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1. Abstract 

Building-integrated solar thermal systems (BIST) outperform building-added solar thermal systems (BAST) due 

to smaller heat losses at the back of the collector. BIST offer economic advantages, too. The insulation behind 

the collector can be used to reduce the heating demand of the building as well as to increase the solar thermal 

yield. Therefore, less material and labour are needed. Of course, the energy flux to the building interior needs to 

be considered. This energy flux depends in general on the operation of the collector as well as on the irradiance. 

Several innovative solar thermal building skins have been modelled in detail to analyse this coupling between 

the active building skin and the building. However, planners need an easy approach to include BIST into their 

calculations. Often, there is not enough budget to measure and model the new façade. This paper presents several 

new and simple models which are more accurate than neglecting the coupling to the building and which are less 

complex than detailed physical models.  

Keywords: Building-integrated solar thermal systems (BIST); building-integrated solar systems (BISS); solar 

architecture; multifunctional façades; building simulation; variable g value; solar thermal façades; nearly-zero 

energy buildings (NZEB) 

2. Introduction 

Figure 1 presents a schematic drawing of a building-added and a building-integrated solar thermal collector. 

Numerous models of solar thermal collectors have been presented. Some of these models are suitable for 

building-integrated collectors  [1-6]. A general overview of BIST modelling and simulation is provided by [7, 8]. 

With such a detailed model, BIST collectors can be well characterized [9]. However, detailed models need more 

calculation time than simple models and require some effort to be adjusted to a new collector. The simplest 

approach is to neglect the building integration and to simulate the collector with an efficiency curve [10] as if it 

were building-attached and rear-ventilated. This could be called the BAST approach and leads to errors in the 



calculation of the collector gain and of the energy flux into the building. Analysis of past attempts to find a 

simple model for a complex BIST façade has shown that the errors at certain time steps can be large and that it is 

difficult to calculate the heat flux to the building interior correctly [11, 12]. 

The aim of this publication is to present different modelling approaches which can be used as approximations for 

certain situations and which are located between the very simple and the very detailed approaches. Figure 2  

illustrates the four new approaches schematically. Different methodologies were used to derive these approaches. 

Approach A is recommended for BIST collectors with good insulation towards the building interior. The 

efficiency curve is modified to account for reduced back losses. Approach B is recommended if the heat flux 

from the absorber to the building is important. A conventional collector model is used and the outputs are 

modified to account for the thermal coupling between the collector and the building. Approach C can be used, 

for example, if monitoring data of the solar thermal performance is available. The extended efficiency curve 

increases the calculation accuracy for the solar thermal performance. Approach D is recommended if 

measurements of the energy flux to the building interior and of the solar thermal performance e.g. on a test 

facility are available. The necessary data and effort increase from Approach A to Approach D, as does the 

accuracy of the models.    

  

Figure 1 Schematic drawings of a building-added solar thermal collector (BAST, left-hand side) and a building-

integrated solar thermal collector (BIST, right-hand side). The solar thermal absorber is indicated by a thick 

black line, the masonry with a brick pattern and the insulation of the wall and of the collector with insulation 

batting patterns. 



 

Figure 2 Schematic drawings illustrating the different approaches for modelling building-integrated solar 

thermal collectors. 

3. Theory 

3.1. Approach A: Adaptation of the efficiency curve 

If the insulation between the absorber of the BIST collector and the building interior is very thick, the heat losses 

from the absorber to the interior may be neglected. The best solution would be to measure the efficiency curve of 

this collector with very good insulation of the back and the edges. If this is not possible due to financial or time 

restrictions and the efficiency curve is known for the BAST case, the following approach can be used to 

approximate the efficiency curve without back-surface  losses.  It is based on modifications of the BAST 

approach of [10]. 

First, the effective transmittance-absorptance  product (𝜏𝜏)𝑒 is calculated from the transmittance of the cover 

glazing 𝜏 and the absorptance of the absorber 𝜏 [13]: 

  (𝜏𝜏)𝑒 ≅ 1,01 ∗ 𝜏 ∗ 𝜏 (1) 

With this, the collector efficiency factor 𝐹′ can be calculated using the efficiency for zero temperature difference 

between the average fluid temperature and the ambient temperature 𝜂0: 

  FBAST′ = η0,BAST
(τα)e

 (2) 

(1 − 𝐹𝐵𝐵𝑆𝑆′ ) equals the fraction of thermal losses of already absorbed energy at zero temperature difference 

between the average fluid temperature and the ambient temperature.  

One important parameter is the fraction of thermal losses from the back surface 𝑓𝑏𝑙 which are avoided by the 

building integration compared to all thermal losses of a BAST collector. This fraction can be around 1/7 [13].  



The fraction of thermal losses through the back of the collector in the BAST case is equal to (1 − FBAST′ )fbl. The 

fraction of additional solar thermal gain due to ideal back insulation is equal to (1 − FBAST′ )fblFBIST′ . Without 

back-surface  losses, the collector efficiency factor of the BIST case 𝐹′𝐵𝐵𝑆𝑆  is equal to  

  F′BIST = FBAST′ + (1 − FBAST′ )fblFBIST′  (3) 

and therefore 

  F′BIST = FBAST′ /(1 − fbl + fblFBIST′ ) (4) 

The efficiency at zero temperature difference between the average fluid temperature and the ambient temperature 

in the BIST case 𝜂0,𝐵𝐵𝑆𝑆 can be calculated as: 

  η0,BIST = (τα)e ∗ F′BIST (5) 

During stagnation, the mass flow and the efficiency are equal to zero. Therefore 𝜂0,𝐵𝐵𝑆𝑆  is equal to: 

  η0,BAST = a1,BAST
∆Tstag,BAST

G
+ a2,BAST

(∆Tstag,BAST)2

G
 (6) 

The right-hand side of this equation is equal to the thermal losses due to the stagnation temperature. In the BIST 

case, the fraction 𝑓𝑏𝑙 of these losses equals the BIST efficiency:  

 ηBIST�∆Tstag,BAST� = η0,BIST − a1,BIST
∆Tstag,BAST

G
− a2,BIST

�∆Tstag,BAST�
2

G
= fblη0,BAST . (7) 

Assuming that  

 a2,BIST = a2,BAST (8) 

𝑎1,𝐵𝐵𝑆𝑆  can be fitted. 

In this way, the parameters 𝜂0,𝐵𝐵𝑆𝑆 , 𝑎1,𝐵𝐵𝑆𝑆  and  𝑎2,𝐵𝐵𝑆𝑆  of the BIST efficiency curve can be calculated from 

standard BAST parameters. The incidence angle modifier is the same in both cases.  

If the thermal coupling between the absorber and the building interior is to be considered, the temperature of the 

absorber 𝑇𝑎𝑏𝑎  can be approximated by the average fluid temperature 𝑇𝑓,𝑎𝑎 . However, a better approximation 

includes the thermal resistance between the average fluid temperature and the average absorber temperature 𝑅𝑓𝑎 

multiplied by the useful collector gain 𝑞𝑢𝑎𝑒: 

 Tabs,op,BIST = Rfaquse,BIST + Tf,av  (9) 

This equation also holds for the BAST case: 

 Tabs,op,BAST = Rfaquse,BAST + Tf,av  (10) 

Whenever there is no fluid flow, the stagnation temperature of the absorber 𝑇𝑎𝑠𝑎𝑠 



 Tabs,stag,BIST = ∆Tstag,BIST + Ta=
−a1,BIST+�a1,BIST

2 +4a2,BISTG∙η0,BIST

2a2,BIST
+ Ta  (11) 

can be used for the absorber temperature 𝑇𝑎𝑏𝑎. 

Within the building model, the façade collector area can be defined to be adiabatic. A more accurate approach is 

to link the absorber temperature with the building model to include the corresponding heat flux in the building 

simulation, which was neglected for the calculation of the collector efficiency. Within the TRNSYS simulation 

environment [14], a simple connection can be realized by estimating the thermal resistance 𝑅𝑖,𝐵𝐵𝑆𝑆  between the 

absorber and the building interior and calculating the heat transfer into the building 𝑞𝑖𝑖𝑠 with the temperatures of 

the absorber 𝑇𝑎𝑏𝑎 and the interior 𝑇𝑖𝑖𝑠: 

 qint = Tabs−Tint
Ri,BIST

  (12) 

If an extremely well insulated wall is used within the building Type, then 𝑞𝑖𝑖𝑠 can be inserted directly as 

additional wall gain. More advanced methods of coupling have been presented by [4, 5].  

3.2. Approach B: Adaptation of the collector results  

Even if the heat flux between the BIST absorber and the building interior cannot be neglected, the collector may 

still be simulated as if it were building-attached, using some corrections to approximate the true heat flux to the 

interior and the increased collector gain. 

First, the thermal resistance between the absorber and the interior 𝑅𝑖,𝐵𝐵𝑆𝑆 in the BIST case needs to be calculated 

as well as the thermal resistance 𝑅𝑖,𝐵𝐵𝑆𝑆  between the absorber and the air behind the back  of the of the collector 

in the BAST case. 

As in approach A, the temperature of the absorber 𝑇𝑎𝑏𝑎  can be calculated according to equations (9) and (11).  

In each timestep of the simulation, the back losses of the collector can be calculated for the BAST and the BIST 

case: 

 qint,BAST = 1
Ri,BAST

(Tabs,BAST − Ta) (13) 

 qint,BIST = 1
Ri,BIST

(Tabs,BIST − Tint) (14) 

with the ambient air temprature 𝑇𝑎 and the temperature of the building interior 𝑇𝑖𝑖𝑠 .  

The collector gain 𝑞𝑢𝑎𝑒,𝐵𝐵𝑆𝑆 of the BIST case can then be approximated by the collector gain 𝑞𝑢𝑎𝑒,𝐵𝐵𝑆𝑆   and the 

back losses 𝑞𝑖𝑖𝑠,𝐵𝐵𝑆𝑆   and 𝑞𝑖𝑖𝑠,𝐵𝐵𝑆𝑆 of the two different cases: 



 quse,BIST = quse,BAST + qint,BAST − qint,BIST (15) 

Combining the equations (9), (10) (13), (14) and (15) for cases with fluid flow leads to  

quse,BIST = (quse,BASTRi,BIST�Rfa + Ri,BAST� + Ri,BIST(Tfav − Ta) + Ri,BAST(Tint − Tfav)) 

 /(Ri,BAST�Rfa + Ri,BIST�) (16) 

As in approach A, the absorber temperature needs to be calculated by equation (11) whenever there is no fluid 

flow and needs to be linked to the building model to include the heat flux of the BIST area in the building 

simulation. 

3.3. Approach C: Extended efficiency curve 

An extended efficiency curve including the temperature of the building interior was proposed by [12].  

There the efficiency 𝜂 depends on the temperature of the ambient as well as of the building interior: 

 η =  η0 − a1,ext ∗ x −  a2,ext ∗ x2 ∗ G − a1,int ∗ y −  a2,int ∗ y2 ∗ G (17) 

with  

- 𝑥 =  𝑆𝑓𝑓𝑓− 𝑆𝑓
𝐺

 [m2*K *W-1] 

- 𝑦 =  𝑆𝑓𝑓𝑓− 𝑆𝑖𝑖𝑖
𝐺

 [m2*K* W-1] 

- 𝑎1,𝑖𝑖𝑠: internal linear heat loss coefficient [W*K-1*m-2] 

- 𝑎2,𝑖𝑖𝑠: internal second-order heat loss coefficient [W* K-2* m-2] 

- 𝑎1,𝑒𝑒𝑠: external linear heat loss coefficient [W*K-1*m-2] 

- 𝑎2,𝑒𝑒𝑠: external second-order heat loss coefficient [W*K-2*m-2] 

- 𝐺: total irradiance on the collector surface [W*m-²] 

- 𝑇𝑓𝑎𝑎 =  𝑎1,𝑖𝑖𝑖+𝑆𝑓𝑓
2

 : the mean fluid temperature in the collector 

- 𝑇 𝑖𝑖𝑠: the temperature of the building interior 

- 𝑇𝑎: the ambient temperature 

- 𝜂0: the efficiency at zero temperature difference between the fluid, the front and the back of the collector. 

The assumption is that equation (17) better describes a BIST collector than the standard efficiency curve  

 η =  η0 − a1 ∗ x −  a2 ∗ x2 ∗ G (18) 

from [10], because it includes the losses to the building interior  𝑞𝑖𝑖𝑠  by  

        qint =  a1,int ∗ y ∗ G + a2,int ∗ y2 ∗ G2. (19) 



However, this is only true for the collector gain. The uncertainty of this approach for the heat flux to the building 

interior was high, e.g. equal to 48 W/m2 in comparison to a detailed physical collector model [12].  

If the thermal resistance between the absorber and the building interior is known and if the parameters 

𝜂0, 𝑎1,𝑒𝑒𝑠 , 𝑎2,𝑒𝑒𝑠 , 𝑎1,𝑖𝑖𝑠  and 𝑎2,𝑖𝑖𝑠 fit well to the real collector gain, then the temperature of the absorber during 

operation can be calculated by equation (9). For cases without fluid flow, the absorber temperature can be 

calculated by 

 Tabs,stag = 1
2�a2,ext+a2,int�

(−a1,ext − a1,int + 2a2,extTa + 2a2,intTint + 

��−a1,ext − a1,int + 2a2,extTa + 2a2,intTint�
2

+ 4�a2,ext + a2,int��η0G + a1,extTa − a2,extTa2 + a1,intTint − a2,intTint2 ��
0.5

) 

  (20)  

The heat flux to the interior is then better calculated by  

        qint =  1
Ri,BIST

(Tabs − Tint) (21) 

than by equation (19). 

3.4. Approach D: Simple node model 

As an example of simple node models, the model presented in Figure 2 is investigated. The parallel resistance  

𝑅𝑒𝑖 of this model can account for heat flux around the collector edges.  

To assess this approach, the detailed physical model of [11]  was used to calculate 2520 different cases. The 

following values were combined with each other: ambient temperatures of -20, 0, 20 and 40 °C, indoor 

temperatures of 0, 10, 20, 30 and 40 °C, fluid mass flow rates of 0 and 0.02 kg/(m2s), fluid inlet temperatures of 

5, 15, 25, 35, 45, 55, 65, 75 and 85 °C and irradiance values of 0, 200, 400, 600, 800, 1000 and 1200 W/m2. The 

cases cover most situations in a Central European climate, but are not representative in their distribution. 

The thermal resistances 𝑅𝑒,𝑅𝑖 ,𝑅𝑒𝑖 ,𝑅𝑓𝑎 and the absorptance 𝜏 were then varied to minimize the differences 

between the detailed physical model and the simple node model.  



 

Figure 3 Schematic drawing of the simple node model. There is a parallel thermal resistance  𝑅𝑒𝑖 between the 

temperatures of the ambient air 𝑇𝑎and the building interior 𝑇𝑖𝑖𝑠 . The absorber temperature 𝑇𝑎𝑏𝑎 is connected to 

𝑇𝑎 by the thermal resistance 𝑅𝑒 and to 𝑇𝑖𝑖𝑠  by the thermal resistance 𝑅𝑖. The absorber receives the absorbed 

radiation 𝜏𝐺 and is connected by the thermal resistance 𝑅𝑓𝑎 to the average fluid temperature 𝑇𝑓𝑎𝑎 . 

 

4. Results and Discussion 

If no simple model is used and the coupling between the absorber and the building interior is neglected, then the 

heat flux from the building interior to the BIST element is overestimated in winter and the heat flux from the 

BIST element to the building interior is underestimated in summer. Also, the collector gain is underestimated 

throughout the whole year. 

If we assume a U value of 0.15 W/(m2K) and a winter day with an ambient temperature of 0 °C and a room 

temperature of 20 °C then a calculation with a zero g value for the façade leads to heat losses of 3.1 W/m2. If we 

assume a surface temperature of the conventional façade of 3.5 °C and a BIST absorber temperature of 25 °C, 

then heat losses of 2.5 W/m2 result for the conventional façade while at the BIST areas, a heat gain of 0.8 W/m2 

occurs. Without coupling, the heat losses from the BIST area are therefore overestimated by more than 3 W/m2 

in this situation.  

If we assume a summer day with an ambient temperature of 30 °C, a room temperature of 25 °C, a surface 

temperature of the conventional façade of 45 °C and a BIST absorber temperature of 65 °C, then a pure U value 



calculation leads to heat gains of 0.8 W/m2. If the temperature of the façade surface is considered, a heat flux of 

3.1 W/m2 is calculated and for the BIST areas, the heat flux amounts to 6.2 W/m2. Without coupling, the heat 

gains through the BIST area are therefore underestimated by 3.1 W/m2 in this situation.  

4.1. Approach A: Adaptation of the efficiency curve 

Figure 3 presents the efficiency curves for a BAST collector1 together with the derived efficiency curves for the 

BIST case (𝑓𝑏𝑙=1/7) as well as for a BIST_0.9bl case with the fraction of back losses reduced by 10%. The 

relative error between the BIST calculation and a simulation without coupling (BAST) increases with increasing 

temperature difference between the fluid 𝑇𝑓𝑎𝑎  and the ambient 𝑇𝑎 and decreasing irradiance 𝐺. At the BIST 

stagnation temperature, the absolute error of the efficiency amounts to 0.12 which equals 120 W/m2 at an 

irradiance of 1000 W/m2. 

If the fraction of back losses is overestimated by 10%, an absolute error of 0.012 results at the BIST stagnation 

temperature. A certain degree of uncertainty in calculating the fraction of back losses can therefore be tolerated. 

 

Figure 4 Efficiency of the collectors depending on the temperature difference between the fluid 𝑇𝑓𝑎𝑎  and the 

ambient 𝑇𝑎 and the irradiance 𝐺 for the BAST case, the BIST case and the BIST_0.9bl case with a smaller 

fraction of back losses. 

                                                           
1 𝜂0,𝐵𝐵𝑆𝑆 = 0.789; 𝑎1,𝐵𝐵𝑆𝑆= 3.545; 𝑎2,𝐵𝐵𝑆𝑆 = 0.017; 𝜏 = 0.91; 𝜏 = 0.95. 



If the useful collector gain calculated by the BIST efficiency curve is used to calculate the absorber temperature 

according to equation (9), the heat flux to the building should be quite accurate, depending only on the 

uncertainties of the efficiency curve and of the thermal resistance between the absorber and the fluid 𝑅𝑓𝑎. The 

thermal capacity of the BIST is not integrated into approach A, but can be implemented in the façade description 

of the building model. 

The largest error of Approach A is that it assumes a constant fraction of back losses. The efficiency and the 

absorber temperature depend only on the ambient temperature and not on the temperature of the building 

interior. This error increases with decreasing thermal resistance between the absorber and the building interior 

and with increasing temperature difference between the temperatures of the ambient and of the building interior. 

Therefore, Approach A can be recommended especially for high insulation values between the absorber and the 

building interior.  

If we take the BIST collector of Figure 3 and assume an ambient temperature of 0 °C, a temperature of the 

building interior of 20 °C, an irradiance of 100 W/m2 on the façade, stagnation conditions and a U value of 0.24 

W/(m2K), Approach A leads to an absorber temperature of 24.9 °C. If we assume that all thermal losses of the 

collector flow to the ambient, a thermal resistance between the absorber and the ambient of 0.31 (m2K)/W 

results. If this is used for an energy balance including the heat flux to the building interior, an absorber 

temperature of 26.5 °C is calculated. The heat flux into the building is therefore underestimated by 0.5 W/m2 in 

this case by neglecting the temperature of the interior in the calculation of the collector gain. 

The accuracy could be further improved by using a weighted average between the temperatures of the ambient 

and of the interior to calculate the collector gain. However, the collector losses are not linear which leads to a 

complexity similar to the nodal model presented in approach D. 

4.2. Approach B: Adaptation of the collector results 

In Approach B, the temperature of the building interior is included in the calculation of the collector gain and 

therefore also in the calculation of the absorber temperature. 

If we assume a U value of 0.24 W/(m2K), an ambient temperature of 30 °C, a temperature of the building interior 

of 25 °C, an irradiance of 1000 W/m2 on the façade and back losses of 1/7, the absorber reaches a stagnation 

temperature of 165°C in the BAST case. In the BIST case, the stagnation temperature is 180°C according to the 

parameters from approach A. If the BAST parameters are used instead of deriving BIST parameters for equation 

(11), then the heat flux to the building interior would be underestimated by 4 W/m2. If we assume operating 



conditions with a thermal resistance between the absorber and the fluid of 0.0165 (m2K)/W, a thermal resistance 

between the absorber and the air behind the absorber Ri,BAST of 0.81 (m2K)/W and between the absorber and the 

interior 𝑅𝑖,𝐵𝐵𝑆𝑆  of 0.27 (m2K)/W, and a BAST collector gain 𝑞𝑢𝑎𝑒,𝐵𝐵𝑆𝑆  of 667 W/m2, then a BIST collector gain 

𝑞𝑢𝑎𝑒,𝐵𝐵𝑆𝑆 of 705 W/m2 results, as compared to 701 W/m2 with approach A. If 𝑅𝑖,𝐵𝐵𝑆𝑆  is decreased by 10% and 

𝑅𝑖,𝐵𝐵𝑆𝑆  is increased by 10%, a BIST collector gain of 713 W/m2 results. The absorber temperature varies by only 

0.14 °C. Small errors in the calculation of 𝑅𝑖,𝐵𝐵𝑆𝑆  and 𝑅𝑖,𝐵𝐵𝑆𝑆  therefore seem to be tolerable in typical cases.  

4.3. Approach C: Extended efficiency curve 

The accuracy of approach C depends on the accuracy of the parameters 𝜂0, 𝑎1,𝑒𝑒𝑠 , 𝑎2,𝑒𝑒𝑠 , 𝑎1,𝑖𝑖𝑠  and 𝑎2,𝑖𝑖𝑠 and the 

thermal resistance between the absorber and the interior 𝑅𝑖,𝐵𝐵𝑆𝑆. As presented in [12], the extended efficiency 

curve achieves a root-mean-square error (RMSE) of 0.0023 for the efficiency compared to 0.0112 for the 

standard efficiency curve. This means that the benefit of the extended efficiency curve is limited. However, if 

e.g. monitoring data is available to fit the efficiency curve, the extended efficiency curve should be used because 

it provides higher accuracy at little extra effort. If only the BAST efficiency curve is known, Approach B is 

recommended. If 𝑅𝑖,𝐵𝐵𝑆𝑆is overestimated by 10%, then 𝑞𝑖𝑖𝑠 is underestimated by 9%. 𝑅𝑖,𝐵𝐵𝑆𝑆  should therefore be 

calculated carefully. 

4.4. Approach D: Simple node model 

The comparison between the simple node model of approach D and the detailed physical model lead to a root 

mean square error (RMSE) of 2 W/m2 for the heat flux to the building interior and of 13 W/m2 for the collector 

gain. At an average absolute value of 28 W/m2 for the heat flux to the interior and of 152 W/m2 for the collector 

gain when the collector is operating, the uncertainty of the heat flux to the interior and of the collector gain can 

be estimated to be 8%. Other parameter sets can reduce the RMSE for one heat flux while increasing the RMSE 

for the other heat flux.  

If instead of Approach D, the standard BAST approach is used and the standard efficiency curve is fitted to 

results of the detailed model, then the thermal coupling is neglected and a RMSE of the collector gain of 240 

W/m2 results. Therefore the BAST approach should not be used when there is significant thermal coupling 

between the collector and the building.  

By limiting the cases to realistic and typical situations, the accuracy can be further improved with the risk of 

large errors in rare cases.By including more parameters, the accuracy of the model can be improved as well. 

There is a large variety of possible node models between this simple model and a detailed physical model. 



4.5. Comparison of the approaches 

From Approach A to Approach D, the required quality of the necessary input increases. Approach A only needs 

the efficiency parameters of the collector datasheet. It is well suited for good insulation between the absorber and 

the building interior. When the heat flux between the absorber and the interior becomes relevant, Approach B is 

recommended. It needs a little more effort than Approach A, but still delivers accurate results without additional 

measurements. If measurement results are available, for instance from a demonstration installation, the 

efficiency curve (17) can be fitted to this data and provides a more accurate calculation of collector gain, 

stagnation temperature and heat flux to the interior than Approaches A and B, since it includes the influence of 

real integration including e.g. edge effects. For new BIST elements, simultaneaous measurements of the 

collector gain and the heat flux to the interior are recommended to calibrate the simple model of Approach D. 

This already allows an analysis of the benefits of the new component under various conditions. If high accuracy 

in certain situations is needed, the model of Approach D can be easily extended to include additional relevant 

physical effects. If the the absorber temperature is set to the ambient temperature in the night case (no irradiance, 

no fluid flow), then the heat loss of the building does not include the thermal resistance between the ambient and 

the absorber. If the building is well insulated, this may have negligible effect. For less-well insulated buildings or 

higher accuracy, the U value of the BIST building envelope can be used instead of 𝑅𝑖 in this case. 

5. Conclusion  

This paper presented four new and simple models for BIST façade elements. With these models, the thermal 

coupling of BIST collectors and the building can be taken into account. Depending on the available data, an 

approach with acceptable uncertainty can be chosen. Approach A is recommended for buildings with good 

insulation between the absorber and the building interior. Approach B is recommended for cases when the heat 

flux between the absorber and the building interior cannot be neglected. If monitoring data of the BIST solar 

thermal performance are available, Approach C can be useful with its improved formula for the collector 

efficiency. If measurements of the energy flux to the interior and of the solar thermal performance, e.g. on a 

BIST test facility are available, the model of Approach D can be calibrated and characterizes the BIST building 

envelope well. The necessary data and effort increase from Approach A to Approach D, as does the accuracy of 

the models. Based on this analysis, further models can be developed to reduce the remaining uncertainties. For 

instance, a correction could be developed to derive the efficiency curve of vertically installed collectors from the 

parameters extracted from measurements on tilted collectors. In the future, a standard for models of active façade 

elements will be helpful to ensure the quality of a model provided to the planner. 
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7. Nomenclature 

 

SYMBOL EXPLANATION 

𝜏 Absorptance of the absorber in the collector 

𝑎1,𝑎1,𝐵𝐵𝑆𝑆 ,𝑎1,𝐵𝐵𝑆𝑆 , 𝑎1,𝑒𝑒𝑠 , 𝑎1,𝑖𝑖𝑠  First-order collector efficiency coefficients in general,  in the BAST case, 

in the BIST case, for the exterior, for the interior (W/(m2K)) 

𝑎2, 𝑎2,𝐵𝐵𝑆𝑆 , 𝑎2,𝐵𝐵𝑆𝑆 , 𝑎2,𝑒𝑒𝑠 , 𝑎2,𝑖𝑖𝑠  Second-order collector efficiency coefficients in general, in the BAST 

case, in the BIST case, for the exterior, for the interior (W/(m2K2)) 

BAST Building-added solar thermal 

BIST Building-integrated solar thermal 

𝐹′ Collector efficiency factor 

𝐺 Solar irradiance (W/m2) 

𝜂, 𝜂𝐵𝐵𝑆𝑆 ,𝜂𝐵𝐵𝑆𝑆 , 𝜂0, 𝜂0,𝐵𝐵𝑆𝑆 ,𝜂0,𝐵𝐵𝑆𝑆 , Collector efficiency η=η0-a1x-a2x2G in general, in the BAST case, in the 

BIST case, collector efficiency at x=0, in the BAST case, in the BIST case, 

𝑞𝑢𝑎𝑒 , 𝑞𝑢𝑎𝑒,𝐵𝐵𝑆𝑆 ,𝑞𝑢𝑎𝑒,𝐵𝐵𝑆𝑆  Solar thermal collector gain in general, in the BAST case and in the BIST 

case (W/m2) 

qint Heat transfer from the collector to the building interior (W/m2) 

𝑅𝑒 ,𝑅𝑒,𝐵𝐵𝑆𝑆 ,𝑅𝑒,𝐵𝐵𝑆𝑆  Thermal resistance between the absorber and the ambient temperature in 

general, for the BAST case, for the BIST case (m2K/W) 

𝑅𝑓𝑎  Thermal resistance between the absorber and the average fluid temperature 

(m2K/W) 

𝑅𝑖 ,𝑅𝑖,𝐵𝐵𝑆𝑆 ,𝑅𝑖,𝐵𝐵𝑆𝑆  Thermal resistance between the absorber and the temperature of the 



building interior in general, for the BAST case, for the BIST case 

(m2K/W) 

RMSE Root-mean-square error 

𝜏 Transmittance of the cover of the collector 

(𝜏𝜏)𝑒 Effective transmittance-absorptance  product 

TSTC Transparent solar thermal collector 

𝑇𝑎 ,  𝑇𝑖𝑖𝑠 ,  𝑇𝑓𝑎𝑎 ,𝑇𝑓𝑖 ,  𝑇𝑓𝑓 ,  𝑇𝑎𝑏𝑎 ,  

𝑇𝑎𝑏𝑎,𝑓𝑜 ,𝑇𝑎𝑏𝑎,𝑎𝑠𝑎  

Temperature of the ambient air, of the building interior, of the fluid 

(average), of the fluid inlet, of the fluid outlet, of the absorber, of the 

absorber during collector operation and of the absorber during stagnation 

(K) 

U U value (W/(m2K)) 

x Difference between the average fluid temperature and the ambient 

temperature divided by the solar irradiance (m2K/W) 

y Difference between the average fluid temperature and the temperature of 

the building interior divided by the solar irradiance (m2K/W) 
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