
Energy performance of ETICS integrated with a flexible photovoltaic panel 

 

Dariusz Heim1, Anna Wieprzowicz1, Dominika Knera1, 

Simo Ilomets2, Targo Kalamees2, Zdeno Spitalsky3 
1Lodz University of Technology, Lodz, Poland 

2Tallinn University of Technology, Tallinn, Estonia 
3Polymer Institute of the Slovak Academy of Sciences, Bratislava, Slovakia 

 

 

 

Abstract 

The main goal of the paper was to numerically analyse the 

thermal performance of the new developed Energy 

Activated External Thermal Insulation Composite System 

(En-ActivETICS) as well as electricity production. The 

analyses were done using the coupled power flow method 

(thermal and electrical) for 20 locations in Europe. All 

locations were analysed considering the local climate in 

the context of building performance simulation as well as 

electricity production. The obtained results allowed to 

determine a future performance of En-ActivETICS, as 

well as the risk of overheating during exploitation. Based 

on the simulation results, it is also possible to propose 

some strategies for system protection, e.g., phase change 

material application, or heat extraction. Regarding the 

maximum temperature in case of accelerated thermal 

ageing, it can be concluded that in analysed locations this 

effect can be omitted. However, the efficiency of 

electricity production can be improved by lowering the 

surface temperature in the range of the year. 

Key Innovations 

• The novel system of building integrated 

photovoltaic En-ActivETICS was presented. 

• Thermal performance was determined using 

numerical techniques for 20 European locations. 

• Future recommendations to achieve better 

thermal stability were formulated. 

Practical Implications 

The Energy Activated ETICS is identified as a building 

with an integrated photovoltaic system to be an alternative 

in comparison with traditional rain screen cladding 

system. The main hygrothermal drawbacks of En-

ActivETICS are overheating and moisture condensation. 

This paper deals with the thermal performance of the 

system, giving a guideline for further development, 

investigations, and practical applications of the system. 

Introduction 

Nowadays, Building Integrated Photovoltaic (BIPV), roof 

or façade mounted is one of the most reasonable 

technologies for renewable electricity production on site. 

Traditional BIPV (attached or applied) systems are well 

described and analysed in a simulation and monitoring 

context (Tripathy, Sadhu, and Panda 2016). Existing 

façade BIPV systems are mainly a modification of 

different rain screen cladding façades (Knera and Heim 

2016), spandrel panels (Bigaila and Athienitis 2017), 

curtain walls (Zhou et al. 2017) or shading systems (Biyik 

et al. 2017). They are mostly limited to , representative 

public buildings. For residential buildings, mainly roof 

surfaces are adopted for integrated PV in the forms of 

shingles, slates, tiles, or standard modules (Shukla, 

Sudhakar, and Baredar 2017). It was confirmed for 

selected climatic conditions that electricity from roof 

integrated PV can considerably improve the overall 

energy performance by reduction of annual energy use in 

the new (Chwieduk and Chwieduk 2020) and retrofitted 

houses (Asaee et al. 2017). However, there is still a gap in 

an economically justified application of photovoltaics on 

external walls (Weerasinghe et al. 2021). The new 

developed wall integrated PV system (Dariusz Heim et al. 

2020) the proposed and analysed in this paper seems to be 

one of the promising solution for future application in the 

residential sector. 

Energy Activated External Thermal Insulation Composite 

System (En-ActivETIS) is an easily applicable, wall 

integrated structure that was developed based on the 

widly known ETICS system. In contrary to the standard 

ETICS, in place of existing cement based plaster, a 

flexible photovoltaic panel is used. Individual panels can 

be joined in sections in any configuration. Among many 

others well-known technologies, the proposed one is an 

original solution combining the features of traditionally 

insulated walls with building integrated photovoltaics. 

The total wall surface area as well as window size and 

configuration is the only limit in system design. 

According to (Ilomets et al. 2020), the overheating 

problem, among others was identified as a reason of 

decreasing in efficiency of energy conversion (D. Heim 

2011), mechanical stresses (Wang et al. 2016), electrical 

damage (Pandian et al. 2016) and overall system 

degradation (Omazic et al. 2019). The effect of 

temperature on electricity production from photovoltaics 

was studied in many applications. As was revealed by 

(Park, Oh, and Kim 2013) for multicrystalline silicon 

photovoltaic module, the exposure of 1000 h under 

conditions of 85C and 85% RH, decreses in 10% 

avareged normalized maximum power. For open-rack 

panel configuration thermal ageing at 85C for 1000 h 

corresponds to >100 years in Munich, 25-50 years in 

Miami, and 6-11 years in Riyadh (Kurtz et al. 2011). 

However, for poor ventilated BIPV, the frequency of 

panel overheating is expected to be much higher than for 

free-standing installations. Another problem regarding 
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the insulation layer is the thermal degradation of foamed 

polystyrene, which is commonly used in ETICS. (Mehta, 

Biederman, and Shivkumar 1995) tested a different kinds 

of expanded polystere and concluded that, when exposed 

to elevated temperatures, the polymer beads collapse at 

about 110-120C. Another research study was done for 

expanded graphite polystyrene (Nowoświat, Krause, and 

Miros 2021), comonly used in new buildings nowaday. It 

turned out that with the direct exposure to sunlight and 

temperature above 85C, gray polystyrene undergoes 

damage. 

In En-ActivETICS, which is not ventilated from inside, 

the risk of overheating, thermal stresses, and mechanical 

damage of interstitial joints is very high. One of the 

problems identified for the proposed solution is the 

possible overheating of the outer layers (PV panel, glue, 

and reinforcement net) as well as the very high 

temperature difference between the PV covered area and 

the rest of the wall. Both surfaces can significantly differ 

in solar absorptivity due to the colour and structure of 

each layer. To take into account all physical aspects, the 

proposed model considers the coupled heat and power 

flows in the scale of building elements. 

The model was developed in ESP-r software using the 

special material method (J. Clarke 2001). The power flow 

modelling approach was based on (J. A. Clarke and Kelly 

2001), using WATSUN-PV model for the converting of 

solar radiation to electrical power (Mottillo et al. 2006). 

The analysis was done for 20 selected locations in Europe 

(5 north, 10 central, and 5 south). The analysis under 

weather conditions at different locations provided more 

information about the effect of overheating on the overall 

performance of the system as well as how to protect it 

during extreme weather conditions. The analysis was 

conducted in an experimental room with the external 

walls partly covered by En-ActivETICS and partly 

covered by traditional ETICS. 

Overall data and computational model 

Construction of En-ActivETICS 

Although the final concept of En-ActivETICS is still 

under development, the simplified model was considered 

for further analysis. In comparison with traditional ETICS 

wall (Figure 1a), in En-ActivETICS the external part is 

covered by a flexible photovoltaic modules pasted 

directly on the polystyrene (Figure 1b). The inner 

structure of the wall, insulation and construction layer is 

the same in both cases. 

Model definition 

The thermal behaviour of both systems is determined by 

physical processes on the outer side of the wall. The main 

differences can be identified by the absorptivity of solar 

radiation and its photoelectrical conversion. External 

convection and longwave radiation as well as heat 

conduction and thermal storage processes can be assumed 

as the same. The basic parameters for both models are 

presented in Table 1. 

 

 

 

Figure 1: Cross-section of the external wall covered 

with: a) standard ETICS and b) En-ActivETICS. 

Table 1: Basic parameters of analyses system. 

Parameter ETICS 
En-

ActivETICS 

External surface 

absorptivity  [ - ] 
0.22 0.84 

Short wave radiation 

converted into electricity 
0 qel 

* 

External surface emissivity 

 [ - ] 
0.90 

thermal transmittance of the 

wall U [W/m2K] 
0.15 

* qel – power output from PV panel 

The power output was determined according to the 

formula of WATSUN-PV model (Thevenard 2005) 

implemented in the ESP-r as a one-diode model by 

Mottillo (Mottillo et al. 2006). The model takes into 

account the temperature dependence of the short-circuit 

current and open-circuit voltage. The maximum power, 

Pmp is given by equation (1): 

   (1) 

where: 

Pmp – power at maximum power point [W] 

Imp,ref - maximum power point current in reference 

conditions [A] 
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Vmp,ref - maximum power point voltage in reference 

conditions [V] 

Isc - short circuit current [A] 

Voc -  open circuit voltage [V] 

Isc,ref - short circuit current in reference conditions [A] 

Voc,ref - open circuit voltage in reference conditions [V] 

En-ActivETICS (as well as traditional ETICS) was 

modelled in ESP-r (J. A. Clarke, Kelly, and Tang 2007) 

as a multilayer construction. The external surface 

represents the PV module. It was assumed that both 

systems are installed on the south faced wall. A ground 

albedo of 0.2 as the default value, was used in the 

simulations. Calculations were carried out for the whole 

year using 5-minute time steps. 

Climates 

The analyses were done for 20 selected locations across 

Europe (5 north, 10 central, and 5 south). 12 cities from 

the list were identified as the cities in the countries with 

the biggest share in the ETICS market. Furthermore, due 

to the possibility of solar energy conversion En-

ActivETICS was considered attractive also in the 3 

southern countries (Spain, Italy, Portugal), where 

standard ETICS is not popular. Moreover, to facilitate the 

introduction of the En-ActivETICS to the new markets, 5 

more locations were considered in the North and Central 

Europe. All considered locations in alphabetic order are 

listed in Table 2. Additional locations were marked by a. 

For each location, two Köppen-Geiger climate classes 

were provided. First, corresponding to the photovoltaic 

climate classification, K-G-P (Ascencio-Vásquez, Brecl, 

and Topič 2019), and the second represents the climates 

identified by building energy simulation analyses, K-G-S 

(Pernigotto et al. 2019). 

Table 2: Analysed locations and Köppen-Geiger 

classifications. 

No Country/City K-G-P K-G-S 

1 Austria, Vienna DM Dfb 

2 Belarus, Minsk a EL Dfb 

3 Czech Republic, Prague DM Dfb 

4 Estonia, Tallinn a EL* Dfb 

5 Finland, Helsinki EL Dfb 

6 France, Paris DM Cfb 

7 Germany, Berlin DM Dfb 

8 Hungary, Debrecen DM Dfb 

9 Italy, Rome a DM* Csa 

10 Netherlands, Amsterdam a DM Cfb 

11 Norway, Bergen EL* Dfc* 

12 Poland, Lodz DM* Dfb 

13 Portugal, Lisbon a DH Csa 

14 Romania, Bucharest DM Cfb* 

15 Slovakia, Bratislava DM Dfb* 

16 Spain, Madrid a DH* Bsk* 

17 Sweden, Stockholm DL* Dfb 

18 Switzerland, Geneva a EM Dfc* 

19 Ukraine, Kiev a DM* Dfb 

20 United Kingdom, London DM* Cfb 
* cities located close to the boundary of zones. 

According to K-G-S classification, most of the locations 

are classified as Dfb - cold climate without dry season and 

with warm summers. The other identified classes for 

analysed locations are Dfc (cold climate without dry 

season and with cold summers), Cfb (temperate climate 

without dry season and with warm summers), Csa 

(temperate climate with dry and hot summers), and Bsk 

(arid cold steppe climate). 

Considering the metrics determined for photovoltaic 

climate K-G-P most locations are classified as DM - 

temperate with medium irradiation. Nordic locations were 

classified as EL - cold with low irradiation. The exception 

is Stockholm, which is on the border with DL - temperate 

with low irradiation. Cities in Iberian Peninsula are 

classified as DH - temperate with high irradiation, while 

Geneva is on the border with EM – cold with medium 

irradiation. 

The locations of 20 cities across Europe are presented in 

Figure 2. For numerical simulation, the hourly data 

according to TMY standard were used (“EnergyPlus - 

Weather Data”). Ambient temperature and solar 

irradiation for all of the 20 locations were statistically 

analysed. In Figures 3 and 4 the comprehensive data are 

presented. 

 

Figure 2: Locations of the cities selected for the 

analysis.  

The ambient temperature analysis is presented in Figure 3. 

For each location, the minimum (Tmin) and maximum 

(Tmax) temperatures were identified. Additionally, the 

minimum (TminDA) and maximum (TmaxDA) daily averaged 

temperatures were determined. Finally, the average diurnal 

difference in ambient temperature is provided (TADD). 

The second parameter which significantly effects on 

surface temperature is solar radiation. The weather data 

were analysed to determine the maximum daily sum 

(Emax) and averaged daily sum of total solar irradiance at 

the horizontal surface (EDA). 
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Figure 3: Ambient temperature statistics for analysed 

locations. 

Comparing the temperatures presented in Figure 3, it can 

be noted that the maximum ambient temperatures occur 

in Madrid (above 40C). Madrid is characterised by the 

highest diurnal difference in ambient temperature (above 

12 K). For 5 Nordic and East European cities (Minsk, 

Tallinn, Helsinki, Bergen, and Stockholm), the maximum 

temperature does not exceed 30C. The cities with highest 

extreme temperatures are characterised also by a 

maximum daily averaged temperature. The minimum 

temperatures are registered not only for Nordic cities but 

for Central Europe as well (Debrecen, Bucharest, and 

Bratislava). In the case of the passive cooling system in a 

daily cycle, one of the crucial parameters is the temperature 

difference between day and night (TAAD). The highest TAAD 

were registered for Madrid and Bucharest (above 10 K). 

The minimum value is for Bergen (below 5 K). 

In the locations with the highest values of maximum 

ambient temperature, the solar radiation is also very high, 

giving the highest values of the averaged daily sum of solar 

energy available on the horizontal surface (Figure 4). The 

southern locations around Europe are characterised by the 

maximum sum of solar radiation on horizontal. The lowest 

values are reported for Nordic cities. 

 

Figure 4: Solar irradiance availability at the horizontal 

surface for analysed locations. 

Study of solar accessibility on façade 

Based on the overall results regarding climatic data for a 

specific location, the city with the highest solar (on 

horizontal) availability was selected for the first step 

parametric study. For this analysis, the single zone models 

with PV-ETICS façade at three different orientations 

(E, S, W) were developed. 

 

Figure 5: Solar energy accessibility at the vertical 

surfaces and surface temperature. 
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The model was investigated under the climatic conditions 

of Lisbon. The comparison of different solar availability 

as well as the risk of system overheating were analysed. 

The results are presented in Figure 5. As it can be noticed, 

the highest temperatures were registered on south façade 

and slightly lower values for the west side. Moreover, the 

annual solar irradiation is the highest in the south and 

therefore we decided to consider this façade for further 

analyses. 

Simulation results 

The results of external surface temperatures of traditional 

and energy activated ETICS were obtained for the two 

cases presented in Figure 1. The indoor temperature were 

assumed to be controlled in the range of 20-24C. The 

extreme results are presented in Figure 6. TmaxETICS means 

the surface temperature of traditional ETICS, while 

TmaxPV is the temperature of En-ActivETICS. It should be 

noted that maximum surface temperature TmaxETICS were 

registered in Bucharest when TmaxPV appears in Madrid. 

 

Figure 6: Extreme surface temperatures for the analysed 

locations TmaxETICS, TmaxPV & dTmax as well as panel’s 

temperature in case of the highest generation of 

electrical power T(Emax). 

Disregarding some small differences between selected 

locations, it can be noted that the differences between 

selected locations are insignificant. On the other hand, the 

large differences between traditional and activated ETICS 

are visible for all locations and depending on the specific 

location, the differences are between 45 and 60 K. It was 

assumed that over 35C photovoltaic panels considerably 

lose their performance. Moreover, temperatures above 

85C should be avoided considering the ageing effect and 

overall decreasing efficiency of energy conversion. Taking 

into account both boundary temperatures, the simulation 

results were statistically analysed. The degree hours (DH) 

for 35 and 85C were calculated for all 20 locations. 

Moreover, the number of hours when the temperature is 

above both limits were estimated. Only for 3 locations, 

the maximum surface temperature does not exceed 85C 

(Bergen, Berlin and Minsk) which was assumed as a 

temperature limit for ageing. This means that the 

proposed En-ActivETICS are exposed to a much more 

changeable thermal conditions than ETICS. 

 

Figure 7: Degree hours and hours of overheating for 35 

and 85C, for analysed locations. 
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On the other hand, the number of overheating hours above 

85C (Figure 7) is relatively low (t85=82 h/a for Madrid). 

It means that the ageing risk is not a crucial problem. 

Considering the boundary temperature at the level of 35C 

it is clear that a number of overheating hours increase and 

exceeds 1000 h/a for even more than 14 of 20 locations. 

The maximum degree hours of overheating were obtained 

for Lisbon and Madrid. It can be noticed that in many 

locations En-ActivETICS will operate in a heightened 

temperature. This temperature grows determined by solar 

radiation and for the location with low night temperature 

En-ActivETICS can be naturally cooled down. However, 

during the day the electricity production occurs in the 

periods when the photovoltaic is hot. This must effect in the 

decreasing of performance and would be improved by 

temperature stabilization. 

Additional analyses were done considering the temperature 

of the panel during the highest productivity T(Emax). For all 

20 locations, the temperature was determined by En-

ActivETICS. The results are presented in Figure 6. 

Increasing of the temperature of FPV is coherent with the 

amount of solar radiation. According to the technical data, 

around 90% of the radiation is transferred to heat. Because 

of the low thermal capacity, the layer is overheated 

immediately. The IPV temperatures are from 70 to 90C. It 

can be concluded that there are no significant differences 

between the selected locations across Europe. It means that 

increasing the heat capacity of the layer below FPV or any 

other way of heat removal is required. 

Finally, the temperature conditions during energy 

conversion were analysed. The 8 ranges of T=10 K were 

considered (<20, 20-30, 30-40, 40-50, 50-60, 60-70, 70-80, 

and >80). The results are presented in Figure 8. The share 

between different ranges is similar for all locations. There 

is none dominated T and electricity is mainly produced 

when surface temperatures are between 20 and 60C. For 

Madrid, more than 15% of energy is produced in the 

extremely high temperature, above 80C. 

Furthermore, more deep analyses regarding the required 

surface temperature for different locations will allow to 

choose the proper solution. It is expected that for some 

specific location the temperature should be stabilized at the 

required level, e.g. 28C. In that case application of phase 

change materials (PCM) is a reasonable solution. The effect 

of PCM application could be determined numerically using 

one of the available building energy and hygrothermal 

software (Wijesuriya et al. 2020). 

Finally, electricity production vs. solar irradiance were 

determined for all 20 locations in case of vertical 

configuration of the panels. The linear regression can be 

identified with the lowest values for EL (cold with low 

irradiation) and the highest for DH (temperate with high 

irradiation) locations. The most different result was 

obtained for the location DL (temperate with low 

irradiation), which is characterised by a relatively low 

productivity regarding available solar radiation. 

Generally, it can be concluded that the photovoltaic climate 

classification, K-G-P proposed for inclined photovoltaic 

installation may be also applied to vertical installations. 

 

Figure 8: Electricity production in selected temperature 

ranges. 

 

Figure 9: Annual electricity production for the selected 

locations versus daily averaged irradiation on 

horizontal. 
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Conclusion 

The results of the analyses presented in the paper are a 

first step to better design of ETICS integrated flexible 

photovoltaics. The thermal behaviour was identified as a 

crucial factor which determined not only the overall 

electricity performance but the durability of the whole 

system as well. 

It was found out that the proposed En-ActivETICS 

periodically suffer from overheating of PV panels. The 

statistical analysis of the results shows the critical 

temperature determining ageing processes is achieved for 

all locations, however the time when the system is 

exposed is relatively short (below 100h/a). In all 

locations, the temperature stabilisation can increase the 

efficiency in electricity production. The obtained results 

can be used to select the material that allows for such 

stabilization.  However, an accurate estimate of this effect 

requires a more complex analysis of a modified version of 

the system with a heat storage layer located directly below 

the FPV. 
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