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Abstract

Transparent solar cell techniques; from a solar
irradiance- and environmental perspective

Andreas Nilsson

The task of this master thesis was to investigate the possibility of 
using transparent solar panels as windows and how they compare to 
other solar energy technologies. The idea is then to use the UV and 
IR light to produce energy while letting the visual light pass 
through. With this also receiving the advantage of less indoor 
heating of the building and therefore a decreased need for cooling. 
To make it into a more concrete example the Sergelhuset building in 
Stockholm, Sweden was chosen as an example. The investigation was 
made through a solar irradiation simulation for four different cases 
and an environmental analysis of the alternatives. The result is that 
the most common way of mounting polycrystalline modules, is the most 
cost effective alternative but it might not be so good from an 
environmental perspective in Sweden because of the already low g 
CO2eq/kWh and not the best location for solar panels. Façade mounted 
CIGS perform well in energy production but the high investment costs 
set it down. However, it is better than polycrystalline panels from 
an environmental perspective. The semitransparent CdTe window will be 
hard to make economically viable and from an environmental 
perspective it is debatable. The transparent alternatives focus its 
absorption on UV and IR light but there are also semi-transparent 
alternatives that uses also part of the visible light, which makes it 
not completely transparent.  
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Dictionary 

LCA – Life Cycle Assessment 

 

LCI – Life cycle Inventory 

 

Energy Payback Time (EPBT) – The time needed for a renewable energy system to 

generate the same amount of energy as that which was used to produce the system itself.  

 

Greenhouse Gas Emissions (GHG) – The greenhouse gas emissions during the whole 

life cycle of a PV system is approximated as one CO2 equivalent using an integrated time 

horizon of 100 years.   

 

Performance Ratio (PR) – This factor specifies the losses you have in your power 

electronics system. The electricity produced is DC and when converting to AC and so on 

you will have losses. 

 

GlobHor – Horizontal global irradiation 

DiffHor – Horizontal diffuse irradiation 

T Amb – Ambient Temperature 

GlobInc – Global incident in coll. plane  

GlobEff – Effective Global, corr. for IAM and shadings 

EArray – Effective energy at the output of the array 

E_Grid – Energy injected into grid 

  

 

TLSC- Transparent Luminescent Solar Concentrator   

AM – Air Mass 
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1 Introduction 

1.1 Background 

All around the world there is a change in how energy is produced, we are going from 

having fossil fuel as our main resource for energy to instead having a larger part clean 

renewable energy. We are on the right path to reach the goal of only using renewable 

energy, today, under the right circumstances, solar power can be cheaper than burning 

fossil fuel. This is a big step in the right direction, since for clean renewable power to really 

succeed, it needs to be cheaper than the alternatives. Nevertheless, new, more effective 

ways to reach this goal is needed, and the need of energy will most likely only increase 

with a growing population and with a larger part electric vehicles in the transport sector.  

The typical sources of renewable energy are solar-, wind-, hydro-, wave power and 

biomaterials which all originate from the sun. For example waves are created by the wind, 

which are created by temperature differences over the globe made by the sun. Therefore, 

it makes sense to have a focus on harvesting solar energy whiteout the losses you get on 

the way when this energy transforms into other sources, such as wind- or hydropower. A 

space that today is unused is all the window area; if this area could be used for producing 

energy, it could be a good complement to reaching this goal. To make this possible one 

alternative is to use a transparent solar panel that lets a large part of the visible light 

through but uses most of the infrared and ultraviolet light to make electricity.  

 

One positive aspect is that for most part of the year buildings need cooling, since you with 

these transparent solar cell windows uses part of the light to make electricity you will get 

less heating of the building, which leads to a reduction in the cost of cooling the building.  

 

The project was made for Skanska, with their values and interests in mind throughout the 

time of the thesis. The work has been done in partnership with Alexander Cahlenstein but 

with different responsibilities in the project. The results where combined to one conclusion 

presented to Skanska.  

 

 

1.2 Objective 

The objective of this master thesis is to make a comprehensive overview of the alternatives 

for using transparent solar panels as windows, also investigate if it could be something for 

the future and of interest for Skanska. Also, compare it to other ways to generate solar 

power, such as façade mounted or roof mounted systems. To do the comparison four 

different areas were looked at. 

 PV simulation of different cases 

 Environmental analysis 

 Life Cycle Cost 

 Thermodynamics simulation 
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Figure 1: Illustration of the work division in the project. 

 

The focus in this report will be on the solar simulation in PVsyst and the environmental 

perspective but will be combined with the results found by Alexander Cahlenstein in his life 

cycle cost study and thermodynamic simulation. These four areas will then be compared 

against each other to find the best overall alternative.  

1.3 Limitations 

The solar simulations have been restricted to only be done for Sergelhuset in Stockholm 

but the results will be comparable with other building projects. The number of techniques 

compared in this study has also been restricted to keep the project at a manageable size. 
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2 Technical Background  

2.1 Light 

The visible wavelength of light for humans ranges between approximately 400nm and 

750nm. From the work of Alexander Cahlenstein 57.03 % of the energy is in the ultra violet 

and infrared light assuming AM 1.5. Referenced sources give similar numbers for this [28-

30]. This means that you have a lot of potential energy outside the visible light that can be 

used to produce electricity and still have a fully transparent solar panel. In figure 2, the 

solar spectrum can be seen. Here, the red curve is for AM 0 which is outside the earth 

atmosphere and the green curve is AM 1.5, which is a mean value of the irradiance at sea 

level [28]  

 
Figure 2: Diagram showing the energy per square meter for the solar spectrum [28]  

2.2 Optics  

Bragg reflector: A distributed Bragg reflector is a structure formed by several materials with 

varying refractive index. Every layer creates a partial reflection. For waves with a vacuum 

wave length close to 4 times as long as the thickness of the optical material, the many 

reflections from the different layers are combined in constructive interference and with help 

of this the layer it will work as a high quality reflector. [31,32] This Bragg reflector is used in 

the transparent PV coating. 
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Figure 3: Schematic over a Bragg reflector [31] 

 

Quantum Efficiency: Defined as the ratio of the number of carriers that are collected by the 

solar cell compared to the number of photons of a specified energy incident to the solar 

cell. It is given as the function of either energy or wavelength [33]. This term is mentioned 

in 2.3.2 in the area of transparent solar luminescent concentrator.  

 

Stoke shift and fluorescence: Florescence is when there is light of a shorter wavelength 

that gets absorbed by a florescent material exiting an electron and thereafter reemit it as 

light with a longer wavelength and less energy. The difference in nm is called the stoke 

shift. This can be shown schematically in a Jablonski diagram [34,35].     

2.3 The different PV techniques 

2.3.1 Transparent PV coating (Lunt) 

Richard R. Lunt and Vladimir Bulovic have developed a transparent organic PV using 

fluorescent organic salts that absorbs the non-visible light, ultra violet (UV) and near 

infrared (NIR), and is transparent to visible light [22]. It uses stoke shift to heavily down-

convert the UV light into the NIR light [23,24]. Through optimization of the NIR light 

absorption efficiencies close to 1.3% is possible and at the same time a transmittance of 

65% of the visible light. If a NIR distributed Braggs reflector is also implemented an 

efficiency of 1.7% is obtained and at the same time have a transparency larger than 55% 

of the visible light can be obtained.  

 

 
Figure 4: Schematic showing the layers in the actual Transparent PV [21]. 
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Non-organic solar cells have limited mechanical flexibility, high module cost and bandlike 

absorption spectrum that limit its potential as a transparent PV. Organic solar cells, on the 

other hand have very clear cut off wavelengths for when- and when not transmitting light 

[22]. This organic solar cell has a peak electricity production in the ultraviolet- and infrared 

light. Through combining the organic panels with different types of highly reflective NIR 

mirror layers it is possible to optimize the performance of the panel but still letting the 

visible light pass through. A distributed Bragg reflector (DBR) is used as the NIR mirror. 

The thickness is specified so that it will reflect light with a peak at around 800nm. In 

addition, a broadband antireflection (BBAR) layer is placed on the DBR to decrease 

reflections.  [22]  

 

2.3.2 Transparent solar luminescent concentrator (TLSC)  

In a LSC, part of the solar spectrum is absorbed in a luminescent dye that is embedded in 

a transparent waveguide. After absorption, it’s then reemitted in another wavelength in all 

directions within the waveguide. Because of the index of refraction, the difference between 

the waveguide and the surrounding environment, the reemitted photons are mainly trapped 

by total internal reflection. The light will therefore bounce towards the sides of the 

waveguide where it can be converted into electricity in a regular PV cell [24]. This is one of 

the advantages with this technique that a relatively small PV area is needed. 

 

For single junction TSLC the thermodynamic limits are around 21%, this increases to 35% 

when using multi panel devices with light trapping [24]. In the future, the TLSC is believed 

to have a potential to reach up to 10% efficiency in practice using a single junction module 

when quantum yield, absorption range, stoke shifts and micro LSC continues to improve 

[23, 24]. The difference in this technique compared to 2.3.1 is that the light gets directed to 

the sides and the absorbed, in 2.3.1 the light is absorbed directly in the PV coating.     

  

This is not yet a ready product, it is now under development says Damon Hess, vice 

president for sales at Ubiquitous Energy, in an email and it has therefore not been 

included in the simulations. 

 

2.3.3 Semitransparent solar panels (SolTech) 

The technique that the company SolTech uses is a semitransparent PV window. It is based 

on an ordinary CdTe thin film, but to make it semitransparent it is designed into a grid so 

from distance it looks transparent only with lower visibility. However, from close distance 

you can see that it’s actually made up as a grid. This means that instead of focusing on 

only absorbing the UV and IR light as for the transparent PV Coating (Lunt), the light 

absorbed here is from the same part of the solar spectrum as for a regular thin film CdTe 

panel. The main advantage is that SolTechs product is today fully commercialized and is 

now available for order. It is also possible to get in a wide range of different transparencies 

since the covered area of thin film PV cells is simply varied depending on the chosen 

transparency and the efficiency received will increase linearly with decreased transparency 

[25]. Semitransparent solar panels can also be made by other companies and of other 

materials such as crystalline Si and GIGS.  
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2.3.4 Grätzel 

A potentially promising technology for the future is the Grätzel dye-sensitized solar cell 

(DSSC), which has the potential to be a better alternative, both economically and 

environmentally, than the inorganic commercial technologies of today. Additionally, since 

the Grätzel technology is organic based you avoid the toxic materials that for example 

CdTe has. Pär Snögren, working with material science at Exeger, thinks that DSSC has 

good potential for the future. But for it to really be a competitive product, more research is 

needed to reach higher efficiencies. This information has been confirmed by referenced 

studies. The main difference between DSSC and traditional solar cells as silicon, is that in 

traditional PV:s, both the generation of charges and the separation is done in the silicon. In 

a DSSC these tasks are separated as the charge generation is made at the 

semiconductor-dye interference and the transport of the charges is then done by the 

semiconductor and the electrolyte. [9,26,27]. 

 

2.3.5 Mono- and multi crystalline Si 

Both mono and multi crystalline panels are silicon based but the difference is that the 

mono crystalline panel is more pure than the poly crystalline type and is only using one 

type of sillicon, with fewer defects in the material and can therefore reach higher 

efficiencies than the poly crystalline panel. Mono crystalline solar panels is the oldest type 

of solar panel but since the efficiencies of multi crystalline PV cells have increased and 

with the lower price since it is not as complicated to produce as mono crystalline panels, 

poly crystalline panels is today the most common option when installing solar power. The 

case where mono crystalline could be preferable is when you are very restricted of how 

much area is available [41-43].  
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3 Method 

3.1 Building project Sergelhuset 

To be able to easier compare the different PV techniques and mounting positions, a real 

building project was chosen. The project chosen was Sergelhuset in Stockholm, exact 

location is 59.33 18.06, which is planned to be rebuilt. Blueprints for the whole building 

were accessible to be able to make a 3d model of the building, also to get the area of the 

façade and the windows. When deciding on a project to simulate, it was first thought to 

choose an existing building for this, but after discussions at Skanska it was decided that it 

would be more interesting to go with an ongoing project. Unfortunately, during the time of 

the thesis Skanska lost its part in the project to a competitor, but the largest reason for 

doing this was still for the general case therefor it was decided to continue with 

Sergelhuset.  

 

 
Figure 5: Overview of Sergelhuset and the close by area [19]. 

 

3.2 Solar analysis in PVsyst 

3.2.1 PVsyst 

PVsyst is a computer software used for simulating what amount of energy your PV system 

will produce. In the program the location of the system can be specified, the option to make 

a near shadings model where a 3d model of the building can be constructed including the 

area around it and set the orientation. It is also possible to choose what kind of solar 

panels should be used in the model and how it should be connected. This includes 

choosing the number of inverters and the size of them. From this the amount of electricity 

produced per year can be obtained. Also how the performance ratio is changing, how large 
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and in detail what kind of losses in your system are a few examples of what’s received 

from such simulation. For guidance how the software works a tutorial [36] was used, but 

also PVsyst:s own web forum [37]. 

PVsyst is available to test for free during 1 month but since the software was needed for 

longer a 12 months student version was obtained. The version used was PVsyst V6.61 

PREMIUM – student. 

 

3.2.2 Design of nearby buildings  

To include the nearby buildings in the 3d model the dimensions of them where needed. To 

achieve them a service from “Stockholms Stad” was used [38], here a 3d model of 

Stockholm city was downloaded. It has been done by laser scanning the height of the area 

and buildings with an airplane. This height data has an accuracy of 15cm for hard surfaces 

and 30cm for other surfaces, the measurement was made in 2012. The (*.shp) file could 

then be analyzed trough a software called ArcGIS Explorer that has been developed by 

ESRI and is a program used when working with maps and geographic information.   

3.3 Environmental aspects including LCA 

3.3.1 Background 

In this section the different solar cell technologies will be compared including an 

environmental perspective using LCA data. This is something that is becoming increasingly 

interestingly to look at and value, it’s also needed when you want to include your solar 

system in different certifications for example when getting a building LEED [39] certified. 

This part has mainly been consisting of researching and comparing different life cycle 

assessments   

 

The solar cell technologies that are compared are mono- and multi-crystalline Si, CdTe, 

CIGS and Dye Sensitized Solar Cells (Grätzel). For these technologies; gas emissions, 

energy payback time and a look at heavy metals will be included. To do this a number of 

studies have been compared to each other but the main ones that are included are 

[4,9,10]. 

Toxicity indicators are relatively uncertain in the LCA community and were therefor not 

included in the study [4].  

To further explore how the situation would be for the Sergelhuset project, an online tool 

[10] was used for simulating the greenhouse gas emissions for each kWh at this location 

and compared to the current electricity mix in Sweden. 

 

The mining for the raw materials needed, for example quartz sand needed to make silicon 

PVs, followed by further purification and processing to get the high purities that you want is 

typically were a large part of the energy is consumed. The metal- grade cadmium and 

tellurium needed for the CdTe PV is primarily obtained as a byproduct when mining zinc 

and copper respectively. The case is similar with GIGS solar cells were indium and gallium 

are byproducts of zinc mining and selenium mainly from copper production. 
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3.3.2 What is a LCA? 

LCA (Life Cycle assessment) is a way to approximate the environmental impact of a 

product from cradle to grave [1]. In this analysis environmental impact of the product, 

marketing, transport and distribution, operation and the disposal is included [5]. It makes it 

easier to evaluate a product or process from an environmental perspective and thereby 

make it easier to identify the key steps that have the greatest negative impact. This 

enables businesses to minimize the environmental footprint of their products [2]. 

 

There are a series of international standards for making a LCA analysis. The main one is 

ISO 14040. The four basic steps of a LCA that this standard describes is: 

 

 Goal and scope definition 

Here the goal of the LCA is clearly defined, it should also be defined why the study 

has been done and for whom according to the ISO 14040 1997 standard. The 

system boundaries that you have made is declared her, what environmental 

impacts is being considered and what the level of detail in your data is, for 

example if you’re using specific data from one site or an average over a number of 

production sites [1,5-7]. 

 Inventory analysis 

This part is also called LCI (Life Cycle Inventory) analysis, here you typically make 

a flowchart model quantifying all the inputs and outputs associated to the 

environmental impact, including raw materials, energy carriers, solid waste and 

emissions to air and water [1,5-7]. This can be a very complex step when you have 

more than one product sharing the same resources or more than one product from 

a process.  

 Impact assessment  

The goal of the Life cycle Impact Assessment (LCIA) is to show, or at least 

indicate what the environmental impact, will be from a certain product. With the 

LCIA you want to use the results from the LCI and turn it into more environmentally 

relevant information that is easier to interpret in terms of what the actual impact will 

be [1].  

 

The first two steps are as follows [1, 6];  

Classification – Here you sort the inventory parameters into different categories 

depending on the environmental impact it has.   

Characterization - In this step the relative contributions of the emission and 

resource consumptions for each category is calculated.  

Depending on the case, you also often continue the process with normalizing and 

weighing [1, 6]; 

Normalizing – Your calculated impact is compared to certain reference values. 

Weighing – The different values for the different categories can be weighed 

against each other to give a single value for the product for easier comparison.   

 

In a LCIA you can either have a midpoint or endpoint model focus [6, 8]. When 

having a midpoint impact category you have a problem-oriented approach. 

Common factors when using this approach is global warming, acidification and 

ozone depletion.   

When having an endpoint oriented approach you more look at the damage it will 

cause in the end. For example, what damage it can have on human health. 
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 Interpretation 

The last step is to draw your conclusions from the results of the LCI and the LCIA 

to conclude which product or process should best meet the goals that you have set 

[6, 7].   
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4 PVsyst solar analysis  

4.1 The simulation 

 

The first step in PVsyst was to create a project design and from there a Grid-connected 

system was chosen. This since it was assumed that the system would be grid connected. 

Of course, it could also have been designed as a standalone system and maybe with the 

use of batteries. In figure 6 below, a screenshot from ArcGIS by ESRI is shown, from here 

all the measurements needed to make the 3d model were obtained.  

 

 
Figure 6: Screenshot from arcGIS 

 

To calculate the total window area, façade area and the space avaible on the roof, the 

blueprints for the project where opened in Bluebeam Revu 2016 and the area could from 

there be calculated. In figure 7 below, a simple scheme for the system is visualized, copied 

from PVsyst. 
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Figure 7: Simple scheme of the setup of the system in PVsyst. 

 

In PVsyst 4 different simulations where made which follows: 

 Organic PV coating also referred to as Lunt 

 SolTech semitransparent windows 

 Façade mounted GIGS modules   

 Multi-Si roof mounted 

 

Case 1: Transparent PV , Lunt 

 

Since this isn’t a commercialized product yet an already existing panel was chosen instead 

and then recalculated with the efficiency of the lab tested organic solar cell by Richard 

Lunts team. More information can be found in appendix A. 

The panels are divided into 2 sub-groups, where sub-array 1 is facing south and sub-array 

2 south-west. 

 

Specifications for simulation in PVsyst: 

 

o Orientation of the PV system:  

 Tilt (deg) Azimuth (deg) 

Orientation 1 90 3 

Orientation 2 90 81 

Table 1: Orientation of the two groups of solar windows 
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Figure 8: 3d model of the Lunt case 

 

o Values for PV panel used 

 

Nominal Power 12W 

GRef 1000W/m2 

Isc 0.21 A 

Impp 0.19 

Voc 86V 

Vmpp 67V 

Rsh (Shunt resistance) 4896 Ohm 

Rs (Series resistance) 2.42 Ohm 

Table 2: System values for the PV panel used as substitute for the organic solar 

cell 

 

Specifications for sub-array 1 

o Inverter used 

1x3.0kW 125-440\TI 50/60 H 3kWac inverter since 2012 

Design of the array 

Modules in series => 3 

Number of strings => 66 

Number of models in total 198 

Area of modules => 143m2 

PV area in PVsyst => 143 m2 

 

Specifications for sub-array 2 

o Inverter used 

1x12kW 350-600\TI 50/60 H 12 kWac inverter  since 2012 

o Design of the array 

Modules in series => 7 

Number of strings => 152 

Number of modules in total 1064 

Area of modules => 766 m2 

PV area in PVsyst => 770 m2 
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o Case 2: SolTech semitransparent window 

 

For this simulation, an ordinary CdTe panel was chosen since this is the solar type in 

SolTechs windows, but it was modified to fit the values specified in their product sheet. The 

name of the model used is SolTech ST (BIPV) 1200x600mm, more information can be 

found in appendix A. The panels are divided into 2 sub-groups, where sub-array 1 is facing 

south and sub-array 2 south-west. The setup of the PV panels is identical to case 1 since 

in both cases the same window area is used for producing energy. A transparency of 60% 

has been chosen for the SolTech windows.  

 

Specifications for simulation in PVsyst: 

 

o Orientation of the PV system:  

 Tilt (deg) Azimuth (deg) 

Orientation 1 90 3 

Orientation 2 90 72 

Table 3: Orientation of the 2 groups of solar windows 

 

 

o Values for PV panel used 

 

Nominal Power 30.1W 

GRef 1000W/m2 

Isc 0.36 A 

Impp 0.33 A 

Voc 116.3V 

Vmpp 92.1V 

Rsh (Shunt resistance) 5550 Ohm 

Rs (Series resistance) 15 Ohm 

Table 4: System values for the PV panel used as substitute for the 

semitransparent SolTech window. 

 

Specifications for sub-array 1 

o Inverter used 

2x3.0kW 125-440\TI 50/60 H 3kWac inverter since 2012 

o Design of the array 

Modules in series => 2 

Number of strings => 99 

Number of models in total 198 

Area of modules => 143m2 

PV area in PVsyst => 143 m2 

 

Specifications for sub-array 2 

o Inverter used 

6x4.2kW 125-500\TI 50/60 H 4.2kWac inverter  since 2012 

o Design of the array 

Modules in series => 3 

Number of strings => 356 

Number of modules in total 1068 
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Area of modules => 769 m2 

PV area in PVsyst => 770 m2 

 

Case 3: Façade mounted GIGS panels    

 

For comparison, instead of using transparent solar panels, the available area on the 

façade was used. The panel used was Solibro SL2-F G2-0 115, which is a GIGS panel. 

This was one of the panels recommended by the company Solkompaniet, in Stockholm, in 

their offer for integrating solar cells in the façade.  

More information can be found in appendix A. The panels are divided into 2 sub-groups, 

where sub-array 1 is facing south and sub-array 2 south-west. 

 

Specifications for simulation in PVsyst: 

 

o Orientation of the PV system:  

 Tilt (deg) Azimuth (deg) 

Orientation 1 90 3 

Orientation 2 90 81 

Table 5: Orientation of the 2 groups of solar windows 

 

 
Figure 9: 3d model of the façade case 

 

o Values for PV panel used 

 

Nominal Power 115W 

GRef 1000W/m2 

Isc 1.75 A 

Impp 1.49 A 

Voc 97.3 V 

Vmpp 77.2 V 

Rsh (Shunt resistance) 500 Ohm 

Rs (Series resistance) 2.9 Ohm 

Table 6: System values for the PV panel used as substitute for the organic solar 

cell 
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Specifications for sub-array 1 

o Inverter used 

2x12kW 350-600\TI 50/60 H 12kWac inverter since 2012 

o Design of the array 

Modules in series => 6 

Number of strings => 41 

Number of models in total 246 

Area of modules => 234m2 

PV area in PVsyst => 236 m2 

 

Specifications for sub-array 2 

o Inverter used 

10x12kW 350-600\TI 50/60 H 12kWac inverter  since 2012 

o Design of the array 

Modules in series => 6 

Number of strings => 193 

Number of modules in total 1158 

Area of modules => 1103 m2 

PV area in PVsyst => 1106 m2 

 

 

Case 4: Multi-Si roof mounted 

 

In the last case a roof-mounted system was simulated since this is the most common way 

to integrate PV:s in buildings. The panel used here was a Luxor LX-265P which is a poly 

crystalline solar panel. 

More information can be found in appendix A.  

 

Specifications for simulation in PVsyst: 

 

o Orientation of the PV system is -11.2 degreases in southeast direction. 
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Figure 10: 3d model of the roof mounted system 

 

o Values for PV panel used 

 

Nominal Power 265W 

GRef 1000W/m2 

Isc 8.7 A 

Impp 8.41 A 

Voc 38.4 V 

Vmpp 31.54 V 

Rsh (Shunt resistance) 550 Ohm 

Rs (Series resistance) 0.208 Ohm 

Table 7: System values for the PV panel used as substitute for the organic solar 

cell 

 

Specifications for sub-array 1 

o Inverter used 

3x25kW 390-800\TI 50/60 H Sunny Tripower 25000TL-JP-30 since 2015 

Produced by SMA 

o Design of the array 

Modules in series => 22 

Number of strings => 15 

Number of models in total 330 

Area of modules => 537m2 

PV area in PVsyst => 545 m2 
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4.2 Results 

In table 8 the results from the four different solar systems for Sergelhuset, simulated in 

PVsyst, are shown. The full reports can be found in appendix A. For each case, a table is 

presented with monthly mean variables for the solar system and the irradiance at the 

location. Also, a loss diagram is presented for each case where all the losses through the 

system are included. 

 

Case 1: Organic LSC, Lunt 

 
Table 8: Showing results for the Lunt case simulation in PVsyst 

  
Figure 11: Losses in the PV system using Lunt windows 
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Case 2: SolTech Semitransparent windows 

 
Table 9: Results from SolTech windows simulation 

 

 
Figure 12: Losses in the PV system using SolTech windows. 
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Case 3: Façade Mounted 

 
Table 10: Results from the simulation of case 3, façade mounted. 

 

 
Figure 13: Losses for the façade mounted PV system 
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Case 4: Roof mounted system  

 
Table 11: Results from the simulation case. 

 

 
Figure 14: Losses in the roof mounted system. 
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Comparision of the  4 cases 

 

In figure 15 the energy produced in kWh per year is plotted for each case for easier 

comparison of the energy production. 

 

 
Figure 15: Energy production for the different cases in kWh/year 

4.3 Discussion 

The interesting number for the installer of the PV system is the electricity that can actually 

be used, seen in figure 15, and the cost of the installation. The case giving the most 

electricity is the roof mounted poly crystalline solar cells. Not much less is the façade 

mounted CIGS giving, even though the efficiency is lower, 12.07% compared to 16.38% 

and the irradiance per square meter is a lot lower, almost half for the façade mounted. 

What compensates for this is the larger area of the façade mounted system compared to 

the roof mounted, 1338 m2 compared to 537 m2. This gives that the produced energy per 

square meter and year for the roof mounted alternative is (81734/537) =152.20 kWh/m2/yr 

and for the façade mounted it is (75723/1338) = 56.59 kWh/m2/yr. Therefore, as long as 

the price for the CIGS on the façade isn’t 2.67 times cheaper than the roof alternative, the 

first choice should be roof mounted solar panels. However, if you want to expand your 

production or if it’s not possible to use roof mounted solar panels this could be a good 

compliment/alternative. 

 

Looking at case 1 and case 2 the energy produced here is a lot less than for case 3 and for 

4. This is mainly due to the lower efficiency of the solar cell windows, which is inevitable 

since they are transparent, but also due to the lower window area 909m2 and 911m2 for 

the window cases and 1338m2 for the façade mounted. The reason for the different areas 

in case 1 and case 2 is that in the simulation, even numbers of solar panels where used 

but since the size was different of the two panels the total area including all panels differ. 

Just looking at these values the windows alternative doesn’t look too attractive but you also 

need to take into account the possible energy savings since you have less heating of the 

building since you are using a part of the infrared irradiance to produce electricity. 

In addition, since you in any case need windows in the building you have to withdraw this 

cost from the transparent solar panel windows. Richard Lunt thinks that it in the future will 

be an affordable alternative [21] and that it won’t be that much more expensive than the 
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coating normally placed on windows. Lunt also thinks that the transparent PV panel has 

the possibility to reach around 10% [21].  
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5 Environmental analysis 

 

5.1 Results environmental analysis 

In figure 16 bellow, a comparison of the energy payback time for mono- multi crystalline 

silicon, CdTe and CIGS can be seen. The estimates are based on a southern Europe 

irradiation of 1700 kWh/m2/yr and a performance ratio of 0.75 from study [9]   

 

Further down in figure 17 the greenhouse gas emissions (CHG) for the same panels as in 

figure 16 can be seen. The estimates are based on a southern Europe irradiation of 1700 

kWh/m2/yr and a performance ratio of 0.75 data from study [9]. 

 

 
Figure 16: Energy Payback Time (EPBT) for a rooftop mounted PV system in southern 

Europe with an irradiation of 1700 kWh/m2/yr with pr=0.75 for mono- and multi Si and 

pr=0.77 for CdTe and CIGS 
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Figure 17: Greenhouse gas emissions (GHG) for a roof top mounted PV system in 

southern Europe with a irradiation of 1700 kWh/m2/yr and PR=0.75 over a life-time of 30 

years. Data from [9]. 

 

For comparison with dye sensitized solar cell (DSSC) also called Grätzel PV, data from 

[10] were included. Also in this study you have a roof mounted system with an irradiation of 

1700 kWh/m2/yr and PR=0.75. The life time of the system has been recalculated to 30 

years since it was 20 years in the study to get a common base even though a life span of 

30 years hasn’t been proved yet. It is not as common as the other ones but it has a lot of 

potential for the future.  

  
Figure 18: Energy Payback Time (EPBT) for a rooftop mounted PV system in southern 

Europe with an irradiation of 1700 kWh/m2/yr with pr=0.75 for DSSC (glass), CdTe and 

CIGS [10] 
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Figure 19 Greenhouse gas emissions (GHG) for a roof top mounted PV system in southern 

Europe with an irradiation of 1700 kWh/m2/yr and PR=0.75 over a life-time of 30 years. 

Data is from [10]. 

 

To apply this to the case of Sergelhuset, an online tool for looking at various environmental 

aspects were used [10]. The data used in the online tool is from the International Energy 

Agency (IEA). 

The specification for all four simulations is shown in table 12. 

 

Power  3 kWp 

Mounting Slanted-roof, panel, mounted 

Impact Climate change 

Metod ILCD 2011 Midpoint+ 

System Lifetime 30 years 

Performance ratio 75% 

Inclination Latitude Ward 

Orientation 0 degree Equatorward 

Location 59.33 18.06 

Country Sweden 

 Table 12: Simulation settings  

 

In table 13 the results for the four compared alternatives are shown 
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impacts 
(ton CO2 
eq) 

performance 
(g CO2 eq/kWh) 

relative 
to country 
electricity 
mix. perf. 
 

irradiation 
(kWh/m2) 

electricity 
mix. perf. 
(g CO2 
eq/kWh) 

mono-Si 
 

8.2469  117.92  
 

-102% 
 

1153.1  
 

56.072  

multi-Si 
 

5.2103  
 

74.501  
 

-33% 
 

1153.1  
 

56.072  

CdTe 
 

2.4666  
 

35.269  
 

37% 
 

1153.1  
 

56.072  

CIS 
 

3.8242  
 

54.683  
 

-2.5% 1153.1  
 

56.072  

Table 13: Simulation results 

 

For easier comparison to the general values for a PV system in southern Europe that is 

shown in figure 17 and figure 19, the environmental performance or the greenhouse gas 

emissions values seen in table 2 has been plotted in figure 20. In addition, the net benefit 

relative to the countries current electricity mix from a greenhouse gas emission perspective 

has been plotted in figure 21, in this case Sweden.   

  

 
Figure 20: plot over the greenhouse gas emissions (GHG) for mono-Si, multi-Si, CdTe and 

CIS. At the location of Sergelhuset, Stockholm, Sweden with a system lifetime of 30 years.  
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Figure 21: The net benefit in CO2 eg/kwh for mono-Si, multi-Si, CdTe and CIS compared 

to the electricity mix in Sweden with a system lifetime of 30 years. 

 

Having a look at the heavy metals  

The UCTE electricity mix is assumed for producing the PV systems compared in figure 22. 

 
Figure 22: Cd emissions for different energy sources, PV systems normalized for a 

southern Europe irradiance of 1700 kWh/m2/yr, performance ratio 0.8, a lifetime of 30 

years and ground mounted. Data from [4] 

5.2 Discussion  

5.2.1 Discussion of the results  

From the results one can say that from an energy payback time (EPBT) and greenhouse 

gas emissions (CHG) perspective CdTe is probably the best choice, even though dye 

sensitized PVs (DSSC) also seems very promising it is not in commercial production yet. If 

you only look at the data in figure 18 and figure 19, DSSC looks like a good alternative but 

when comparing these values to the data in figure 16 and figure 17 the results looks less 
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impressing and the closest competitor is multi crystalline solar PV. Since study [10] has a 

focus on DSSC:s or Gratzel PVs it’s a risk that the values are biased in this study to make 

the DSSC solar cells look more appealing. Further on CIGS is also a good alternative, it 

has a higher EPBT a greenhouse gas emission than CdTe but it doesn’t require using 

heavy metals as CdTe does, that has cadmium in it. The type that is undoubtedly the most 

common around the world is multi crystalline silicon PVs. The advantage with this one is 

that you have an almost unlimited resource supply of silicon in the world and you have a 

good efficiency/price ratio for it but looking at the EBPT and GHG emissions it is almost the 

double that of CdTe. 

 

For comparison the GHG were simulated for the location of Sergelhuset in Stockholm, 

figure 20, and like expected the CO2/kWh values are evenly scaled up for each PV type 

since the yearly irradiation is 1153.1 kWh/m2 instead of 1700 kWh/m2, that previously was 

used. More interesting is the results in figure 21 when these numbers are compared to the 

electricity mix in Sweden. Since a large part of the power generation in Sweden is from 

hydro and nuclear power [12] the CO2/kWh is already quite low, more precise 56.072 g 

CO2/kWh according to the simulation tool used [11]. That of course is a mean value and 

the real value will be different for each instance in time. This means that the installed 

power in Sweden needs to have quite low number of grams CO2/kWh for it to give a 

positive effect to the already existing electricity mix. From figure 21 one can then see that 

the most common type of solar panels, multi crystalline silicon actually gives a 33% 

increase of CO2/kWh. This leads to putting multi crystalline solar panels on the roof, is 

from this data actually a bad choice from a greenhouse gas emission perspective, contrary 

to what most people otherwise believe. When installing CIGS solar cell you will instead 

approximately go plus minus zero during 30 years and if you choose to go with CdTe it will 

give a 37% decrease in CO2/kWh if installed at the location of Sergelhuset.     

 

These numbers will of course continue to decrease in the future, partly since the 

production phase is getting more and more efficient, but also because when a higher 

percentage of the energy mix used for producing solar panels is cleaner energy the 

CO2/kWh will naturally also drop. 

5.2.2 Cadmium and tellurium  
 

A heavily discussed subject is the cadmium use in solar panels. Cadmium can exert very 

toxic effects on the body if the amounts are high enough. Main parts influenced are the 

kidneys, skeleton and respiratory system [14]. Exposure to cadmium most often happens 

at the workplace where cadmium products are made and you can be exposed to it either 

by breathing contaminated air or eating contaminated food [13]. When cadmium has 

reacted with tellurium and created CdTe it is more stable than cadmium and most likely 

less toxic, even though the data of the toxicity of CdTe is very limited [15]. 

 

As been mentioned before most of the available cadmium in the world is already a bi-

product of zinc mining [4], about 80% is a product of melting zinc ores [15]. It is also 

recieved from recycled products, for example NiCd batteries [15] This means that even 

though the cadmium is not used in solar panels there would still be large amount of 

cadmium produced in any case. Most of this is today used for NiCd batteries [15, 16] and 

what is not used is buried for future use. Making CdTe PV:s might even be a safer 

alternative for storing the cadmium. 
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Tellurium on the other hand, primarily a bi-product of copper production is much rarer and 

can be a problem for expanding the production but this also puts a cap on how much 

cadmium that is needed, so the risk for a need to only mine for cadmium is small as long 

as the amount of tellurium is limited.  

 

One of the largest concerns is if there are any health risks to the workers in the 

manufacturing part of the CdTe PV panels. This is always a difficult area, especially if the 

production is in developing countries and even though the company says they are using 

safe methods this is hard to confirm. The U.S. industry is taking this issue with great 

seriousness to prevent health risk and have proactive programs in industrial hygiene and 

environmental control [15]. Here the workers exposure to cadmium at PV manufacturing is 

continuously tested. This information used from [15] needs to be meet with some 

skepticism since this study’s source is First Solar, which is the largest producer of CdTe, 

so it’s a risk that the information is biased. Also the CdTe in Solartech:s products does not 

originate from First Solar but Advanced Solar Power based in Hangzhou, China.     

 

The risk of exposure during the lifetime off the panel can be seen as minimal, the CdTe is 

in itself quite stable and is also well encapsulated between two thick layers of glass [15, 

16]. There are 3 ways for the material to breach the layer of glass, fire, the module 

breaking and exposure to fluids at the disposal site [18]. The risk of leakage during a fire is 

minimal since the melting point of CdTe is 1041 degrease Celsius and 1050 degrease 

Celsius to evaporate and in most cases fires lays in the 800-900 degrease Celsius range in 

roof fires [15, 18]. But there are also cases when the temperature is reaching 1200 

degrease Celsius where a substantial amount of cadmium could be released [18]. That 

said the fire itself will probably be a larger issue [15] and there are a lot of other toxic 

fumes that should not be inhaled in any case.  

If the PV panel gets recycled afterwards, which SolTech takes responsibility for, there are 

no environmental concerns [15]. 

 

The largest emissions in Europe, 60%, comes from the use of coal and oil-fired power 

plants [16]. As seen in figure 22 burning coal and oil are the largest contributors of 

cadmium to the atmosphere per kWh of energy. The reason for CdTe to actually have 

lower releases of cadmium to the air than both mono-Si and multi-Si is that a large part of 

the general electricity mix in Europe is from burning coal and oil. 

 

Important to note is that many of the studies made in this area includes Vasilis Fthenakis 

from the Brookhaven National Labaratory in the US was hired by First Solar to make the 

tests of risks in fires and module breakage [18]. The results, therefore needs to be taken 

with some extra skepticism.  
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6 Discussion and conclusions 

From the results of the simulations in PVsyst it could be seen that when only taking the 

amount of energy produced in consideration the roof mounted alternative gave the best 

result. In the simulation polycrystalline PV panels were used, since this is the most 

common one for this use. However, when combining this with the results from the 

environmental perspective analysis, which shows that polycrystalline solar panels actually 

increases the CO2/kwh for the electricity mix in Sweden, this alternative looks less 

attractive. Here maybe the use of CdTe or CIGS thin film panels would be a better 

alternative from a greenhouse-gas emission standpoint.   

 

Continuing with the façade alternative, the produced electricity was almost as high as for 

the roof mounted set up and since the CIGS panels used in the simulation, provided in the 

offer from the company Solkompaniet. It is also a better alternative from an environmental 

standpoint than using polycrystalline, since it doesn’t increase the GHG as much, with 

optimal placement it wouldn’t increase the CO2/kWh in Sweden and doesn’t contain toxic 

materials as CdTe does. 

 

Looking at the window alternatives the energy produced is a lot less here than for the 

façade and roof set-ups. SolTechs product has a little bit more than double the electricity 

production than of the transparent window alternative. Looking from an environmental 

perspective the better choice is most likely the transparent window alternative. It can’t be 

said definitely since the transparent PV cell (Lunt) alternative is not in commercial 

production yet, but it only uses organic non-toxic materials on the contrary to SolTechs 

product that uses CdTe. In the future the efficiency of the Lunt alternative will likely 

increase [21], if it passes the efficiency for the SolTech windows it should from a 

production and environmental perspective clearly be the best alternative. Damon Hess, 

vice president sales for Ubiquitous Energy, claims that this will happen when they plan to 

go commercial in about 2 years in an email conversation.  

 

To obtain the most suitable overall product also an economical and thermodynamical 

perspective needs to be taken in consideration, because of the cost savings for cooling. To 

do this, results from Alexander Cahlenstein study was used [40], here it was found that the 

transparent solar cell (Lunt) alternative will have a positive effect on the energy 

consumption, and with these savings it becomes an economically viable alternative. This 

combined with environmental advantages concludes that these windows could absolutely 

be an interesting investment for Skanska when commercialized. As for the SolTech 

windows that is the alternative that you could get today, is from the results difficult to find 

economic viability in even though it has a higher efficiency but you don’t get the same 

thermodynamically positive effects as for the Lunt window. Further on you have the 

disadvantage that it is based on cadmium. What could make this a worthwhile investment 

is if it could be an advertisement value and the motivating factor of continuing the 

development of these windows.  

 

As for the façade set up it turned out to be a quite bad investment from an economical 

perspective and the thermodynamical advantage will be negligible. Even though it 

performed well in the two perspectives of this study, combined with the economic 

disadvantage, it’s not recommended. 



34 
  

Looking at the roof setup there is an economic gain from this alternative, it performed well 

in the electricity production category, the only disadvantage today is from the heavy use of 

fossil fuel to produce these panels. CdTe panels could possibly be a better alternative for 

roof mounting if its economically comparable to the silicon panels.  

 

Final rating of the different cases: 

 Case 1 – Transparent solar cell (Lunt) -> Probably recommended when 

commercialized. 

 Case 2 – SolTech -> Not recommended as long as there isn’t large advertisement 

advantages  

 Case 3 – Façade set up -> Not recommended  

 Case 4 – Roof mounted system ->Recommended  
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Grid-Connected System: Simulation parameters

PVsyst Student License for

Project : Sergelhuset

Geographical Site Stockholm Sergel Country Sweden

Situation Latitude 59.33° N Longitude 18.06° E

Time defined as Legal Time Time zone UT+1 Altitude 26 m

Albedo  0.20

Meteo data: Stockholm Meteonorm 7.1 (1991-2010) - Synthetic

Simulation variant : TestSimulationSergelhusetLuntNew60

Simulation date 06/08/17 18h43

Simulation parameters

2 orientations Tilts/Azimuths 90°/3° and 90°/81°

Models used Transposition Perez Diffuse Perez, Meteonorm

Horizon Free Horizon

Near Shadings Linear shadings

PV Arrays Characteristics   (2  kinds of array defined)

PV module CdTe Model FS-492A May 2014
Manufacturer First SolarCustom parameters definition

Sub-array "Sub-array #1" Orientation #1 Tilt/Azimuth 90°/3°

Number of PV modules In series 3 modules In parallel 66 strings

Total number of PV modules Nb. modules 198 Unit Nom. Power 12 Wp

Array global power Nominal (STC) 2376 Wp At operating cond. 2467 Wp (50°C)

Array operating characteristics (50°C) U mpp 188 V I mpp 13 A

Sub-array "Sub-array #2" Orientation #2 Tilt/Azimuth 90°/81°

Number of PV modules In series 7 modules In parallel 152 strings

Total number of PV modules Nb. modules 1064 Unit Nom. Power 12 Wp

Array global power Nominal (STC) 12.77 kWp At operating cond. 13.26 kWp (50°C)

Array operating characteristics (50°C) U mpp 439 V I mpp 30 A

Total Arrays global power Nominal (STC) 15 kWp Total 1262 modules

Module area 909 m² Cell area 807 m²

Sub-array "Sub-array #1" :  Inverter Model 3 kWac inverter
Manufacturer GenericOriginal PVsyst database

Characteristics Operating Voltage 125-440 V Unit Nom. Power 3.00 kWac

Inverter pack Nb. of inverters 1 units Total Power 3.0 kWac

Sub-array "Sub-array #2" :  Inverter Model 12 kWac inverter
Manufacturer GenericOriginal PVsyst database

Characteristics Operating Voltage 350-600 V Unit Nom. Power 12.0 kWac

Max. power (=>25°C) 14.0 kWac

Inverter pack Nb. of inverters 1 units Total Power 12.0 kWac

Total Nb. of inverters 2 Total Power 15 kWac

PV Array loss factors

Thermal Loss factor Uc (const) 20.0 W/m²K Uv (wind) 0.0 W/m²K / m/s

Wiring Ohmic Loss Array#1 280 mOhm Loss Fraction 1.5 % at STC

Array#2 284 mOhm Loss Fraction 1.5 % at STC

Global Loss Fraction 1.5 % at STC

Module Quality Loss Loss Fraction 2.5 %

Module Mismatch Losses Loss Fraction 0.8 % at MPP

Incidence effect (IAM): User defined IAM profile
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User's needs : Unlimited load (grid)
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Grid-Connected System: Near shading definition

PVsyst Student License for

Project : Sergelhuset

Simulation variant : TestSimulationSergelhusetLuntNew60

Main system parameters System type Grid-Connected

Near Shadings Linear shadings

PV Field Orientation 2 orientations Tilt/Azimuth = 90°/3° and  90°/81°

PV modules Model FS-492A May 2014 Pnom 12 Wp

PV Array Nb. of modules 1262 Pnom total 15.14 kWp
Inverter Model 3 kWac inverter Pnom 3000 W ac

Inverter Model 12 kWac inverter Pnom 12.00 kW ac

Inverter pack Nb. of units 2.0 Pnom total 15.00 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram

-150 -120 -90 -60 -30 0 30 60 90 120 150
Azimuth [[°]]

0

15

30

45

60

75

90

S
u
n
 h

e
ig

h
t 

[[
°]

]

Sergelhuset

Beam shading factor (linear calculation) : Iso-shadings curves

1: 22 june
2: 22 may - 23 july
3: 20 apr - 23 aug
4: 20 mar - 23 sep
5: 21 feb - 23 oct
6: 19 jan - 22 nov
7: 22 december
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Shading loss: 1 %
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Shading loss: 40 %

Attenuation for diffuse: 0.103
and albedo: 0.658



PVsy
st 

stu
dent

Page 3/406/08/17PVSYST V6.61

Grid-Connected System: Main results

PVsyst Student License for

Project : Sergelhuset

Simulation variant : TestSimulationSergelhusetLuntNew60

Main system parameters System type Grid-Connected

Near Shadings Linear shadings

PV Field Orientation 2 orientations Tilt/Azimuth = 90°/3° and  90°/81°

PV modules Model FS-492A May 2014 Pnom 12 Wp

PV Array Nb. of modules 1262 Pnom total 15.14 kWp
Inverter Model 3 kWac inverter Pnom 3000 W ac

Inverter Model 12 kWac inverter Pnom 12.00 kW ac

Inverter pack Nb. of units 2.0 Pnom total 15.00 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 6435 kWh/year Specific prod. 425 kWh/kWp/year

Performance Ratio PR 56.61 %
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Normalized productions (per installed kWp):  Nominal power 15.14 kWp

Yf : Produced useful energy  (inverter output) 1.16 kWh/kWp/day
Ls : System Loss  (inverter, ...)                        0.05 kWh/kWp/day
Lc : Collection Loss (PV-array losses)             0.84 kWh/kWp/day
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Performance Ratio PR

PR : Performance Ratio (Yf / Yr) :  0.566

TestSimulationSergelhusetLuntNew60

Balances and main results

GlobHor DiffHor T Amb GlobInc GlobEff EArray E_Grid PR

kWh/m² kWh/m² °C kWh/m² kWh/m² kWh kWh

January 10.3 6.53 -1.10 15.1 11.53 140.2 132.3 0.577

February 25.4 16.02 -1.60 29.1 22.88 287.4 271.9 0.618

March 65.9 34.94 1.13 60.2 45.17 594.5 568.2 0.623

April 113.9 58.48 6.56 90.3 61.98 824.1 791.1 0.579

May 160.9 75.66 11.79 111.4 73.40 960.2 921.0 0.546

June 168.6 74.00 15.65 108.5 72.03 932.4 893.4 0.544

July 167.8 77.51 18.89 110.9 73.37 945.4 905.2 0.539

August 128.8 63.54 17.85 88.8 59.98 760.8 726.2 0.540

September 79.2 41.54 12.81 70.8 51.23 670.1 641.9 0.599

October 36.3 21.48 7.68 40.0 30.81 397.0 377.8 0.623

November 11.8 8.23 3.50 15.6 11.97 145.2 136.4 0.577

December 6.2 4.50 0.77 9.8 6.73 74.8 69.4 0.465

Year 975.1 482.44 7.88 750.6 521.08 6732.1 6434.8 0.566

Legends: GlobHor Horizontal global irradiation

DiffHor Horizontal diffuse irradiation

T Amb Ambient Temperature

GlobInc Global incident in coll. plane

GlobEff Effective Global, corr. for IAM and shadings

EArray Effective energy at the output of the array

E_Grid Energy injected into grid

PR Performance Ratio
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Grid-Connected System: Loss diagram

PVsyst Student License for

Project : Sergelhuset

Simulation variant : TestSimulationSergelhusetLuntNew60

Main system parameters System type Grid-Connected

Near Shadings Linear shadings

PV Field Orientation 2 orientations Tilt/Azimuth = 90°/3° and  90°/81°

PV modules Model FS-492A May 2014 Pnom 12 Wp

PV Array Nb. of modules 1262 Pnom total 15.14 kWp
Inverter Model 3 kWac inverter Pnom 3000 W ac

Inverter Model 12 kWac inverter Pnom 12.00 kW ac

Inverter pack Nb. of units 2.0 Pnom total 15.00 kW ac
User's needs Unlimited load (grid)

Loss diagram over the whole year

Horizontal global irradiation975 kWh/m²

-23.0%Global incident in coll. plane

-27.8% Near Shadings: irradiance loss

-3.6% IAM factor on global

Effective irradiance on collectors521 kWh/m² * 909 m² coll.

efficiency at STC = 1.87% PV conversion

Array nominal energy (at STC effic.)8832 kWh

-18.7% PV loss due to irradiance level

-2.4% PV loss due to temperature

-2.5% Module quality loss

-0.8% Module array mismatch loss

-0.6% Ohmic wiring loss

Array virtual energy at MPP6745 kWh

-4.1% Inverter Loss during operation (efficiency)

0.0% Inverter Loss over nominal inv. power

-0.4% Inverter Loss due to power threshold

0.0% Inverter Loss over nominal inv. voltage

-0.2% Inverter Loss due to voltage threshold

Available Energy at Inverter Output6435 kWh

Energy injected into grid6435 kWh
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Grid-Connected System: Simulation parameters

PVsyst Student License for

Project : Sergelhuset

Geographical Site Stockholm Sergel Country Sweden

Situation Latitude 59.33° N Longitude 18.06° E

Time defined as Legal Time Time zone UT+1 Altitude 26 m

Albedo  0.20

Meteo data: Stockholm Meteonorm 7.1 (1991-2010) - Synthetic

Simulation variant : TestSimulationSergelhusetSoltechWindows60%064

Simulation date 04/08/17 13h59

Simulation parameters

2 orientations Tilts/Azimuths 90°/3° and 90°/81°

Models used Transposition Perez Diffuse Perez, Meteonorm

Horizon Free Horizon

Near Shadings Linear shadings

PV Arrays Characteristics   (2  kinds of array defined)

PV module CdTe Model FS-492A May 2014
Manufacturer First SolarCustom parameters definition

Sub-array "Sub-array #1" Orientation #1 Tilt/Azimuth 90°/3°

Number of PV modules In series 2 modules In parallel 99 strings

Total number of PV modules Nb. modules 198 Unit Nom. Power 30.1 Wp

Array global power Nominal (STC) 5.96 kWp At operating cond. 5.61 kWp (50°C)

Array operating characteristics (50°C) U mpp 170 V I mpp 33 A

Sub-array "Sub-array #2" Orientation #2 Tilt/Azimuth 90°/81°

Number of PV modules In series 3 modules In parallel 356 strings

Total number of PV modules Nb. modules 1068 Unit Nom. Power 30.1 Wp

Array global power Nominal (STC) 32.1 kWp At operating cond. 30.2 kWp (50°C)

Array operating characteristics (50°C) U mpp 255 V I mpp 118 A

Total Arrays global power Nominal (STC) 38 kWp Total 1266 modules

Module area 912 m² Cell area 809 m²

Sub-array "Sub-array #1" :  Inverter Model 3 kWac inverter
Manufacturer GenericOriginal PVsyst database

Characteristics Operating Voltage 125-440 V Unit Nom. Power 3.00 kWac

Inverter pack Nb. of inverters 2 units Total Power 6.0 kWac

Sub-array "Sub-array #2" :  Inverter Model 4.2 kWac inverter
Manufacturer GenericOriginal PVsyst database

Characteristics Operating Voltage 125-500 V Unit Nom. Power 4.20 kWac

Inverter pack Nb. of inverters 6 units Total Power 25 kWac

Total Nb. of inverters 8 Total Power 31 kWac

PV Array loss factors

Thermal Loss factor Uc (const) 20.0 W/m²K Uv (wind) 0.0 W/m²K / m/s

Wiring Ohmic Loss Array#1 89 mOhm Loss Fraction 1.5 % at STC

Array#2 37 mOhm Loss Fraction 1.5 % at STC

Global Loss Fraction 1.5 % at STC

Module Quality Loss Loss Fraction 2.5 %

Module Mismatch Losses Loss Fraction 0.8 % at MPP

Incidence effect (IAM): User defined IAM profile
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User's needs : Unlimited load (grid)
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Grid-Connected System: Near shading definition

PVsyst Student License for

Project : Sergelhuset

Simulation variant : TestSimulationSergelhusetSoltechWindows60%064

Main system parameters System type Grid-Connected

Near Shadings Linear shadings

PV Field Orientation 2 orientations Tilt/Azimuth = 90°/3° and  90°/81°

PV modules Model FS-492A May 2014 Pnom 30 Wp

PV Array Nb. of modules 1266 Pnom total 38.1 kWp
Inverter Model 3 kWac inverter Pnom 3000 W ac

Inverter Model 4.2 kWac inverter Pnom 4200 W ac

Inverter pack Nb. of units 8.0 Pnom total 31.2 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram
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Sergelhuset

Beam shading factor (linear calculation) : Iso-shadings curves

1: 22 june
2: 22 may - 23 july
3: 20 apr - 23 aug
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5: 21 feb - 23 oct
6: 19 jan - 22 nov
7: 22 december
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Shading loss: 1 %
Shading loss: 5 %
Shading loss: 10 %
Shading loss: 20 %
Shading loss: 40 %

Attenuation for diffuse: 0.103
and albedo: 0.658
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Grid-Connected System: Main results

PVsyst Student License for

Project : Sergelhuset

Simulation variant : TestSimulationSergelhusetSoltechWindows60%064

Main system parameters System type Grid-Connected

Near Shadings Linear shadings

PV Field Orientation 2 orientations Tilt/Azimuth = 90°/3° and  90°/81°

PV modules Model FS-492A May 2014 Pnom 30 Wp

PV Array Nb. of modules 1266 Pnom total 38.1 kWp
Inverter Model 3 kWac inverter Pnom 3000 W ac

Inverter Model 4.2 kWac inverter Pnom 4200 W ac

Inverter pack Nb. of units 8.0 Pnom total 31.2 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 15274 kWh/year Specific prod. 401 kWh/kWp/year

Performance Ratio PR 53.41 %

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0

1

2

3

4

5

N
o

rm
a
li

z
e
d

 E
n

e
rg

y
 [

k
W

h
/k

W
p

/d
a
y

]

Normalized productions (per installed kWp):  Nominal power 38.1 kWp

Yf : Produced useful energy  (inverter output) 1.1 kWh/kWp/day
Ls : System Loss  (inverter, ...)                        0.06 kWh/kWp/day
Lc : Collection Loss (PV-array losses)             0.9 kWh/kWp/day
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Performance Ratio PR

PR : Performance Ratio (Yf / Yr) :  0.534

TestSimulationSergelhusetSoltechWindows60%064

Balances and main results

GlobHor DiffHor T Amb GlobInc GlobEff EArray E_Grid PR

kWh/m² kWh/m² °C kWh/m² kWh/m² kWh kWh

January 10.3 6.53 -1.10 15.1 11.52 348 326 0.566

February 25.4 16.02 -1.60 29.1 22.87 713 670 0.605

March 65.9 34.94 1.13 60.2 45.15 1445 1370 0.597

April 113.9 58.48 6.56 90.3 61.97 1979 1882 0.547

May 160.9 75.66 11.79 111.4 73.39 2289 2175 0.513

June 168.6 74.00 15.65 108.5 72.02 2214 2100 0.508

July 167.8 77.51 18.89 110.9 73.36 2239 2123 0.502

August 128.8 63.54 17.85 88.8 59.96 1812 1712 0.506

September 79.2 41.54 12.81 70.8 51.21 1593 1512 0.561

October 36.3 21.48 7.68 40.0 30.80 953 899 0.590

November 11.8 8.23 3.50 15.6 11.96 354 329 0.553

December 6.2 4.50 0.77 9.8 6.72 190 175 0.467

Year 975.1 482.44 7.88 750.5 520.93 16129 15274 0.534

Legends: GlobHor Horizontal global irradiation

DiffHor Horizontal diffuse irradiation

T Amb Ambient Temperature

GlobInc Global incident in coll. plane

GlobEff Effective Global, corr. for IAM and shadings

EArray Effective energy at the output of the array

E_Grid Energy injected into grid

PR Performance Ratio
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Grid-Connected System: Loss diagram

PVsyst Student License for

Project : Sergelhuset

Simulation variant : TestSimulationSergelhusetSoltechWindows60%064

Main system parameters System type Grid-Connected

Near Shadings Linear shadings

PV Field Orientation 2 orientations Tilt/Azimuth = 90°/3° and  90°/81°

PV modules Model FS-492A May 2014 Pnom 30 Wp

PV Array Nb. of modules 1266 Pnom total 38.1 kWp
Inverter Model 3 kWac inverter Pnom 3000 W ac

Inverter Model 4.2 kWac inverter Pnom 4200 W ac

Inverter pack Nb. of units 8.0 Pnom total 31.2 kW ac
User's needs Unlimited load (grid)

Loss diagram over the whole year

Horizontal global irradiation975 kWh/m²

-23.0%Global incident in coll. plane

-27.8% Near Shadings: irradiance loss

-3.6% IAM factor on global

Effective irradiance on collectors521 kWh/m² * 912 m² coll.

efficiency at STC = 4.25% PV conversion

Array nominal energy (at STC effic.)20185 kWh

-15.3% PV loss due to irradiance level

-1.9% PV loss due to temperature

-2.5% Module quality loss

-0.8% Module array mismatch loss

-0.5% Ohmic wiring loss

Array virtual energy at MPP16130 kWh

-5.1% Inverter Loss during operation (efficiency)

0.0% Inverter Loss over nominal inv. power

-0.2% Inverter Loss due to power threshold

0.0% Inverter Loss over nominal inv. voltage

0.0% Inverter Loss due to voltage threshold

Available Energy at Inverter Output15274 kWh

Energy injected into grid15274 kWh
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Grid-Connected System: Simulation parameters

PVsyst Student License for

Project : Sergelhuset

Geographical Site Stockholm Sergel Country Sweden

Situation Latitude 59.33° N Longitude 18.06° E

Time defined as Legal Time Time zone UT+1 Altitude 26 m

Albedo  0.20

Meteo data: Stockholm Meteonorm 7.1 (1991-2010) - Synthetic

Simulation variant : TestSimulationSergelhusetFasadV2

Simulation date 06/08/17 20h53

Simulation parameters

2 orientations Tilts/Azimuths 90°/3° and 90°/81°

Models used Transposition Perez Diffuse Perez, Meteonorm

Horizon Free Horizon

Near Shadings Linear shadings

PV Arrays Characteristics   (2  kinds of array defined)

PV module CIS Model SL2-115F [G2.1+]
Manufacturer SolibroOriginal PVsyst database

Sub-array "Sub-array #1" Orientation #1 Tilt/Azimuth 90°/3°

Number of PV modules In series 6 modules In parallel 41 strings

Total number of PV modules Nb. modules 246 Unit Nom. Power 115 Wp

Array global power Nominal (STC) 28.29 kWp At operating cond. 25.68 kWp (50°C)

Array operating characteristics (50°C) U mpp 421 V I mpp 61 A

Sub-array "Sub-array #2" Orientation #2 Tilt/Azimuth 90°/81°

Number of PV modules In series 6 modules In parallel 193 strings

Total number of PV modules Nb. modules 1158 Unit Nom. Power 115 Wp

Array global power Nominal (STC) 133 kWp At operating cond. 121 kWp (50°C)

Array operating characteristics (50°C) U mpp 421 V I mpp 287 A

Total Arrays global power Nominal (STC) 161 kWp Total 1404 modules

Module area 1338 m² Cell area 1152 m²

Inverter Model 12 kWac inverter
Manufacturer GenericOriginal PVsyst database

Characteristics Operating Voltage 350-600 V Unit Nom. Power 12.0 kWac

Max. power (=>25°C) 14.0 kWac

Sub-array "Sub-array #1" Nb. of inverters 2 units Total Power 24 kWac

Sub-array "Sub-array #2" Nb. of inverters 10 units Total Power 120 kWac

Total Nb. of inverters 12 Total Power 144 kWac

PV Array loss factors

Thermal Loss factor Uc (const) 20.0 W/m²K Uv (wind) 0.0 W/m²K / m/s

Light soaking (with CIS/CIGS technology) Gain Fraction 2.5 %

Wiring Ohmic Loss Array#1 114 mOhm Loss Fraction 1.5 % at STC

Array#2 24 mOhm Loss Fraction 1.5 % at STC

Global Loss Fraction 1.5 % at STC

Module Quality Loss Loss Fraction -1.1 %

Module Mismatch Losses Loss Fraction 0.8 % at MPP

Incidence effect, ASHRAE parametrization IAM = 1 - bo (1/cos i - 1) bo Param. 0.05

User's needs : Unlimited load (grid)
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Grid-Connected System: Near shading definition

PVsyst Student License for

Project : Sergelhuset

Simulation variant : TestSimulationSergelhusetFasadV2

Main system parameters System type Grid-Connected

Near Shadings Linear shadings

PV Field Orientation 2 orientations Tilt/Azimuth = 90°/3° and  90°/81°

PV modules Model SL2-115F [G2.1+] Pnom 115 Wp

PV Array Nb. of modules 1404 Pnom total 161 kWp
Inverter Model 12 kWac inverter Pnom 12.00 kW ac

Inverter pack Nb. of units 12.0 Pnom total 144 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram
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Sergelhuset

Beam shading factor (linear calculation) : Iso-shadings curves

1: 22 june
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Shading loss: 1 %
Shading loss: 5 %
Shading loss: 10 %
Shading loss: 20 %
Shading loss: 40 %

Attenuation for diffuse: 0.118
and albedo: 0.682
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Grid-Connected System: Main results

PVsyst Student License for

Project : Sergelhuset

Simulation variant : TestSimulationSergelhusetFasadV2

Main system parameters System type Grid-Connected

Near Shadings Linear shadings

PV Field Orientation 2 orientations Tilt/Azimuth = 90°/3° and  90°/81°

PV modules Model SL2-115F [G2.1+] Pnom 115 Wp

PV Array Nb. of modules 1404 Pnom total 161 kWp
Inverter Model 12 kWac inverter Pnom 12.00 kW ac

Inverter pack Nb. of units 12.0 Pnom total 144 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 75723 kWh/year Specific prod. 469 kWh/kWp/year

Performance Ratio PR 62.20 %
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Normalized productions (per installed kWp):  Nominal power 161 kWp

Yf : Produced useful energy  (inverter output) 1.28 kWh/kWp/day
Ls : System Loss  (inverter, ...)                        0.05 kWh/kWp/day
Lc : Collection Loss (PV-array losses)             0.73 kWh/kWp/day
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Performance Ratio PR

PR : Performance Ratio (Yf / Yr) :  0.622

TestSimulationSergelhusetFasadV2

Balances and main results

GlobHor DiffHor T Amb GlobInc GlobEff EArray E_Grid PR

kWh/m² kWh/m² °C kWh/m² kWh/m² kWh kWh

January 10.3 6.53 -1.10 15.6 11.66 1854 1755 0.699

February 25.4 16.02 -1.60 29.6 23.31 3776 3616 0.757

March 65.9 34.94 1.13 60.9 45.12 7252 6991 0.711

April 113.9 58.48 6.56 90.6 61.04 9643 9319 0.637

May 160.9 75.66 11.79 111.3 71.08 10929 10545 0.587

June 168.6 74.00 15.65 108.3 69.68 10504 10111 0.578

July 167.8 77.51 18.89 110.8 70.92 10583 10190 0.570

August 128.8 63.54 17.85 89.1 58.57 8722 8382 0.583

September 79.2 41.54 12.81 71.3 50.97 7788 7505 0.652

October 36.3 21.48 7.68 40.6 30.80 4777 4571 0.698

November 11.8 8.23 3.50 15.9 12.12 1876 1758 0.684

December 6.2 4.50 0.77 10.1 6.77 1052 981 0.600

Year 975.1 482.44 7.88 754.0 512.02 78757 75723 0.622

Legends: GlobHor Horizontal global irradiation

DiffHor Horizontal diffuse irradiation

T Amb Ambient Temperature

GlobInc Global incident in coll. plane

GlobEff Effective Global, corr. for IAM and shadings

EArray Effective energy at the output of the array

E_Grid Energy injected into grid

PR Performance Ratio
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Grid-Connected System: Loss diagram

PVsyst Student License for

Project : Sergelhuset

Simulation variant : TestSimulationSergelhusetFasadV2

Main system parameters System type Grid-Connected

Near Shadings Linear shadings

PV Field Orientation 2 orientations Tilt/Azimuth = 90°/3° and  90°/81°

PV modules Model SL2-115F [G2.1+] Pnom 115 Wp

PV Array Nb. of modules 1404 Pnom total 161 kWp
Inverter Model 12 kWac inverter Pnom 12.00 kW ac

Inverter pack Nb. of units 12.0 Pnom total 144 kW ac
User's needs Unlimited load (grid)

Loss diagram over the whole year

Horizontal global irradiation975 kWh/m²

-22.7%Global incident in coll. plane

-28.5% Near Shadings: irradiance loss

-4.8% IAM factor on global

Effective irradiance on collectors512 kWh/m² * 1338 m² coll.

efficiency at STC = 12.07% PV conversion

Array nominal energy (at STC effic.)82690 kWh

-6.0% PV loss due to irradiance level

-0.9% PV loss due to temperature

+2.5% Light soaking for CIS

+1.1% Module quality loss

-0.8% Module array mismatch loss

-0.5% Ohmic wiring loss

Array virtual energy at MPP78759 kWh

-3.9% Inverter Loss during operation (efficiency)

0.0% Inverter Loss over nominal inv. power

0.0% Inverter Loss due to power threshold

0.0% Inverter Loss over nominal inv. voltage

0.0% Inverter Loss due to voltage threshold

Available Energy at Inverter Output75723 kWh

Energy injected into grid75723 kWh
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Grid-Connected System: Simulation parameters

PVsyst Student License for

Project : Sergelhuset

Geographical Site Stockholm Sergel Country Sweden

Situation Latitude 59.33° N Longitude 18.06° E

Time defined as Legal Time Time zone UT+1 Altitude 26 m

Albedo  0.20

Meteo data: Stockholm Meteonorm 7.1 (1991-2010) - Synthetic

Simulation variant : TestSimulationSergelhusetTakMonterat

Simulation date 11/07/17 19h30

Simulation parameters

Collector Plane Orientation Tilt 30° Azimuth -11°

Models used Transposition Perez Diffuse Perez, Meteonorm

Horizon Free Horizon

Near Shadings Linear shadings

PV Array Characteristics

PV module Si-poly Model LX-265P/156-60+
Manufacturer LuxorOriginal PVsyst database

Number of PV modules In series 22 modules In parallel 15 strings

Total number of PV modules Nb. modules 330 Unit Nom. Power 265 Wp

Array global power Nominal (STC) 87.5 kWp At operating cond. 78.0 kWp (50°C)

Array operating characteristics (50°C) U mpp 626 V I mpp 125 A

Total area Module area 537 m² Cell area 482 m²

Inverter Model Sunny Tripower 25000TL-JP-30
Manufacturer SMAOriginal PVsyst database

Characteristics Operating Voltage 390-800 V Unit Nom. Power 25.0 kWac

Inverter pack Nb. of inverters 3 units Total Power 75 kWac

PV Array loss factors

Thermal Loss factor Uc (const) 20.0 W/m²K Uv (wind) 0.0 W/m²K / m/s

Wiring Ohmic Loss Global array res. 86 mOhm Loss Fraction 1.5 % at STC

Module Quality Loss Loss Fraction -0.6 %

Module Mismatch Losses Loss Fraction 1.0 % at MPP

Incidence effect, ASHRAE parametrization IAM = 1 - bo (1/cos i - 1) bo Param. 0.05

User's needs : Unlimited load (grid)
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Grid-Connected System: Near shading definition

PVsyst Student License for

Project : Sergelhuset

Simulation variant : TestSimulationSergelhusetTakMonterat

Main system parameters System type Grid-Connected

Near Shadings Linear shadings

PV Field Orientation tilt 30° azimuth -11°

PV modules Model LX-265P/156-60+ Pnom 265 Wp

PV Array Nb. of modules 330 Pnom total 87.5 kWp
Inverter Model Sunny Tripower 25000TL-JP-30 Pnom 25.00 kW ac

Inverter pack Nb. of units 3.0 Pnom total 75.0 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram
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Sergelhuset

Beam shading factor (linear calculation) : Iso-shadings curves

1: 22 june
2: 22 may - 23 july
3: 20 apr - 23 aug
4: 20 mar - 23 sep
5: 21 feb - 23 oct
6: 19 jan - 22 nov
7: 22 december

4h

5h

6h

7h

8h

9h

10h

11h 12h
13h

14h

15h

16h

17h

18h

19h

20h

1

2

3

4

5

6

7

Behind
the plane

Behind
the plane

Shading loss: 1 %
Shading loss: 5 %
Shading loss: 10 %
Shading loss: 20 %
Shading loss: 40 %

Attenuation for diffuse: 0.098
and albedo: 0.908
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Grid-Connected System: Main results

PVsyst Student License for

Project : Sergelhuset

Simulation variant : TestSimulationSergelhusetTakMonterat

Main system parameters System type Grid-Connected

Near Shadings Linear shadings

PV Field Orientation tilt 30° azimuth -11°

PV modules Model LX-265P/156-60+ Pnom 265 Wp

PV Array Nb. of modules 330 Pnom total 87.5 kWp
Inverter Model Sunny Tripower 25000TL-JP-30 Pnom 25.00 kW ac

Inverter pack Nb. of units 3.0 Pnom total 75.0 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 81734 kWh/year Specific prod. 935 kWh/kWp/year

Performance Ratio PR 79.45 %
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Normalized productions (per installed kWp):  Nominal power 87.5 kWp

Yf : Produced useful energy  (inverter output) 2.56 kWh/kWp/day
Ls : System Loss  (inverter, ...)                        0.05 kWh/kWp/day
Lc : Collection Loss (PV-array losses)             0.61 kWh/kWp/day
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Performance Ratio PR

PR : Performance Ratio (Yf / Yr) :  0.794

TestSimulationSergelhusetTakMonterat

Balances and main results

GlobHor DiffHor T Amb GlobInc GlobEff EArray E_Grid PR

kWh/m² kWh/m² °C kWh/m² kWh/m² kWh kWh

January 10.3 6.53 -1.10 24.3 14.9 1320 1281 0.603

February 25.4 16.02 -1.60 44.5 33.7 3007 2945 0.757

March 65.9 34.94 1.13 95.1 81.6 7089 6958 0.837

April 113.9 58.48 6.56 136.6 120.8 10196 10016 0.838

May 160.9 75.66 11.79 174.5 156.6 12712 12486 0.818

June 168.6 74.00 15.65 174.5 157.4 12475 12247 0.803

July 167.8 77.51 18.89 178.0 160.1 12565 12346 0.793

August 128.8 63.54 17.85 148.2 132.3 10485 10302 0.795

September 79.2 41.54 12.81 104.8 90.9 7453 7323 0.799

October 36.3 21.48 7.68 57.6 46.1 3917 3838 0.762

November 11.8 8.23 3.50 22.7 15.0 1293 1252 0.630

December 6.2 4.50 0.77 15.5 8.8 766 738 0.542

Year 975.1 482.44 7.88 1176.4 1018.2 83278 81734 0.794

Legends: GlobHor Horizontal global irradiation

DiffHor Horizontal diffuse irradiation

T Amb Ambient Temperature

GlobInc Global incident in coll. plane

GlobEff Effective Global, corr. for IAM and shadings

EArray Effective energy at the output of the array

E_Grid Energy injected into grid

PR Performance Ratio
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Grid-Connected System: Loss diagram

PVsyst Student License for

Project : Sergelhuset

Simulation variant : TestSimulationSergelhusetTakMonterat

Main system parameters System type Grid-Connected

Near Shadings Linear shadings

PV Field Orientation tilt 30° azimuth -11°

PV modules Model LX-265P/156-60+ Pnom 265 Wp

PV Array Nb. of modules 330 Pnom total 87.5 kWp
Inverter Model Sunny Tripower 25000TL-JP-30 Pnom 25.00 kW ac

Inverter pack Nb. of units 3.0 Pnom total 75.0 kW ac
User's needs Unlimited load (grid)

Loss diagram over the whole year

Horizontal global irradiation975 kWh/m²

+20.6% Global incident in coll. plane

-10.8% Near Shadings: irradiance loss

-2.8% IAM factor on global

Effective irradiance on collectors1018 kWh/m² * 537 m² coll.

efficiency at STC = 16.38% PV conversion

Array nominal energy (at STC effic.)89563 kWh

-2.1% PV loss due to irradiance level

-3.9% PV loss due to temperature

+0.6% Module quality loss

-1.0% Module array mismatch loss

-0.8% Ohmic wiring loss

Array virtual energy at MPP83280 kWh

-1.9% Inverter Loss during operation (efficiency)

0.0% Inverter Loss over nominal inv. power

0.0% Inverter Loss due to power threshold

0.0% Inverter Loss over nominal inv. voltage

0.0% Inverter Loss due to voltage threshold

Available Energy at Inverter Output81734 kWh

Energy injected into grid81734 kWh


