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Through a CFD model, a parametric study has been 

developed to evaluate different alternatives in the design 

of an Active Solar Facade, composed by a sandwich panel 

as unglazed solar collector. The high influence of the 

conductivity together with the absorptivity has been 

demonstrated. Directly linked to the material selection for 

solving the absorber and the hydraulic circuit, the 

advantage of metals compared with plastics, has been 

verified. The minor effect of the insulation has also been 

analyzed, although the necessity of a minimum quantity has 

been stated looking to avoid significant heat losses. 

Additionally, the performance of the system has been 

evaluated in order to determine the potentially achievable 

energy. The result of the extensive campaign monitored in 

KUBIK® and developed in different days in a period of 12 

months, has resulted in an average daily production of 

320Wh/m2. Con este estudio se destacan los potenciales 

beneficios de este tipo de soluciones y la necesidad de 

dimensionar y diseñar convenientemente los mismos. De 

esta forma se pretende contribuir a un mayor aprovechamiento 

de las energías renovables en los edificios, permitiendo así 

reducir el uso de combustibles fósiles, ofreciendo alternativas 

que permitan mitigar el cambio climático. 

Palabras clave: Solar Active Façade; Sandwich Panels; 

Unglazed and Integrated Solar Collector; Solar Production; CFD 

Model; Parametric Assessment.

 
 
 

ABSTRACT 
The use of renewable energy sources is a clear commitment 

in the process of developing alternatives to reduce the high 

energy consumption in buildings. Although with 

intermittent production, renewable energies are unlimited 

and have a demonstrated potential to be integrated within 

buildings. The facade is a key element in a strategic 

position for harnessing renewable solar energy means of 

the Active Solar Façade Concept. 

1. INTRODUCTION 
The building industry is currently still a sector with very 

inefficient performance in terms of energy efficiency. This 

situation has motivated the interest of the sector to 

provide different alternatives focused in the reduction of 

the carbon footprint along the building use phase. The 

average normalized final energy consumed in EU 28 was 173.18 

kWh/m2 for residential buildings in 2014 and 251.39 kWh/m2 

for non-residential buildings in 2013 [1]. This situation 

demonstrates that there’s still a long way to reach the goal of 

Nearly Zero Energy Buildings (NZEB). The specific translation 

of such concept to certain quantification of the energy 

RESUMEN 

• El uso de fuentes renovables supone una clara apuesta en el 

proceso de desarrollo de alternativas para la reducción del alto 

consumo energético de los edificios. Aunque con una 

producción intermitente, las energías renovables son ilimitadas 

y cuentan con un potencial demostrado en aplicaciones 

integradas en la edificación. La fachada es un elemento clave, 

posicionado estratégicamente para aprovechar la energía solar 

renovable a través del concepto de Fachada Solar Activa. A través 

de un modelo CFD, se ha desarrollado un estudio paramétrico para 

evaluar alternativas en el diseño de una fachada solar activa 

compuesta por un panel sándwich que actúa como un colector no 

vidriado. Se ha constatado la alta influencia de la conductividad y 

de la absortividad, aspectos estrechamente ligados a los 

materiales seleccionados para resolver el absorbedor y el circuito 

hidráulico, destacando la ventaja de los metales frente a los 

plásticos. En el caso del aislamiento, aunque tiene un menor 

efecto, resulta necesario disponer de cierta cantidad de material 

aislante que evite pérdidas de calor significativas.  

De forma complementaria, se ha evaluado el rendimiento del 

sistema con el objetivo de determinar la capacidad energética. El 

resultado de la extensa campaña monitorizada en KUBIK® y 

desarrollada durante una serie de días en un período de 12 meses 

ha supuesto una producción promedio diaria de 320 Wh/m2.  

Con este estudio se destacan los potenciales beneficios de este 

tipo de soluciones y la necesidad de dimensionar y diseñar 

convenientemente los mismos. De esta forma se pretende 

contribuir a un mayor aprovechamiento de las energías renovables 

en los edificios, permitiendo así reducir el uso de combustibles 

fósiles, ofreciendo alternativas que permitan mitigar el cambio 

climático.  

Key words:  Fachada Solar Activa; Panel Sándwich; Co-lector solar 

integrado no vidriado; Producción Solar; Modelo CFD; Análisis 

paramétrico. 
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consumed has generated certain controversy [2], although the 

Commission has provided some recommendations depending on 

the climatic zone ranging the final primary energy between 15 – 

65 kWh/m2 for new single-family houses and 20 – 70 kWh/m2 for 

office buildings [3]. In this context, the development of new 

and modern buildings equipped with cutting edge 

technologies should contribute to reduce this gap. Indeed, 

even if numerous energy efficient buildings are built in the 

next years, the replacement rate would not be enough to 

turn the situation around until some decades in the future. 

The BPIE (Buildings Performance Institute Europe) [4] has 

recently estimated that the 97% of the EU’s buildings must 

be renovated to achieve the 2050 decarbonisation goals, but 

just 0.4-1.2% are renovated each year. 

The main strategies to improve this situation are mainly 

oriented to three actions. The first approach is to reduce 

the consumption by minimizing the demand and to do so, 

higher insulation levels [5], solar controlling systems [6] 

and components, as well as energy recovery devices are 

commonly used. On a second step, the reduced energy 

required is intended to be covered with Renewable Energy 

Sources (RES) as much as possible looking for an onsite 

production. Solar and wind energy are the ones with higher 

acceptance in this field. Finally, once the energy 

requirements are minimized and that the RES contribution 

is included, those necessities not covered by intermittent 

renewable production needs to be efficiently coordinated 

and controlled by smart management systems.  

The façade is a key actor being the interface connecting 

the inner ambient, where comfort is pursued and the 

external environment, under variable environmental 

conditions. Traditionally linked to the insulation and 

shielding properties, the façade needs to evolve to 

incorporate the unlimited and available renewable energy 

[7-8] and to properly manage the response of the resulting 

active component. 

 

1.1 INTEGRATION OF SOLAR THERMAL FAÇADES IN 
BUILDINGS 

According to the typical classification for solar thermal 

collectors, three are the main technologies usually considered 

for the integration into the building’s envelope: vacuum tube 

collectors, flat plate glazed collectors and unglazed collectors. 

The term unglazed, is given because when compared to glaze 

it does not have neither an external glazing layer nor an air 

chamber to capture the heat between the absorber and the 

glazing. While flat plate collectors usually incorporate thermal 

insulation in the rear surface, unglazed systems can be 

designed either with or without insulation. Thereby the 

unglazed panel simplifies the solution by leaving the absorber 

on the outer face of the panel achieving a higher level of 

effective integration [9]. 

Solar façades are currently of special interest as a key 

element of a wider solar thermal system combining collectors 

and other components (energy storage, HVAC system…). The 

main function of the collector in solar façades will be to 

capture the energy. In addition, and depending on the design, 

it can also cover additional functionalities serving as storage or 

distributing the energy through tanks or specific systems under 

a more multifunctional approach [10]. The placement of 

collectors on the vertical orientation represents a lower 

available irradiance but under a more regular production 

pattern during the whole year [11]. 

In summary, many different possibilities are feasible for the 

integration of solar panels within the building envelope, but at 

present, the benefits and quantification of these strategies are 

not that obvious and there’s a lack of information and 

examples clearly describing the benefits of such solutions. The 

potential of these systems is still not completely known and 

demonstrations clearly describing the advantages and real 

possibilities of those concepts are necessary.  

Present paper describes the case of an active solar façade 

under a double approach, first design and dimensioning 

considerations are valuated to understand the implications of 

definition and alternatives.  Later, the application under real 

working conditions are monitored and analyzed to provide 

specific data about the production capabilities of the system. 

2.  AIMS AND METHODOLOGY 

The study is focused on the behaviour of a low temperature 

active façade composed by an unglazed collector and a steel 

sandwich panel as continuation of the research developed by 

[12], that was also based on the outcomes of the BASSE 

research project [13] concluded in 2016. The main goal of 

those two previous researches was to exploit the high 

conductivity of steel, by activating the passive behaviour of 

the sandwich panel, turning it into a low temperature solar 

collector on an active envelope. 

As an extension of those studies, where dynamic design and 

meteorological parameters were evaluated, the behaviour of 

the construction elements beside the new constructive options 

has been assessed. Through a Computer Fluid Dynamic (CFD) 

model, validated with experimentally measured results, a 

parametric study was performed with the aim of quantifying 

the influence of several key parameters defining the main 

components of the panel (sheets, pipes and insulation). 

Considering variations under realistic ranges compared with 

reference values based on the main technologies and materials 

available, the collector’s thermal output was estimated. 

Finally, measured values of the collector’s yield working under 

a real application are provided as a demonstration and 

example of the capabilities of such solutions. 

Figure 1: A) Panels installed in the south façade of Kubik® building B) detail of the 
main components of the solution C) Schematic solar loop description



New concept of solar collector integrated into a sándwich panel as an active façade;  

CFD based parametric assessment and case study 
Peru Elguezabal, Alex Lopez, Jesús-María Blanco y José-Antonio Chica 

artículo de investigación / research article

Cod. 9274 | Tecnología de la construcción | 3305.99 Otras Noviembre - Diciembre 2019 | Vol. 94 nº6 | 691/697 | Dyna | 693 

 

 

 

3. EXPERIMENTAL SET UP 
The system was installed on the south wall of Tecnalia’s 

Kubik® experimental building at Derio headquarters, Spain, 

with an average of 1,300 kWh/m2 mean annual irradiation. A 

total of 6 active panels (3m2 each) were fitted on the 

external façade of the building as shown in Figure 1 (A).  The 

assembly of each panel comprises five components as shown 

in Figure 1 (B). The sandwich panel with a polyurethane 

insulation core (2) (i=0.025W/m2K) combined with two 

slotted steel skins (1, 3) (s=50W/m2K). Nylon pipes (4)  

(p= 0.2 W/m2K) installed into the slots of the external and 

the final steel cover (5) acting as solar absorber. Each panel 

has six parallel tubes and for interconnecting them modular 

header elements are also provided inside the module. Main 

dimensions of the standard panel are 3 m length, 1 m wide 

and 0.08 m thickness. The active façade is connected to a 

solar storage tank generating a solar loop (Figure 1 (C)). The 

components are the active solar façade (6 panels), solar 

storage tank (285 liters), distribution system, circulatory 

pump and monitoring system. 7 temperature sensors are 

located in the circuit; 5 on the solar loop 1 for fluid inlet (T in) 

and 4 sensors for the fluid output temperatures (Tout) and 2 in 

the storage tank (middle and top). The flowmeter (FM) 

registers the flow (m ̇), the pyranometer (P) the solar 

irradiance (Isol) over the vertical south orientation façade, a 

weather station placed on the roof monitors the external 

ambient temperature (Tamb), and the anemometer (A) records 

both wind speed (U) and wind direction. 

4. CFD MODEL OF THE SOLAR COLLECTOR 
Numerical model was carried out in ANSYS FLUENT® v18.2 

under steady state conditions, based on the active façade 

prototype (Figure 1 (A)). The purpose of the model is to 

represent the main thermal processes inside de collector. The 

effects taken into account comprises conduction and 

convection phenomena, being the incident solar radiation on 

the collector’s surface the main incoming energy source. 

Thereby the model enables calculation of the heat 

transfer within solids and between solids and fluid taking into 

account the surrounding thermal phenomena [14-16], giving 

as a result the outlet temperature of the collector. This 

temperature provides the possibility to calculate the energy 

gained in the panel as the difference between inlet and 

outlet temperature for a given mass flow rate (Equation 1). 
 

 (1) 

4.1. COMPUTATIONAL MESH 
The mesh is created with the aim of minimizing the 

computational effort without affecting the accuracy of the 

results. The geometry was divided into four computational 

domains for meshing purposes, specifically, the pipe, metallic 

sheets, insulation and fluid. The upper metallic sheet and 

pipe are meshed using hexahedral elements, whit a higher 

refinement in contact zones, where the heat transfer is of a 

greater relevance, as shown in Fig. 2. The fluid and insulation   

Figure 2: Computational domain meshed (left) and detail of the growing 

factor around the pipe (right) 

areas are meshed by using tetrahedral elements, applying in the 

case of the fluid domain a boundary layer with the main target of 

capturing the viscous turbulence inside.  A mesh sensitivity analysis 

was performed, so different levels of refinement were developed to 

reduce the numerical error compared with measured values of 

Tout. The experimentally measured data was used for model 

validation. The Predicted Mean Absolute Error (PMAE) [17] for three 

different mesh refinement strategies has been calculated. Mesh 1 

with 280,000 cells, mesh 2 with 360,000 and mesh 3 with 510,000, 

showing an error of 7.25, 3.40 and 0.85% respectively. As a 

conclusion the so called “Mesh 3” was adopted with a PMAE below 

1% which can be considered negligible. 

 

 

4.2. BOUNDARY CONDITIONS 

A parametric study was performed for constructive parts aiming to 

calculate the heat transfer capacity for each factor, taking as 

benchmark values displayed in table 1. The assessment was 

calculated for the reference system of 18 m2 active surface. 

Incident solar radiation was modeled as “heat flux” [16], therefore 

the heat absorbed by the exposed surface of the collector, qirad, is 

equal to the product of Isol, and the absorptivity (α). Heat is 

subsequently lost to the surroundings by natural convection 

(qconv), from air and through the wind forced convection. 

The model was tested for summer climate conditions, where the 

highest solar irradiance intensity occurred. To do so, Tamb, Tin and 

m ̇ are used as direct inputs in the model while the irradiance is 

transformed in a heat flux and the wind velocity [18] is used to 

estimate the heat transfer coefficient [19] for convective losses (h). 

Regarding the solver, a pressure-based solver has been used. The 

SIMPLE (Semi-Implicit Method for Pressure Linked Equations) 

algorithm is used for the discretization of the pressure and SECOND 

ORDER UPWIND for momentum and energy equations. The 

convective heat transfer between the fluid zones and the 

corresponding faces are solved by coupling the momentum and 

energy equations. 

Parameter Value Component / Material 

Pipe conductivity (λp) 0.25 W/m2K  

Pipe / Polyamide 

(P) 
Pipe spacing 160 mm 

Pipe inner diameter (Din) 8 mm 

Pipe depth (De) 0 mm 

Insulation thickness (ei) 80 mm Insulation/Polyurethane 

(I) Insulation conductivity (λi) 0.025 /m2K 

Sheet thickness (es) 0.7 mm Sheet & Absorber / Steel 

(S) & (A) Sheet conductivity (λs) 50 W/m2K 

Sheet absorptivity (α) 0.8 
 

 

Table 1: Benchmark values

 

 (2) 
 

 (3) 
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Figure 3: Boundary conditions for the unitary computational domain 

 
Figure 3 represents the temperature contours for the whole 

3D domain including the boundary conditions [20] adopted. 

The dimensions of the initial model considered and as 

expressed in Table 1 are 160mm wide, 82.1mm high and 

100mm long. Mixed boundary condition for the heat transfer 

was chosen for the absorber sheet for taking into account the 

solar radiation and the convective heat losses through the 

surrounding. 

 
For the rear sheet, only a convection condition has been 

selected with the aim of establishing an air chamber 

between the building wall and the active façade. Finally, 

the symmetry condition on the two lateral faces allows the 

replica of multiple pipes, thus to calculate the effect of 

several parallel pipes (6 in the benchmark case) in the 

longitudinal axis.  
 

5. RESULTS 
Three alternatives were carefully studied, for valuating 

alternatives in the design for the three main elements of 

the panel: 

 Sheet 

 Insulation 

 Pipe 

 

5.1. SHEET 
The behavior of different parameters for the sheet such 

as: thickness (es) and absorptivity (α) variating 

conductivities (λs) were performed, with the aim of 

evaluating the behavior of different type of materials. 

Sheet thermal conductivity values were studied 

between 0.5 W/m2 K (polymeric) and 386 W/m2 K 

(cooper), considering polymeric and metallic materials. 

Los valores de absortividad oscilan entre 

0,2 a 0,98 [20]. En la Figura 4 (A) se aprecia 

el incremento de la capacidad de 

transferencia de calor a medida que 

aumenta la absortividad y la 

conductividad, demostrando así la mayor 

influencia de las altas conductividades 

(metales) frente a las más bajas (plásticos). 

En cuanto al grosor de chapa una variación 

de 0,2 mm a 2,5 mm supone un incremento en 

la capacidad de transferencia de calor, princi- 

palmente para valores bajos de conductividad 

(Figura 4 (B)). Para valores altos, la 

variación es menos significativa. 

 

5.2 THERMAL INSULATION 
The main function of the insulation is 

the prevention of heat loss. Different 

ranges for thickness (ei) with different 

conductivities (λi) were evaluated as 

highlighted in Figure 4 (C). The higher the 

insulation thickness, the bigger the heat 

transfer capacity. But for values higher 

than 80 mm the influence of the insulation 

has lower influence for all the valuated 

conductivities. 

5.2.1. No-insulation scenario 

(different case studies) 
Additional scenarios without insulation 

were studied on the one hand, to evaluate 

the influence of insulation in the active 

façade and on the other hand, to 

understand the influence of the rear 

chamber whether it is closed or ventilated.   

Figure  4: Heat transfer capacity against A) sheet absorptivity B) sheet thickness, for different 
thermal conductivities. C) Insulation thickness and D) Pipe thickness for different thermal 
conductivities. E) Pipe inner diameter, and F) Pipe depth 

Two different convection values were 

simulated with the aim of modelling 

different conditions in the chamber. The 

selected convection values to represent 
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the closed and ventiled cavity condition were 5 W/m2 K K and 

equal to the external convection factor (h = hext) 

respectively. A combination with three different ambient 

temperatures was also performed, for 10, 21 and 31 ºC 

representative of different year seasons.   

As expected, the simulations performed have described that 

the thermal difference will have a higher effect for highly 

ventilated rear air chamber due to the effect of convective 

refrigeration of the non-insulated absorber being the situation 

similar for the different seasons of the year. In average, the 

thermal difference for a closed air chamber without insulation 

is reduced from 1.12 ºC to 0.95 ºC while for the highly 

ventilated one the obtained value goes down to 0.77 ºC when 

assuming the temperature inside the air chamber equal to 

external ambient temperature. 

 

  5.3. PIPE 
Regarding the collector’s pipes, three different parameters, 
such as inner diameter (Din), depth (De) and thickness (ep) for 
different conductivities (λp) were evaluated. 
Regarding pipe conductivity as depicted in Figure 4 (D), 
ranging from low values such as λp = 0.25 W/m2K (plastics) to 
λp = 386 W/m2K (metals), similar behaviour as to metal sheet 
conductivity was observed. The higher the conductivity, the 
higher the heat transfers. The difference in the heat transfer 
capacity for different pipe thicknesses is almost imperceptible 
for high conductivities (metals). But for lower conductivities 
like 0.25 W/m2K (plastics) there’s certain variance in the heat 
transfer when the pipe thickness increases. 
For the pipe’s inner diameter, Figure 4 (E) shows an increasing 
heat transfer capacity as the inner diameter increases. A 
difference of ∆T = 0.30 ºC is achieved from 2 mm to 12 mm. 
After the maximum the transfer capacity smoothly decreases 
for diameters higher than 12 mm. 
Finally, regarding pipe depth, the heat transfer capacity 
decreases as pipe go deepest (Figure 4 (F)). There is a 
decreasing progression in the heat transfer from 5 mm depth 
up to 10 mm depth, becoming less significant for deepest 
values. 

 

6.  USEFUL ENERGY HARNESSED BY THE ASF SYSTEM 
To understand the potential of the system implemented and 

the energy output that can be achieved with the active 

façade, results from a very extensive experimental campaign 

have been analysed. The interest on assessing this 

performance allows demonstrating the application of the 

system described. For this analysis the combined system 

composed by the collector and the thermal storage (figure 1)  

needs to be considered, the first in charge of harnessing 

the solar energy while the second acts as the buffer 

between the collector and the consumption equipment or 

load. The energy collected is calculated as described in 

equation 1, and the energy inside the tank is monitored by 

means of the average temperature recorded.  

The working conditions of the system are valuated under a 

closed loop operation mode, thus with water circulating 

through the collector loading and unloading the thermal 

storage by just interchanging energy with the outside 

environment. In this situation, there’s no thermal load 

connected to the storage extracting the energy from the 

solar loop. Although the interaction with other HVAC 

devices is a very promising to get better efficiencies, in this 

case the potential of this operation mode is configured 

aiming to study and quantify the loop’s power capacity as a 

single element. 

Therefore, the amount of energy achievable is limited by 

the capacity of the buffer and once the system reaches its 

maximum temperature level during the day, there’s no 

longer possibility to increase that energy as there’s no 

energy sink available until nigh time when there’s no 

irradiation and the ambient temperature drops down. The 

basis is defined by daily solar cycles providing the energy to 

fill in the tank while that energy can be later rejected 

during the night. Figure 5 shows eight different monitored 

days between 2017 and 2018 differentiating the extremes 

between sunny days with a high productivity compared to 

those with few or very low solar energy and representing a 

low yield. Table 2 describes the specific environmental 

conditions for the external ambient temperature (Tamb) 

and Irradiation on the south façade, as well as the system’s 

performance as expressed by the energy produced and 

average efficiency for each day. The daily production is the 

total collected energy by the ASF in one day period 

combining the thermal difference with the mass flow as 

measured in the experimental set up (Figure 1). The daily 

irradiation is the accumulated energy for each specific day 

as measured in the vertical south façade. 

A more extensive assessment covering more days in a 12-

month period has resulted in an average daily production of 

320 Wh/m2. Even if it is not straightforward due to system’s 

efficiencies, if this energy is compared with the average 

DHW (Domestic Hot Water) consumption of 1,508 

kWh/dwelling for EU 28 [1], each square meter of façade 

will contribute to cover less than the 8% of the total energy 

required for that case. 

Table 2: Efficiencies monitored in 8 different days during the experimental campaign 

 
T

amb 
(ºC) 

Daily accumulated 
irradiation (kWh/m2) 

Daily Production 

(kWh/ m2) 
Average efficiency (%) 

10/03/2017 16.05 5.70 0,764 0.15 

14/03/2017 12.33 2.02 0.326 0.22 

28/08/2017 21.37 3.76 0,589 0.17 

31/08/2017 17.16 1.61 0.055 0.07 

03/10/2017 19.09 0.92 0,053 0.09 

08/10/2017 13,72 5.69 0.586 0.13 

06/12/2017 5.19 5.41 0.391 0.11 

02/01/2018 12,46 0.25 0.015 0.11 
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Figure 5: Evolution of ASF system’s efficiency and production compared with incident solar irradiance in 8 different 
days during the experimental campaign 

 

                                    

 
The sheet conductivity and 
absorptivity are also very influencing 
parameters, displaying an upper limit 
of 1.57 ºC of temperature difference 
for the improved case. Although with 
less impact, the sheet thickness has a 
maximum temperature difference of 
1.2 ºC for the performed maximum 
values.  
Finally, for the insulation, the 
thickness shows a good compromise for 
80 mm values, with small differences 
for higher values. However, it is 
important to get high insulation 
materials to avoid thermal losses and 
lower thermal differences. 
Regarding the collected energy, 
there’s a direct relation between the 
thermal difference and the achieved 
energy output. The case studied has 
estimated that a modest but 
significant contribution of the ASF can 
contribute to cover the energy needs 
of an average building.  It is important 
to highlight that the collected energy 
has just been assessed as an uncoupled 
element and that once connected to 
certain load, the harnessed yield will 
be much higher.  In addition, this is 
the first version of a prototype system 
that still can be improved both under 
the design approach, as demonstrated 
by the parametric assessment 
discussed, and under different 
operation conditions when the 
collected energy is used for DHW and 
heating purposes. 

 
 
 
 

 

7. DISCUSSION   
The effect over the heat transfer capacity by modifying 
three individual design components has been carefully 
analysed in the parametric assessment section. Using 
benchmark parameter values, the temperature difference 
achieved is 1.12 ºC whereas using the best performing 
values from these results, the achieved temperature 
difference is 1.59 ºC; however, using the minimum values 
the temperature difference obtained is 0.06 ºC. These 
results clearly show that there is room for further 
improvement in terms of heat transfer performance from 
the abovementioned benchmark parameters.  

An increase of 0.37 ºC can be achieved thanks to different 
pipe conductivity due to the effective transference of heat 
from the external absorber sheet to the fluid. The pipe 
thickness has low influence for metals although has some 
significance for plastics materials. The pipe’s diameter and 
depth have optimum values in 12mm and 0mm respectively, 
and for the reference case, there’s a limited improvement 
possibility, although an incorrect selection of both could 
significantly decrease the energy gained.

8. CONCLUSIONS 
From the assessed constructive parameters, sheet’s 
conductivity and absorptivity as well as the pipe’s conductivity 
have been highlighted as the most potentially influential 
variables on the heat transfer. On the other side, the 
thickness of the main components (sheet, pipe and insulation) 
have a lower effect, while pipe’s diameter and relative 
position with the absorber has a medium impact. The 
effective combination of those parameters with high 
conductivities and absorptivity can provide a solution with an 
interesting thermal difference representing a significant 
energy production, although the cost effectiveness of 
modifying the design compared with the collected energy 
difference needs to be properly considered. However, there’s 
another extreme where almost none energy will be collected 
if the selected parameters are on the lower temperature 
difference range. Although having less influence for the 
performance of the collector, the insulation also plays a 
relevant role. To avoid important heat losses the necessity of 
having some insulation has been demonstrated.  

Finally, the amount of energy that can be extracted from the  
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system has been quantified in the lower range, resulting 
that each square meter of the Active Solar Façade can 
significantly contribute to the energy needs of the building. 
This case of working mode, without any thermal load 
connected to the system represents the minimum 
achievable energy and the potential to increase that energy 
represents a promising possibility for the current renovation 
sector.  

In such line, additional research is ongoing to demonstrate 
the benefits of active panels under different operation 
modes when connected to a heating pump where the 
efficiency will be simultaneously improved for the panel as 
well as for the heat pump under a synergetic approach.  

To summarize, the purpose of improving current systems 
and technologies by means of active façades represents a 
clear opportunity associated to global energy savings in 
buildings, taking advantage of renewable sources like solar 
energy aiming to mitigate the climatic change. 

REFERENCES 
[1] Comisión Europea. EU Building Stock Observatory. Directorate-General 

for Energy. https://ec.europa.eu/energy/en/eubuildings 
(26/09/2019) 

[2] Agostino, D. D., & Mazzarella, L. (2019). What is a Nearly zero 
energy building ? Overview, implementation and comparison of 
definitions. Journal of Building Engineering, 21 (Octubre 2018), 
200–212. https://doi. org/10.1016/j.jobe.2018.10.019 

[3] Comisión Europea. Commission Recommendation (EU) 2016/1318, 
(2016), of 29 July 2016 on guidelines for the promotion of nearly 
zero-energy buildings and best practices to ensure that, by 2020, all 
new buildings are nearly zero-energy buildings. 

[4] Buildings Performance Institute Europe. BPIE. Future-proof buildings 
for all Europeans – a guide to implement the Energy Performance of 
Buildings Directive. Retrieved from: http://bpie.eu/ (26/09/2019) 

[5] Elguezabal, P., & Garay, R. (2015). Experiences when employing 
different alternatives for envelope upgrading. Journal of Façade Design 
& Engineering 3(1), 81-89. DOI: https://doi.org/10.3233/FDE-
150032 

[6] Blanco, J.M.; Arriaga, P.; Rojí, E.; Cuadrado, J., Investigating the 
thermal behavior of perforated double-skin perforated sheet 
façades: Model characterization and validation procedure; 
optimization assessment (Part A)., Building & Environment, 82, 
(2014) 50-62 (DOI: https://doi.org/ 
10.1016/j.buildenv.2014.08.007) 

[7] Kalogirou S. A,, Building integration of solar renewable energy 
systems towards zero or nearly zero energy buildings, Int. J. Low-
Carbon Technol. 10 (2015) 379–385. DOI: 
https://doi.org/10.1093/ijlct/ctt071. 

[8] O’Hegarty, R., Kinnane, O. & McCormack, S. J. (2016). Review and 
analysis of solar thermal facades. Solar Energy. Vol. 135 (2016), pp. 
408-422 

[9] Giovanardi, A., Passera, A., Zottele, F., Lollini R., Integrated solar 
thermal façade system for building retrofit, Sol. Energy. 122 (2015) 
1100–1116. DOI: 
https://doi.org/10.1016/J.SOLENER.2015.10.034. 

[10] D’Antoni, M,; Bonato, P.; Fedrizzi, R. On the development of a 
façade- integrated solar water storage. Journal of Facade Design and 
Engineering, [S.l.], v. 6, n. 2, p. 009-020, june 2018. ISSN 2213-3038. 
DOI: https://doi.org/ https://doi.org/10.7480/jfde.2018.2.2048. 

[11] Munari Probst, M.C. & Roecker, C. (editors). (2012). Solar Energy 
Systems in Architecture – integration criteria and guidelines. IEA SHC 
Task 41, Subtask A 

[12] Elguezabal, P., Lopez, A., Blanco, J.M., Chica, J.A., Parametric 
assessment of a building active façade by means of a combined 
metallic sandwich panel with an unglazed solar collector. MATEC Web 
Conf. 282 02046 (2019). DOI: https://doi.org/ 
10.1051/matecconf/201928202046 

[13] Boudjabeur S. et al. Building Active Steel Skin. (BASSE). (2019) 
Grant Agreement nº: RFSR-CT-2013 - 00026. Final Report. 
ISBN 978-92- 79-94133-7. ISSN 1831-9424. DOI: 
https://doi.org/ 10.2777/767032. 
https://publications.europa.eu/en/web/general-
publications/publications. (26/09/2019) 

 

[14] O’Hegarty, R., Kinnane, O., McCormack, S., Parametric investigation 
of concrete solar collectors for façade integration, Sol. Energy. 153 
(2017) 396–413. DOI: 
https://doi.org/10.1016/J.SOLENER.2017.05.092 

[15] Garay-Martinez, R., Arregi-Goikolea, B., Bonnami, P., Raji, S., Lopez, 
J.. (2017). Concept, development and thermal characterization of an 
unglazed solar thermal collector for façade integration. DYNA, 92(4). 
466-472. DOI: https://doi.org/ http://dx.doi.org/10.6036/8108 

[16] Gunjo, D.G., Mahanta, P., Robi, P.S, (2017) CFD and 
experimental investigation of flat plate solar water heating system 
under steady state condition, Renew. Energy. 106 (2017) 24–36. DOI: 
https://doi.org/10.1016/J. RENENE.2016.12.041. 

[17] Ayompe, L.M., Duffy, A., McCormack, S.J., Conlon, M., Validated 
TRNSYS model for forced circulation solar water heating systems with 
flat plate and heat pipe evacuated tube collectors, Appl. Therm. Eng. 31 
(2011) 1536– 1542. DOI: 
https://doi.org/10.1016/J.APPLTHERMALENG.2011.01.046. 

[18] Rodríguez-Hidalgo, M.C., Rodríguez-Aumente, P.A., Lecuona, A., 
Gutiérrez- Urueta, G.L., Ventas, R., Flat plate thermal solar collector 
efficiency: Transient behavior under working conditions. Part I: Model 
description and experimental validation, Appl. Therm. Eng. 31 (2011) 
2394–2404. DOI: 
https://doi.org/10.1016/J.APPLTHERMALENG.2011.04.003. 

[19] Kumar, S., Sharma, V.B., Kandpal, T.C., Mullick, S.C., Wind induced heat 
losses from outer cover of solar collectors, Renew. Energy. 10 (1997) 
613–616. DOI: https://doi.org/10.1016/S0960-1481(96)00031-6. 

[20] Brandl, D.; Schober, H.; Hochenauer, C., (2018). Analysis of Heating 
Effects and Deformations for a STAF Panel with a Coupled CFD and FEM 
Simulation Method. Journal of Facade Design & Engineering, 6(3), 116–
131. https://doi. org/10.7480/jfde.2018.3.256. 

 

 

 

APPRECIATION 

 
The authors are grateful for the technical and human 
support provided by IZO-SGI SGIker of UPV/EHU and to the 
Basque Government, through the IT781-13 and IT1314-19 
research groups and UPV/EHU through PES17/25. Finally 
thanks must be given to TECNALIA Research & Innovation 
for supporting this research through a cooperation 
agreement (PT10516) with UPV/EHU.  

The authors would also like to thank all those companies 
and researchers participating in the BASSE project for their 
strong involvement during that research. The BASSE 
project received funding from the European Union, RFCS 
Program, Research Fund for Coal and Steel project Building 
Active Steel Skin (BASSE, Grant Agreement no RFSR-CT-
2013-00026). 

https://ec.europa.eu/energy/en/eubuildings
https://ec.europa.eu/energy/en/eubuildings
https://doi.org/10.1016/j.jobe.2018.10.019
https://doi.org/10.1016/j.jobe.2018.10.019
http://bpie.eu/
https://doi.org/10.3233/FDE-150032
https://doi.org/10.3233/FDE-150032
https://doi.org/
https://doi.org/10.1093/ijlct/ctt071
https://doi.org/10.1016/J.SOLENER.2015.10.034
https://doi.org/
https://doi.org/10.7480/jfde.2018.2.2048
https://doi.org/
https://doi.org/
https://doi.org/
https://publications.europa.eu/en/web/general-publications/publications
https://publications.europa.eu/en/web/general-publications/publications
https://doi.org/10.1016/J.SOLENER.2017.05.092
https://doi.org/
https://doi.org/
https://doi.org/10.1016/J.RENENE.2016.12.041
https://doi.org/10.1016/J.RENENE.2016.12.041
https://doi.org/10.1016/J.APPLTHERMALENG.2011.01.046
https://doi.org/10.1016/J.APPLTHERMALENG.2011.04.003
https://doi.org/10.1016/S0960-1481(96)00031-6
https://doi.org/10.7480/jfde.2018.3.256
https://doi.org/10.7480/jfde.2018.3.256


artículo de investigación / research article New concept of solar collector integrated into a sándwich panel as an active façade;  

CFD based parametric assessment and case study 
Peru Elguezabal, Alex Lopez, Jesús-María Blanco y José-Antonio Chica 

698 | Dyna | Noviembre - Diciembre 2019 | Vol. 94 nº6 | 691/697 Cod. 9274 | Tecnología de la construcción | 3305.99 Otras 

 

 

 

NOMEN 
 

A 

ASF 

CFD 

C
p  

D
in  

D
e 

DHW 
e 

FM 

h 

HVAC 
I
sol 


 

NZEB 

P 

PMAE 

Q 

CLATURE 
 

Anemometer 

Active Solar Façade 

Computational Fluid dynamics  

Specific heat capacity (J/kg ºC)  

Inner diameter of the pipe (mm) 

Depth of the pipe (mm) 

Domestic Hot Water  

Thickness (mm) 

Flowmeter 

Convenction coefficient (W/m2 K). Heat 

Heat Ventilation and Air Conditioning 

Solar irradiance (W/m2) 

Thermal conductivity (W/m2 K)  

Mass flow rate (kg/s) 

Nearly Zero Energy Building 

Pyranometer 

Predicted Mean Absolute Error (%) 

Heat power (W) 

 
 

 
q 
q

rad 

q
conv 

 RES 
SIMPLE 

 
T

amb 

T
in 

T
out 

T
s
 

U 
T 





 

 
i 

s 

p 

         ext 

 
 

Specific heat power (W/m2)  

Absorbed heat due to irradiance (W/m2)  

Heat lost due to convection (W/m2)  

Renewable Energy Sources 

Semi-Implicit Method for Pressure Linked Equations  

 

Ambient temperature (ºC)  

Inlet fluid temperature (ºC)  

Outlet fluid temperature (ºC) 

Surface temperature (ºC)  

Wind speed (m/s) 

Temperature jump-heat transfer capacity (ºC) 

Stefan-Boltzmann constant (5.68 10-8 W/m2 K4) 

Absorptivity (-) 

 
Subscripts 
Relative to the insulation 

Relative to the sheet 

Relative to the pipe 

Relative to the external air 

 


