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1 Introduction 
This paper deals with the usage of photovoltaics in positive energy buildings. The European Union 

published in 2010 a directive [1] about the energy performance of buildings in which article 9 states that all 

member States shall ensure that by the end of 2020 all new buildings should be “nearly zero-energy” 

buildings (by the end of 2018 for public buildings). This kind of nearly zero-energy buildings is starting to 

develop in France under the name “BEPOS” (which stands for POSitive Energy Building, in French), and 

this is the name that will be used in this document. 288 projects have been certified “BEPOS” as of 2012, 

according to the ADEME which published a map of all the BEPOS buildings in France [2] (the ADEME is 

a French agency for the environment and the energy utilization, which is a major actor in the French energy 

policy, often deciding where to allocate funds).  

To be a BEPOS, these buildings need to produce electricity on site and photovoltaics are often considered 

as one of the most mature and competitive technology to do so, also the most used. The purpose of this 

study is to demonstrate that photovoltaics are an economically viable means to reach the BEPOS quality 

label, and to provide data to quantify the cost and performance of a photovoltaic system. To achieve that, 

the technological and market conditions of photovoltaics in France are reviewed, and techno-economic 

calculations are made using data provided by solar and construction companies.  
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2 Background 

2.1 The Thermal Regulation 2012 “RT 2012” 
Today, the sector with the highest energy consumption in France is the residential sector (more than 40% 

of the total final energy consumption) and it emits more than 20% of all the greenhouse gases [3]. In order 

to reduce the consumption and emissions, the French government created a law to limit the energetic 

consumption of new buildings related to: heating, ventilation, air conditioning, domestic hot water and 

lighting in 2000, the Thermal Regulation 2000 : “RT 2000”. The requirements have been modified to be 

stricter in 2005 and again in 2012, which is the law now applied in France: the RT 2012. Figure 1 shows the 

evolution of the French thermal regulation and the estimated impact it had and will have. The different 

thermal regulations accelerated the increase in energy efficiency in new buildings. For example, a building 

complying with the RT 2012 has a primary energy consumption of 50 kWh/m²-year on average, which is 

about four times lower than a building complying with the RT 2000. Without the RT 2012, a building built 

after 2012 would still be better than in 2000 due to improvements in construction techniques, materials and 

new equipments mostly, but it would still consume about 100 kWh/m²-year. 

Figure 1: Evolution of the French thermal regulation [41] 
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 The RT 2012 sets the maximum for three indicators that show how well a building is insulated and how 

much it consumes in energy: the bioclimatic design, the primary energy consumption and the summer 

comfort temperature. These 3 indicators are widely used by French thermal engineers. They use certified 

software including the RT 2012 calculation method such as Climawin and U22.  

NB: The RT 2012 only applies to new buildings and contains a method which indicates how to calculate the 

energetic performance of a building. 

2.1.1 Bioclimatic design 

The bioclimatic design (symbol: Bbio) is an indicator without unit that is designed to show the quality of the 

bioclimatic conception of a building which must favor its good energetic performances. The key points for 

this indicator are the thermal insulation, the thermal bridges, the ventilation and the internal and external 

gains. 

To comply with the RT 2012, the Bbio (calculated by Bbio =  2 × ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑛𝑒𝑒𝑑𝑠 + 5 ×

𝑙𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝑛𝑒𝑒𝑑𝑠) must be inferior to the limit Bbiomax multiplied by some coefficients, as defined in equation 

1: 

 Bbio ≤ Bbiomax × (Mbgeo + Mbalt + Mbsurf) equation 1 

With: 

Bbiomax: 60 or 80 depending on the geographical localization of the building and its exposition to outside 

noise.  

Mbgeo:  coefficient depending on the localization (0.7 for the south of France and up to 1.4 for the north-

east). 

Mbalt: coefficient depending on altitude (0 if alt < 400m, 0.4 if alt > 800m, 0.2 otherwise). 

Mbsurf: coefficient depending on the surface of the building (requires a calculation, is bigger for smaller 

houses). 

 

These coefficients take into account the differences in the climate and in the type of buildings and favor 

buildings where there is typically a bigger consumption (buildings built in a cold climatic zone, in altitude 

and with a small surface) in order to be fair to all buildings in France. 

2.1.2 Primary energy consumption 

The primary energy consumption (symbol: Cep) is the main indicator. It represents the primary energy 

consumption of a building for heating and cooling, production of domestic hot water, lighting and other 

electric devices like pumps or fans. Its unit is kWhpe/m²-year: “pe” means that it is considering primary 

energy. The surface considered in the calculation is the whole horizontal surface of the building, excluding 

most non heated places such as parking lots or some attics but including hallways and corridors for example. 
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In the Cep calculation, the coefficients to convert final energy into primary energy are defined as: 2.58 for 

electricity and 1 for gas and oil. For renewable energies, coefficients below one are used in the calculation 

in order to encourage their use: 0 for wood, and for district heating the fraction of renewable used to heat 

the water is considered. As an example: 

 1 kWh of electricity is converted into 2.58 kWh of primary energy. 

  5.16 kWh of heat from a district heating network using 50% of renewable energy is also converted 

into 2.58 kWh, thus having the same impact in the calculation of the Cep. 

 Wood heating does not increase the Cep of a building. 

This system is made to help renewable energies grow and does not represent the reality, it is only a 

calculation convention. Values below one are illogical in a proper primary energy calculation method. 

 

Close to how the Bbio indicator works, the Cep must be below a certain limit that is averaged at 50 kWhpe/m²-

year but depends slightly on the localization and type of building. 

 Cep ≤ 50 × Mctype × (Mcgeo + Mcalt + Mcsurf + McGES) equation 2 

With: 

Mctype: depends on the type of building 

Mcgeo: depends on the localization 

Mcalt: depends on the altitude 

Mcsurf: depends on the surface 

McGES: depends on greenhouse gases emissions 

 
In addition, up to 12 kWhpe/m²-year can be added to the right side of equation 2 if there is a local electricity 

production (for example if you have one photovoltaic array producing 5 kWhpe/m²-year on building A and 

another one producing 15 kWhpe/m²-year on building B, then the maximum Cep allowed is raised by 5 points 

for building 1 and by 12 points for building B). 

2.1.3 Summer comfort temperature 

The summer comfort temperature (symbol: Tic) is the third indicator. It requires the highest temperature 

recorded during 5 consecutive days in the year to be below a maximum which is calculated in the RT 2012. 
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2.2  “BEPOS”, the quality label for positive energy buildings  
This part deals with the BEPOS quality label that uses the same calculation method as the RT 2012 but is 

stricter. The same indicators to quantify the buildings are used but allowed maxima are different. 

There is no law in France defining what a positive energy building is. However, it is predicted that in 2020, 

when the new French thermal regulation comes out (RT 2020), it will be much stricter than the RT 2012 

and will require all new buildings to be “positive energy buildings”, in order to comply with the EU directive 

of 2010 [1]. To anticipate this measure, an association has proposed in 2013 its definition of a positive 

energy building and created the quality label “BEPOS” (which stands for POSitive Energy Building, in 

French). Since then, hundreds of buildings have been built with the BEPOS quality label. 

As in the RT 2012, the requirements to reach the label use the 3 indicators Bbio, Cep and Tic and depend 

among others on the localization, the type of building and its usage. To obtain the label, a building must 

respect a few rules. First, it must be very energy efficient and have a low consumption, which is ensured by 

limits on the Bbio and Cep indicators that are 20% lower (and thus stricter) than the ones of the RT 2012: 

 Bbio ≤ 0.8 × Bbiomax × (Mbgeo + Mbalt + Mbsurf) equation 3 

 

 Cep ≤ 40 × Mctype × (Mcgeo + Mcalt + Mcsurf + McGES) equation 4 

 

Once a building complies with these rules, it is considered to be highly energy efficient. This step is 

compulsory in order to be awarded the BEPOS quality label. Then, there is a requirement on the energy 

consumption and production from renewable sources: An energy balance is made and the result must be 

inferior to a maximum which depends on the localization and type of building as well as on the potential of 

renewable energy production: 

 Energy balance < Minimumauthorized  equation 5 
With: 

 The energy balance is the difference between non-renewable primary energy consumed and primary 

energy produced. For example, if a collective housing building: 

 Has solar thermal panels which ensure the majority of domestic hot water production  

 This does not count in the balance as the energy comes from a renewable source 

 Consumes 30 kWh/m²-year of natural gas for heating and completing the domestic hot water 

 This adds 30 kWhpe/m²-year to the balance 

 Consumes 2 kWh/m²-year of electricity for lighting and other uses  

 This adds 2*2.58 = 5.16 kWhpe/m²-year to the balance 

 Produces 15 kWh/m²-year of electricity with photovoltaic panels on the roof 

 This substracts 15*2.58 = 35.7 kWhpe/m²-year to the balance. 
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The overall energy balance is equal to 30 + 5.16 − 35.7 = −0.54 𝑘𝑊ℎ𝑝𝑒/(𝑚2. 𝑦𝑒𝑎𝑟) 

 Minimumauthorized = Cepmax - Prodref.  
It represents the potential of the building to produce energy from renewable sources. 

 Cepmax: has been calculated before in equation 4 

 𝑃𝑟𝑜𝑑𝑟𝑒𝑓 = 110 × 𝑀𝑝𝑛𝑖𝑣 × 𝑀𝑝𝑔𝑒𝑜        equation 6 

o Mpniv depends on the number of floors of the building, cf. Figure 2 

o Mpgeo depends on the localization of the building, cf. Figure 2 

 

For this same collective housing building, if it is located in Paris and have 5 floors: 

 Cepmax is calculated as 48 kWhpe/m²-year 

 Mpniv = 0.5 

 Mpgeo = 0.87 (Paris is situated in the green, H1a area) 

 Thus 𝑃𝑟𝑜𝑑𝑟𝑒𝑓 = 110 × 0.5 × 0.87 = 47.85 𝑘𝑊ℎ𝑝𝑒/(𝑚2. 𝑦𝑒𝑎𝑟) 

 

The minimum authorized is equal to 48 − 47.85 = 0.15 𝑘𝑊ℎ𝑝𝑒/(𝑚2. 𝑦𝑒𝑎𝑟) 

Figure 2: Definitions of Mpniv (left) and Mpgeo (right) used in equation 6 to calculate  Prodref [41] 
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For the example, the energy balance is slightly inferior to the minimum authorized, so the building can be 

awarded the BEPOS quality label: 

 (Energy balance = -0.54) < (Minimumauthorized =0.15) 

 

The minimum authorized in the BEPOS definition depends on: 

 The type of building and the altitude as it appears in equation 4 

 The renewable energy potential of the site and its localization as it appears in equation 6  

This has been created to allow buildings all over France to reach the BEPOS quality label. For example, 

let’s consider two identical one-storey buildings (Mpniv=1), with a Cep of 80 kWhpe/m²-year: 

 one in the north of France with a Mpgeo coefficient of 0.87 

 the other one in the south-east with a Mpgeo coefficient of 1.17 

Equation 6 gives the factor Prodref equal to 95.7 and 128.7 respectively. Then the minima authorized are -

15.7 and -48.7 kWhpe/m²-year respectively: the building in the north of France is favored compared to the 

one in the south because the solar potential is higher in the south than in the north of France and it is thus 

easier to produce electricity with photovoltaic panels. 
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3 Photovoltaics market 
The photovoltaics (PV) market is still quite young and evolving rapidly. It is dependant on the renewable 

energies policies of the different countries in the world and on the other energies sources. This section 

presents a quick overview about the state of the PV market, in the world and in France. 

3.1 Global PV market 
Photovoltaic installations continue to grow around the world and are becoming increasingly competitive 

against fossil fuels due to the decrease of its cost. The study Current and Future Costs of Photovoltaics 

published early 2015 by the German think tank Agora Energiewende even forecasts that solar energy will 

become the cheapest source of energy by 2025, in the south of Europe for example, where the solar energy 

production costs would be between 4 and 6 €-cts/kWh [4]. 

2014 is another record year for the PV market growth with an estimated capacity of 40 GW installed, which 

brings the world total to 177 GW, as shown in Figure 3 [5]. China, Japan and the USA account for the 

majority of these installations but PV is now reaching new markets, most notably in South America and in 

the Middle-East. 

  

Figure 3 : Evolution of the global PV capacity [5] 
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3.2 PV market in France 
Around the end of June 2015, the total capacity installed in France has reached 6 GW. Less new systems 

have been installed than in 2014 but the average capacity of these systems is higher. The French production 

is estimated to be around 3.2 TWh during the first six months of 2015, which is 17% higher than in 2014 

[6]. 

Most of the new installations take place in the southwest and around the Mediterranean Sea. The general 

trend has been a slowdown of the growth for a few years now and even if 2014 was a rebound year, almost 

half less capacity has been installed in 2014 than in 2011, as shown in Figure 4. If the market is more stable 

now than a few years ago and the bankruptcies less frequent, it is still quite risky for investors. However, 

the price of PV in France keeps decreasing, along with the feed-in tariffs and this decrease has encouraged 

the growth of photovoltaics in the French (and European) energy mix. 

The objective of 5 400 MW of PV by 2020 that was planned by the French State [7] (during the “Grenelle 

de l’Environnement” in 2009) has already been achieved in 2015, so it has been raised to 8 GW by 2020. 

This new maximum will most probably be reached before 2020 again as less than 2 GW are needed in more 

than 4 years and in the last 5 years the minimal capacity addition in one year was over 600 MW. Once it is 

reached, the French PV market could undergo important changes such as the end of the feed-in tariffs as it 

has been seen in the UK (they also reached their 2020 objective in advance and it is planned that they stop 

the feed-in tariffs next year [8]). 

 

Figure 4: PV capacity installation by quarter, in France [41] 
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3.3 Chinese dumping 
Definition: « dumping » means that a product is exported at a price which is inferior to the normal value of 

the product (domestic prices or production prices) on its own domestic market. 

At the end of 2013, the European Commission recognized that Chinese PV manufacturers had been dumping 

solar panels in the EU and causing harm to the European industry by this unfair practice. Thus, the 

Commission decided to impose in the European Union anti-dumping taxes on solar panels and key-

components (cells and wafers) coming from China [9]. It is interesting to note that the labour represent only 

about 10% of the cost of production of a PV panel. Once you account for transportation to the EU, the 

Chinese manufacturers (who have to import all the raw material, as European and American do) are not 

advantaged cost-wise, even disadvantaged by about 5% compared to European and American 

manufacturers, so this could not justify these costs, according to a study performed by the NREL [10]. This 

illegal practice aimed at gaining market shares in the EU and eventually a monopoly by smothering EU 

companies. The Chinese companies involved relied then heavily on State subsidies, which is a point that 

was also studied by the EU Commision. This flooding of low-cost Chinese panels provoked a lot of 

difficulties and even bankruptcies of leading PV companies such as the German PV giant Q-Cells in 2012, 

or made some large companies stop their PV department (Bosch or Siemens for example) because they 

could not compete with these prices. As an answer, the EU Comission set a minimal import price of Chinese 

panels in the EU: 56 €-cts per watt. This minimal price is still in order as of 2015. 

 

Figure 5: Chinese technician controlling the quality of photovoltaic cells to be sent to the European market [43] 

http://www.dw.com/en/solar-tariffs-on-china-are-counter-productive-say-experts/a-16851683
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A new investigation by the European Commission against the Chinese photovoltaics industry started in May 

2015 after a complaint from EU ProSun, a group of European photovoltaics companies. EU ProSun accuses 

China to send components and PV cells to Taiwan of Malaysia in order to sell their products as Taiwanese 

or Malaysian and thus by-passing the anti-dumping taxes (which are reserved to China) or offering price 

reduction to their customers after they bought their products in order to sell under the 56 €-cts/W [11].  

Another movement called SAFE (Solar Alliance For Europe) composed of German companies has been 

created in 2015 and fights to end the anti-dumping taxes in Europe towards China. SAFE affirms that the 

PV modules sold in Europe are 10 to 15% more expensive than elsewhere in the world due to these taxes, 

and that it prevents competition, paralyzes the market and incites companies to set up out of the EU. They 

observe that since these anti-dumping taxes have been applied, the European photovoltaics market 

contracted significantly: no more modules at a competitive price are available leading to fewer new 

installations and thus fewer jobs. They add that the will of EU ProSun to extend the duration of the anti-

dumping measures is only dictated by their own interest of protecting their market shares against Chinese 

companies, which is eventually dangerous for the whole European PV market [12]. 

To summarize, the European photovoltaics companies are currently facing competitivity problems and 

globally losing market share outside Europe. With the future of the solar PV subsidies in France being 

uncertain and electricity price still among the lowest in the world, the situation is not favourable to a great 

development of the solar PV energy. The new Thermal Regulation of 2020 could thus help the solar industry 

in France by creating a lot of project including needs of a renewable energy production on site, and it already 

does with the new BEPOS buildings that are being constructed.  
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3.4 Photovoltaics value chain 
 The photovoltaics value chain (product-oriented) is shown in Figure 6. The silicon is made into very pure 

ingots cut into thin wafers that are processed into solar cells which constitue a PV module. This is the 

product-oriented value chain which follows the actual components of the modules. 

 

 

The cost-oriented value chain, however, follows the companies that manufacture and then sell these 

modules. Figure 7 presents the typical value chain for a French typical property developer. The prices given 

are an estimation only of the prices encountered in France as of 2015 and are excluding taxes. For a more 

thorough overview of the PV prices in France, see paragraph 4.3. 

 

The different links of this chain are: 

 Standard 250/260W modules are manufactured, mostly in China but also in the rest of Asia, EU and 

USA. They are then sold in huge quantities by the manufacturer to a European distributor. If they 

come from China, they are sold around the minimal price set by the EU of 56 €-cts/W. If they come 

from the EU or USA it is generally a bit higher. 

 This distributor then resells the modules in smaller quantities to French installators and takes a 

margin of about 30%. Module price reaches about 73 €-cts/W. 

 Finally, different installators make offers to the property developer when it makes a call for tenders 

for PV. They take a margin of about 15% and the modules are bought for about 85 €-cts/W (which 

corresponds to about 220€ for a 260W module). 

Figure 6: PV value chain (product-oriented) [46] 
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 The last step is the property developer selling the whole building to its clients. The developer also 

makes a profit on the modules, but it is hard to estimate because the margin is made on the whole 

building and the PV represents only about 1% of the whole price on average.  

Manufacturer
0,56€/watt*

Distributor
≈0,73€/watt

Installator
≈0,85€/watt

Property 
developer

Large margin ≈ 30% Medium margin ≈ 15% 

*minimum price as authorised by EU anti-dumping laws. 

Figure 7: PV value chain (cost-oriented) 
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4 Solar panels 
Solar panels (or solar modules) constitue the main part of a photovoltaic system. This section presents their 

main characteristics, price, as well as some of the most common technologies used. 

4.1 Main characteristics 
Solar modules or solar panels transform light energy from the sun into electricity using the photovoltaic 

effect. The main characteristics of a solar module are: 

 The maximum efficiency: represents the sunlight conversion rate. It is measured at the STC 

(Standard Test Conditions, which are: irradiance of 1 000W/m², temperature of 25°C and air density 

of 1.5) and can also be calculated by: 

𝜂 =  
𝑃𝑛𝑜𝑚

(1 000
𝑊

𝑚2)×𝑆
  

 

 Nominal power: represents the maximal power reached by a module at the STC.  

 Power tolerance: it indicates the range of values in which each module is, compared to the 

announced nominal power. This range is due to the uncertainties in the manufacturing of the 

modules. A positive tolerance like 0/+5% is better than a negative one like -5%/+5%. Most 

importantly, the tolerance must be the lowest possible in order to reduce the mismatch losses 

(connexion of modules which do not have identical properties reduce the energy produced). 

  Power Temperature Coefficient: when a solar module is heated up, its nominal power and thus 

efficiency decrease. The power temperature coefficient represents how the module will behave 

when it heats up. A power temperature coefficient of -0.5%/K indicates that the module efficiency 

will decrease by 0.5% for each 1K increase in temperature compared to the STC. This parameter 

outlines the importance of good module ventilation. 
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4.2 The different technologies 
The different technologies of PV cells are divided into 3 categories or “generations”. As shown in Figure 8, 

the crystalline cells (mono or poly crystalline) have always been dominating the PV market. They are the 

first generation of PV cells and represent over 90% of the market in 2015 while their prices are still 

decreasing and their efficiencies increasing. Thin-film cells constitute the second generation of PV cells. 

They appeared with the amorphous silicon cells which powered solar calculators in the 1970’s. They show 

a lot of promises and research is very active in the domain. However, they still need improvement to see a 

larger commercial usage. They only represent about 7% of the market share in 2015 [13]. Finally, the third 

generation of PV cells is constituted by cells which would be capable of overcoming the Shockley-Queissier 

limit of 33.7% efficiency for simple pn junction cells. They mostly are at the research state only in 2015.  

 

  

Figure 8: Golbal market share by PV technology [29] 
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4.2.1 First generation PV cells 

 Monocrystalline cells  

Monocrystallines cells are produced from pure cylindrical silicon ingots. The four sides of the ingots are cut 

off to make a near rectangular shape which is then sliced off to produce thin silicon wafers. This type of 

panel offers the best efficiencies (between 15% and a bit more than 20%, reaching over 25% in laboratory). 

Their efficiency and thus watt per square meter ratio are higher than other types of PV cells, they are 

however more expensive to produce than polycrystallines cells. 

 Polycrystalline cells 

Polycrystallines cells are simpler and less expensive to produce than monocrystalline cells because they 

only need raw silicon that is melted and poured into a square mold which gives square cells. They thus have 

lower efficiencies (between 10 and 15%, up to over 20% in laboratories).  

Figure 9 shows the esthetic differences between polycrystalline and monocrystallines modules which are a 

result from the differences in the manufacturing process. 

Figure 9: Polycristalline cells on the left and monocrystallines ones on the right with their respective 

characteristic shapes: perfect rectangles for polycristalline, rectangles with the edges cut off for 

monocrystallines, both due to manufacturing process [42] 
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4.2.2 Second generation PV cells (thin films) 

Thin film cells, called second generation cells, are made of a very thin layer of semiconductor (main ones 

used are cadmium telluride (CdTe) and copper indium gallium deselenide (CIGS)) deposited on a substrate 

which can be coated glass, metal or even plastic for example. They are much thiner than silicon-based cells 

(between 10-9 m and 10-5 m compared to about 2.10-4 m for silicon-based cells) and are thus lighter and more 

flexible, as shown in Figure 10. They also have a lower temperature coefficient than silicon-based cells. 

These qualities allow them to be integrated in buildings and non-flat surfaces more easily. 

Thin film cells are less expensive to produce than crystalline cells because manufacturing process are 

simpler: it is analagous to a printing press and do not require high temperatures like the crystalline cells do. 

In general, thin film cells have lower efficiencies than crystalline cells, however recently a few 

manufacturers have closed the gap. Cadmium telluride cells which are the subject of a lot of studies have 

for example reached in June 2015 the record efficiency of 18.6% (module efficiency), as announced by the 

biggest thin film cells manufacturer in the world: First Solar [14], which is a higher efficiency than most 

polycrystalline cells.  

Even if their market share is estimated to be about only 7% in 2015, thin film cells show a lot of promises. 

The largest operating solar plant in the world was until mid-2015 the Topaz Solar Farm, which is composed 

of 9 million CdTe photovoltaic modules for a total capacity of 550 MW. It has been topped in June 2015 by 

the Solar Star power station which has a capacity of 579 MW and is composed of silicon-based SunPower 

modules.However, CdTe cells face specific problems that could endanger their future and slow their mass 

spreading: the toxicity of Cadmium [15] and the usage of rare earth elements (tellurium) are the more 

frequent issues still to be addressed. 

Figure 10: Example of thin film cells [44] 
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4.2.3 Third generation PV cells 

The third generation of PV cells regroups all the technologies that could possibly overcome the Shockley-

Queissier limit of 33.7% [16]. This includes many technologies such as CZTS cells (without rare earth 

elements), Grätzel cells (inspired by vegetal photosynthesis), multi layers cells (with concentrating systems) 

or organic cells. 

 Organic cells 

Organic photovoltaic cells are a kind of polymer solar cells that uses small organic molecules for light 

absorption and electricity production. It is a fairly new technology and not well developed yet. Like thin 

film cells, their cost per watt is lower than crystalline cells and they are light and flexible. They can be built 

to absorb only infrared and ultraviolet and only let the visible light through. Some organic cells have a 

transparence between 70 and 100% and are so clear that they can be used as a window for example, as 

shown in Figure 11. However, they also have very low efficiencies (not more than 10%) and low stability 

when compared to crystalline PV cells. 

  

  

Figure 11: Example of transparent organic PV cell [30] 
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4.3 Prices of crystalline PV modules 

4.3.1 Historic 

The price of crystalline PV modules has been steadily decreasing since they began to spread 40 years ago. 

In 1980, a crystalline PV module costed the equivalent of 20€ per watt (based on “2014-€”, accounting for 

inflation) whereas in 2014 its price was about 0.7€ per watt. These prices follow an experience curve (known 

as “Swanson’s Law”), as shown in Figure 12. Modules prices present some oscillations over the years, due 

for example to a lack of one resource (polysilicon shortage) or a great increase in demand over production, 

but overall they follow an experience curve with a learning rate between 19.8 and 22.6 percent, depending 

on the date until which the data is fitted. This means that the price of photovoltaic modules tends to drop by 

about 20% for every doubling in the cumulative shipped volume. At the present rates of development, costs 

are halved about every ten years. 

  

Figure 12: Historical experience curve of PV modules since 1980 [4] 
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4.3.2 Current 

Table 1 gives the prices at which crystalline PV modules are bought depending on the manufacturing 

country. They are given for information purposes only and give an order of magnitude of the prices 

(excluding taxes) of modules only, supplied and installed by a typical French company, as of mid-2015 (A. 

Nychyporenko, personal communication, September 2015). As discussed earlier, these prices can change 

very fast. 

Type of module Nominal power 

Price estimation (€/W) by 

manufacturing country 

Remarks 
Asia 

 

EU 

 

Standard 250/260W 0.80 0.85 

  The most common 

  The cheapest in 

€/W 

Medium 280/290W 0.85 0.90 
  Less common 

  Cheap as well 

High-efficiency 

327W SunPower 

333W BenQ 
1.50 X 

  Best performance 

today 

  Few manufacturers 

  More expensive  

  Useful when area is 

limitated  

335W black SunPower 

345W SunPower 
1.80 X 

Table 1: Module price estimation 

The prices are given at the end of the value-chain (cf. Figure 7), in France. There are very few manufacturers 

of high-efficiency modules, SunPower being the main one in France. The prices of SunPower modules in 

€/W are higher than for standard modules (about double in €/W), but they allow to produce the same energy 

as standard modules on a much smaller area and are therefore adapted to residential buildings with limited 

roof area/availability. Most modules are manufactured in China or Philippines. They present the same 

quality and generally a lower price than modules made in the EU or in the USA. The USA and other parts 

of the world do not appear in this table because in France the huge majority of modules bought by companies 

are from either Asia or the EU, but prices from the USA would be about the same as prices from the EU.  
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4.3.3 Future 

The main questions to try to predict the future costs of crystalline PV modules are: 

 Until when will the prices keep following the experience curve? 

 Will the prices of 2013 and 2014, which are significantly lower than the historical learning curve, 

return to the learning curve, and if yes, when? 

According to the study Current and Future Costs of Photovoltaics, the consensus for the first question is 

that prices will continue to follow the 20% experience curve until they reach a price range where the material 

costs dominate the total price (the pink area in Figure 13). Then, at about 0.1 to 0.2 €/W, prices will stagnate. 

Regarding the second question, more uncertainties remain. Is this trend of low prices due to current prices 

being below the current manufacturing costs for the whole market and so it will return to the experience 

curve in the next years, or is due to prices being driven down by a few top companies which will encourage 

others to upgrade their equipment and thus stay under the experience curve for a longer time? Based on this 

uncertainty, the authors took a conservative assumption where the prices of modules return to the experience 

curve in the long term at a cumulated capacity of 5000GW. This implies a very conservative learning rate 

of about 10% until this cumulated capacity is reached. Using this assumption and considering three scenarios 

for learning rates of: 19%, 20.9% and 23%, the price range of modules in 2050 is estimated to be between 

0.14€/W and 0.35€/W.  

Figure 13: Extrapolation of the price experience curve for PV modules [4] 
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5 Solar inverters 
Solar inverters ensure very important roles in a photovoltaic system. This part describes their purpose and 

main characteristics, and then gives an overview of the different types of inverters. 

5.1 Purpose 
The inverter has four main purposes: 

 Converting the direct current (DC) into a utility frequency alternating current (AC) that can be fed 

to the electrical grid and/or to the building. 

 Optimising the efficiency of the system by maximum power point tracking (MPPT). 

 Protecting the system by stopping the electricity production in case of grid failure. 

 Protecting people by isolating the direct current part of the sytem. 

Figure 14 graphically demonstrates the role of the inverter in the system, focusing on its function as the 

interface between the modules and the grid.  

Figure 14: Role of the inverter in a photovoltaic system [31] 
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5.2 Efficiency 
The inverter creates energy losses as its components heats up. The inverter efficiency is defined by its input 

power divided by its output power. Nowadays, solar inverters generally have a maximum efficiency of more 

than 95%. When functioning, its actual efficiency is modified mainly by two factors: the input power and 

input voltage. The efficiency curves are given by the inverters manufacturers. It’s observed that:  

 For a fixed input voltage, the maximal efficiency of the inverter is reached at an input power of 

about 50% on the nominal power of the inverter. 

 The input voltage can modify the efficiency of the inverter by 1 to 2%. 

 

An example of an inverter efficiency curve is given in Figure 15. The nominal power of the inverter 

considered is 3000W. Its reaches its maximum efficiency at an input power of around 1500W. 

Figure 15: Efficiency curve of the SUNNY BOY 3000 [32] 
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5.3 European efficiency 
Another important piece of data given by the manufacturers is the European efficiency (or European 

weighted efficiency). It was created to represent the efficiency of the inverter with regards to its common 

ooperating conditions and considers that: 

 The inverter works at 5% of its nominal power during 3% of the time. 

 The inverter works at 10% of its nominal power during 6% of the time. 

 The inverter works at 20% of its nominal power during 13% of the time. 

 The inverter works at 30% of its nominal power during 10% of the time. 

 The inverter works at 50% of its nominal power during 48% of the time. 

 The inverter works at 100% of its nominal power during 20% of the time. 

 

As shown in Figure 16, the European efficiency ηeuro is calculated by the formula: 

ηeuro = 0.03 × η5% + 0.06 × η10% + 0.13 × η20% + 0.10 × η30% + 0.48 × η50% + 0.20 × η100%  

 

 

  

Figure 16: Graphical explanation of the European efficiency [35] 
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The electricity lost in the inverter is dissipated by heat production, which increases the temperature of the 

inverter and can affect its function. Inverters are designed to operate in a temperature range from -25°C to 

60°C most of the time. If the temperature increases, the inverter will limit its output power by choosing a 

functioning point different than the maximum power point (MPP), which will decrease the electricity 

production in order to prevent overheating. A good ventilation of the inverters is thus important. If the 

temperature gets lower than the temperature range, the inverter stops working.  

5.4 MPPT: Maximum Power Point Tracking 
Due to the variation of solar radiation, the energy received by solar modules is always changing. The current 

(I) changes with the solar radiation whereas the voltage (V) depends on the number of modules in a chain, 

the temperature and the resistance imposed by the inverter. The power (P) delivered by a module is P=V*I. 

The red curve in Figure 17 represents the power as a function of the voltage for a fixed irradiation. The role 

of the inverter is to modify the voltage of the system to change the operating point on the red curve and 

reach its maximum, the Maximum Power Point (MPP). The inverters use Maximum Power Point Tracking 

systems (MPPT) that modify the resistance of the inverter to change the voltage of the system. 

 

Figure 17: I-V curve and power curve of a photovoltaic inverter [34] 
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One of the most common methods used by MPPT systems is “perturb and observe”. It consists on changing 

the voltage by a small amount and observing the effect on the power. If the power decreases then the system 

changes the direction, if the power increases then the MPPT continues to “climb the hill” on this direction 

until the power starts decreasing again and the maximum is reached. This technique is easy to implement 

but can lead to oscillations in the power output and the system can also mistake a local maximum for the 

MPP if the power curve has more than one maximum (due to partial shading of the array for example). As 

the solar irradiation reaching the modules is always changing, the inverters are also always adapting to it. 

5.5 Inverter types 
Three general types of solar inverters exist: 

 Stand-alone inverters: they are connected to a battery that is charged by the PV array. Thus they 

are not connected directly to the PV modules. They normally are used to refill a battery coming 

from an AC source and don’t interact with the utility grid and thus don’t need to have anti-

islanding protection. 

 Battery backup inverters: they draw energy from a battery charge and export the excess energy 

to the electrical grid. They can supply different AC loads and are required to have anti-islanding 

protection. 

 Grid-tie inverters: they match phase with a utility-supplied sine-wave. They directly convert the 

DC coming from the PV modules to AC current and feed it to the electrical grid. 

The most common type of inverters are grid-tied. The next paragraph presents the most common 

configurations for grid-tie inverters. 
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String inverters: Modules connected in series create a string. Multiple strings are connected in parallel to 

a string inverter, as shown in Figure 18. The nominal power of this kind of inverter is generally between a 

few kW if it is linked to one chain to a few dozens of kW if it is linked to multiple chains (the latter concerns 

more big photovoltaics farms than residential PV). 

 

 

  

Advantages Drawbacks 

 One inverter is enough for multiple modules. 

 Easy maintenance on only one inverter. 

 Lower cost per peak watt price than micro 

inverters. 

 Missmatch losses are higher than for micro inverters. 

 No MPPT of each module, vulnerable to shading. 

 Any problem with one module is felt along the whole 

string. 

Figure 18: String inverter system [33] 
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Micro inverters: On a micro inverters system, each solar panel has its own small inverter, as shown in 

Figure 19. They are generally installed at the back of the panel or on the mounting system. Their typical 

nominal power is around 200 to 400W. Micro inverters are more expensive than string inverters but as they 

reduce the mismatch losses they allow for more electricity production. A detailed analysis has to be made 

on each specific project to compare the extra cost with the energy production gain.  

 

  

Advantages Drawbacks 

 MPPT for each module reduces the losses due to 

mismatch. 

 Safety and less power loss because of the lack of 

high-voltage DC cables. 

 Maintenance and controle must be done on each 

inverter. 

 More expensive than a string inverter system. 

Figure 19: Micro inverters system [33] 
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Solar optimisers: Solar optimizers are a recent development in the solar inverters market. They resemble 

the micro inverters because there is one optimizer on each panel and they also allow accounting for different 

orientations/tilts of the modules in the same array and reduce the losses due to shading, as shown in Figure 

20. However, they differ from micro inverters in the fact that they do not convert the current to AC, they 

just condition it before sending it to a central string inverter. Installing power optimizers adds a cost to the 

system and often requires that the optimizers and inverters are from the same manufacturer. 

 

 

  

Advantages Drawbacks 

 Reduces the mismatch losses. 

 Can account for each panel’s orientation and tilt. 

 Less energy production gain than a micro inverter 

system. 

 More expensive than a string inverter system. 

Figure 20: Power optimizers system [33] 
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6 Building integration 
A building-integrated (BIPV) or building-applied (BAPV) photovoltaic system must always be considered 

as the combination of a set of modules plus inverters and a mounting system. The cost of the mounting 

system and the impact it has on orientation and tilt (and thus production) are important. It is an essential 

part of the system and the modules must be chosen with their mounting system, as not all of them are 

compatible. 

6.1 The different types of integration 
Generally, two broad types of integration are considered:  

 Building-integrated PV (BIPV), which means that a building is designed to have PV modules on its 

roof, façade, etc. from day one of the design. The PV modules replacing traditional roofing material 

and becoming the waterproofing layer on top of the building. 

 Building-applied PV (BAPV) when PV is a retrofit added after the end of the construction of a 

building. The PV is placed over the roof and has no role in the waterproofing of the roof. 

 

In France however, the types of integration are split up differently. The reglementation defines 3 types of 

integration. 

BIPV is called: 

 Full integration, and requires the system to:  

o Be installed on the roof of a building which is protecting people, animals, goods or activities. 

o Be installed in the same plane as the roof (maximum distance of 20 cm from this plane). 

o Ensuring waterproofing of the roof. The building should not be waterproof anymore in case of 

modules removal. 

 

BAPV is divided between: 

 Simplified integration, which requires the system to:  

o Be installed on the roof of a building which is protecting people, animals, goods or activities. 

o Be installed parallel to the plane of the roof. 

 

 No integration, which has no requirement. 

 

These three terms will be used from now on. This section explains those different types of integration and 

their advantages and drawbacks. 
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6.1.1 Full Integration 

The PV modules replace the cover of the roof and ensure waterproofing as shown in Figure 21. Removing 

the modules breaks the waterproofing of the roof. It is strongly advised to choose a system that has been 

awarded a technical certification by the CSTB (French organism responsible of construction 

reglementations) because it impacts the design of the building. 

  

Advantages Drawbacks 

Architectural integration Limited ventilation of the modules 

Aesthetics Complicated maintenance 

Can receive the best feed-in tariff (c.f section 6.2) 

(25,78 €-ct/kWh) 
High installation price 

Figure 21: Installation of fully integrated PV system [38] 
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6.1.2  Simplified Integration 

A simplified integration system is installed parallel to the roof as shown in Figure 22 and doesn’t ensure the 

waterproofing of the roof. A common technique is to install rails on the roof, on which the modules are set 

up. 

Advantages Drawbacks 

Installation is easier than for a full integration Medium ventilation of the modules 

Doesn’t require to replace the roof and be 

waterproof 

Quite complicated maintenance if a module needs 

to be changed or cleaned 

Can receive the simplified integration feed-in 

tariff (c.f section 6.2) 

(13,25 or 13,95 c€/kWh whether the capacity is 

superior or not to 36 kWp) 

Medium to high price 

Figure 22: Example of a simplified integration PV system [37] 
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6.1.3 No Integration 

This category regroups PV arrays that are on the ground and PV arrays mounted non-parallel to the roof. 

Thus, the PV modules can be tilted to the optimal angle (around 30° for Paris). A developping practice is to 

use ballasted systems as shown in Figure 23. In this type of system, the modules are kept in place on the 

roof by means of its own weight. The design and installation of such systems must be carried carefully to 

ensure they withstand wind, thermal and seismic loads. 

 

  

Advantages Drawbacks 

Very good ventilation of the modules Higher wind loads 

Easy maintenance and access to the modules 
For a flat roof, the PV array must be a restricted 

access area. This can require extra safety systems. 

Low price of the integration system and choice of the 

tilt and azimuth of the modules 

No integration bonus (c.f section 6.2) 

(Feed-in tariff: 6,28 €-ct/kWh) 

Figure 23: Example of roof-mounted PV system [39] 
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6.1.4 Others 

Some specific systems exist and can be considered as “simplified integration”. The most common are: 

 Facade integration systems, as shown in Figure 24. 

 PV modules used as solar-shading 

 

Advantages Drawbacks 

Aesthetics Complicated and expensive integration systems 

Double usage: solar shading / electricity 

production  
Low efficiency due to the 90° tilt in façade mounts 

Can receive the simplified integration feed-in 

tariff (c.f section 6.2) 

(13,25 or 13,95 c€/kWh whether the capacity is 

superior or not to 36 kWp) 

Significant reduction in production if not oriented 

south. 

Figure 24: Example of facade integration system [40] 
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6.2 Feed-in tariffs 
France has feed-in tariffs for PV since 2002. The conditions and tariffs have changed a lot through the years. 

Since 2011, three different tariffs exist. They depend mainly on the type of integration (full integration, 

simplified integration, no integration) but also on the total power of the array [17], as shown on Table 2 for 

the third and fourth quarters of 2015. These tariffs heavily favour small full integration (BIPV) systems 

under 9 kW as well as simplified integration systems under 100 kW because the French government wishes 

to encourage individuals to install small-scale PV systems, and to do it on their roof rather than on the 

ground in order to preserve ground space that can be needed, for agriculture for example. [18] 

 

Type of integration 

bonus 
Capacity (kWp) 

Feed-in Tariffs  

(€-ct/kWh) 

3rd quarter 2015 

Feed-in Tariffs  

(€-ct/kWh)  

4th quarter 2015 

Full integration 0-9 25,78 25,39 

Simplified integration 

0-36 13,95 14,41 

36-100 13,25 13,68 

Non-integrated <12 000 6,28 6,12 

 

Table 2: French feed-in tariffs for the 3rd and 4th quarters of 2015 [19] 

Once you have made a contract with the electricity supplier for a certain tariff, it is guaranteed for 20 years. 

These tariffs are reevaluated every quarter based on the number of installations during the quarter: if the 

number of new systems installed has reached the objective for the quarter then the tariffs are lowered, if not 

then it is kept at the same level or raised. The differences in the tariffs between the third and fourth quarters 

of 2015 are a good example of this system: 

 The objectives have been reached for the full integration and non-integrated categories and the number 

of new installations is considered satisfactory by the government, so the corresponding feed-in tariffs 

have been lowered by 1.5 and 2.5% respectively. 

 The objectives have not been reached for the simplified integration category, and the government also 

wants to encourage farmers to install medium-scale BAPV systems (up to 100 kW) on their farming 

facilities. Thus, the tariffs for simplified integration have been raised by about 3%. 
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6.2.1 Self consumption vs resale 

For a system that is connected to the electrical grid, the difference between selfconsumption and resale is 

only in the type of contract you subscribed to. Three different contracts exist in 2015 in France: 

 Full resale: every kWh produced is fed to the grid and EDF pays the price that was determined when 

the contract was made and which is guaranteed for 20 years after the signature. 

 Partial self-consumption: the electricity is first used to cover the needs of the building where it is 

produced. The remaining production is injected in the grid and bought by EDF like in the full resale 

case. 

 Full self-consumption: production is used only to cover the building needs. If the production 

exceeds the needs, then the extra electricity is fed to the grid for free. 

Full self-consumption seems less profitable than partial self-consumption because if you produce more than 

your needs then you give free electricity to EDF. However, full self-consumption does not require 

establishing a contract with EDF, so you save the costs of the specific electric meter needed and of the 

administrative procedures. All things considered, full self-consumption is generally restricted to small 

capacity systems and/or to buildings located far from the electrical grid. 

In France, since 2008 the buying price of electricity tends to increase (as shown in Figure 25) and the feed-

in tariffs tend to decrease (as shown in Figure 26), so the partial self-consumption is becoming more and 

more profitable. This reflects the increase in competitivity of the photovoltaic energy compared to fossil 

fuels and nuclear energy, which still produce a huge majority of the electricity in France today. 

As of 2015, for a new photovoltaic system, partial self-consumption only gives more revenue than full resale 

if you are not granted any integration bonus. As shown in Figure 25 the buying price of electricity in France 

is today on average between 9 and 10 €-cts/kWh (it depends on the type of contract you have but most 

people have blue or yellow, green being high voltage mainly for industry). This is much lower than the full 

integration resale price of about 26 €-cts/kWh and still lower than the simplified integration resale price of 

about 14 €-cts/kWh. It is however noticeably higher than the non-integration resale price of about 6 €-

cts/kWh. Today for individuals wanting to invest in PV in France, the economic viability of a project is 

mainly dependent on the feed-in tariffs. They are lowered every quarter but the rate at which they are 

lowered is also decreasing: 

 

 Full integration tariff dropped by 18% during the year 2012 and by 6% during 2015. 

 Non integrated tariff dropped by 30% during 2012 and by 10% during 2015. 

 

Over the long term, feed-in tariffs are probably going to disappear when the government judges that the PV 

is competitive enough, this could even be as soon as 2020 when the decennal objectives of the “Grenelle de 

l’Environnement” are reached. The lack of visibility in the future feed-in tariffs changes is frequently cited 

by potential investors as a main factor of economic risk.  
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Figure 25: Electricity prices in France over time for the 4 types of contracts [46] 

Figure 26: France, feed-in tariffs over time (in €-cts/kWh) [36] 
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6.3 Price breakdown of a whole PV installation 
All the values contained in Table 3 are given for information purposes only. They give an order of magnitude 

of the buying prices (without the value-added tax) of a PV system by a French construction company, in 

2015 (A. Nychyporenko, personal communication, September 2015). 

 

 

 

 

The modules and structure parts represent between 50 and 70% of the total price of a PV system (without 

VAT). They are also subject to the biggest variations in prices depending on the systems chosen. The 

inverters, wiring and administrative procedures categories on the other hand are quite stable between 

different projects. 

 

Table 3: PV installation cost breakdown shows that an average price for a PV system (all included) in France 

in 2015 is about 3€/W and that there are differences up to about 1€/W, mainly depending on the type of 

modules you choose: high-efficiency or standard. 

 

Example: a system composed of 40 modules of 250W, thus 10 000W of total power will cost about 25 000 

€, among which about 8 500 € paid for the modules, and will produce about 10 000 kWh/year. 

Categories 

Price estimation % Remarks 

Standard modules 
High-efficiency 

modules 
 

Modules 35% 50% 
Standard modules = 250-260W 

High-efficiency modules = 330-345W 

Inverters 10% 10% 
Closer to 20% of the total price for a micro-

inverter system. 

Structure 20% 20% Depends on the system chosen and the tilt. 

Wiring and other 

electrical 
25% 15%  

Administrative 

procedures 
10% 5% 

Study, contract with the electricity provider, 

etc. 

Total 2.5 €/W 3.5 €/W  

Table 3: PV installation cost breakdown 
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Modules 
35%

Inverters
10%

Structure
20%

Administrative 
procedures

10%

Wiring, 
electricity

25%

Price breakdown of a PV installation
(Standards modules)

Modules
50%

Inverters
10%

Structure
20%

Administrative 
procedures

5%

Wiring, 
electricity

15%

Price breakdown of a PV installation
(High-efficiency modules)

Figure 27: Price breakdown of standard and high-efficiency PV systems 



 

Photovoltaics in positive energy buildings 

 

 

 

 

45 

 

7 Software and tools 
In this part are presented and compared a selection of five common software tools for sizinge a PV system 

and estimate its annual electrical production. A comparison on two projects is then conducted. 

7.1  PVsyst 
PVsyst [20] is a piece of software developed by the Geneva University. It is made for architects and 

engineers working in photovoltaics and thus proposes a high number of parameters to model the system 

more precisely than its counterparts available for free as flash application on the internet. It also has a sizing 

help tool which, once selected the type of module and inverter, gives the number of strings and number of 

modules per string that are acceptable in order to reach the power or surface demanded. It is thus quite easy 

to use even if one does not know the rules to respect tosize an inverter for example. The modules and 

inverters databases are very complete and updated frequently, and it is easy to add new meteorological 

sources. It is the reference tool used by most solar engineers. 

 

Figure 28: Example of PVsyst results 
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7.2 CalSol 
Calsol [21] is a web-based tool has been developed by the French institute INES (Institute of Solar Energy). 

It is free and quite basic. There is no module or inverter data base available and azimuth and tilt can only be 

selected from a list with a 15° step, which reduces its accuracy. It also has a simple environmental analysis 

tool which gives the GHG emissions avoided. 

  

Figure 29: CalSol, main page 
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7.3 TecSol 
Tecsol [22] is a French engineering office specialized in solar energy. On their website is given a free tool 

to estimate the production of a PV array. Its data bases are quite precise regarding the weather but outdated 

regarding modules and inverters, which limits its usefulness as it is not possible to input the characteristics 

of a new module. 

  

Figure 30: TecSol, input parameters 
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7.4 PVGIS 
PVGIS [23] (PhotoVoltaic Geographical Information System) is a web-based tool available on the site of 

the European Commission. It is possible to make a quick estimation of the production of a PV system with 

PVGIS (without précising the modules or inverters chosen). An interactive map is available to choose the 

location of the site, which makes it simpler to use. Monthly and annual solar irradiance maps are also 

available. It is the fastest and easiest tool of this list, which makes it the best for a first approach. 

  

  

Figure 31: PVGIS main page 
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7.5 Sunny Web Design 
Sunny Web Design [24] is also web-based and is proposed by the inverter manufacturer SMA. Though free 

to use, it is not independent and offers to choose only among the SMA inverters. It makes a more complete 

production estimation and sizing than most other tools and is of good help to choose the right (SMA) 

inverter. It is however longer to obtain results with this tool than with the other tools of this list. 

 

  

Figure 32: Input parameters of Sunny Web Design 
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7.6 Case Studies 
Production estimation of the five tools cited have been made for two cases which correspond to two projects. 

The characteristics of these cases are available in Table 4: Characteristics of the two projects where tools 

are compared. 

Project 
Project 1 

Project 2 
Building 1 Building 2 

Manufacturer of the modules SunPower SunPower SunPower 

Model of the modules SPR-250NE-WHT-D SPR-250NE-WHT-D SPR-333NE-WHT-D 

Number of modules 11 44 72 

Surface of a module (m²) 1,64 1,64 1,63 

Type Monocrystalline Monocrystalline Monocrystalline 

Nominal Power (W) 250 250 333 

Total power (W) 2 750 11 000 23 976 

NOCT (°C) 45 45 45 

Power temperature coefficient μPC 
(./°C) 

0,0037 0,0037 0,0038 

Positioning of the modules 

Ventilation of the panels High High High 

Azimuth (°) South (0) South (0) -65 

Tilt (°) 30 30 0 

Characteristics of the inverters 

Manufacturer of the inverters SMA SMA Socomec 

Model of the inverters 
Sunny Boy 

2500HFUS-240 
Sunny Boy 

2500HFUS-240 
Sunsys 24K-A 

Number of inverters 1 4 1 

Nominal power of each inverter (W) 2 500 2 500 24 000 

Table 4: Characteristics of the two projects where tools are compared 
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The characteristics of the projects have been input as precisely as possible for each tool. The results obtained 

are presented for each project separately. PVsyst being a complete and precise piece of software, its values 

are taken as the reference to compare the other results. 

 

Case Nom de l’outil PVsyst CalSol TecSol PVGIS 
SMA Sunny 

Design Web 

Project 1 

Annual production 

(kWh/year) 
14 770 12 504 12 824 14 610 14 058 

Difference with 

PVsyst × -15% -13% -1% -5% 

 

Project 2 

Annual production 

(kWh/year) 
23 000 20 108 20 338 21 600 22 198 

Difference with 

PVsyst × -13% -12% -6% -3% 

 

 

It is thus possible with these results to estimate the order of magnitude of the precision of these pieces of 

software: 

 

 Between 0 and 5% of difference between PVsyst and SMA Sunny Design/PVGIS. 

 Between 10 and 15% of difference between PVsyst and CalSol/TecSol. 

 

The next part compares these same tools on their available functions.  
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7.7 Comparison of the different tools 

Tools PVsyst CalSol TecSol PVGIS 
SMA Sunny 

Design Web 

Modules and 

inverters data bases ×    × 

Importation of 

weather data ×     

Sizing tool for 

modules / inverters ×/×  ×/.  
./×* 

Only SMA 

inverters 

Input of the losses 

is quick/precise ×/× ×/.  ×/. ×/× 

Accounting for 

shading ×   ×  

Economic study × × ×  × 

Ranking by 

rapidity to use 
4th 2nd 3rd 1st 5th 

Ranking by 

precision 
1st 4th 5th 2nd 3rd 

Price 

Free for a month, 

then 1 231€ for 

the 1st license, 

947€ for the 2nd, 

663€ for the 3rd. 

Free, available 

online. 

Free, available 

online. 

Free, available 

online. 

Free, available 

online. Premium 

version with 

project 

management 

tools. 

Remarks 

The most 

complete, has a 

sizing tool and is 

easy to use when 

compared to 

others. The best 

for a complete 

study. 

Simpler and 

faster to use than 

others but losses 

are difficult to 

estimate. 

Impossible to 

choose a recent 

module or enter 

parameters, not 

really useful until 

it is updated. 

Faster and 

simpler to use 

than others. The 

best for a first 

quick study. 

Complete data 

bases but not 

independent, 

only proposees 

SMA inverters. 

Long to use. 

Link to the tool PVsyst CalSol TecSol PVGIS Sunny Design  

http://www.pvsyst.com/fr/
http://ines.solaire.free.fr/
http://www.tecsol.fr/spv/default.htm
http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php
http://www.sunnydesignweb.com/sdweb/#/Home
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For a first approach of a project, the best of the tools listed above is PVGIS. Inputing the total capacity of a 

PV array, its estimated total power loss (there is a default value proposed) and the geographical position of 

the array (chosen on an interactive map) gives back results that are most of the time within 10% of those 

obtained by a more thorough analysis on PVsyst. 

However to go further and really size the system (choose the modules and inverters models then the number 

of strings and check the compatibility of the inverters), PVsyst is the best piece of software of this list. Its 

databases for module and inverters are very complete and updated frequently. It is possible to obtain results 

in a few minutes if most parameters are left to default values and it is also possible to go quite deep in the 

modeling and estimate each loss precisely for example. Most solar engineers use this software. 
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8 Example of PV sizing on a building and economic calculations 
In this section one building and different PV systems applied to it will be considered. The aim is to make 

this building a positive energy building and to compare different PV systems based on their economic and 

technical characteristics. The payback periods of different PV systems will be estimated. 

8.1 Characteristics of the building  
The building considered is a seven-storey residential building, as shown in Figure 33. Refered to as 

“HARMONIA”, it is a theoretical building that is used by the property developer Bouygues to test new 

systems. It is optimized to have good thermal performances. It has for example a high compactness 

compared to most residential buildings (ratio between the ground surface and the envelope area). The 

different colors represent the different kind of apartments, as explained in Table 5.  

  

  

Figure 33: The building considered in this study, HARMONIA 
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Color on the 

representation 

Number of similar 

apartments 

Number of 

rooms 

Area of each 

apartment 

(m²) 

Total Area 

(m²) 

  26 two-room 50 1300 

 36 three-room  65 2340 

 14 four-room  81 1134 

 4 five-room  101 404 

TOTAL 80 X X 5781 

 

Table 5: Characteristics of the apartments in HARMONIA 

 

Other colors represent lifts and common areas. HARMONIA has a total of 80 apartments, which accounts 

for a total of 5781 m². After adding the common areas, the total surface of the building, which is used in all 

the calculations, is 6270 m² (for example, a consumption of 1 kWh/m²-year corresponds to 6270 kWh/year). 

HARMONIA has been modeled using the certified thermal software Perrenoud – U22 [25]. Then, multiple 

calculations have been made using this software to ensure that the PV systems chosen allow the building to 

reach the BEPOS quality label. 

 

It is assumed that HARMONIA is located in Paris and constructed in a way that its two biggest facades are 

oriented towards south and north and that there are no higher buildings, vegetation or anything around that 

could create shading on the roof of HARMONIA. 
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8.2 Insulation and equipments 
This section presents the main thermal characteristics of HARMONIA. The thermal study of a building is 

not the point of this paper, so this section is provided as supplemental information. Its aim is to show that 

HARMONIA is a well-insulated building and that it is not only a theoretical one, its thermal and structural 

characteristics have been studied and it could be constructed.  

Table 6 presents the different thermal properties of HARMONIA. The building is insulated with both 

interior and exterior walls insulation and the windows are triple glazed. Regarding heating and domestic hot 

water production, a micro combined heat and power system is used. In this cogeneration module, an internal 

combustion engine is fueled by natural gas. It produces heat and electricity and runs during the whole winter. 

It is completed by two condensing boilers fueled by natural gas. 

 

Exterior walls insulation 120 mm of mineral wool λ=0.032 W/m.K 

Interior walls insulation 120mm of expanded polystyrene + 13mm drywall 

Windows Triple glazed windows  𝑈𝑤 = 0,8 𝑊/(𝑚2. 𝐾) 

Heating 
Two 145kW condensing boilers fueled by natural 

gas. 

Cogeneration 

One cogeneration unit fueled by natural gas: thermal 

power 36.5kWth; electrical power 16 kWe. 

Running for 3 200h per year, it produces about 50 

MWh/year of electricity and 115 MWh/year of 

thermal energy.  

Hot water storage tank One storage tank of 1000 l. 

 

Table 6: Main thermal properties of HARMONIA 
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8.3 Ground Coverage Ratio (GCR) 
The ground coverage ratio (GCR) is the area of the modules divided by the occupated ground area. It is an 

important piece of data to size a PV system and estimate its electricity production on flat roofs. The GCR 

depends mainly on the tilt of the modules because the more you tilt a module, the more it produces shading 

behind it and thus can shade another module if installed too close, which must be avoided (self-shading). 

The actual roof surface where there are PV modules compared can thus sometimes be way lower than the 

roof total area.  

PVsyst has a “visualization / Optimisation of sheds” tool. If you input the tilt, azimuth and pitch of the 

modules, then it gives the limit shading angle and the GCR. It is advised by PVsyst to have a shading angle 

that does not exceed 20° in order to keep a good efficiency [26]. The maximum GCR of the modules only 

can thus be obtained (i.e without taking into account the space taken by an eventual inverter room and the 

pathway around the array on the roof). 

So, according to PVsyst, as shown in Figure 34 and Figure 35 the maximum GCR of the modules only is: 

 100% for a horizontal system with a tilt of 0°. 

 80% for a system with a tilt of 5°. 

 60% for a system with a tilt of 15°. 

 45% for a system with a tilt of 30°. 

 38% for a system with a tilt of 45°. 

 

 

 

Figure 34: The "Visualization and Optimisation of sheds" tool from PVsyst, tilt of 5° 
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Figure 35: The "Visualization and Optimisation of sheds" tool from PVsyst, tilts of 15°, 30°, 45° 

 NB: The studies on PVsyst have been done with an azimuth of 0° 

only because it is not an important parameter regarding the 

GCR. 
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Now that the GCR of the modules have been determined, to get the total GCR the space dedicated to the 

inverter room (sometimes there is no such room, in a system using micro-inverters for example) and the 

pathways on the roof must be added. There are regulations regarding the pathways on the roof that are set 

by firemen: “The surface of one array of modules must not exceed 300m² with a maximal length of 30m. 

The different arrays are separated by a 90 cm wide pathway which must be free from any components of 

the PV system, excepting cables.” To give an estimation of the GCR, let’s assume that the arrays that will 

be designed are smaller than 300m² and 30m in length, so there is only one pathway that goes around the 

array. 

 

To give an order of magnitude of the GCR, a case of “standard size” for a collective building is considered. 

The space on the roof is distributed between: 

 

 The PV array constituted of modules and space between them to prevent self-shading. 

 A room for the inverters, which area is assumed to be 5m². 

 A pathway around the array, its area is calculated by: 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑟𝑟𝑎𝑦 𝑖𝑛 𝑚 × 0.9 𝑚 

 

 

Characteristics of the project   

Number of modules 72 - 

Number of strings 6 - 

Surface of one module 1,63 m² 

Total surface of the modules 117,36 m² 

Surface of the pathway 45,36 m² 

Surface of the inverter room 5 m² 

 

The results, as a function of the tilt, are given in the following table: 

 

Tilt (°) 0 5 15 30 45 

GCR of the modules only 100% 80% 60% 45% 38% 

Required surface (m²) CASE 1 168 200 253 324 377 

Total GCR 70% 59% 46% 36% 31% 

 

The Ground Coverage Ratio for “standard size” systems is estimated to be: 

 60 to 70% for almost horizontal system (tilt < 3°).  

 45% for systems with a 15° tilt. 

 35% for systems with a 30° tilt. 

 30% for systems with a 45° tilt. 
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Regarding HARMONIA, the roof area is 910 m² and all of it is available to install PV modules. The roof is 

a rectangle of 65 by 14 meters. Its perimeter is 158 m. The two biggest facades are oriented towards north 

and south. The maximal ground surface of an array being 300 m², the maximum surface of PV it is possible 

to fit is 754 m². The 910 m² being divided between: 

 A pathway around the roof, 158 m long, 0.9 m width  143 m². 

 Two PV arrays of 300 m² ground surface  600 m² 

 A third PV array, 14 m long, 11 m width  154 m². 

 Two pathways between the arrays, 14 m long, 0.9 m width  13 m². 

Now that the surface reserved for PV is known, the GCR values of the modules found earlier using PVsyst 

can be used. Considering standard 1.6 m² modules, it gives the effective maximum module surface and an 

approximation of the maximum number of modules that can fit on the roof. The results are gathered in Table 

7. 

Tilt 
Effective maximum module 

surface 
Maximum number of modules 

0° 754 m² 471 

5° 603 m² 377 

15° 452 m² 283 

30° 339 m² 212 

45° 287 m² 179 

Table 7: Maximum number of modules and corresponding area that it is possible to fit on the roof of 

HARMONIA, depending on the tilt of the modules. 

  

Figure 36: Maximum area available for PV on the roof of HARMONIA 
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8.4 The BEPOS label requirements 
With the quality of the insulation, the electricity production from the cogeneration and from the PV, the 

thermal study shows that HARMONIA respects the RT2012 -20% requirement easily (equation 3 and 4). It 

is however more difficult to meet the maximum authorized energy balance (equation 5). The following 

workflow walks through the process of calculating the maximum authorized energy balance. 

 Minimumauthorized = Cepmax - Prodref. 
 Cepmax: calculated by the software, it is 48.4 kWhpe/m²-year. 

 𝑃𝑟𝑜𝑑𝑟𝑒𝑓 = 110 × 𝑀𝑝𝑛𝑖𝑣 × 𝑀𝑝𝑔𝑒𝑜 

o Mpniv = 0.5 because there are more than 5 floors, cf. Figure 2 

o Mpgeo = 0.87 (Paris is situated in the green, H1a area), cf. Figure 2 

 Thus 𝑃𝑟𝑜𝑑𝑟𝑒𝑓 = 110 × 0.5 × 0.87 = 47.9 𝑘𝑊ℎ𝑝𝑒/(𝑚2. 𝑦𝑒𝑎𝑟) 

 

The minimum authorized is equal to 48.4 − 47.9 = 0.5 𝑘𝑊ℎ𝑝𝑒/(𝑚2. 𝑦𝑒𝑎𝑟) 

Regarding the energy balance: 

 The energetic consumption of the building is calculated by the thermal software and is divided between: 

 Heating, from the condensing boilers and the cogeneration unit, both fueled by gas 

 +7.1 kWhpe/m²-year 

 Domestic hot water production, from the condensing boilers and the cogeneration unit, both 

fueled by gas 

 +35.2 kWhpe/m²-year  

 Lighting and other uses 

 +7.7 kWhpe/m²-year 

The electricity production is split between: 

 The cogeneration unit which produces electricity. 

 -25.1 kWhpe/m²-year 

 The PV arrays that need to be sized also produce electricity. 

The energy balance without the PV is equal to 7.1 + 35.2 + 7.7 − 25.1 = 24.9 𝑘𝑊ℎ𝑝𝑒/(𝑚2. 𝑦𝑒𝑎𝑟). 

Thus, HARMONIA needs an electricity production from PV of at least 24.9 − 0.5 = 24.4 𝑘𝑊ℎ𝑝𝑒/

(𝑚2. 𝑦𝑒𝑎𝑟). Accounting for the primary energy conversion factor and the total area of the building, the total 

electricity production needed is 
24.4

2.58
× 6270 ≈ 59 300 𝑘𝑊ℎ/(𝑦𝑒𝑎𝑟). 
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8.5 Sizing of the PV arrays 
Three types of PV modules are available: 

 250 W standard modules, the cheapest in €/W. The price taken for the calculations is 0.8 €/W. 

 280 W medium modules with medium price, they could be used to complete an array with some extra 

power. The price taken for the calculations is 0.9 €/W. 

 333 W high-efficiency modules, about twice as more expensive as 250W modules. They can be useful 

if the area on the roof proves to be too small for standard and medium modules. The price taken for the 

calculations is 1.5 €/W. 

As it is a flat roof, the modules can be tilted as needed. As a first approach, one type of module only is 

installed on the optimal conditions: 30° tilt, oriented south. The calculations are made using the PVsyst pre-

dimensioning tool. The results obtained are named setup 1, 2 and 3. Then, three installation optimization 

techniques are tested on setup 4, 5 and 6. All the results are gathered in  

Table 8. 

  Setup 1 Setup 2 Setup 3 Setup 4 Setup 5 Setup 6 

Tilt 30° 30° 30° 30° 15° 0° 

Type of modules 250 W 280 W 333 W 
250 

W 

280 

W 
250 W 250 W 

Number of modules 212 196 165 156 56 230 253 

Total power 53 kW 54.8 kW 54.95 kW 54.68 kW 57.5 kW 63.25 kW 

Estimated 

production 

(Need = 59 300 

kWh/year) 

57 000 

kWh/y 
59 500 kWh/y 59 600 kWh/y 59 300 kWh/y 59 500 kWh/y 59 500 kWh/y 

Cost of the modules 42 400 € 49 400 € 82 400 € 45 300 € 57 500 € 50 600 € 

Total cost of the PV 

system 
132 500 € 150 900 € 192 000 € 140 620 € 143 750 € 158 100 € 

 

Table 8: Energy production and cost comparison between different PV arrays setups 
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The results of this comparison are: 

 Setup 1: If the roof is filled with the maximum of 212 standard 250W modules at optimal 30° tilt, 

oriented south, then the production is not sufficient to reach the BEPOS label. 

 Setup 2: If only medium modules are used, then 196 of those 280W modules are enough to reach 

the requirement. 

 Setup 3: If only high-efficiency modules are used, then 165 of those 333W modules are enough to 

reach the requirement, but the total cost is also about 30% higher than for setup 2. 

 Setup 4: We can optimize the cost by replacing just enough 250W modules by 280W ones to reach 

the power production needed. Installing 156 standard 250W modules completed by 56 medium 

280W modules respects the production requirement. It is also cheaper than setup 2 by about 10%. 

 Setup 5: A module tilt of 15° allows installing more modules per square meter of roof than a tilt of 

30°. With a 15° tilt it is possible to install 230 standard 250W modules and thus reach the energy 

requirement using only standard modules, for a cost which is equivalent to setup 4.  

 Setup 6: It is also possible to install modules at a tilt of around 0°. Then 253 standard modules of 

250W are needed to reach the energy production required. The cost of this option is higher than 

setup 4 and 5 by about 10%. It is however an interesting option because HARMONIA has a flat 

roof: modules with a 0° tilt can claim the simplified integration feed-in tariff whereas 15° and 30° 

tilted modules cannot because they are not parallel to the roof. 

Overall, considering only investment (which is often the only parameter a construction company is 

interested in), setups 4 and 5 emerge as the bests from this comparison as they reach the energy production 

requirement while being cheaper than setup 2, 3 and 6. Both of them have a similar price of about 140 k€. 

Setup 1 does not meet the energy production requirement and is thus not acceptable. 
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8.6 Economic calculations 
Five types of electricity generation valorization exist: 

 Full integration feed-in tariff is reserved to installations under 9kW. 

 Simplified integration feed-in tariff requires the PV modules to be installed parallel to the roof. It 

can only be obtained for setup 6. It is about 0.14 €/kWh for the 4th quarter of 2015. 

 Non-integration tariff has no requirement. It is available for the 4 setups. It is about 0.06 €/kWh for 

the 4th quarter of 2015. 

 Self-consumption only: it requires consuming the electricity when it is produced, otherwise the 

extra energy will be fed to the grid for free. The self-consumption tariff considered is the average 

French electricity cost in 2015: about 0.16 €/kWh. [27] 

 Partial self-consumption: self-consumption when it is possible, resale at the non-integration price 

when it is not. 

Regarding self-consumption, the most common case in collective housing buildings is that the electricity 

produced by PV can only be used for the lighting and ventilation of the common parts of the building, not 

for the electricity consumption of the inhabitants. It will be considered in this study that the need for 

electricity is the “lighting and other uses” part which accounts for 7.7 kWhpe/m²-year. Thus the “maximum 

consumption over production” ratio is 
7.7

24
. However the production and consumption do not happen at the 

same time during the day. It is assumed that the consumption is spread evenly during the day and that PV 

modules produce electricity for 12h a day on average, then the total usage fraction is 0.5 ×
7.7

24
≈ 16%. 

Overall, in the partial self-consumption case 16% of the electricity is self-consumed for a profit of 0.16 

€/kWh and the remaining 84% are sold to the grid at a price of 0.06 €/kWh, for an average selling price of 

0.076 €/kWh. 

For all cases, it is considered that the modules have a lifetime of 40 years and that the inverters have to be 

replaced every 20 years. The maintenance and inverter replacement costs are estimated to represent 10% of 

the initial investment (cf. 6.3) every 20 years and are levelled out over the years. 

 For each setup, the following economic indicators are calculated: 

 Yearly profit: production multiplied by the electricity valorization minus the maintenance and 

inverter replacement costs levelled out over the 40 years of the modules lifetime. 

 Simple payback period: Initial investment divided by the yearly profit. 

 Internal rate of return: represents the discount rate at which the net present value of costs equals 

the net present value of benefits. 

The results are presented in Table 9. 
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 Setup 4 Setup 5 Setup 6 

Estimated 

production 

(Need = 59 300 

kWh/year) 

59 300 kWh/year 59 500 kWh/year 59 500 kWh/year 

Investment 140 620 € 143 750 € 158 100 € 

Electricity 

valorization 

(€ / kWh) 

Non-

integration 

tariff 

Self 

consumption 

Non-

integration 

tariff 

Self 

consumption 

Non-

integration 

tariff 

Self 

consumption 

Simplified 

integration 

FiT 

0.06 0.076 0.06 0.076 0.06 0.076 0.14 

Yearly profit  3 206 € 4 155 € 3 211 € 4 163 € 3 175 € 4 127 € 7 935 € 

Simple payback 

period (years) 
43.9 33.8 44.8 34.5 49.8 38.3 19.9 

Internal Rate of 

Return 
0% 0.5% 0% 0.5% 0% 0.1% 3.8% 

 

Table 9: Profitability of the different PV systems considered, using a 0% discount rate 

The main result from this table is that none of the setup is really profitable. The simple payback period is 

around 35 years for the self-consumption case and around 45 years for the non integration tariff. Only the 

simplified integration tariff is better with a simple payback period of 20 years. If the electricity valorization 

chosen is self-consumption or non-integration tariff then setup 4 is the best, if the simplified integration 

tariff is chosen then setup 6 is the best.  

8.7 Uncertainties 
Regarding the calculation of the payback periods, the main uncertainties of this case study concern the initial 

price of the total PV system. €/W ratios have been used and represent an average of the prices that are 

observed on answers to tenders in 2015 in France. On some special cases, €/W ratios could vary by as much 

as 30% due to the specificity of each project: a building where the access to the roof is very difficult could 

increase the costs whereas a project with great competition receiving a lot of answer to the tenders could 

drive the prices down. 
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The other main uncertainty source is the PV production estimation. It is due to the variation of the yearly 

irradiance which increased for example by about 8% between 2013 and 2014 in Paris [28] and also to the 

calculation errors made by PVsyst. However this does not impact the building being awarded the BEPOS 

label or not, because labels are awarded based on the calculations made on a reference year and not on 

measurements made on site after it is built (all the systems are checked to ensure they function properly and 

respect the different laws but no production measurement is made for PV).The pre-dimensioning tool of 

PVsyst was used in order to compare different PV systems, their production, price and profitability. For a 

more precise study, different kind of inverters and types of montage could be studied. 

8.8 Discussion on the case study 
This case study gives some orders of magnitude of the size, the investment and the payback period of the 

PV system required for a well insulated 80-apartment building using natural gas cogeneration and 

condensing boilers, in order to reach the BEPOS quality label. The first thing to notice is that it is hard to 

reach the BEPOS quality level: even with a well-insulated building, high-efficiency boilers and a 

cogeneration unit, the electricity production requirement from PV is about 60 MWh/year, and more than 

600 m² of PV are necessary on the roof. This is true for other projects as well: BEPOS is really a high quality 

label.  

Regarding the investement, using PV to reach the BEPOS level is a feasible option in this case: the 

investment costs of about 150 k€ are reasonable for a project with a total construction cost of a few million 

euros, and the installation of the PV system is really easy as it does not interfere with the structure of the 

building except that it adds some weight to the roof. The flexibility is a real advantage of the PV solution 

for BEPOS: the setups proposed in this study could all be used depending on the needs of the building and 

wouldn’t create structural problems for the building. These setups can also be modified to comply with the 

aesthetics requirements set by the architect for example. However, the profitability is a drawback for PV: 

with a 0% discount rate, a PV system can be profitable in about 20 years for this kind of building but only 

in the special case of the simplified integration tariff. More common simple payback periods will be around 

30 years and if standard discount rates for companies of 5 to 10% are used then the PV system is not 

profitable. It is important to note that this type of building with a huge PV production and the specificity in 

its self-consumption possibility (self-consumed electricity is used only for lighting common areas and 

ventilation) create this very low usage fraction of 16% and thus these quite negative results for the economic 

profitability.  

Moreover, these results highlight the disagreements that can happen regarding the choice of a PV system: 

the construction company wants to minimize its investment as it has no interest in the utilization of the 

building and would in this case probably choose setup 4 whereas the client and future owner of the building 

mainly wants a PV system which is profitable and would choose setup 6. The construction company then 

has to take into account the requests from the client and adapt, especially if the BEPOS label was proposed 

by the company and wasn’t a compulsory requirement from the client in the call for tender. This observation 

shows once again that the energy policies are paramount in this sector: changing the feed-in tariffs would 
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change the profitability of the different setups, changing the BEPOS label could change the quantity of PV 

needed on a building and thus impact the development of PV, for example. 

9 Conclusion 
This study has shown that PV can be a reliable means to reach the BEPOS quality label. Techno-economic 

information has been gathered and data necessary to calculate the energy production of a PV system and its 

economic profitability has been provided and used on a sample case. BEPOS is still a new label and only a 

few projects try to reach this quality level in 2015, however reaching a label similar to BEPOS will become 

the requirement for all new buildings by 2020 (2018 for collective housing) when the new French thermal 

regulation will be released, in order to comply with the European Union directive for nearly-zero energy 

buildings [1]. Thus, the number of BEPOS projects and the usage of PV in new buildings are expected to 

increase in the next few years. This paper can be used for a first evaluation of the energy production, the 

investment cost and the payback period of a PV project. However, it has been shown in the analysis that the 

PV market is still evolving fast and that the prices are steadily decreasing over the long term. Data contained 

in this paper is up to date at the end of 2015 and must be updated if it is to be used after this date.   
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