacial increased albedo 

January 110.33 121.89 133.30 

February 256.74 282.67 309.01 

March 524.29 574.32 626.48 

April 928.62 1015.13 1100.68 

May 1142.73 1254.75 1367.65 

June 1024.90 1128.66 1231.53 

July 1003.47 1107.53 1210.46 

August 830.11 915.82 1000.97 

September 575.54 634.67 693.73 

October 382.66 421.30 460.50 

November 192.19 212.14 231.96 

December 108.68 112 131.24 

Total 7080 7789 8498 
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The calculated payback periods, LCOE and NPV values for the three simulated cases in 
SAM can be viewed in Figures 17 to 19.  
 

 

Figure 17. LCOE over the three simulated cases. 

 

Figure 18. Net Present Value (NPV) for the three simulated cases. 

 



 
27 

 

Figure 19. Payback period for the three simulated cases.  

4.3 Sensitivity Analysis 

A sensitivity analysis on the electricity prices has been made in order to see what would 
happen to the system if the prices increased or decreased. As standard values, the selling 
rate has been set to 0.14$/kWh and the buy rate to 0.12$/kWh. 
  
As it turns out, changes in the buy rate did not have an effect on the LCOE, NPV or 
payback period. Neither did changes in the sell price affect the LCOE. The sell price did 
however have a significant impact on the NPV and payback period. As can be seen in 
tables 7-9, changes in the sell rate had a large impact on the results. When the sell rate 
was increased, the net present value increased as well, and the payback period was 
lowered. When the sell rate was decreased, the net present value went down, and the 
payback period increased. 

Table 7. LCOE, NPV and payback period for the three viewed cases, with sell rate at 
0.14$/kWh and buy rate at 0.12$/kWh. 

 
LCOE 

(cents/kWh) 
Net Present Value ($) Payback period (years) 

Standard 5.32 12265 5.6 

BiFacial 5.33 13481 5.7 

BiFacial increased albedo 5.06 15003  5.3 
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Table 8. LCOE, NPV and payback period for the three viewed cases, with sell price 
increased to 0.16$/kWh and buy rate at 0.12$/kWh. 

 
LCOE 

(cents/kWh) 
Net Present Value ($) Payback period (years) 

Standard 5.32 14707 4.9 

BiFacial 5.33 16167  5.0 

BiFacial increased albedo 5.06 17933 4.6 

Table 9. LCOE, NPV and payback period for the three viewed cases, with sell rate 
lowered to 0.12$/kWh and buy rate at 0.12$/kWh.  

 
LCOE 

(cents/kWh) 
Net Present Value ($) Payback period (years) 

Standard 5.32 9823 6.5 

BiFacial 5.33 10794  6.6 

BiFacial increased albedo 5.06 12072  6.1 

 
Since we chose to simulate the installed system as a residential project, the power 
output from the system became much larger than the building consumes (which is 
default electricity consumption that SAM provides). As can be seen in Figure 20.a, the 
electricity load is much lower than the DC power output, that is what the system 
produces. This result is a significant amount of electricity sold back to the grid. This 
improves our results (LCOE/NPV/payback period) substantially and might not always 
be realistic. Therefore, we chose to reduce the size of the system to a 2.529 kW system 
consisting of 7 panels, to better match the power consumption of the building. This is 
shown in Figure 20.b. This was to see how the amount of electricity sold back to the 
grid could affect the financial analyses.  
 
As can be seen in Tables 10 to 12, the LCOE was almost doubled compared to the 
larger system. The NPV values became significantly lower and the payback period 
longer. This seems reasonable considering that less power is sold back to the grid. 
However, this is not important for validating the financial analyses. The important thing 
to see is that the trends are the same for the two cases. The NPV is higher for the 
BiFacial modules than for the standard ones, and the BiFacial with enhanced albedo 
case has a higher NPV than the BiFacial modules. When the sell price is lowered, the 
starting value of NPV is lower but the development is the same. The percentage 
difference in the LCOE, NPV and payback period between the standard, BiFacial and 
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BiFacial with increased albedo are slightly higher for the 2.529 kW system than the 
8.670 kW.  

 

  
               (a)                  (b) 

Figure 20. (a) shows power produced and consumed for the BiFacial panels with 
increased albedo. This is the system that consists of 25 modules, 8.670 kW system with a 
7.000 kW inverter. (b) shows the same panels as in (a) but simulated for smaller system 
consisting of 7 panels, 2.529 kW, with an 2.000 kW inverter. The blue graph represents 
the electricity load over the first year, that is what is consumed by the building on which 

the system is installed, and the orange represents is the DC power output. 

Table 10. LCOE, NPV and payback period for the three viewed cases in the 2.529 kW 
system, with sell rate at 0.14$/kWh and buy rate at 0.12$/kWh. 

 
LCOE 

(cents/kWh) 
Net Present Value ($) Payback period (years) 

Standard 9.30 2520 10.8 

BiFacial 8.95 2874 10.4 

BiFacial increased albedo 8.39 3310 9.7 
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Table 11.  LCOE, NPV and payback period for the three viewed cases in the 2.529 kW 
system, with sell price increased to 0.16$/kWh and buy rate at 0.12$/kWh. 

 
LCOE 

(cents/kWh) 
Net Present Value ($) Payback period (years) 

Standard 9.30 3232 9.6 

BiFacial 8.95 3657 9.3 

BiFacial increased albedo 8.39 4164 8.7 

Table 12. LCOE, NPV and payback period for the three viewed cases for the 2.529 kW 
system, with sell rate lowered to 0.12$/kWh and buy rate at 0.12$/kWh 

 
LCOE 

(cents/kWh) 
Net Present Value ($) Payback period (years) 

Standard 9.30 1808 12.3 

BiFacial 8.95 2090 11.9 

BiFacial increased albedo 8.39 2457 11.2 

5. Discussion 
This section will discuss the findings from the results and try to answer the thesis 
questions. Due to the limited amount of data from the part of the system examined in 
this report, and the many assumptions required in the financial analyses, we mainly 
focus on comparing the relative differences between the configurations. The absolute 
figures may divert from reality. This section will begin by comparing the energy output 
from the observed system, then continue by discussing the financial analyses and lastly 
look at the future potential for BiFacial PV.  

5.1 Energy output of the three scenarios 

During the studied period, the tilted BiFacial panels produced 1194 kWh, and the 
standard tilted panels produced 1107 kWh. This means that the BiFacial panels had a 
7.85 percent higher energy output. These 7.85 percent are the extra energy produced by 
the backside of the panels, the BiFacial Gain. However, according to Table 4, the 
BiFacial Gain should be 12.31 percent higher than the standard panels. There could be 
many different reasons why the observed data does not correspond to our calculated 
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values. The measured albedo value might be higher than the actual albedo values. If the 
real albedo value for the red roof at Rudbecklaboratoriet was actually e.g. 0.16 instead 
of 0.23 as measured, the BiFacial Gain would be lowered from 12.31 to 11.37 percent. 
However, this is neither a very large difference, nor is it very likely. For instance, as 
shown in Table 1, red brick has an albedo of 0.24. It would be more logical that the 
albedo of the red roof would be higher, not lower than the albedo of red brick due to its 
smooth surface. Our conclusion, is that the reason for the difference in BiFacial Gain of 
the observed system and our calculated values is because eq.1 is not customized for PV 
systems in Uppsala. The equation is formulated by Prism Solar, a New York based 
company, and they probably use the optimal tilt parameter for their latitude. 
Considering that New York's latitude is the same as in southern France, where the 
optimal tilt angle is around 33 degrees, this might affect the results.  
 
The hypothetical scenario with increased albedo was estimated to have produced 1287 
kWh during the observed month. This is 7.8 percent more than the observed BiFacial 
panels, and 16.2 percent more than the standard panels. According to Table 4, the 
BiFacial Gain of the hypothetical scenario should have been 20 percent higher than the 
standard panels. This difference is probably due to the same reasons as mentioned 
above for the observed BiFacial panels. However, the percentage difference between the 
observed BiFacial panels and the increased albedo case is the same for our observed 
data and calculated values seen in Table 4. This indicates that the estimated production 
by the hypothetical panels is a reasonable production. 
 
The energy production of the flat mounted BiFacial panels was 4.4 percent higher than 
the flat-mounted standard panels, during the period, 2nd of November to 13th of May 
(seen in Figure 12). This is presumably due to the elevation of the panels. Even though 
they are mounted horizontal to the roof, they are elevated 0.15 m which allows light to 
reach the rear side of the module.  The optical transparency of the module also allows 
for light to pass through it, boosting the BiFacial Gain. Considering a 4.4 percent higher 
energy output is a lower value than for the tilted BiFacial panels, which was 7.85 
percent, this confirms that the tilt does enhance the BiFacial gain.  
 
In Figure 13, one can see that both the BiFacial and standard panels perform better 
during sunny weather than on cloudy/rainy days. However, the BiFacial modules 
generate more power than the standard ones, during all observed weather conditions, 
due to the BiFacial Gain. The difference between the BiFacial and standard power 
outputs are relatively the same during all weather conditions, and therefore we can 
conclude that weather does not enhance or degrade the BiFacial Gain performance.  

5.2 Financial analyses of the three scenarios 

As mentioned in the limitations and the background sections, due to the uncertainties of 
future electrical price it is unclear if our chosen values are reasonable. However, based 
on the historical patterns of electricity prices, and future analyses, we find a yearly 



 
32 

energy escalation of 3.4 percent justifiable. This section will review the estimated 
payback periods, LCOE and NPV values of the three scenarios to see which project 
would be most beneficial to invest in. 
 
As seen in Table 7 to 12, the LCOE value does not change for different electricity rates. 
This is because, as eq.2 states, the LCOE is only dependent on the system cost and the 
energy produced during a lifetime. The LCOE value for the BiFacial panels in the 
simulated 8.670 kW system, is always 0.01 cents per kWh higher than for the standard 
panels. This indicates that the lifetime system costs for these panels in reference to the 
energy it produces is slightly higher than for the standard panels. For the size adjusted 
system, 2.529 kW, the LCOE of the BiFacial panels are 0.35 cents per kWh lower than 
for the standard ones. This indicates that the system produces more energy than it costs, 
in comparison to the larger system. Another reason for this difference could be other 
costs besides the panels, for example the inverter. The inverter used for the smaller 
system was better adjusted to the system size. The smaller system shows some clipping 
losses, however minimal. The larger system shows no clipping losses. This is an 
indication that the inverter is better sized to the smaller system, see Figure 1. The 
payback periods also show the same trends as the LCOE analyses. The payback period 
is slightly higher for the BiFacial panels than for the 8.670 kW system, but lower for the 
smaller simulated system. This seems reasonable for the same explanations mentioned 
regarding the LCOE.  
 
The LCOE and payback periods for the hypothetical BiFacial panels show a lower value 
for all the different simulated scenarios. This strongly indicates that it would be most 
financially beneficial to invest in a BiFacial installation with increased albedo. This is 
also backed by the results from the NPV analysis. 
 
As can be seen in Tables 7 to 12, the NPV value is very sensitive to changes in the 
electricity rates. One thing that remains constant for all the different NPV simulations is 
that the results are in favor of the BiFacial panels. Both the BiFacial panels and the 
hypothetical BiFacial scenario with increased albedo, show higher NPV values than the 
standard panels. This indicates that the higher energy output of the BiFacial panels 
offsets a higher investment cost. The NPV is however almost five times as large for the 
three cases in the 8.670 kW system compared to the 2.529 kW system. This is mainly 
due to the fact that the smaller system produces less power, but it also uses almost all of 
its produced power which results in a very small amount sold back to the grid. 
Considering that the real system at Rudbecklaboratoriet consumes almost all of its 
produced power, the NPV values shown in the smaller simulated system probably better 
represent the actual system. However, the most relevant factor for us to compare is not 
the NPV values of the two different sized systems, but the NPV values of the standard, 
the BiFacial and the BiFacial with increased albedo. According to the NPV values, our 
conclusion is that it is more financially beneficial to invest in the BiFacial panels, and 
most beneficial to invest in the ones with increased albedo.  
 



 
33 

Considering the LCOE and payback period results being marginally in favor of the 
standard panels compared to the BiFacial panels for the large system, but the NPV 
values being significantly much higher for the BiFacial panels, we argue that it is more 
financially beneficial to invest in BiFacial technology. The hypothetical case shows 
better results in all of our financial analyses, verifying that this would be the best 
investment from a financial point of view. One thing to keep in mind however is that the 
hypothetical case does not include costs for covering the surface on which the modules 
would be installed, with highly reflective paint or roof material. So, we cannot say with 
certainty whether it would still be financially beneficial, if one had to adjust the albedo 
on a roof with BiFacial panels already installed. 

5.3 Future for BiFacial PV 

From the data analyzed in this report one can argue that it is financially beneficial to 
invest in BiFacial PV installations, and that the technology therefore has great potential 
for the future. Considering the ongoing trend of increasing demand for PV modules, 
which in turn lowers the prices, it is likely that BiFacial technology will follow that 
same trend. Regarding Uppsala’s solar energy goals of having 30 MW solar power 
installed by the year 2020 and 100 MW installed by 2030, BiFacial PV could have an 
important role to play in order to achieve these goals. By informing the municipality 
and Uppsala-based companies of the potential for this fairly unrecognized technology, 
they might be inspired to implement BiFacial instead of regular PV, and by doing so, 
get a higher energy output from each installed square meter PV. 
This might also inspire the municipality and construction companies to choose cool roof 
installations on future buildings to optimize the energy output.  

6. Conclusion  
The observed system showed the following results: 

▪ The flat mounted BiFacial modules produce 4.4 percent more energy than the 
flat mounted standard panels during the period 2nd of November 2017 to the 
13th of May 2018.  

▪ The tilted BiFacial produced 7.85 percent more energy than the tilted standard 
modules from the 13th of April to the 13th of May 2018.  

The calculated hypothetical scenario with increased albedo had a 16.2 percent higher 
energy output than the standard panels, and a 7.8 percent higher energy output than the 
BiFacial panels, during the one-month period.   
 
From this we can make the conclusion that a BiFacial panel mounted flat on a surface 
with an albedo of at least 0.23, installed at a 0.15 m elevation or higher, will have a 
higher energy output than a flat-mounted standard panel of the same power rating. We 
can also make the conclusion that if the BiFacial and standard panels are tilted, the 
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difference in the energy output between the two will be even higher. Increasing the 
albedo of surfaces surrounding a BiFacial installation will further enhance the BiFacial 
Gain. The higher the value of the albedo, the higher the increase of the energy and 
power output. 
 
Based on our financial analyses, we can also conclude that BiFacial panels would be a 
more financially beneficial investment than standard panels in Uppsala. We consider 
investigating the possibilities of installing BiFacial panels on roof tops in Uppsala 
appropriate suggestions in order for the municipality to reach its energy goals.  
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