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Construction of a C-PV Prototype 
Abstract 
The following Master Thesis will talk about a C-PV prototype using bifacial PV 

technology, based on the Solarus Collector. The Solarus Collector consists in two PV cells 

built on a metallic receiver, where there are some water channels flowing through it, 

allowing to cool down the PV cells, thus increasing their efficiency. The collector also 

presents a reflector to provide irradiance to the back part of the receiver, where the 

other PV cells are located. The new prototype will present bifacial PV cells but not a 

metallic receiver. This construction aims to reduce the price of the receiver, but will not 

have a system to cool down the solar cells. This Master Thesis will be developed in the 

Solarus facilities, in collaboration with the Solarus members. 

In order to grasp an idea of this prototype, two main procedures will be done. Regarding 

the bifacial technology, a bifacial PV module will be measured under different 

conditions, depending on which sides can be illuminated or shaded. On the other hand, 

a thermodynamic simulation will be carried out on different geometries of the reflector 

and receiver, in order to figure out the evolution of the temperatures on the new 

prototype. This simulation will be done with a finite element method, widely known in 

this applications. 

The results will show several problems concerning this prototype. Although the 

measurements of the bifacial PV module will result beneficial and informative, the 

problem with the temperature will tend to back down this prototype. The lack of some 

system to cool down the bifacial cells will imply that the receiver could reach 

unacceptable temperatures. This hypothesis will be drawn under some specific 

conditions, so they will not be completely devastating to the idea of using bifacial cells, 

but perhaps a different approach should be used in case it is desired to continue this 

work. 
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Nomenclature 
LATIN   

Symbol Description Unit 

I Current A 

V Voltage V 

P Power W 

e Charge of an electron C 

T Temperature K 

L Length m 

k Thermal conductivity W*m-1*K-1 

q’’ Heat flux W 

A Area m2 

h Heat transfer coefficient W*m-2*K-1 

 

 

ABBREVIATIONS AND ACRONYMS 

Letters Description 

C-PVT Concentrating-Photovoltaic Thermal 

C-T Concentrating-Thermal 

C-PV Concentrating-Photovoltaic 

PV Photovoltaic 

PVT Photovoltaic Thermal 

MPPT Maximum Power Point Tracking 

DC Direct Current 

AC Alternating Current 

PDE Partial Differential Equations 

CAD Computer-Aided Design 
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1. Introduction 

1.1 Background 
The following Master Thesis presents a prototype conceived as an alternative for a 

product that the company Solarus is currently using and studying. It makes sense that, 

in order to explain more about the prototype of this Master Thesis, it is necessary to talk 

about Solarus and its main product. 

Solarus Sunpower has the headquarters (Production, Sales and Installation) located in 

the Netherlands. Solarus R&D department is located in Gävle, Sweden. Solarus has a sale 

and installation supporting in Cape Town, South Africa. Solarus has three collector 

designs: C-PVT, C-T and a bifacial C-PV. 

Solarus main product is the Solarus Power Collector (a C-PVT). It combines PV 

technology and a solar thermal absorber into a single photovoltaic-thermal (PVT) 

module. The use of a reflector allows the absorbing area to become smaller than for 

standard flat plates. The concentration ratio is 1.5X which allows the module to be used 

as a stationary collector (without tracking) without losing too much of the incoming 

sunlight. The goal of the design is to increase the energy yield compared to a standard 

PV and thermal side by side system. Furthermore, the goal is to lower costs with lower 

material use as well as lower installation cost with efficient space usage. The power 

collector uses PV cells on the front as well as at the back side of the thermal 

absorber/receiver to capture solar radiation on both sides of the absorber, with the help 

of a concentrating mirror behind the absorber. Solarus uses asymmetric concentrator 

geometry to take advantage of lower solar angles in the winter months but has a 

disadvantage in the summer months.  

The heart of the Solarus C-PVT panel is the receiver. The PVT receiver absorber/receiver 

with the solar cells. The core is made of extruded aluminium with 8 elliptical channels. 

The solar cells are encapsulated to the core in transparent silicone. The eight channels 

are designed to give even cooling for the solar cells. 

However, Solarus would like to look into the possible design of a bifacial C-PV in order 

to further investigate the possibilities of this technology. This prototype will imply a 

simplification of the receiver, since it will not have the thermal system nor the water 

channels, hopefully achieving a reduction of the cost. On the other hand, the lack of a 

cooling system will affect negatively to the efficiency of the PV modules, as it will be 

explained further in the thesis. 

This thesis provides a specific approach to the world of PVT systems, probably never 

seen before except for the members of the Solarus team. In this industrial sector, it is 

common to find PV systems or thermal systems, but a hybrid technology between them 

is rarer, thus, increasing the interest of the thesis. 

This project was conceived by the Solarus Company, as mentioned before, and although 

personally I did not know about the C-PVT technology; the mixture of different fields of 

science on this project results really appealing to me. 
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1.2 Literature review 
In this paragraph, several articles will be cited and linked to the thesis that will be carried 

out. Although all of them have direct connection with the main topic of the thesis, the 

articles could have a weak relation amongst them, as some literature refers to some 

specific part of the C-PVT system, such as the electrical part; and other article could talk 

more about the water circulation of it. This is the reason why it is important to 

understand completely the C-PVT system proposed and described in the introduction. 

All these articles belong to some journal that is peer reviewed, as it has been checked 

by the Ulrichsweb site. 

For laying the basics of a standard PV system, some explanations can be found in [1]; 

although it does not give too much information regarding the modelling of a PV system 

(as it does not include a lot of equations or deep physical analysis), it is enough to 

understand the basics of the photovoltaic behaviour. This article centres on different 

MPPT techniques, which is, the procedure to obtain the maximum energy from a PV 

module (as its name specifies, MPPT: Maximum Power Point Tracking). There are some 

deep explanations about these techniques, and lastly doing a comparison between 

them. 

The article also talks about different distribution of the PV panels, in order to reach the 

maximum energy available, paying special attention to some different configuration 

regarding the inverters system.  

This article is useful for the thesis because it explains the way to obtain the maximum 

energy from a photovoltaic cell. When some PV is used, the objective is obviously to 

reach as much energy as possible; that is where the MPPT techniques come into 

account. Regarding the different distribution of the PV panels, that issue does not imply 

too much importance in this thesis since the Solarus Collector is not planned to be 

installed in a massive field, only a small number of systems will be installed 

simultaneously. 

The shading effect on a module and its effect on the IV curve can be found in [2]. This 

article makes some hypothesis on treating the PV module as a simplified mix of different 

diodes, thus, when the shading is growing, the article makes an in depth and discrete 

electrical analysis of every diode, observing every effect in the IV curve, generating the 

infamous bumps of a shaded module.  

This article takes as granted the existence of the bypass diodes (also explained in [1]), 

those who help to avoid the heat spot issue. These diodes are installed with the 

objective of recirculating the current of the diode in case some shading appears, which 

would force the diode to work on a undesirably way and possibly damaging the PV cell.  
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This article has some interest not only because shading is completely crucial in any PV 

system, but also since the Solarus Collector use a quite complex reflector technology, 

the importance of shadows is increased. Issues as ray tracing becomes a more complex 

area of study, since the reflector is going to redirect the sun rays and some shading can 

appear on the nether side while the front side can remain completely lighted. 

In order to understand the nature of the bifacial cells, a detailed look can be done in [3], 

being one of the most important articles from the article review. It is a complex and 

extensive text that gathers up to 400 articles regarding the bifacial cells. 

It describes the production process in depth, analysing the different kind of substrates 

(mostly silicon, but other technologies are also studied). It gives some insight about the 

construction on the contacts and also the required thermal processes used on the 

bifacial cells. Also, information regarding the encapsulation can be found in [3]. 

This article also talks about the efficiencies of the bifacial cells, as well as laying down 

and explaining some of the common parameters used in the bifacial world; such as 

bifaciality factor or equivalent efficiency. 

Bifacial cells centre on the idea of taking advantage of albedo. As albedo is the fraction 

of sunlight that is reflected by a given surface, taking a deeper look to each reflective 

surface is really important, especially at the time of taking into account the reflected 

sunlight hitting the back side of a bifacial module, which can limit the energy extracted 

from this side.  

There are some common experiments [3] that can be made to certify the performance 

of the cells. Some experiments rely on working with non-reflective surfaces while others 

prefer to build some mirror (or similar) to completely light the back side. 

This article is useful for the thesis because it covers almost every relevant aspect of the 

bifacial cells, from the deep mechanical analysis to some niche applications that this 

technology could have. 

The current Solarus Collector is defined as a mixture of PV and thermal technology, 

commonly known as PVT systems. Information about these systems can be found in [4], 

where it is described plenty of different variations of the same technology. 

One of the main purposes of using a PVT system [4] is the option of cooling down the PV 

modules with water. Generally, the efficiency of a PV system decreases with the 

temperature, so installing a cooling system using water helps to generate more 

electricity, as the PV modules start to heat up because of the sun. Also it is possible to 

use the energy of the hot water extracted of a PVT system in order to make the most of 

the technology. 

Although the proposed collector will not have a thermal part, since the receiver will 

consist mainly on a bifacial PV cell; it is important to get a glimpse of the PVT technology, 

in order to compare with the current collector that Solarus is currently working on. 
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In order to understand deeply the Solarus Collector, some specific literature can be 

reviewed [5]. Although there is no plenty of information of this particular technology, 

the basis of the PVT systems can be applied to understand this device.  

Some experiments have been made, testing the Solarus Collector in different places 

around Sweden, and analysing the results obtained with the Nordic conditions typical of 

this country. These experiments are really important with the current thesis, since they 

involve the same technology that would be study deeply in the full project. 

In order to obtain an in depth explanation of how a PV module works, literature about 

modelling these systems should be reviewed. The modelling of a PV cell [6] involves 

giving a physical description of it, explaining to the tiniest level the behaviour of the 

diodes. It is helpful to provide also an equation to define its operation, from a 

mathematical point of view. Along with the equation, an equivalent electrical circuit can 

be modelled in order to understand its behaviour, using well known tools and 

knowledge as basic circuit analysis. 

One of the main parameters of a PV system is the IV-curve [6]. This curve defines the 

different states where the PV module can work. It is obvious to think that the main 

objective will be working on the state where the maximum power output can be 

obtained (for that, a MPPT algorithm would be used, as stated in [1]). However, this 

article provides an algorithm for generating the IV-curve, helping to understand in depth 

this crucial parameter of the PV field. 

Since this thesis would consider a bifacial cell for the prototype, it is important to 

understand to a detailed level the behaviour of the PV cells. Luckily, the basics of the 

bifacial technology grow from the same behaviour of the standard PV cells so, analysing 

literature from the standard PV technology results being useful for this project. 

In order to advance further into the behaviour of the PV cells, it is necessary a detailed 

mathematical expression [7]. In this article a deep mathematical evolution and 

explanation can be found, in order to explain the nature of the PV cell. This 

mathematical equations can be translated to a circuit model (defining some parameters 

for some current sources, resistances, etc.) which can be really helpful for understanding 

the behaviour of the solar cells from a different point of view. This article provides also 

a study about the thermodynamic performance with its own mathematical equations. 

It is important to understand the basics of the PV cell, even if that requires referencing 

and studying mathematical models that allow to understand and comprehend the 

generation of electricity, as well as the importance of the temperature and its direct 

effect on the efficiency of the solar modules. 

As this thesis is going to talk about a concentrating PV system, it is really important to 

read some literature about this technology, particularly on the reflector [8]. The 

concentrating systems (C-PV) involve a reflector, a “mirror” who redirects the sun light 

to a specific location, in order to obtain more energy, whether it be for photovoltaic or 

thermodynamic purposes. 
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This article talks about different geometries on the receiver and concludes with a 

comparison between the different possibilities. It is stated that this technology has some 

inner difficulty as it implies different science fields working together, so it may be 

complicated to focus in one aspect in order to improve the system. 

Although the Solarus Collector uses a specific geometry and this article talks about 

different geometries, it is useful to understand the physics and behaviour that lies on a 

reflector. Reading this literature will help getting the knowledge on the different 

possibilities that could lie on the new prototype (concerning the reflector geometry). 

PV systems provide its energy in a direct current way (commonly written as DC). 

Nowadays, most of the electrical systems work with an AC technology. In order to 

convert this DC energy to AC energy, an inverter is needed [9]. In this article some 

explanation about the inverters used in the solar field can be found; including some 

definitions, electric diagrams or algorithms used in the inverter process. 

Inverters take responsibility of converting the DC energy into AC energy, generally 

looking for the maximum energy output. Nonetheless, these devices can determine the 

point of the IV curve where the PV module will work, so they are quite an essential 

component of almost every PV system. 

A whole literature review can be made only talking about inverters. Since they are such 

an important aspect on the PV world, it is really important to grasp an idea of how they 

work, what are they used for or why are them so important. Nevertheless, this Master 

Thesis does not focus on the inverters and it is assumed that one of these devices will 

be used. This project is focused on the physics and behaviour of a prototype, and not so 

deeply in its further applications. 

One of the main topics severely spoken through this Master Thesis is the temperature 

of the PV cell. In order to obtain the temperature distribution alongside the solar cell, it 

is common to perform some simulations [10]. This article talks in depth about the 

thermodynamic behaviour of a PV cell, cooled down by the air. There is a large 

technological explanation about the details of the simulation, including even the 

characteristics of the computer that simulated the system. 

This article is included in the literature review because it is important to understand the 

temperature distribution in a PV cell, since it is one of the most important parameters 

that will be considered in this Master Thesis. Moreover, this project will include some 

simulations with some similarities to this article, so it is highly beneficial to read through 

it. 

Although several articles have been reviewed, the main problem of this literature review 

is, as it is based on a prototype of an unusual technology, build by a company located in 

Gävle; it can be quite difficult to find articles directly related to the thesis proposed. 

Nevertheless, the literature review is very important to help understand the PVT system, 

since it has been attempted to gain some piece of information about every aspect of this 

technology. 
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1.3 Aims 
The aim of the study will be provide a prototype of a C-PV system that improve the 

current one, or at least, give some directions on the improvement ways. 

One of the main aims would be evaluate the technological feasibility of the bifacial 

prototype. Regarding the proper construction of the receiver, which reflector geometry 

would be best for this prototype or what temperatures can be reached; these are some 

of the important questions that have grown along the development of this Master 

Thesis. 

Assuming the technological capability of this new device, an economical point of view 

should be taken. Since a rise in temperature implies a reduction of efficiency, where is 

the inflexion point that marks the viability of this new prototype? How it would be the 

comparison between this new prototype and the current Solarus Collector, purely 

monetary speaking? These are also some questions aimed to be answered on this 

Master Thesis. 

A tangent aim would be gathering more information about the whole world of the C-

PVT systems. As a complex and not so explored field, it could expand the curiosity of a 

soon to be engineer, and it could be useful in the future if there is a remarkable increase 

in this technology. 

All of these aims have strong relation with an engineer’s scope, since they have a strong 

technological and economic importance, crucial fields for this profession. 

Time has been the main limitation in the development of this thesis, as ten weeks are 

not enough time to create and make every test needed for a new prototype in the 

industrial world, but this project can give some bases where to support the new 

hypothetical technology. 

 

1.4 Approach 
The study was performed mainly by two different but correlated ways. One will be a real 

measurement of bifacial cells provided by the university, and the other would be some 

thermal simulations concerning the receiver. Some conclusions will be elaborated after 

the analysis of the joint information. 
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2. Theory 
In order to expand further the thesis, it is convenient to start explaining the basics of the 

technology. Although this project does not involve a modification on the deep physics 

of the solar module, it is really important to lay some foundation on the report. The 

following paragraphs will help to understand the basics of PV solar technology. 

 

2.1 Photovoltaic theory 
PV cells are the basic elements in electric photovoltaic generation. Solar cells used 

nowadays are systems manufactured with semiconductor materials. 

In conductor materials, electrons can move freely around the material implying that the 

current can circulate with ease. 

In electrical insulator materials electrons cannot move, thus, the current will not 

circulate through them. 

Semiconductor materials allow the circulation of electrons (current) when a certain 

amount of energy is provided. Semiconductor materials from group IV of the periodic 

table are used in solar cells, mainly silicon. Nowadays, 90% of the PV cells manufactured 

are made from silicon. 

Behaviour of a silicon PV cell 

When solar irradiance hits these materials, photons have the capability of transferring 

their energy to the low energy electrons of the material, which release the electrons, 

allowing them to move freely around the material. 

The generated electron should be circulated to the exterior of the system. An electric 

field is used for this purpose. In order to generate this electric field, two different 

semiconductors are joined in what it is called a PN union. 

PN union is formed doping silicon with phosphorus (excess of electrons, type N 

semiconductor) and with boron (excess of holes or lack of electrons, type P 

semiconductor). 

In order to preserve the different concentration of electrons and holes, regions create 

the electric field (oriented from N region to P region). 

PV cell 

Generally, current extraction from a PV cell is achieved with two metal contacts, one on 

the front side (where the solar irradiance hits) and another one on the back side. In case 

of a bifacial PV cell, these contacts should be done in a way that they block the minimum 

cell surface (comb shaped contacts). In order to increase the solar energy absorbed 

percentage, an antireflective material layer is added on the sides. 

The maximum efficiency of commercial PV devices reaches around 20%. Some of the 

losses that can be found on the cell can appear due to shading, reflection, no absorption, 

etc. 
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Equation and curve of a PV cell 

Photons hitting a PV cell will imply that some electrons will circulate to the exterior 

metallic contacts. Nonetheless, depending on the voltage that appear on the end of the 

cell, only some of these electrons will reach the exterior. As the cell voltage increases, 

the number of electrons reaching the exterior will decrease. 

This defines the so called “characteristic equation of a PV cell”: 

𝐼 = 𝐼𝐿 − 𝐼𝐷 = 𝐼𝐿 − 𝐼0 ∗ [exp
𝑒𝑉

𝑚𝑘𝑇
− 1] 

 (1)

 

Where: 

 I, V: current and voltage provided by the cell. [A] and [V] 

 T: temperature of the cell. [K] 

 IL: “photogenerated” current, current generated because of the hitting of 

photons on the material. Directly proportional to irradiance. [A] 

 I0, m: parameters related with the union of the two types of semiconductors. 

 e: charge of an electron. [C] 

 k: Boltzmann constant 

This equation can be translated to an equivalent circuit, as it follows in Figure 1: 

 

Figure 1. Equivalent circuit 

In a PV cell there are some effects that were not considered in (1) that affects the 

external behaviour of it. Two of these external effects can be highlighted. 

 Series resistance (Rs): This parameter represents the resistance between the 

metallic contacts and the semiconductor, the resistance appearing because of 

the layers of the semiconductor, and the resistance of the metallic lines that form 

the metallic rails. 

  



  Construction of a C-PV Prototype 

9 
 

 Parallel resistance (Rp): This parameter represents the leakage of the current 

proportional to voltage, due to imperfections on the PN union on the cell. This 

leakage is due to small currents that circulate on the surface of the edges of the 

cell, to diffusion paths along the grain boundaries (if there are some), to small 

metallic short circuit, etc. Rp has a bigger impact in low voltage zones. 

Taking Rs and Rp into account, it is possible to obtain a complete equation of a solar cell. 

Following this, the “characteristic equation of a solar cell” is: 

𝐼 = 𝐼𝐿 − 𝐼0 ∗ [exp
𝑒(𝑉 + 𝐼𝑅𝑠)

𝑚𝑘𝑇
] − 𝑉 +

𝐼𝑅𝑠
𝑅𝑝

 
 (2)

This equation can be also translated to an equivalent circuit, as it follows in Figure 2. 

Complete equivalent circuit: 

 

Figure 2. Complete equivalent circuit 

The characteristic equation, represented in two axis, current (vertical) and voltage 

(horizontal) forms the characteristic “I-V curve” of the cell (for an irradiance and 

temperature conditions given). Power curve P-V can be obtained replacing the current 

axis by the power axis, as: 

𝑃 = 𝑉 ∗ 𝐼 (3) 

  



  Construction of a C-PV Prototype 

10 
 

Resulting in Figure 3. I-V and P-V curves for a PV cell: 

 

Figure 3. I-V and P-V curves for a PV cell 

Each of the points of the curve represent an operation point of the cell, which will be 

determined by the external load. 

Several parameters can be found on this curve: 

 Isc: Short circuit current 

 Voc: Open circuit voltage 

 Pmax: Maximum power available 

 Vm and Im: Voltage and current in the Maximum Power Point (MPP) 

Habitually, IM is pretty close to Isc, and Vm is located around 75-80% of Voc. 

Characteristic I-V curve of a solar cell is heavily affected by different ambient factors. 

These factors are, mainly, irradiance and temperature. 
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Irradiance affects mainly to current (approximately proportional to short circuit 

current), as it can be seen in Figure 4. Influence of irradiance on a solar cell: 

 

Figure 4. Influence of irradiance on a solar cell 

Temperature affects mainly to voltage, although to a lesser extent as irradiance affects 

current (open circuit voltage is displaced), as it can be seen in Figure 5. Influence of 

temperature on a solar cell: 

 

Figure 5. Influence of temperature on a solar cell 
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Hot spot problem. Partial shading in cells and modules 

When a cell is shaded, it receives less irradiance and its I-V curve is diminished 

proportionally alongside the current axis, as it can be seen in Figure 6. IV curves of shaded 

cells: 

 

Figure 6. IV curves of shaded cells 

Series connection of cells 1 and 2 results in an I-V curve that is not a perfect combination 

of them both, which would be the case if the cells were identical and they received the 

same irradiance. 

The total I-V curve is obtained adding, for each current value, the voltage generated by 

each cell. 

Along the working points where the shaded I-V curve is different from the non-shaded 

I-V curve, the shaded cell will change its polarity and becomes a load that dissipates part 

of the generated power by the other cell. 

This effect triggers a rise in the temperature (hot spot) which can damage the shaded 

cell in an irreversible way. 

Moreover, the maximum power output is severely reduced by the whole group of cells: 

in the maximum power point, the shaded cell not only does not produce power but 

instead it is consuming part of the power produced by the non-shaded cell. 

The protection of the photovoltaic generators against the hot spot problem is carried 

out fundamentally with bypass diodes (and additionally with blocking diodes). 

As a conclusion of this chapter, it can be safely stated that temperature and shading play 

an essential role in the PV world, and they should be treated very carefully. 
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2.2 Thermodynamic theory 
Apart from the whole photovoltaic theory, it is really important to explain the basics of 

some heat transmission theory, in order to understand how the temperature will evolve 

in the PV cell. 

Conduction 

When talking about conduction, some concepts as atomic and molecular activity should 

be evoked, because there are some processes on these size levels that set the basics of 

this way of heat transmission. Conduction is considered as energy transference from the 

more energetic particles to those less energetic particles from a substance due to their 

own interactions. 

Higher temperatures are associated to higher molecular energies and, when two near 

molecules hit themselves, as they do constantly, there must be an energy transfer from 

the more energetic molecules to those less energetic ones. In presence of a temperature 

gradient, energy transfer by conduction must occur in the decreasing temperature 

direction. This transfer can be seen in figure 7. Molecules, coming from up and down 

side, are constantly crossing the hypothetical plane in xo thanks to their random 

movement. Nonetheless, molecules from the upper side are associated with a higher 

temperature than the lower ones, so there must be a net energy transfer in the positive 

direction of x. Net energy transfer due to random molecular movement is called energy 

diffusion. 

 

Figure 7. Heat transfer and molecular activity 

It is possible to quantify the heat transfer processes in terms of proper equations or 

models. These equations or models are used for calculating the amount of energy that 

is transferred for each unit of time. For heat conduction, the equation or model is known 

as Fourier’s law. For a flat one dimensional wall that is shown in figure 8, the one who 

has a temperature distribution T(x), the equation or model is expressed as: 

𝑞𝑥
′′ = −𝑘

𝑑𝑇

𝑑𝑥
 

 (4)
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Figure 8. Conductive heat transmission 

The heat flux or heat transfer by area unit q’’x (W/m2) corresponds to the speed of the 

spreading heat in the x direction by unit area perpendicular to the transfer direction, 

and it is proportional to the temperature gradient, dT/dx in this direction. The 

proportionality constant, k, is a transport propriety known as thermal conductivity 

(W/m*K) and it is a characteristic from the wall material. The minus sign appears as a 

consequence of the fact that the heat is transferred in the decreasing temperature 

direction. In the conditions of steady state that are shown in figure 8, where the 

temperature distribution is lineal, the temperature gradient is expressed as: 

𝑑𝑇

𝑑𝑥
=
𝑇2 − 𝑇1

𝐿
 

(5)

And the heat flux as: 

𝑞𝑥
′′ = −𝑘

𝑇2 − 𝑇1
𝐿

 
 (6)

Or: 

𝑞𝑥
′′ = −𝑘

𝑇2 − 𝑇1
𝐿

= 𝑘
∆𝑇

𝐿
 

(7)

It can be observed that this equation gives a heat flux, the speed of the transferred heat 

by area unit. The transferred heat by conduction by time unit, qx(W), through a flat wall 

of area A, is the product of the flux and the area, qx=q’’x*A. 

These paragraphs set the basics of the conductive heat transmission, which will be found 

in the interior of the materials; that means, the way of heat transmission along the 

interior of the PV cell, as well as the other elements of the receiver, such as the glass, 

silicone, etc. 

These topics can be explained into really in depth detail, but regarding the size of the 

thesis, the complexity, and the fact that this calculations will be made through some 

simulations; this brief explanation would be enough explanation for this project. 
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Convection 

Convective heat transfer is mainly based on two mechanisms. Besides the random 

energy transfer due to the random molecular movement (diffusion), energy is also 

transferred thanks to the global movement, or macroscopic of a fluid. The movement of 

a fluid is associated to the fact that, every moment, several number of molecules are 

moving in a collective way. Such movement, in presence of a temperature gradient, 

contributes to a heat transfer. As the collective molecules hold their random movement, 

the total heat transfer is due to a superposition of the energy transport due to the 

random molecular movement and the global movement of the fluid. 

Independently of the nature of the convective heat transfer, the equation or the model 

can be written as: 

𝑞′′ = ℎ(𝑇𝑠 − 𝑇∞) (8)

Where q’’, the convective heat flux (W/m2), is proportional to the difference of the 

temperatures between the surface and the fluid, Ts and T∞, respectively. This expression 

is known as the Newton’s cooling law, and the proportionality constant h (W/m2*K) is 

called heat transfer coefficient. This parameter depends on the conditions of the 

boundary layer, heavily influenced by the geometry of the surface, the movement of the 

fluid and other several thermodynamic proprieties. 

These paragraphs set the basics of the convective heat transmission, which will be found 

in the boundaries of the receiver, as it will be cooled down as a natural convection with 

the air surrounding this device. 

Similarly to the convection subchapter, these topics can be explained into really in depth 

detail, but regarding the size of the thesis, the complexity, and the fact that this 

calculations will be made through some simulations; this brief explanation would be 

enough explanation for this project. 

 

  



  Construction of a C-PV Prototype 

16 
 

3. Method 
In the following paragraphs, a description of how the study has been developed will be 

presented. Because of the two parallel experiments, this section is divided into two sub 

chapters, as it will be explained onwards. 

As it was stated earlier, this Master Thesis revolves around the replacement of the 

current receiver on the Solarus Collector, based on some water channels that help the 

PV cells to cool down. One advantage of this cooling system is the possibility to obtain 

higher efficiencies, as these tend to decrease with a rising temperature. 

Nevertheless, as this prototype uses a bifacial cell, it is avoidable to use some metallic 

receiver with its metallic channels. In order to understand this new hypothetical device, 

it is obviously necessary to do some experiments with a proper bifacial cell.  

As it is directly related, the absence of a cooling system will imply that the PV cell will 

reach higher temperatures than the current Solarus Collector, which will affect its 

efficiency. That is one of the main reasons for studying the thermodynamic aspect of 

the prototype. 

Concluding this introduction, the method of this Master Thesis will consist on two 

different lines of work: regarding the electric aspect, several experiments with a real 

bifacial module will be done; regarding the thermodynamic aspect, different simulations 

using the finite element method will be used. 

 

3.1 Bifacial measurements 

3.1.1 Study object 

The study object of this subchapter will be the PV bifacial module LG NeON™ 2, a module 

consisting of 60 monocrystalline cells. This module has a total power of 300W, which 

can be overcome if the device receives irradiance from the back side. 

This module is located in the campus of the Högskolan i Gävle, between the buildings 96 

and 12. This particular module is installed in an installation with other 2 other modules 

(three in total) in a project that involved members of the university and also members 

of Gavle Energi. 
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This system achieves two functions. On one hand it creates a physical cover for the bikes 

that are below it, protecting them from the rain and snow; and on the other hand it 

provides an electrical socket that could be used for charging an electrical bike, for 

instance. The location can be seen in figure 9, which shows a map of the Campus of the 

Högskolan i Gävle: 

 

Figure 9. Location of PV installation 

The goal of the measurements will rely on obtaining some basic parameters of the PV 

module, but the objective is to obtain some data from a cell perspective, since the 

prototype would not have a PV module but some PV cells.  

The datasheet of this module can be found in the annex chapter.  

 

3.1.2 Materials 

Several devices has been used in order to achieve these measurements, as it can be read 

in the following list: 

 PV bifacial module LG NeON™ 2 

 IV tracer MI 3109 METREL 

First of all, the PV bifacial module that is going to be tested is obviously included in this 

list. 
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The IV tracer is a portable device that allows to the user to obtain several information 

about a PV module. This gadget can provide the short circuit current, open circuit 

voltage, IV curve, and some other parameters related to the PV field. The datasheet of 

this IV tracer can be found in the annex chapter. 

 

Figure 10. I-V tracer 

On the figure 10 the IV-tracer can be seen. The device used for the measurements is the 

same as it is shown in this figure. 

 

3.1.3 Software 

No specific software was used in this experiment, aside from the data management that 

can be done in some basic computer. 

 

3.1.4 Procedure 

First of all, it is necessary to perform the experiments on a blue sunny day, with no clouds 

in the sky. The chosen day was 24th of May, between 11:00 and 12:00. The clouds could 

create shadings that can interfere severely with the module output. Also, the optimum 

hours for doing the measurements were alongside twelve o’clock and onwards, since 

during the early morning the building and some trees could create some shadows too. 

Initially, some measurements were made at the location of the PV installation, although 

only one PV module was measured. Several variations of the measurement were done, 

as it was useful to understand the behaviour of each side separately: 

 Measurement with both sides uncovered 

 Measurement with front side covered 

 Measurement with back side covered 

However, the experiment was not as optimum as possible, since the back side presented 

some shadows because of the structure, cables and even the frame of the PV module. 

This resulted in a not trustworthy result, especially from the back side behaviour, where 

it was really difficult to parameterize the effects of the shadings. 
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That is the reason of the following experiment, where the module was dismounted from 

the structure (always with the permission from the personal of Gavle Energi) and taken 

to a clearer place, free from all the possible shadings. 

The experiments were then repeated: 

 Measurement with both sides uncovered 

 Measurement with front side covered 

 Measurement with back side covered 

Images of the setups for the experiments are included in the annex. All the results are 

included in the Results chapter, as well as in the annex. 

After all the experiments were done, the module was put back in the structure and 

connected as it was originally. 
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3.2 Thermal simulations 

3.2.1 Study object 

The study object of this subchapter will be the receiver and reflector of the prototype. 

Specifically speaking, a virtual receiver and reflector, since a simulation will be carried 

out instead of a proper construction. 

The receiver will consist of four layers: the proper bifacial cell, two silicone layers 

surrounding the PV cell, and a layer of glass to gain some structural strength. The layers 

of the receiver can be seen in figure 11: 

 

Figure 11. Layers of the receiver 

The physical properties of the elements of the receiver will be taken from the database 

of COMSOL, the software used for simulation. The reflector will be considered as 

aluminium, for simulation purposes. The whole collector will have a total length of 

2.321m, the same as the previous collector. 

The source of heat will be considered a radiation of 1000W/m2 on each side of the 

bifacial cell. It is probable that the collector will not reach these values, but it can be 

considered as a safe number, since that radiation could be one of the maximum 

radiation available on the surface on Earth. 

 

3.2.2 Materials 

As this process involved mainly several simulations, no physical materials were used, 

except for the computer that generated the simulations. 

 

3.2.3 Software 

The main software used has been COMSOL Multiphysics, a modelling and analysis tool 

for virtual prototypes of physical phenomena. This software can virtually model any 

physical phenomenon that an engineer or scientific can describe with partial differential 

equations (PDE), including heat transfer, fluids movement, etc. 
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Another software used has been AutoCAD, a commercial computer-aided design (CAD) 

software for 2D and 3D drawings. Thanks to this software, the models for COMSOL were 

drawn. 

 

3.2.4 Procedure 

First of all, it is necessary to draw the receiver and reflector on a drawing software, in 

this specific thesis, AutoCAD. 

Since it is relatively easy to carry out the simulations, several variations will be 

performed: 

 Horizontal receiver with symmetric reflector 

 Horizontal receiver with asymmetric reflector 

 Vertical receiver with symmetric reflector 

Every variation must be drawn in AutoCAD before importing this drawings into COMSOL. 

Once in COMSOL, every element must have a material assigned, in order to calculate the 

heat transmission of it. 

After all the materials has been defined and assigned, it is turn to define all the heat 

fluxes between the materials and the air. This receiver will be cool down by natural 

convection with air, and luckily COMSOL performs all the calculations internally. It is 

necessary to specify certain parameters as temperature of air, pressure, etc. 

For this simulations, temperature of air will be considered 40ºC and its pressure 1atm.  

As stated earlier, the heat source will be considered 1000W/m2 on each side of the 

bifacial cell. 

As a finite element method software, it is necessary to apply some mesh. The mesh used 

in this simulation is provided by the standard specifications of the COMSOL software, 

specifically adjusted to the option “fine” mesh. 

After executing the meshing and the simulation, COMSOL provides a screen with 

different results available; from temperature, to heat flux, etc. These results will be 

explained in the next chapter. 
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4. Results 
In this paragraph the most important results can be found and lightly explained. All the 

results can be found in the annex. 

As it was stated earlier, there is no direct connection of the bifacial measurements in 

chapter 4.1 and the thermal simulations in chapter 4.2, at least technologically speaking. 

The idea of making both of these experiments is to get a general idea of the 

technological problems that could appear at the time of designing a prototype. Thus, 

making a separate study (electrical and thermal) was proposed by the members of 

Solarus to get a global idea that embrace these two topics. 

 

4.1 Bifacial measurements 
As stated in the Method chapter, due to the small reliability of the measurements while 

the bifacial module was installed in its original location are difficult to parameterize; so, 

only the measurements where the bifacial module was taken off from the installation 

can be found here. Table 1 gives a clear view of how the measurements were carried 

out: 

 

Table 1. Setups of the measurements 

Measurement 1 

After measuring the module with the front side facing the sun, the results can be seen 

in table 3, where those values where obtained with the IV-tracer, as it can be seen in the 

pictures of the annex: 

 

Table 2. Measurement 1 

It must be noted that the total power output is not the multiplication of these two 

factors. The multiplication would show a value of 307W but this value does not 

correspond to the power of the cell, that assumption would be wrong. 

  

Facing sun Cover

Measurement 1 Front side none

Measurement 2 Back side none

Measurement 3 Back side Front side

Measurement 4 Front side Back side

Measurement 5 Front side Front side

Measurement 6 Back side Back side

Measurement 1

Voltage (Open Circuit) 38,2 V

Current (Short circuit) 9,94 A
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In order to obtain the power output, a look to the I-V curve should be taken: 

 

Figure 12. I-V Curve of measurement 1 

As it can be seen on figure 12, the I-V curve shows one peak point, due to some shading 

(as it is specified on the theory chapter, on page 12 of this Master Thesis). This peak is 

pointed out in the following figure 13: 

 

Figure 13. Peak points of measurement 1 

These peak points present different situations where the PV module could work. All of 

these images of the peak points can be found in the annex. 
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For the case of measurement 1, we can check the current and voltage located on those 

points, in order to get the power available, as it can be seen in the following table 3: 

 

Table 3. Power on peak points of measurement 1 

For further development of this chapter, only the high value will be taken, since the 

objective is to reach the highest amount of power. That implies that the value of power 

for the measurement 1 will be considered around 280W. 

Measurement 2 

After measuring the module with the back side facing the sun, the results can be seen in 

table 4. It should be noted that the power shown has been obtained following the steps 

mentioned earlier for measurement 1: 

 

Table 4. Measurement 2 

It can be seen that the power output is lower to the measurement 1. This is due to the 

frame and some unavoidable shading from the wires of the module, being logical to find 

a lower power output while facing the back side to the sun, and not reaching the same 

power as in measurement 1. 

 

 

Measurement 3 

After measuring the module with the back side facing the sun, while the front side was 

covered, the results can be seen in table 5: 

 

Table 5. Measurement 3 

Compared to measurement 2, on this setup it can be seen the low contribution the 

shaded part has. Covering it (ideally generating 0W) decreases the total amount by 

around 50W, so it can be assumed that the side that is not facing the sun contributes 

poorly to the power output. 

 

Measurement 1 Peak 1

Voltage 31 V

Current 9 A

Power 279 W

Measurement 2 Measurement 2 Peak 1 Peak 2

Voltage (Open Circuit) 37,8 V Voltage 21 33 V

Current (Short circuit) 6,65 A Current 6,5 6 A

Power 136,5 198 W

Measurement 3 Measurement 3 Peak 1 Peak 2

Voltage (Open Circuit) 37,5 V Voltage 21 33 V

Current (Short circuit) 6,06 A Current 4,8 4,5 A

Power 100,8 148,5 W
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Measurement 4 

After measuring the module with the front side facing the sun, while the back side was 

covered, the results can be seen in table 6: 

 

Table 6. Measurement 4 

Similarly to measurement 3, the side that is not facing the sun has a low contribution to 

the total power output, since covering it does not imply a huge reduction of the power 

output. 

Measurement 5 

After measuring the module with the front side facing the sun, while the front side was 

covered, the results can be seen in table 7: 

 

Table 7. Measurement 5 

This measurement reaffirm the conclusions generated in the previous measurements. 

The side that is not facing the sun has a low power contribution, around 20W. 

 

Measurement 6 

After measuring the module with the back side facing the sun, while the back side was 

covered, the results can be seen in table 8: 

 

Table 8. Measurement 6 

Similarly to measurement 5, this measurement shows that the side that is not facing the 

sun has a low contribution to the total power output. Nonetheless, the front side 

presents more power output than the back side, as it was also stated in measurements 

1 and 2. 

  

Measurement 4 Measurement 4 Peak 1

Voltage (Open Circuit) 37,5 V Voltage 32 V

Current (Short circuit) 7,57 A Current 7 A

Power 224 W

Measurement 5 Measurement 5 Peak 1 Peak 2 Peak 3

Voltage (Open Circuit) 34,9 V Voltage 10 22 33 V

Current (Short circuit) 0,86 A Current 0,9 0,7 0,6 A

Power 9 15,4 19,8 W

Measurement 6 Measurement 6 Peak 1

Voltage (Open Circuit) 35,4 V Voltage 33 V

Current (Short circuit) 1,11 A Current 1 A

Power 33 W
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4.2 Thermal simulations 
In this paragraph the most important results from the thermal simulations can be found 

and lightly explained. 

Horizontal receiver with symmetric reflector 

After executing the simulation, COMSOL results can be seen in the following figure 12: 

 

Figure 14. Horizontal receiver with symmetric reflector 

As it can be seen, the receiver reaches a temperature of 185ºC approximately. The lack 

of water channels implies that the receiver is going to reach higher temperatures. A 

horizontal plate does not present the best geometry for natural convection. It can be 

seen that the reflector is easily cooled down. 
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Horizontal receiver with asymmetric reflector 

After executing the simulation, COMSOL results can be seen in the following figure 13: 

 

Figure 15. Horizontal receiver with asymmetric reflector 

Similarly to the previous setup, the receiver reaches a temperature of 185ºC 

approximately. The lack of water channels implies that the receiver is going to reach 

higher temperatures. A horizontal plate does not present the best geometry for natural 

convection. It can be seen that the reflector is easily cooled down. 
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Vertical receiver with symmetric reflector 

After executing the simulation, COMSOL results can be seen in the following figure 14: 

 

Figure 16. Vertical receiver with symmetric reflector 

As it can be seen, the receiver reaches a temperature of 175ºC approximately. It is lower 

than the previous setups because a vertical plate presents a better geometry for cooling 

down with natural convection. Nonetheless, it also can be seen that the reflector is easily 

cooled down. 
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5. Discussion 
First of all, in order to get the irradiance for the day that the measurements were done, 

the online service Strång will be used. STRÅNG is defined as a mesoscale model for solar 

radiation (http://strang.smhi.se/). Requesting information for that specific day, as it can 

be seen in the figure 15: 

 

Figure 17. Parameters for Strång 

Shows the following result, as it can be seen in figure 16: 

 

Figure 18. Results from Strång 

It can be seen that the irradiance through the hours of the measurements rounded the 

800W/m2, so the calculation does not seem to be completely inaccurate. 

The new receiver will present a single line of PV cells, along a glass of 2.321m long (this 

length is considered the same as the previous Solarus Collector). If the cells of the 

module LG NeON™ 2 are taken, which present a dimension of 156.75mm * 156.75mm; 

the receiver could hold up to 14 cells. 

http://strang.smhi.se/
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Assuming every cell equal in a module of 300W and 60 cells, every cell will present 5W 

each. Therefore, a receiver with 14 cells will reach the 70W. 

Hypothetically speaking, if the bifacial cells received the same amount of irradiance on 

each side, and the temperature remained around 25ºC; this prototype could reach the 

140W for an irradiance of 1000W/m2, or 112W for an irradiance of 800W/m2, as it was 

found the day of the measurements. 

Nonetheless, there are several problems concerning these values. Although the bifacial 

module specifies that for a backside irradiance of 10% of the front irradiance, the power 

output will increase an equal 10%; the bifacial cells does not specify how will they 

perform when the back side presents 100% the irradiance of the front side. It is 

dangerous to assume that the cells will double its power without doing the proper 

experiments. 

There is also another huge problem with this hypothesis. Efficiency of a module 

decreases severely with temperature. According to the module LG NeON™ 2 datasheet, 

the power reduction is specified as -0.38%/ºC. Therefore, even for 175ºC, the lowest 

maximum temperature setup (Vertical receiver with symmetric reflector), the power 

output will decrease by 79.8W which seems completely unacceptable. 

Moreover, the module LG NeON™ 2 datasheet specifies that the maximum operation 

temperature range starts from -40ºC and reaches +90ºC, so even taking the previous 

assumption could be dangerous, as it will be inherently dangerous reaching 

temperatures rounding the 175ºC. 

In conclusion, this prototype seemed like a good idea, but too many complications 

appeared. The lack of knowledge in the behaviour of a bifacial cell when the back side 

receives an irradiance of 100%, or the high temperatures reached in the receiver may 

hold back the idea of creating this prototype for now.  

This prototype could be assembled for lower values of irradiance, where the 

temperature does not reach those maximum levels, but must be treated carefully in case 

some high amount of irradiance hit the receiver. 
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6. Conclusions 

6.1 Study results 
After all the experiments performed in this Master Thesis, several conclusions can be 

made. A bifacial receiver for the current Solarus Collector seems to present several 

disadvantages compared to the current receiver, the one with the water channels 

system. 

Although the bifacial technology seems like a highly interesting field to explore, the 

results observed in the Discussion chapter end up being disheartening. The main 

problem with the temperature, and to some extent the current lack of knowledge about 

the bifacial modules, make this new prototype not so attractive in technological terms. 

Nevertheless, this Master Thesis must not be treated as some review against the bifacial 

technology, since this technology will probably bring a lot of better opportunities in the 

future. 

According to the simulations seen in the Method chapter, the receiver could reach 

175ºC, which may be dangerous for the PV cells or even for the own components of the 

receiver.  

Following the last thoughts, from a more optimistic perspective, this Master Thesis 

developed some 3D simulations for a concentrating PV system (specifically on this 

project, the Solarus Collector) and also has brought some light to the world of the bifacial 

modules. This Master Thesis could be used for some other Solarus prototype, in case the 

company decides to push further some other ideas that they could have. 

From a more distant point of view, this Master Thesis could help to understand better 

the bifacial technology, as several experiments were made. All of these results could set 

the basics of expanding the general knowledge, in case some experiment, prototype or 

system that uses this modern technology. 

Finally, although the method used in this Master Thesis was suitable for conceiving the 

idea of the prototype, it would have been more optimum if the bifacial measurements 

were performed on PV cells rather than an already manufactured PV module. Doing the 

measurements on a PV cell would have allowed to understand the bifacial technology 

from a more detailed perspective, since the complications of the module circuit would 

have not been there to interfere with the purpose of the experiment. 

 

6.2 Outlook 
If any future development of this work was desired to be performed, several 

considerations should be taken into account. Some minor improvements can be done, 

such a revision of the simulations, where the drawings or the meshing of the collector 

could be slightly improved. Other improvements could be measuring bifacial cells 

instead of a bifacial module, as it was stated in the previous subchapter. 
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Nevertheless, if I had to repeat this Master Thesis again, one of the most experiments 

that could be done is to perform the bifacial experiments installing some reflector to 

give full irradiance to the back side of the module. This experiment would be crucial to 

understand how the bifacial module work under the conditions of a concentrating PV 

system. 

Obviously, a full construction of this C-PV prototype will shed more light than a 

theoretical Master Thesis. It would be ideal to be able to measure some parameters in 

a real model, and comparing it to those findings written here. 

 

6.3 Perspectives 
Last paragraphs of this Master Thesis should be written about a broader perspective of 

the prototype. Similarly to most of the PV systems, this model would fit best in those 

places where there are some problems with the power lines and it is difficult to bring 

the electricity there. Nonetheless, currently the prototype should be installed in a place 

where it can be monitored, like a university, since the performance of it has not been 

fully tested. 

Moreover, this prototype is completely based on renewable energy, so it is completely 

beneficial to the environment. Its installation would be truly appealing to those 

countries who may have some pollution problems, or even those countries that want to 

lead the future in a more environmentally friendly way.  

Finally, although this prototype was born from an idea related to a promising new 

technology, it is really early to speak in terms of commercialization. If this project was 

meant to expand further in commercial terms, the following step would be build a 

proper prototype and analyse its behaviour, as it was stated earlier. 
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8. Appendixes 
Pictures setups: 

Below several pictures of the setups can be seen: 

 

Annex 1. Front view of the covered module 
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Annex 2. Back side of the module covered 
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Pictures measurements: 

Below the different pictures of the measurements can be seen: 

 

Annex 3. Voc and Isc of measurement 1 
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Annex 4. I-V curve of measurement 1 
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Annex 5. Peak points of measurement 1 
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Annex 6. Voc and Isc of measurement 2 

 

Annex 7. I-V curve of measurement 2 
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Annex 8. Peak points of measurement 2 

 

Annex 9. Voc and Isc of measurement 3 
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Annex 10. I-V curve of measurement 3 
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Annex 11. Peak points of measurement 3 

 

 

Annex 12. Voc and Isc of measurement 4 
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Annex 13. I-V curve of measurement 4 

 

 

Annex 14. Peak points of measurement 4 
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Annex 15. Voc and Isc of measurement 5 

 

 

Annex 16. I-V curve of measurement 5 
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Annex 17. Peak points of measurement 5 

 

 

Annex 18. Voc and Isc of measurement 6 
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Annex 19. I-V curve of measurement 6 

 

 

Annex 20. Peak points of measurement 6 
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LG300N1T-G4

- Cello Technology
- Transparent backsheet

60 cell
LG NeON™ 2 BiFacial is designed to utilize both sides of 
PV module for absorbing more light and generating more energy. 
It also adoptsCello technology which replaces 3 busbars with 12 
thin wires to enhance power output and reliability. It is possible to 
produce an abundance of output energy with LG NeON™ 2 BiFacial.

About LG Electronics
LG Electronics is a global big player, committed to expanding its operations with the solar market. The company fi rst embarked on a solar energy source research 
program in 1985, supported by LG Group’s vast experience in the semi-conductor, LCD, chemistry and materials industries. In 2010, LG Solar successfully 
released its fi rst MonoX® series to the market, which is now available in 32 countries. The NeON™ (previous. MonoX® NeON) and The NeON™2 won the “Inter-
solar AWARD” in 2013 and 2015, which demonstrates LG Solar’s lead, innovation and commitment to the industry.

Key Features

Bifacial Energy Yield
It is possible to produce 25% more energy and 
output energy can be increased more under 
optimized surrounding conditions.

Better Performance on a Sunny Day
LG NeON™ 2 BiFacial now performs better on 
sunny days thanks to its improved temperature 
coeffi ciency

More Generation on a Cloudy Day
LG NeON™ 2 BiFacial gives good performance 
even on a cloudy day due to its low energy 
reduction in weak sunlight.

High Power Output
LG NeON™ 2 BiFacial has been designed using 
LG’s new Cello technology which is able to achieve 
high rear effi ciency cell over 92.5% based on front 
effi ciency.

Enhanced Performance Warranty
LG NeON™ 2 BiFacial has an enhanced 
performance warranty. The annual degradation 
has fallen to 0.6%/yr from 0.7%/yr of the 
previous LG NeON™ module.

+2.4%p

25yr

Near Zero LID (Light Induced Degradation)

The n-type cells used in LG NeON™ 2 Bifacial 
have almost no boron, which may cause the 
initial effi ciency to drop, leading to less LID.

BiFacia l

~+3%

KM 564573 BS EN 61215 Photovoltaic Modules

TM
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² STC (Standard Test Condition): Irradiance 1000 W/m², Module Temperature 25 °C, AM 1.5
  The nameplate power output is measured and determined by LG Electronics at its sole and absolute discretion.

Electrical Properties (STC²)
Module LG300N1T-G4 10% 20% 25%

Maximum Power (Pmax) [W] 300 330 360 375

MPP Voltage (Vmpp) [V] 32.9 32.9 32.9 33.0

MPP Current (Impp) [A] 9.15 10.07 10.98 11.44

Open Circuit Voltage (Voc) [V] 40.1 40.1 40.2 40.3

Short Circuit Current (Isc) [A] 9.65 10.68 11.65 12.14

Module Effi ciency [%] 18.3 20.1 22.0 22.9

Operating Temperature  [°C] -40 ~ +90 

Maximum System Voltage [V] 1000

Maximum Series Fuse Rating [A] 20

Power Tolerance (%) [%] 0 ~ +3

 ³ NOCT (Nominal Operating Cell Temperature): Irradiance 800 W/m2, module temperature 20 °C, wind speed 1 m/s

Electrical Properties (NOCT3)
Module LG300N1T-G4

Maximum Power (Pmax) [W] 221.9

MPP Voltage (Vmpp) [V] 30.4

MPP Current (Impp) [A] 7.29

Open Circuit Voltage (Voc) [V] 37.3

Short Circuit Current (Isc) [A] 7.77

Dimensions (mm)
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       The distance between the center of the mounting/grounding holes.

Mechanical Properties
Cells 6 x 10

Cell Vendor LG

Cell Type Monocrystalline  / N-type

Cell Dimensions 156.75 x 156.75 mm / 6  inches

# of Busbar 12 (Multi Wire Busbar)

Dimensions (L x W x H) 1640 x 1000 x 40 mm 

Front Load 6000 Pa

Rear Load 5400 Pa

Weight 17.0 ± 0.5 kg

Connector Type MC4

Junction Box IP67 with 3 Bypass Diodes 

Length of Cables 1000 mm x 2ea

Glass High Transmission Tempered Glass

Frame Anodized Aluminium

11) 1st year: 98%, 2) After 2nd year: 0.6%p annual degradation, 3) 83.6% for 25 years

Certifi cations and Warranty

Certifi cations

IEC 61215, IEC 61730-1/-2

IEC 62716 (Ammonia corrosion test)

IEC 61701(Salt mist corrosion test)

ISO 9001

Fire Rating Class C 

Product Warranty 12 Years

Output Warranty of Pmax Linear Warranty1

Temperature Characteristics
NOCT [   °C  ]  45 ± 3

Pmax [%/°C] -0.38

Voc [%/°C] -0.28

Isc [%/°C]  0.03

LG Electronics Deutschland GmbH
EU Solar Business Group
Berliner Straße 93 
40880 Ratingen, Germany
E-Mail: solar@lge.de
www.lg-solar.com/uk

All details in this data sheet comply with DIN EN 50380. 
Subject to errors and alterations.
Date: 03/2016
Document: DS-N1T-G4-EN-201603

Copyright © 2016 LG Electronics. All rights reserved.
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APPLICATIONS
• Testing, evaluations and troubleshooting  

of photovoltaic installations.
• Power efficiency measurements  

(AC and DC).

GENERAL FEATURES
• Large internal memory: ca 1800 

measurements or ca. 500 measure-
ments of I-V curve or Power (Scope) 
or adequate combination.

• Built-in help screens with connection 
diagrams for each function.

• Tester has a built-in charging circuit 
andcomes complete with a set of 
rechargeble NiMH batteries.

• PC SW Eurolink PRO included in the  
standard set enables downloading of 
test results and parameters and crea-
tion of test reports.

STANDARDI 
Functionality: 
• IEC/EN 61557 series; 
• IEC 62446 (photovoltaics).

Electromagnetic compatibility:
•  EN 61326

Safety (LVD): 
• EN 61010-1; EN 61010-2-030;  

EN 61010-031; EN 61010-2-032

MI 3109 EurotestPV Lite is a photovoltaic (PV) tester. It performs all necessary tests required 
on photovoltaic installations. This includes all of the tests as required by EN62446, but also 
includes I - U characteristic measurements, calculation to STC values and power measurements 
on Inverter’s DC and AC sides (single-phase only). MI 3109 EurotestPV Lite is optimized for PV 
tests therefore the Autotest operation mode is implemented which is intended to perform 
a complete set of test needed for verification of PV installations according to EN 62446 with 
pressing off only one button. With optional accessories the same PV test functionality as with 
MI 3108 EurotestPV is available.

MEASURING FUNCTIONS
Photovoltaic installation 
Measurements on DC side of PV installation:
• Voltage, current, power;
• Insulation and continuity;
• Uoc (Open Circuit Voltage) and Isc (Short Circuit Current);
• I - U curve of PV modules and strings;
• Irradiance;
• Module temperature.

Measurements on AC side of PV installation:
• Voltage, current, power; 
• Efficiency of PV module, inverter, PV system calculation;
• Optional 3-phase efficiency measurements.

KEY FEATURES
Photovoltaic installations:
• Autotest
• Calculation to STC values;
• Efficiency calculations; 
• Graphical representation of module’s I - U curve;
• 2 voltage & 2 current channels for simultaneous AC & DC parameters measurements;
• Optional PV Remote Unit for simultaneous measurements of solar irradiation and  

temperature of PV module;
• BT communication with PC, Android tablets and smart phones via BT dongle;
• PV Android APP, data management tool (option).

MI 3109 EurotestPV Lite

READY

Photovoltaic  
Installations Tester



Measuring and Regulation Equipment Manufacturer 
METREL d.d.
Ljubljanska 77
SI-1354 Horjul
Tel: + 386 (0)1 75 58 200
Fax: + 386 (0)1 75 49 226
E-mail: metrel@metrel.si
http://www.metrel.si

Note! Photographs in this catalogue may slightly differ
from the instruments at the time of delivery.
Subject to technical change without notice.

Technical Specification
PHOTOVOLTAIC INSTALLATION MEASUREMENTS

Function Measuring range Basic accuracy

Voltage
0 V DC ... 999 V DC
0 V AC ... 999 V AC
I-V m.: 0 V DC ... 999 V DC

±(1.5 % of reading + 5 digits)
±(1.5 % of reading + 3 digits)
±(2 % of reading + 2 digits)

Current
Panel m.: 0.0 mA ... 300 A DC
Invert. m.: 0.0 mA ... 300 A AC
I-V m.: 0.00 A ... 15 A DC

±(1.5 % of reading + 5 digits)
±(1.5 % of reading + 3 digits)
±(2 % of reading + 3 digits)

Power
Panel m.: 0 ... 200 kW
I-V m.: 0 ... 15 kW

±(2.5 % of reading + 6 digits)
±(3 % of reading + 5 digits)

U / I curve 1000 V / 15 A / 15 kW

Irradiation 0 ... 2000 W/m2 ±(5 % of reading + 5 digits)

Temperature -10 °C ... + 85 °C ± 5 digits

ELECTRICAL INSTALLATION MEASUREMENTS

Function Measuring range Basic accuracy

Insulation resistance 
(EN 61557-2)

U = 50, 100, 250 VDC:
R: up to 199.9 MΩ
U = 500 VDC, 1 kVDC:
R: up to 999 MΩ  

±(5 % of reading + 3 digits)

±(5 % of reading + 3 digits)
Continuity, 200 mA 
(EN 61557-4)

0.00 Ω ... 1999 Ω ±(3 % of reading + 3 digits)

Continuity, 7 mA 0.0 Ω ... 1999 Ω ±(5 % of reading + 3 digits)

General

Display 128 x 64 dots matrix display with backlight

Power supply 6 x 1.2 V NiMH batteries, type AA

Overvoltage category CAT II / 1000 VDC; CAT III / 600 V; CAT IV / 300 V

Protection class double insulation 

COM port RS232 and USB

Dimensions 230 x 103 x 115 mm

Weight 1.3 kg

Photo Order No. Description

A 1378 EurotestPV Remote

A 1384 PV Safety probe

A 1385 PV fused test lead

A 1427 PV reference cell

A 1400 Temperature probe

A 1018
Current clamp (low range, 
leakage)

A 1391 AC/DC Current clamp

A 1105 Barcode scanner

A 1292
Upgrade code EuroLink 
PRO to EuroLink PRO Plus

A 1436 Bluetooth dongle

Optional accessoriesPV System parameters
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Ordering information
Standard set                                                    MI 3109 ST

• Instrument MI 3109 EurotestPV Lite
• Soft carrying bag
• Universal PV test lead, 3 x 1.5 m
• PV Continuity test lead, 2 x 1,5 m
• Test probe, 3 pcs (red, blue, green)
• Crocodile clip, 3 pcs (red, blue, green)
• PV MC3/4 male/female adapters
• AC/DC current clamp
• Power supply adapter + 6 NiMH batteries, type AA
• USB and RS232 - PS/2 cable
• PC SW EuroLink PRO
• Carrying strap
• Short instruction manual
• Instruction manual and handbook on CD
• Calibration certificate

Pro set                                                          MI 3109 PS
• MI 3109 ST
• EurotestPV Remote
• PV Safety Probe
• PV reference cell
• Temperature probe
• Soft carrying bag
• PC SW EuroLink PRO Plus licence


