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Abstract 

Passive systems are acknowledged to highly optimize the thermal and energy performance of 

buildings. A detailed literature review shows that solar shading technologies play a key role in 

improving indoor thermal and lighting behavior according to outdoor environmental condition. 

Moreover, the possibility to control their dynamic operations by means of automatic systems is 

showing promising findings. In this view, the present paper aims at analyzing the thermal and lighting 

performance of a full scale test room with varying the layout of an external Venetian blind system. In 

particular, the test-room was continuously monitored in two different periods with the purpose of 

evaluating the effects of several shading system configurations compared to an automatic one, 

controlled by outdoor selected parameters (air temperature and illuminance). The experimental 

apparatus consists of a full scale prototype building designed considering Italian typical residential 

buildings in terms of envelope materials and geometry (transparent and opaque envelope area). The 

shading layout was periodically modified with the final objective of quantifying the effect of such 

modifications in terms of indoor thermal and lighting performance. The results show that the different 

configurations of the Venetian blind hugely affect indoor thermal and lighting performance. In 

particular, the dynamic behavior of the automated Venetian blind is able to produce the highest 

benefits.  
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Keywords: energy efficiency; Venetian blind; shading system; indoor microclimate; lighting 
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1. Introduction 

Energy efficiency in buildings by means of passive strategies represents a key research target of the 

last decades, since in industrial countries about 40% of the total energy requirement is imputable to the 

finale energy requirement  of buildings [1]. In this view, the analysis of innovative or traditional 

systems, specifically optimized in order to improve indoor microclimate conditions in summer and 

winter is an important research and innovation focus [2]. Together with innovative  

passive systems, important strategies have been analyzed and improved, with a particular attention 

paid to the optimization of each system with respect to the environmental, i.e. indoor and outdoor, 

boundary conditions, even in full scale building prototypes [3]. In this view, passive cooling 

ventilation [4], high thermal capacity solutions [5], greenhouses [6], cool materials for building 

envelopes [7] and solar shading systems [8] are just a few of the most important techniques 

investigated in recent years [9,10].  

Following the introduction of the Directive 2010/31/EU [11], a variety of insulated and high 

thermal capacity residential buildings have been constructed in Italy. In summertime, the thermal 

inertia of a building envelope can indeed improve occupants’ thermal comfort reducing the heat 

entering the opaque envelope. Also, attention has to be paid to the solar radiation entering the windows 

which may cause overheating. Radiant heat from the sun reduces the heating energy consumption in 

the winter season but increases the cooling energy consumption during the summer season. 

In order to achieve energy saving, thermal comfort and optimal level of natural lighting, passive 

design strategies can be adopted in residential buildings. When the opaque envelope is well insulated, 

the thermal exchanges between indoor and outdoor are mostly depending on windows. Among passive 

design strategies, the use of shading devices is one of the most important and fundamental in 

sustainable building design for controlling solar heat gains and daylighting conditions[12]. A specific 

focus on the role of building external movable shading system represents the key issue addressed in 

this work, starting from previous contributions by the authors analyzing other aspects of the shading 

systems [13].  

 

1.1 Aim of the research 

The purpose of the study is to observe how the  performance of a residential building can be 

enhanced by means of the application of shading devices working in different operational 

configurations, optimized by proper control systems. The study was carried out on a full scale room in 

order to analyze thermal and lighting performance of the Venetian blinds different setup. 

Unlike other findings in the literature, where the effects of the shading devices on the indoor 

environment were studied focusing either during wintertime or summertime and mostly in office 

buildings, this research conjugates several features by analyzing and comparing thermal and lighting 



  

 

 

effects in two different periods (spring and summer) for residential buildings, with the aim to fulfill 

this gap in the literature. In particular, four main configurations of the Venetian blind were tested in a 

full-scale experiment by means of a continuous monitoring outdoor-indoor setup. These parameters 

were monitored, analyzed and compared in order to assess the Venetian blind effects, taking into 

account two different control systems, motorized and operated by a built-in control algorithm 

This kind of shading device  can properly control solar radiation and optimize natural lighting in 

residential buildings by modifying blinds or blades angle. Therefore, the environmental performance 

of a real Venetian blind marketed in Italy was evaluated through thermal and illuminance monitoring 

in a real-scale test room. The employment of a full-scale prototype allows taking into account the 

dynamic phenomena, which affect building thermal behavior. These experiments guarantee a high 

quality of instrumentation and acquisition systems, homogeneous internal environmental conditions 

and a continuous monitoring of climate conditions. These aspects make these kinds of tests effective 

and reliable, since most of the passive strategies are strongly dependent on the boundary conditions 

variability [14].   

The paper structure is as follows. Section 1 deals with  an introduction of  the approach and the aim 

of the work. In Section 2, the state of the art in this research field, focusing on the novelty of the work, 

is developed. In section 3, method, materials and experimental setup are described. In Section 4, the 

monitoring and the results are discussed and, finally, in Section 5 the conclusions are drawn. 

. 

2. State of the art 

Since the investigation of Venetian blinds’ effect on thermal and lighting conditions of a test cell is 

the goal of this paper, a brief overview about different shading devices and the existing test cells is 

reported to support the research aim. 

2.1. Shading devices 

In general, shading devices have several functions: they can block direct sunlight to prevent glare 

and reduce overheating, they can still allow diffuse light into the space so as to reduce lighting energy 

consumption. Moreover, they should guarantee winter solar gains and increase the thermal insulation 

of the transparent envelope.  

A variety of research studies have been performed dealing with the slat-type blind performance, the 

shading devices solar optical properties [8], the slat and curved blinds, the blind integrated with the 

window systems. Even double-sided blinds have been suggested by applying different reflectance rate 

between front and back sides of the slat and by fully rotating the slat when the system mode is 

switched between heating and cooling mode [15].  

As  described in many researches, the effectiveness of sun protection of glass surfaces depends on a 

variety of factors: screen materials and finishing (reflectance), solar shading solution (fixed or mobile), 

the screen position with respect to the frame (external, internal, intermediate) and, according to the 

façade characteristics (parallel, orthogonal, horizontal, vertical, etc.), geographical location and façade 



  

 

 

exposition. The blinds elements are mostly made out of extruded aluminum, galvanized steel and 

painted, wood, brick, PVC and copper. Furthermore, there are several possible configurations of blade 

sections: ellipsoidal, curved, gull wing, triangular, of the diamond-shaped, and rectangular (for wooden 

ones). Most of the analysed literature deals with office buildings. Only a few have been carried out to 

investigate the use of Venetian blinds in residential buildings. 

Mobile shading systems can effectively control solar radiation and optimize the amount of natural 

light ensuring visual comfort as well on a yearly basis, by modifying manually or automatically the 

blinds or blades angle. 

The most common mobile shadings used in residential buildings are Persian shutters, roller blinds, 

Venetian blinds and roller curtain. Also fixed elements can be used such as overhangs mostly 

consisting of balconies and canopies accompanied by solar shadings. 

Venetian blinds consist of a cloth made out of movable slats of various shapes and sizes hanging 

from a ladder tapes. The slats are driven through a mechanisms housed in the upper casing. Along the 

sides, lateral guides or aluminum wires are provided. Venetian blinds are very common in civil 

buildings also because of their ability to top packaging into a very small space, and their great 

flexibilities to adjust the slat angle under each circumstance [16].  

According to the control method, blinds can be classified as manual, motorized and automated type. 

A manual blind is the simplest type of blind which does not incorporate a motorized device. Motorized 

blinds are operated by motors, implying that a remote or central operation is possible. Automated 

blinds are automatically controlled by sensors according to the outdoor weather conditions, in order to 

enhance the environmental performance. Manual or motorized blinds, though commonly used, have 

limitations to their potentiality in reducing energy consumptions, because proper countermeasures can 

be implemented only by occupants which tend to move the blinds only when direct solar radiation 

makes conditions uncomfortable [17]. 

If blinds are controlled automatically by sensors and a built-in control algorithm, according to 

variations in the outdoor and indoor environmental conditions, excessive energy use and the level of 

occupant discomfort due to direct solar radiation can be greatly reduced [15, 17]. Some automated 

blind control strategies were also studied in order to avoid direct solar radiation (and hence glare), 

while maximizing daylight and views of the outside [12].  

An efficient control of a shading-device must minimise the overheating by reducing solar gains but 

also limit the time of closed mode to ensure maximal vision to the outside and daylight in the building. 

Both these issues are important to create a comfortable living environment and to allow energy savings 

by reducing electrical lighting. Moreover, shadings control should maximise solar gains in winter as 

well. For automated shading devices, different types of management schemes have been used based on 

different criteria, e.g. indoor glare index, internal or external solar radiation, internal temperature, 

indoor or outdoor illuminance or a combination of the above mentioned parameters. Some investigated 

the impact of shading device control method on energy demand and overheating hours via simulation 

[18, 19, 120, 21].  

There is currently no standard criterion for automated shadings control [20]. In general, control 

modes and parameters thresholds values have to be carefully selected by taking into account for: 



  

 

 

facade orientation, use of the building, local weather data and season of the year [18]. Usually the 

shading device is lowered completely when the chosen parameter exceeds the set point, and then is 

opened back when parameter lowers under another limit value.  

Some researches have been carried out in real buildings in order to investigate the thermal, visual 

and energetic performances of different solar shading devices. In [22] an analytical and experimental 

study on different typologies of external solar shadings was carried out to compare their performances 

in an office room located in a Mediterranean climate analyzing thermo-physical behavior, energy 

consumptions, thermal comfort, daylighting and environmental impact. Moreover, the potential energy 

saving and the comfort enhancement when using an automated blind, compared to the employment of 

a manual one, was experimentally confirmed in an open office building in Korea, while the critical 

issues of the automatic control algorithm of the shading was underlined [23]. Other studies [24, 25] 

showed the results of the comparison between the performance of different shading devices installed 

on a Canadian residential building, obtained through a winter (exterior solar shading) and summer 

(interior reflective screen shade) field measurements. Furthermore, the use of shading devices can 

affect indoor air temperature, visual environment and users’ interaction. By means of real-time 

experiments and computer simulations of a Jordanian office building, these parameters were monitored 

and compared to non-shaded environment in order to study how the shading devices work in 

controlling air temperature and improving illuminance level [26]. Other works, carried out in outdoor 

test facilities, focused on measuring some physical properties of solar shadings [27] and assessed 

requirements concerning energy efficiency and indoor environmental quality [28]. 

.  

 

2.2 Test cells 

 

Since most of the passive strategies commonly used in order to enhance indoor thermal comfort are 

strongly dependent on the variability of the dynamic boundaries, the analysis of building dynamic 

thermal-energy and lighting performance represents a key issue to address while investigating such 

phenomena. That is the reason why many prototype full-scale buildings were constructed over Europe 

and all around the world with the purpose to assess the dynamically variable performance of realistic 

constructions where many optimization strategies could be tested [29]. The employment of outdoor 

test cells has several advantages, since they perform real size rooms, well controlled and not affected 

by occupancy: e.g. test cells built in different areas with different environmental and climate 

characteristics allow testing components under many operating conditions, comparing the obtained 

results for different boundary conditions and assessing solar and thermal characteristics for appropriate 

standardized conditions [30]. By means of the outdoor test data, as many simulation parameters are 

known, it is also possible to calibrate components models making them more reliable and repeatable 

[31]. In fact, a high-quality data set is a very critical issue for the building energy simulations. By 

employing a real scale analysis, it is possible to provide an effective tool to validate computer models, 

thanks to the input values and boundary conditions accuracy [32]. 



  

 

 

In this view, important research contributions were carried out by the European PASSYS Project 

(Passive Solar Components and Systems Testing), which began in 1985 with the support of the 

European Commission [11]. The main objective of the Project and of the partnership network was to 

think about a test cell to be designed in each partner country which should be the case study for 

investigating several passive techniques and evaluation tools [33]. The prototype building was 

designed with the best achievable adiabatic condition in all the opaque walls except for one test-wall 

[34]. The very first PASSYS Project applications provided analyses carried out under steady state 

conditions [35, 36] and after these, key research contributions were developed, e.g. PASLINK, ROOF-

SOIL, COMPASS, PV-HYBRID-PAS, etc. In this panorama, for instance, the PASLINK Network was 

aimed at developing new reliable test methods to study the thermal-energy performance of building 

components under dynamic conditions [37, 38]. In particular, an interesting monitoring of windows 

integrated with solar shadings devices were carried out in the PASLINK test cell in Porto (Portugal). 

This window involves the use of a rotating frame, an absorptive glazing and a naturally ventilated 

vertical channel, in order to improve the balance between the visual comfort and the energy efficiency 

of windows [39]. 

Starting from these test cells’ development and innovation, several applications with different goals 

were performed. Through the outdoor tests, the effects of different coverage systems for roof were 

studied, aiming to identify the best solution to improve buildings’ thermal performance [40]. By 

testing real scale structures and employing different kind of insulation materials, it was also possible to 

quantify the energy savings [41]. Furthermore, since in the last years the occurrence of overheating 

problems has been growing, the performance of the facades plays a fundamental role in the buildings 

thermal behavior [42]. For instance, an experimental campaign was performed on a full-scale test cell 

provided with a double-skin facade [43] under different configurations involving variation of the 

airflow through the double-skin facade and different angle of the solar shading device. The results 

show how the temperatures of the test cell and the facade depend on the climate conditions and on the 

Venetian blind angles that play a very important role on the thermal performance of the double-skin 

facade, which is deployed especially for office and commercial buildings.  

Due to this, many research groups studied the response of the facade elements enhanced with 

shading and insulating devices under different external conditions, through the test cells employment. 

In particular, in [27], the authors studied the effects of different Venetian blind configurations, slat 

colors and tilt angles on the total solar energy transmittance by using a calorimetric outdoor test 

facility near Zurich. Other findings in literature demonstrated the reliability and the effectiveness of the 

experimental campaigns focused on the study of the effects of the ventilated double skin facades with 

Venetian solar shading device, also for numerical models validation by means of the outdoor 

experiments [43, 44]. 

 

2.3 Startpoint of the work 

 

The literature review revealed a gap with respect to the following elements that this work wants to 

bridge. First of all, just a few studies addressed the issues related to the overheating of residential 



  

 

 

buildings in Mediterranean areas and the great part of these studies were carried out in office buildings. 

On the other hand, the relation between thermal performances and daylighting in residential buildings 

with  motorized or automated Venetian blind system has not been deeply investigated. In response to 

these two observations, the test cell method could be considered as an experimental study in residential 

building since the prototype was built according to contemporary Italian residential buildings for what 

concerns envelope materials and the 1/8 ratio between the window and the floor surface. Moreover, 

this study used and tested a real Venetian blind to underline the varying performance between a 

motorized and an automated system. 

 

3. Materials and methods 

3.1 Acquisition system and equipment 

The building prototype used in this research consists in one test cell built at the University of Perugia 

in central Italy (Figure 1a). Figures 1b and 1c show the test cell dimensions and the facade position of 

the window oriented towards South. The walls and the roof have an external insulation layer to 

guarantee low thermal transmittances, respectively of 0.29 W/m
2
K and 0.25 W/m

2
K (Figure 1d). The 

window is characterized by a pine wood frame and high performance double glazing system with an 

air filled camera. The solar heat gain coefficient (g) and the thermal trasmittance (U) of the glazing 

system are respectively 42% and 1.3 W/m
2
K. Other specific technical characteristics are reported in 

previous works by the authors [8, 45]. 

 

 

(a) 
 

(b) 

 

(c) 

 

(d) 



  

 

 

Fig. 1. Permanent Test-Room experimental field. (a) the test building; (b) front plan; (c) floor plan; 

(d) roof and walls stratigraphy. 

 

An experimental monitoring was setup for the purpose of this study (Figure 2). A coupled indoor-

outdoor continuous monitoring equipment was used in order to characterize thermal and lighting 

behavior of the test cell with respect to the external weather conditions and the Venetian blind 

configurations.  

 

 

(a) 

 

(b) 

Fig. 2. Outdoor (a) and indoor (b) monitoring setup. 

 

The field test setup consisted of both microclimate and meteorological continuous monitoring stations 

which are connected to dedicated data-loggers to measure and store the monitored data for the overall 

duration of the campaign. The outdoor weather station of the setup allowed to monitor the boundary 

environment during the course of the experiments, where the main parameters were represented by: 

global radiation over horizontal plane, dry bulb temperature, air velocity and relative humidity, main 

wind direction, raining rate, illuminance[8, 45]. The indoor microclimate station was useful for 

monitoring: indoor air temperature, mean radiant temperature, surface temperature of window glazing 

system, relative humidity and air velocity, thermal flux through the window glazing system, indoor 

central global radiation level on a horizontal plane and illuminance. The main probes and their 

positioning in the test cell for the present research are reported in Figure 1c and Figure 3. 

-  

Table 1 shows the main characteristics of the probes used to collect data reported in the paper.  

 

Table 1. Technical characteristics of the probes  

Indoor probes   

Sensors Monitored parameters Measurement features 

Global thermometer Mean radiant Temperature [°C] Accuracy: 0.15°C (to 0°C) 

Thermohygrometric probe Dry bulb temperature [°C] Accuracy: 0.15°C (to 0°C) 

Superficial temperature probes 
 

Surface temperature of internal  side 

of the glass  [°C] 

Accuracy: 0.15°C (to 0°C) 



  

 

 

Luxmeter Illuminance [lx] Accuracy: 3 lx 

   

Outdoor  probes 

Sensors Monitored parameters Measurement features 

Thermohygrometer sensor Dry bulb temperature [°C] Accuracy: 0.1°C (0°C) 

Piranometer  Global solar radiation  [W/m
2
] Spectral range: 305÷2800 nm 

Uncertainty: 10% daily 

Second class WMO (ISO 9060) 

Luxmeter Illuminance [lx] Accuracy: 10 lx 

 

 

 

Fig. 3. Venetian blind dimensions and probes position on the window surface.  

 

3.2 Venetian blind characteristics and configurations 

The studied blind is made of aluminium with enamel finished flat sheets with the following 

characteristics: 

- Blind dimensions: 1 m x 1.42 m  

- Sheet wide: 80 mm 

- Maximum distance between the sheets (C-H configuration): 75 mm 

- Distance from the glass: 150 mm 

- Sheet colour: white (VSR 901) 

- Sheet solar reflectance (ρe): 0.75  

Sheet light reflectance (ρv): 0.84The continuous monitoring of all the parameters was scheduled in 

order to characterize four main configurations of the Venetian blind (Figure 4): 



  

 

 

- O: completely packed blind. Open view with closed sheets’ configuration aimed at analyzing 

the effect of the minimum shading of the blind, registered when the sheets are positioned within 

the rib obstruction; 

- C-H: closed sheets in horizontal position. Relatively open view from the inside of the test-

rooms, with the sheets positioned in horizontal plane and the Venetian blind structure 

completely covering the window panel; 

- C-I45: closed sheets tilted 45°. The Venetian blind structure completely covering the window 

panel and the view is rather covered by the sheets; 

- C-V: closed sheets in vertical position. Obstructed view from the inside of the test-rooms, with 

the sheets vertically positioned in order to perform the best sun obstruction. 

All these motorized configurations were monitored in the test cell in order to identify the effect of 

the shading system positions, and compared with the thermal and lighting effects due to an automatic 

controlled shading device (AUTO). 

 

 

Fig. 4. Configurations of the monitored Venetian blind 

 

3.3 Automated control system of the Venetian blind 

The external weather parameters controlling the automated Venetian blind activation are reported in 

Figure 5. As a matter of fact, the position of the blinds (opened or closed) is automatically controlled 

on the basis of external air temperature and illuminance. When the temperature exceeds 23°C, the 

control system enters in stand-by mode and it is ready to work. In this case the position of the blinds is 

controlled by the value of the external illuminance: when it exceeds 50klx the blinds close; when it 

drops below 40klx the blinds open. When the Venetian blind is down, the slats tilt is determined by 

means of a built-in control algorithm according to window orientation, hour of the day and period of 

the year. When the temperature drops below 18°C the control system exits from stand-by mode and 

turns off. In this condition, the system is not being activated even if illuminance values exceed 50klx. 

Therefore, undesired winter period activation of the Venetian blind is avoided. Moreover, the control 

system is provided with a response delay in order to avoid continuous on-off of the blinds.  

 



  

 

 

 
Fig. 5. Example of the venetian blind automatic control operation based on external air temperature 

and illuminance values. 

 

3.4 Monitoring periods 

The different configurations of the venetian blind were set up in the test-room in different weekly 

periods. Among the monitored days, in order to select the most representative ones to compare, those 

days with the maximum sunshine duration (in terms of direct solar radiation) have been chosen. In 

particular, the sunshine duration has been assessed with a sunshine duration meter. In addition, the 

selected days present similar daily temperature trends. The monitoring results and their discussion take 

into account the partially different external meteorological conditions of the selected days. 

The analysis of the thermal behavior of the test-room was carried out during two different periods, 

respectively from March to May 2015 and from July to August 2015. In these two periods, a specific 

day was chosen as representative of each configuration (Configurations: O, C-V, C-H, C-I45, AUTO) 

previously described. Figure 6 shows the external air temperature and the global solar radiation on 

horizontal plane during the selected days with the evidence of the analyzed configurations. As the 

analyzed period was obviously characterized by weather variability, the representative days were 

selected in order to have a behavior as much similar as possible during the 24 hours of monitoring. In 

this way, the configurations were compared and the influence of different external weather conditions 

on the collected results was reduced.  

 



  

 

 

 
Fig. 6. External air temperature and global solar radiation of the representative days with the analyzed 

configurations. The full monitoring period goes from March to August 2015. 

 

During the full monitoring period, the test room behaviour was analyzed in free-floating mode.  

In particular, during the second monitoring period, at the end of each measurement session referred 

to every Venetian blind configuration, the test room was cooled in order to start the following 

monitoring with the same internal air temperature (25°C). At the beginning of each session, the 

cooling system was switched off. Therefore, the performance of all the different Venetian blind 

configurations were assessed by starting from the same boundary conditions referred to the internal 

environment. In order to assess the thermal and lighting behavior of the test room with different 

configurations of an external Venetian blind, the following section deals with  the analysis of selected 

thermal (external, internal and mean radiant temperature, glass internal surface temperature) and 

lighting (internal illuminance) parameters. 

 

4. Results and discussion 

The results of this research focuses on the influence of the Venetian blind configurations on indoor 

temperatures, also considering the effects on illuminance related to daylighting. 

 

4.1 Motorized Venetian blind 



  

 

 

In figure 7, for the first monitoring period, thermal parameters (external, internal and mean radiant 

temperature, glass internal surface temperature) and internal illuminance for the representative days 

and the motorized configurations are reported. 

  

 

 

Fig. 7. First monitoring period. External, internal and mean radiant temperature, glass internal surface 

temperature and internal illuminance for the representative days and the analyzed configurations.  

 

Figure 7 shows that the solar radiation entering the room by the window influences the internal air 

temperature; in particular, for the configuration O (fig. 7a), the glass internal surface temperature 

increases immediately the mean radiant temperature and, with delay, also the temperature of the air 

increases.  

The effect of the solar radiation on the glass of the window and of the solar gains is clearly reported. 

It is possible to see the effect of the shading, in fact passing from the blind configuration completely 

open (O) to the completely closed blind (C-V), the internal glass surface temperature gradually 

decreases. Furthermore, the thermal performance of the combined glazing-shading system dampens 

down the internal temperature fluctuation. In fact, configuration O the test room clearly heat up during 

the central hours of the day due to the passive solar gain exploitation. In the other configurations, 



  

 

 

despite higher values of external air temperature and solar radiation, the presence of the Venetian blind 

preventing solar radiation access, reduces the air temperature difference between day and night. 

Focusing on internal air temperature and mean radiant temperature trend, when  solar radiation 

directly enters the room, the two temperatures are similar, but just when the solar radiation stops to hit 

the glass, the mean radiant temperature suddenly decreases whereas the internal air temperature goes 

down slowly due to air inertia. The completely closed shading with horizontal and tilted sheets (C-H, 

C-I45) shows a similar behavior to the configuration O with a greater delay of the heating up of the 

indoor air temperature, due to minor solar energy entering in the room. Nevertheless. internal 

illuminance reaches maximum values between 300 (C-I45) and 370 lx (C-H). Moreover, the 

configuration C-I45 allows less solar gains determining also a lower glass internal surface temperature 

even though the higher values of the external air temperature and the solar radiation. Completely 

different trend is showed in the configuration C-V. In this configuration, no solar radiation hits the 

glass, internal illuminance values are always below 100 lx, and the mean radiant temperature is not 

influenced by the increasing of the window temperature and keeps the gap with the internal air 

temperature during the entire day. 

In figure 8, for the second monitoring period, thermal parameters (external, internal and mean 

radiant temperature, glass internal surface temperature) and internal illuminance for the representative 

days and the motorized configurations are reported. 

 



  

 

 

 

 

Fig. 8. Second monitoring period. External, internal and mean radiant temperature, glass internal 

surface temperature and internal illuminance for the representative days and the analyzed 

configurations.  

 

Looking at Figure 8, it is clear the effect of each Venetian blind configuration in terms of internal 

glass surface temperature reduction as well as internal air temperature. The Venetian blind helps to 

maintain the mean radiant temperature lower than the internal air temperature, therefore improving the 

thermal comfort in summer. In particular, configurations C-H and C-I45 are able to keep maximum 

mean radiant temperature slightly below to 27°C (26.8°C for C-H and 26.7°C for C-I45) with a daily 

maximum external air temperature respectively between 33.5°C and 33.1°C; in configuration O, the 

mean radiant temperature reaches the maximum value of 28.3°C, even if with higher maximum 

external temperature of 38.5°C. 

The internal lighting analysis focuses on the indoor illuminance reduction due to the different 

configurations of the Venetian blinds applied to the test cell; the jagged trend of the indoor illuminance 

is caused by cloudy weather; however, the shading device effect is clear. 

Configurations C-H e C-I45 guarantee an optimal internal illuminance for residential buildings; 

compared to the configuration O, the C-H one implies a reduction of the maximum indoor illuminance 

values of 21%, while for the C-I45 one the reduction is of 48%. For the C-V configuration the reduction 



  

 

 

is obviously much higher (87%); in particular, the Venetian blind completely closed implies low 

indoor illuminance values that reaches the maximum value of about 100 lx.  

 

4.2 Automated Venetian blind 

In figure 9, for two representative days of the two monitoring periods, thermal parameters (external, 

internal and mean radiant temperature, glass internal surface temperature) and illuminance (external 

and internal) are reported for the automated Venetian blind configuration (AUTO). The two monitored 

days have been chosen to represent different weather conditions as regard external illuminance: in the 

first day (Figure 9a) the trend doesn’t present a great discontinuity which is instead present in the 

second day (Figure 9b). In the figure the gray hatch indicates when the shading device is closed and 

the built-in control algorithm is operating, allowing different tilting of the slats. In particular, Figure 9b 

highlights the sensitivity of the blind automation system to changes in external illuminance; the 

discontinuity of the gray hatch represents two moments in which the external illuminance drops under 

40klx causing the opening of the Venetian blind. 

 

 

 

Fig. 9. External, internal and mean radiant temperature, glass internal surface temperature, external 

and internal illuminance for two representative days, (a) first monitoring period and (b) second 

monitoring period, with automated Venetian blind configuration (AUTO) 

 

Configuration AUTO combines the advantages of the different blind configurations that have been 

considered.  

Observing Figure 9b, the Venetian blind keeps the mean radiant temperature lower than the internal 

air temperature, thus improving the thermal comfort. In particular, when the shading is closed and the 

built-in control algorithm is functioning, the mean radiant temperature ranges from 25.9°C (at 10:00 

a.m.) to 27.1°C (at 17.00, i.e. 5:00 p.m.), while the external air temperature ranges from 31.5°C to 

32.7°C in the same hours, with a maximum value of 35°C (at 10:00 a.m.).  

The dynamic behavior of the automated Venetian blind is clearly shown in Figure 9b. When the 

external illuminance drops below 40000 lx and the blinds open, consequently the glass internal surface 



  

 

 

temperature increases up to 30.8°C. The comparison between Fig. 9a and 9b shows that the current 

built-in control algorithm is more effective in controlling internal temperature conditions when there 

are not sudden and large variations in the weather conditions, particularly in the external illuminance 

values.  The lighting analysis shows that automatic configuration is able to maintain a good level of 

internal illuminance, avoiding the use of artificial lighting and reducing electric energy consumptions 

even in conditions of  partly cloudy sky when outdoor illuminance present large and frequent 

variations. In those conditions automatic control succeeds in following external illuminance 

fluctuations, ensuring acceptable indoor illuminance levels also when clouds make external 

illuminance to drop.  

In Figure 10, external and glass internal surface temperature overlying values are reported for three 

representative days of the second monitoring period, with blind operation configuration C-H, C-I45 and 

AUTO. In particular, despite higher values of external air temperature with the automated blind 

(35°C), glass internal surface temperature is similar for the three configurations.  

 

 

 

Fig. 10. External and glass internal surface temperature overlying values for representative days with 

blind operation configuration C-H, C-I45 and AUTO (second monitoring period) 

 

In Figure 11, external air temperature, glass internal surface temperature and global solar radiation 

overlying values are reported for two representative days of the second monitoring period with blind 

operation configuration O and AUTO. Figure 11 could represent the thermal conditions of a residential 

building without a shading system and after a retrofitting involving the window-shading system.  

Despite the low g-value (42%) of the glass, the window itself is not able to effectively control the 

thermal effects of the direct solar radiation. In fact, regarding configuration O, when the external air 

temperature rises up to 38.6 °C, the glass internal surface temperature in the absence of a shading 

system increases up to 38.8°C. On the contrary, for the configuration AUTO, when the external air 

temperature rises up to 35 °C, the glass internal surface temperature decreases to 30.8 °C. This greatly 

influences the human heat exchanges with the glass surface and then indoor thermal conditions .  



  

 

 

 

 

 

Fig. 11. External air temperature, glass internal surface temperature and global solar radiation 

overlying values for representative days with blind configuration O and AUTO (second monitoring 

period) 

 

Through built-in control algorithm, the automated Venetian blind allows comfortable mean radiant 

temperature and guarantees good indoor illuminance level. Nevertheless, the results of the monitoring 

campaign show that the external illuminance control levels between 40 and 50klx seems to be non-

optimal if operating all year long. The lower set point limit should be reduced in order to avoid the 

temporary blind opening due to sudden and large variations in the external illuminance values. 

 

5. Conclusions 

Only a few studies have been investigating issues related to overheating of residential buildings in 

Mediterranean areas due to the absence of efficient solar shading technologies. Additionally, the 

relation between thermal performances and daylighting in residential buildings with motorized or 

automated Venetian blind system needs to be investigated. 

In this paper, a continuous monitoring campaign was carried out during two different periods, 

respectively from March to May 2015 (first period) and from July to August 2015 (second period), in 

order to analyze thermal and lighting effects produced by a real external Venetian blind marketed all 

over Italy in residential buildings indoor environment. To this aim, a full scale prototype, built 

according to the characteristics of contemporary Italian residential buildings, and equipped with an 

indoor microclimate station and an outdoor weather station, was dedicated to this study. Five different 

operational configurations of an external Venetian blind were studied in a full scale test room of the 

Perugia University Campus, in central Italy. Four motorized blinds were monitored: completely 

packed blind (O), closed sheets in horizontal position (C-H), closed sheets tilted 45° (C-I45), closed 



  

 

 

sheets in vertical position (C-V); the fifth is a Venetian blind equipped with an automatic control 

system (AUTO). Significant thermal and lighting internal and external parameters were assessed for 

the above-mentioned Venetian blind configurations, in selected days considered as representative of 

different real weather conditions of the monitoring site.  

The study showed how venetian blinds, as passive environmental control technology, could greatly 

affect indoor thermal conditions not only in office buildings with large glazed surfaces, but even in 

typical residential buildings, where the envelope presents a more limited glazing-to-opaque ratio. 

The obtained results confirm that Venetian blind helps to maintain the mean radiant temperature 

lower than the internal air temperature that is very significant during summer period.  

Motorized blinds, though commonly used, have limitations in their effectiveness, because 

occupants tend to move the blinds only when direct solar radiation makes conditions uncomfortable; 

this implies that the blinds are often completely closed or open. Therefore, automatic controlled 

systems could represent a promising solution for improving indoor thermal conditions and saving 

energy for cooling. The dynamic behavior of the automated Venetian blind combines the advantages of 

the different blind configurations that have been considered. When the shading is closed and the built-

in control algorithm is operating, the automated blinds guarantee a better value of mean radiant 

temperature. 

In fact, in the summer monitoring period, closed sheets in horizontal position (C-H) and 45° tilted 

(C-I45) present a good control of the mean radiant temperature and guarantee an adequate indoor 

illuminance for residential buildings, even if implying a reduction of it, compared to the completely 

packed configuration (O). 

  

 

The lighting analysis shows that automatic configuration is able to maintain a good level of internal 

illuminance, even in conditions of partly cloudy sky when outdoor illuminance present large and 

frequent variations. 

The obtained results highlight that the employment of the Venetian blind and of the automated 

system improve the thermal and lighting performance of a typical Mediterranean residential building. 

The built-in control algorithm described and assessed in this paper was based on outdoor 

parameters. The monitoring campaign show how the external illuminance control levels between 40 

and 50klx seem to be non-optimal if adopted all year long. The lower set point limit of the built-in 

control algorithm should be reduced in order to avoid temporary blind opening due to sudden and large 

variations in the external illuminance values. Moreover, a more effective and enhanced control method 

based on internal parameters, such as illuminance and temperature, should be developed, in order to 

improve the thermal and lighting performances of the Venetian blind.  
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Abstract 

Passive systems are acknowledged to highly optimize the thermal and energy performance of 

buildings. A detailed literature review shows that solar shading technologies play a key role in 

improving indoor thermal and lighting behavior according to outdoor environmental condition. 

Moreover, the possibility to control their dynamic operations by means of automatic systems is 

showing promising findings. In this view, the present paper aims at analyzing the thermal and lighting 

performance of a full scale test room with varying the layout of an external Venetian blind system. In 

particular, the test-room was continuously monitored in two different periods with the purpose of 

evaluating the effects of several shading system configurations compared to an automatic one, 

controlled by outdoor selected parameters (air temperature and illuminance). The experimental 

apparatus consists of a full scale prototype building designed considering Italian typical residential 

buildings in terms of envelope materials and geometry (transparent and opaque envelope area). The 

shading layout was periodically modified with the final objective of quantifying the effect of such 

modifications in terms of indoor thermal and lighting performance. The results show that the different 

configurations of the Venetian blind hugely affect indoor thermal and lighting performance. In 

particular, the dynamic behavior of the automated Venetian blind is able to produce the highest 

benefits.  
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1. Introduction 

Energy efficiency in buildings by means of passive strategies represents a key research target of the 

last decades, since in industrial countries about 40% of the total energy requirement is imputable to the 

finale energy requirement  of buildings [1]. In this view, the analysis of innovative or traditional 

systems, specifically optimized in order to improve indoor microclimate conditions in summer and 

winter is an important research and innovation focus [2]. Together with innovative  

passive systems, important strategies have been analyzed and improved, with a particular attention 

paid to the optimization of each system with respect to the environmental, i.e. indoor and outdoor, 

boundary conditions, even in full scale building prototypes [3]. In this view, passive cooling 

ventilation [4], high thermal capacity solutions [5], greenhouses [6], cool materials for building 

envelopes [7] and solar shading systems [8] are just a few of the most important techniques 

investigated in recent years [9,10].  

Following the introduction of the Directive 2010/31/EU [11], a variety of insulated and high 

thermal capacity residential buildings have been constructed in Italy. In summertime, the thermal 

inertia of a building envelope can indeed improve occupants’ thermal comfort reducing the heat 

entering the opaque envelope. Also, attention has to be paid to the solar radiation entering the windows 

which may cause overheating. Radiant heat from the sun reduces the heating energy consumption in 

the winter season but increases the cooling energy consumption during the summer season. 

In order to achieve energy saving, thermal comfort and optimal level of natural lighting, passive 

design strategies can be adopted in residential buildings. When the opaque envelope is well insulated, 

the thermal exchanges between indoor and outdoor are mostly depending on windows. Among passive 

design strategies, the use of shading devices is one of the most important and fundamental in 

sustainable building design for controlling solar heat gains and daylighting conditions[12]. A specific 

focus on the role of building external movable shading system represents the key issue addressed in 

this work, starting from previous contributions by the authors analyzing other aspects of the shading 

systems [13].  

 

1.1 Aim of the research 

The purpose of the study is to observe how the  performance of a residential building can be 

enhanced by means of the application of shading devices working in different operational 

configurations, optimized by proper control systems. The study was carried out on a full scale room in 

order to analyze thermal and lighting performance of the Venetian blinds different setup. 

Unlike other findings in the literature, where the effects of the shading devices on the indoor 

environment were studied focusing either during wintertime or summertime and mostly in office 

buildings, this research conjugates several features by analyzing and comparing thermal and lighting 



  

 

 

effects in two different periods (spring and summer) for residential buildings, with the aim to fulfill 

this gap in the literature. In particular, four main configurations of the Venetian blind were tested in a 

full-scale experiment by means of a continuous monitoring outdoor-indoor setup. These parameters 

were monitored, analyzed and compared in order to assess the Venetian blind effects, taking into 

account two different control systems, motorized and operated by a built-in control algorithm 

This kind of shading device  can properly control solar radiation and optimize natural lighting in 

residential buildings by modifying blinds or blades angle. Therefore, the environmental performance 

of a real Venetian blind marketed in Italy was evaluated through thermal and illuminance monitoring 

in a real-scale test room. The employment of a full-scale prototype allows taking into account the 

dynamic phenomena, which affect building thermal behavior. These experiments guarantee a high 

quality of instrumentation and acquisition systems, homogeneous internal environmental conditions 

and a continuous monitoring of climate conditions. These aspects make these kinds of tests effective 

and reliable, since most of the passive strategies are strongly dependent on the boundary conditions 

variability [14].   

The paper structure is as follows. Section 1 deals with  an introduction of  the approach and the aim 

of the work. In Section 2, the state of the art in this research field, focusing on the novelty of the work, 

is developed. In section 3, method, materials and experimental setup are described. In Section 4, the 

monitoring and the results are discussed and, finally, in Section 5 the conclusions are drawn. 

. 

2. State of the art 

Since the investigation of Venetian blinds’ effect on thermal and lighting conditions of a test cell is 

the goal of this paper, a brief overview about different shading devices and the existing test cells is 

reported to support the research aim. 

2.1. Shading devices 

In general, shading devices have several functions: they can block direct sunlight to prevent glare 

and reduce overheating, they can still allow diffuse light into the space so as to reduce lighting energy 

consumption. Moreover, they should guarantee winter solar gains and increase the thermal insulation 

of the transparent envelope.  

A variety of research studies have been performed dealing with the slat-type blind performance, the 

shading devices solar optical properties [8], the slat and curved blinds, the blind integrated with the 

window systems. Even double-sided blinds have been suggested by applying different reflectance rate 

between front and back sides of the slat and by fully rotating the slat when the system mode is 

switched between heating and cooling mode [15].  

As  described in many researches, the effectiveness of sun protection of glass surfaces depends on a 

variety of factors: screen materials and finishing (reflectance), solar shading solution (fixed or mobile), 

the screen position with respect to the frame (external, internal, intermediate) and, according to the 

façade characteristics (parallel, orthogonal, horizontal, vertical, etc.), geographical location and façade 



  

 

 

exposition. The blinds elements are mostly made out of extruded aluminum, galvanized steel and 

painted, wood, brick, PVC and copper. Furthermore, there are several possible configurations of blade 

sections: ellipsoidal, curved, gull wing, triangular, of the diamond-shaped, and rectangular (for wooden 

ones). Most of the analysed literature deals with office buildings. Only a few have been carried out to 

investigate the use of Venetian blinds in residential buildings. 

Mobile shading systems can effectively control solar radiation and optimize the amount of natural 

light ensuring visual comfort as well on a yearly basis, by modifying manually or automatically the 

blinds or blades angle. 

The most common mobile shadings used in residential buildings are Persian shutters, roller blinds, 

Venetian blinds and roller curtain. Also fixed elements can be used such as overhangs mostly 

consisting of balconies and canopies accompanied by solar shadings. 

Venetian blinds consist of a cloth made out of movable slats of various shapes and sizes hanging 

from a ladder tapes. The slats are driven through a mechanisms housed in the upper casing. Along the 

sides, lateral guides or aluminum wires are provided. Venetian blinds are very common in civil 

buildings also because of their ability to top packaging into a very small space, and their great 

flexibilities to adjust the slat angle under each circumstance [16].  

According to the control method, blinds can be classified as manual, motorized and automated type. 

A manual blind is the simplest type of blind which does not incorporate a motorized device. Motorized 

blinds are operated by motors, implying that a remote or central operation is possible. Automated 

blinds are automatically controlled by sensors according to the outdoor weather conditions, in order to 

enhance the environmental performance. Manual or motorized blinds, though commonly used, have 

limitations to their potentiality in reducing energy consumptions, because proper countermeasures can 

be implemented only by occupants which tend to move the blinds only when direct solar radiation 

makes conditions uncomfortable [17]. 

If blinds are controlled automatically by sensors and a built-in control algorithm, according to 

variations in the outdoor and indoor environmental conditions, excessive energy use and the level of 

occupant discomfort due to direct solar radiation can be greatly reduced [15, 17]. Some automated 

blind control strategies were also studied in order to avoid direct solar radiation (and hence glare), 

while maximizing daylight and views of the outside [12].  

An efficient control of a shading-device must minimise the overheating by reducing solar gains but 

also limit the time of closed mode to ensure maximal vision to the outside and daylight in the building. 

Both these issues are important to create a comfortable living environment and to allow energy savings 

by reducing electrical lighting. Moreover, shadings control should maximise solar gains in winter as 

well. For automated shading devices, different types of management schemes have been used based on 

different criteria, e.g. indoor glare index, internal or external solar radiation, internal temperature, 

indoor or outdoor illuminance or a combination of the above mentioned parameters. Some investigated 

the impact of shading device control method on energy demand and overheating hours via simulation 

[18, 19, 120, 21].  

There is currently no standard criterion for automated shadings control [20]. In general, control 

modes and parameters thresholds values have to be carefully selected by taking into account for: 



  

 

 

facade orientation, use of the building, local weather data and season of the year [18]. Usually the 

shading device is lowered completely when the chosen parameter exceeds the set point, and then is 

opened back when parameter lowers under another limit value.  

Some researches have been carried out in real buildings in order to investigate the thermal, visual 

and energetic performances of different solar shading devices. In [22] an analytical and experimental 

study on different typologies of external solar shadings was carried out to compare their performances 

in an office room located in a Mediterranean climate analyzing thermo-physical behavior, energy 

consumptions, thermal comfort, daylighting and environmental impact. Moreover, the potential energy 

saving and the comfort enhancement when using an automated blind, compared to the employment of 

a manual one, was experimentally confirmed in an open office building in Korea, while the critical 

issues of the automatic control algorithm of the shading was underlined [23]. Other studies [24, 25] 

showed the results of the comparison between the performance of different shading devices installed 

on a Canadian residential building, obtained through a winter (exterior solar shading) and summer 

(interior reflective screen shade) field measurements. Furthermore, the use of shading devices can 

affect indoor air temperature, visual environment and users’ interaction. By means of real-time 

experiments and computer simulations of a Jordanian office building, these parameters were monitored 

and compared to non-shaded environment in order to study how the shading devices work in 

controlling air temperature and improving illuminance level [26]. Other works, carried out in outdoor 

test facilities, focused on measuring some physical properties of solar shadings [27] and assessed 

requirements concerning energy efficiency and indoor environmental quality [28]. 

.  

 

2.2 Test cells 

 

Since most of the passive strategies commonly used in order to enhance indoor thermal comfort are 

strongly dependent on the variability of the dynamic boundaries, the analysis of building dynamic 

thermal-energy and lighting performance represents a key issue to address while investigating such 

phenomena. That is the reason why many prototype full-scale buildings were constructed over Europe 

and all around the world with the purpose to assess the dynamically variable performance of realistic 

constructions where many optimization strategies could be tested [29]. The employment of outdoor 

test cells has several advantages, since they perform real size rooms, well controlled and not affected 

by occupancy: e.g. test cells built in different areas with different environmental and climate 

characteristics allow testing components under many operating conditions, comparing the obtained 

results for different boundary conditions and assessing solar and thermal characteristics for appropriate 

standardized conditions [30]. By means of the outdoor test data, as many simulation parameters are 

known, it is also possible to calibrate components models making them more reliable and repeatable 

[31]. In fact, a high-quality data set is a very critical issue for the building energy simulations. By 

employing a real scale analysis, it is possible to provide an effective tool to validate computer models, 

thanks to the input values and boundary conditions accuracy [32]. 



  

 

 

In this view, important research contributions were carried out by the European PASSYS Project 

(Passive Solar Components and Systems Testing), which began in 1985 with the support of the 

European Commission [11]. The main objective of the Project and of the partnership network was to 

think about a test cell to be designed in each partner country which should be the case study for 

investigating several passive techniques and evaluation tools [33]. The prototype building was 

designed with the best achievable adiabatic condition in all the opaque walls except for one test-wall 

[34]. The very first PASSYS Project applications provided analyses carried out under steady state 

conditions [35, 36] and after these, key research contributions were developed, e.g. PASLINK, ROOF-

SOIL, COMPASS, PV-HYBRID-PAS, etc. In this panorama, for instance, the PASLINK Network was 

aimed at developing new reliable test methods to study the thermal-energy performance of building 

components under dynamic conditions [37, 38]. In particular, an interesting monitoring of windows 

integrated with solar shadings devices were carried out in the PASLINK test cell in Porto (Portugal). 

This window involves the use of a rotating frame, an absorptive glazing and a naturally ventilated 

vertical channel, in order to improve the balance between the visual comfort and the energy efficiency 

of windows [39]. 

Starting from these test cells’ development and innovation, several applications with different goals 

were performed. Through the outdoor tests, the effects of different coverage systems for roof were 

studied, aiming to identify the best solution to improve buildings’ thermal performance [40]. By 

testing real scale structures and employing different kind of insulation materials, it was also possible to 

quantify the energy savings [41]. Furthermore, since in the last years the occurrence of overheating 

problems has been growing, the performance of the facades plays a fundamental role in the buildings 

thermal behavior [42]. For instance, an experimental campaign was performed on a full-scale test cell 

provided with a double-skin facade [43] under different configurations involving variation of the 

airflow through the double-skin facade and different angle of the solar shading device. The results 

show how the temperatures of the test cell and the facade depend on the climate conditions and on the 

Venetian blind angles that play a very important role on the thermal performance of the double-skin 

facade, which is deployed especially for office and commercial buildings.  

Due to this, many research groups studied the response of the facade elements enhanced with 

shading and insulating devices under different external conditions, through the test cells employment. 

In particular, in [27], the authors studied the effects of different Venetian blind configurations, slat 

colors and tilt angles on the total solar energy transmittance by using a calorimetric outdoor test 

facility near Zurich. Other findings in literature demonstrated the reliability and the effectiveness of the 

experimental campaigns focused on the study of the effects of the ventilated double skin facades with 

Venetian solar shading device, also for numerical models validation by means of the outdoor 

experiments [43, 44]. 

 

2.3 Startpoint of the work 

 

The literature review revealed a gap with respect to the following elements that this work wants to 

bridge. First of all, just a few studies addressed the issues related to the overheating of residential 



  

 

 

buildings in Mediterranean areas and the great part of these studies were carried out in office buildings. 

On the other hand, the relation between thermal performances and daylighting in residential buildings 

with  motorized or automated Venetian blind system has not been deeply investigated. In response to 

these two observations, the test cell method could be considered as an experimental study in residential 

building since the prototype was built according to contemporary Italian residential buildings for what 

concerns envelope materials and the 1/8 ratio between the window and the floor surface. Moreover, 

this study used and tested a real Venetian blind to underline the varying performance between a 

motorized and an automated system. 

 

3. Materials and methods 

3.1 Acquisition system and equipment 

The building prototype used in this research consists in one test cell built at the University of Perugia 

in central Italy (Figure 1a). Figures 1b and 1c show the test cell dimensions and the facade position of 

the window oriented towards South. The walls and the roof have an external insulation layer to 

guarantee low thermal transmittances, respectively of 0.29 W/m
2
K and 0.25 W/m

2
K (Figure 1d). The 

window is characterized by a pine wood frame and high performance double glazing system with an 

air filled camera. The solar heat gain coefficient (g) and the thermal trasmittance (U) of the glazing 

system are respectively 42% and 1.3 W/m
2
K. Other specific technical characteristics are reported in 

previous works by the authors [8, 45]. 

 

 

(a) 
 

(b) 

 

(c) 

 

(d) 



  

 

 

Fig. 1. Permanent Test-Room experimental field. (a) the test building; (b) front plan; (c) floor plan; 

(d) roof and walls stratigraphy. 

 

An experimental monitoring was setup for the purpose of this study (Figure 2). A coupled indoor-

outdoor continuous monitoring equipment was used in order to characterize thermal and lighting 

behavior of the test cell with respect to the external weather conditions and the Venetian blind 

configurations.  

 

 

(a) 

 

(b) 

Fig. 2. Outdoor (a) and indoor (b) monitoring setup. 

 

The field test setup consisted of both microclimate and meteorological continuous monitoring stations 

which are connected to dedicated data-loggers to measure and store the monitored data for the overall 

duration of the campaign. The outdoor weather station of the setup allowed to monitor the boundary 

environment during the course of the experiments, where the main parameters were represented by: 

global radiation over horizontal plane, dry bulb temperature, air velocity and relative humidity, main 

wind direction, raining rate, illuminance[8, 45]. The indoor microclimate station was useful for 

monitoring: indoor air temperature, mean radiant temperature, surface temperature of window glazing 

system, relative humidity and air velocity, thermal flux through the window glazing system, indoor 

central global radiation level on a horizontal plane and illuminance. The main probes and their 

positioning in the test cell for the present research are reported in Figure 1c and Figure 3. 

-  

Table 1 shows the main characteristics of the probes used to collect data reported in the paper.  

 

Table 1. Technical characteristics of the probes  

Indoor probes   

Sensors Monitored parameters Measurement features 

Global thermometer Mean radiant Temperature [°C] Accuracy: 0.15°C (to 0°C) 

Thermohygrometric probe Dry bulb temperature [°C] Accuracy: 0.15°C (to 0°C) 

Superficial temperature probes 
 

Surface temperature of internal  side 

of the glass  [°C] 

Accuracy: 0.15°C (to 0°C) 



  

 

 

Luxmeter Illuminance [lx] Accuracy: 3 lx 

   

Outdoor  probes 

Sensors Monitored parameters Measurement features 

Thermohygrometer sensor Dry bulb temperature [°C] Accuracy: 0.1°C (0°C) 

Piranometer  Global solar radiation  [W/m
2
] Spectral range: 305÷2800 nm 

Uncertainty: 10% daily 

Second class WMO (ISO 9060) 

Luxmeter Illuminance [lx] Accuracy: 10 lx 

 

 

 

Fig. 3. Venetian blind dimensions and probes position on the window surface.  

 

3.2 Venetian blind characteristics and configurations 

The studied blind is made of aluminium with enamel finished flat sheets with the following 

characteristics: 

- Blind dimensions: 1 m x 1.42 m  

- Sheet wide: 80 mm 

- Maximum distance between the sheets (C-H configuration): 75 mm 

- Distance from the glass: 150 mm 

- Sheet colour: white (VSR 901) 

- Sheet solar reflectance (ρe): 0.75  

Sheet light reflectance (ρv): 0.84The continuous monitoring of all the parameters was scheduled in 

order to characterize four main configurations of the Venetian blind (Figure 4): 



  

 

 

- O: completely packed blind. Open view with closed sheets’ configuration aimed at analyzing 

the effect of the minimum shading of the blind, registered when the sheets are positioned within 

the rib obstruction; 

- C-H: closed sheets in horizontal position. Relatively open view from the inside of the test-

rooms, with the sheets positioned in horizontal plane and the Venetian blind structure 

completely covering the window panel; 

- C-I45: closed sheets tilted 45°. The Venetian blind structure completely covering the window 

panel and the view is rather covered by the sheets; 

- C-V: closed sheets in vertical position. Obstructed view from the inside of the test-rooms, with 

the sheets vertically positioned in order to perform the best sun obstruction. 

All these motorized configurations were monitored in the test cell in order to identify the effect of 

the shading system positions, and compared with the thermal and lighting effects due to an automatic 

controlled shading device (AUTO). 

 

 

Fig. 4. Configurations of the monitored Venetian blind 

 

3.3 Automated control system of the Venetian blind 

The external weather parameters controlling the automated Venetian blind activation are reported in 

Figure 5. As a matter of fact, the position of the blinds (opened or closed) is automatically controlled 

on the basis of external air temperature and illuminance. When the temperature exceeds 23°C, the 

control system enters in stand-by mode and it is ready to work. In this case the position of the blinds is 

controlled by the value of the external illuminance: when it exceeds 50klx the blinds close; when it 

drops below 40klx the blinds open. When the Venetian blind is down, the slats tilt is determined by 

means of a built-in control algorithm according to window orientation, hour of the day and period of 

the year. When the temperature drops below 18°C the control system exits from stand-by mode and 

turns off. In this condition, the system is not being activated even if illuminance values exceed 50klx. 

Therefore, undesired winter period activation of the Venetian blind is avoided. Moreover, the control 

system is provided with a response delay in order to avoid continuous on-off of the blinds.  

 



  

 

 

 
Fig. 5. Example of the venetian blind automatic control operation based on external air temperature 

and illuminance values. 

 

3.4 Monitoring periods 

The different configurations of the venetian blind were set up in the test-room in different weekly 

periods. Among the monitored days, in order to select the most representative ones to compare, those 

days with the maximum sunshine duration (in terms of direct solar radiation) have been chosen. In 

particular, the sunshine duration has been assessed with a sunshine duration meter. In addition, the 

selected days present similar daily temperature trends. The monitoring results and their discussion take 

into account the partially different external meteorological conditions of the selected days. 

The analysis of the thermal behavior of the test-room was carried out during two different periods, 

respectively from March to May 2015 and from July to August 2015. In these two periods, a specific 

day was chosen as representative of each configuration (Configurations: O, C-V, C-H, C-I45, AUTO) 

previously described. Figure 6 shows the external air temperature and the global solar radiation on 

horizontal plane during the selected days with the evidence of the analyzed configurations. As the 

analyzed period was obviously characterized by weather variability, the representative days were 

selected in order to have a behavior as much similar as possible during the 24 hours of monitoring. In 

this way, the configurations were compared and the influence of different external weather conditions 

on the collected results was reduced.  

 



  

 

 

 
Fig. 6. External air temperature and global solar radiation of the representative days with the analyzed 

configurations. The full monitoring period goes from March to August 2015. 

 

During the full monitoring period, the test room behaviour was analyzed in free-floating mode.  

In particular, during the second monitoring period, at the end of each measurement session referred 

to every Venetian blind configuration, the test room was cooled in order to start the following 

monitoring with the same internal air temperature (25°C). At the beginning of each session, the 

cooling system was switched off. Therefore, the performance of all the different Venetian blind 

configurations were assessed by starting from the same boundary conditions referred to the internal 

environment. In order to assess the thermal and lighting behavior of the test room with different 

configurations of an external Venetian blind, the following section deals with  the analysis of selected 

thermal (external, internal and mean radiant temperature, glass internal surface temperature) and 

lighting (internal illuminance) parameters. 

 

4. Results and discussion 

The results of this research focuses on the influence of the Venetian blind configurations on indoor 

temperatures, also considering the effects on illuminance related to daylighting. 

 

4.1 Motorized Venetian blind 



  

 

 

In figure 7, for the first monitoring period, thermal parameters (external, internal and mean radiant 

temperature, glass internal surface temperature) and internal illuminance for the representative days 

and the motorized configurations are reported. 

  

 

 

Fig. 7. First monitoring period. External, internal and mean radiant temperature, glass internal surface 

temperature and internal illuminance for the representative days and the analyzed configurations.  

 

Figure 7 shows that the solar radiation entering the room by the window influences the internal air 

temperature; in particular, for the configuration O (fig. 7a), the glass internal surface temperature 

increases immediately the mean radiant temperature and, with delay, also the temperature of the air 

increases.  

The effect of the solar radiation on the glass of the window and of the solar gains is clearly reported. 

It is possible to see the effect of the shading, in fact passing from the blind configuration completely 

open (O) to the completely closed blind (C-V), the internal glass surface temperature gradually 

decreases. Furthermore, the thermal performance of the combined glazing-shading system dampens 

down the internal temperature fluctuation. In fact, configuration O the test room clearly heat up during 

the central hours of the day due to the passive solar gain exploitation. In the other configurations, 



  

 

 

despite higher values of external air temperature and solar radiation, the presence of the Venetian blind 

preventing solar radiation access, reduces the air temperature difference between day and night. 

Focusing on internal air temperature and mean radiant temperature trend, when  solar radiation 

directly enters the room, the two temperatures are similar, but just when the solar radiation stops to hit 

the glass, the mean radiant temperature suddenly decreases whereas the internal air temperature goes 

down slowly due to air inertia. The completely closed shading with horizontal and tilted sheets (C-H, 

C-I45) shows a similar behavior to the configuration O with a greater delay of the heating up of the 

indoor air temperature, due to minor solar energy entering in the room. Nevertheless. internal 

illuminance reaches maximum values between 300 (C-I45) and 370 lx (C-H). Moreover, the 

configuration C-I45 allows less solar gains determining also a lower glass internal surface temperature 

even though the higher values of the external air temperature and the solar radiation. Completely 

different trend is showed in the configuration C-V. In this configuration, no solar radiation hits the 

glass, internal illuminance values are always below 100 lx, and the mean radiant temperature is not 

influenced by the increasing of the window temperature and keeps the gap with the internal air 

temperature during the entire day. 

In figure 8, for the second monitoring period, thermal parameters (external, internal and mean 

radiant temperature, glass internal surface temperature) and internal illuminance for the representative 

days and the motorized configurations are reported. 

 



  

 

 

 

 

Fig. 8. Second monitoring period. External, internal and mean radiant temperature, glass internal 

surface temperature and internal illuminance for the representative days and the analyzed 

configurations.  

 

Looking at Figure 8, it is clear the effect of each Venetian blind configuration in terms of internal 

glass surface temperature reduction as well as internal air temperature. The Venetian blind helps to 

maintain the mean radiant temperature lower than the internal air temperature, therefore improving the 

thermal comfort in summer. In particular, configurations C-H and C-I45 are able to keep maximum 

mean radiant temperature slightly below to 27°C (26.8°C for C-H and 26.7°C for C-I45) with a daily 

maximum external air temperature respectively between 33.5°C and 33.1°C; in configuration O, the 

mean radiant temperature reaches the maximum value of 28.3°C, even if with higher maximum 

external temperature of 38.5°C. 

The internal lighting analysis focuses on the indoor illuminance reduction due to the different 

configurations of the Venetian blinds applied to the test cell; the jagged trend of the indoor illuminance 

is caused by cloudy weather; however, the shading device effect is clear. 

Configurations C-H e C-I45 guarantee an optimal internal illuminance for residential buildings; 

compared to the configuration O, the C-H one implies a reduction of the maximum indoor illuminance 

values of 21%, while for the C-I45 one the reduction is of 48%. For the C-V configuration the reduction 



  

 

 

is obviously much higher (87%); in particular, the Venetian blind completely closed implies low 

indoor illuminance values that reaches the maximum value of about 100 lx.  

 

4.2 Automated Venetian blind 

In figure 9, for two representative days of the two monitoring periods, thermal parameters (external, 

internal and mean radiant temperature, glass internal surface temperature) and illuminance (external 

and internal) are reported for the automated Venetian blind configuration (AUTO). The two monitored 

days have been chosen to represent different weather conditions as regard external illuminance: in the 

first day (Figure 9a) the trend doesn’t present a great discontinuity which is instead present in the 

second day (Figure 9b). In the figure the gray hatch indicates when the shading device is closed and 

the built-in control algorithm is operating, allowing different tilting of the slats. In particular, Figure 9b 

highlights the sensitivity of the blind automation system to changes in external illuminance; the 

discontinuity of the gray hatch represents two moments in which the external illuminance drops under 

40klx causing the opening of the Venetian blind. 

 

 

 

Fig. 9. External, internal and mean radiant temperature, glass internal surface temperature, external 

and internal illuminance for two representative days, (a) first monitoring period and (b) second 

monitoring period, with automated Venetian blind configuration (AUTO) 

 

Configuration AUTO combines the advantages of the different blind configurations that have been 

considered.  

Observing Figure 9b, the Venetian blind keeps the mean radiant temperature lower than the internal 

air temperature, thus improving the thermal comfort. In particular, when the shading is closed and the 

built-in control algorithm is functioning, the mean radiant temperature ranges from 25.9°C (at 10:00 

a.m.) to 27.1°C (at 17.00, i.e. 5:00 p.m.), while the external air temperature ranges from 31.5°C to 

32.7°C in the same hours, with a maximum value of 35°C (at 10:00 a.m.).  

The dynamic behavior of the automated Venetian blind is clearly shown in Figure 9b. When the 

external illuminance drops below 40000 lx and the blinds open, consequently the glass internal surface 



  

 

 

temperature increases up to 30.8°C. The comparison between Fig. 9a and 9b shows that the current 

built-in control algorithm is more effective in controlling internal temperature conditions when there 

are not sudden and large variations in the weather conditions, particularly in the external illuminance 

values.  The lighting analysis shows that automatic configuration is able to maintain a good level of 

internal illuminance, avoiding the use of artificial lighting and reducing electric energy consumptions 

even in conditions of  partly cloudy sky when outdoor illuminance present large and frequent 

variations. In those conditions automatic control succeeds in following external illuminance 

fluctuations, ensuring acceptable indoor illuminance levels also when clouds make external 

illuminance to drop.  

In Figure 10, external and glass internal surface temperature overlying values are reported for three 

representative days of the second monitoring period, with blind operation configuration C-H, C-I45 and 

AUTO. In particular, despite higher values of external air temperature with the automated blind 

(35°C), glass internal surface temperature is similar for the three configurations.  

 

 

 

Fig. 10. External and glass internal surface temperature overlying values for representative days with 

blind operation configuration C-H, C-I45 and AUTO (second monitoring period) 

 

In Figure 11, external air temperature, glass internal surface temperature and global solar radiation 

overlying values are reported for two representative days of the second monitoring period with blind 

operation configuration O and AUTO. Figure 11 could represent the thermal conditions of a residential 

building without a shading system and after a retrofitting involving the window-shading system.  

Despite the low g-value (42%) of the glass, the window itself is not able to effectively control the 

thermal effects of the direct solar radiation. In fact, regarding configuration O, when the external air 

temperature rises up to 38.6 °C, the glass internal surface temperature in the absence of a shading 

system increases up to 38.8°C. On the contrary, for the configuration AUTO, when the external air 

temperature rises up to 35 °C, the glass internal surface temperature decreases to 30.8 °C. This greatly 

influences the human heat exchanges with the glass surface and then indoor thermal conditions .  



  

 

 

 

 

 

Fig. 11. External air temperature, glass internal surface temperature and global solar radiation 

overlying values for representative days with blind configuration O and AUTO (second monitoring 

period) 

 

Through built-in control algorithm, the automated Venetian blind allows comfortable mean radiant 

temperature and guarantees good indoor illuminance level. Nevertheless, the results of the monitoring 

campaign show that the external illuminance control levels between 40 and 50klx seems to be non-

optimal if operating all year long. The lower set point limit should be reduced in order to avoid the 

temporary blind opening due to sudden and large variations in the external illuminance values. 

 

5. Conclusions 

Only a few studies have been investigating issues related to overheating of residential buildings in 

Mediterranean areas due to the absence of efficient solar shading technologies. Additionally, the 

relation between thermal performances and daylighting in residential buildings with motorized or 

automated Venetian blind system needs to be investigated. 

In this paper, a continuous monitoring campaign was carried out during two different periods, 

respectively from March to May 2015 (first period) and from July to August 2015 (second period), in 

order to analyze thermal and lighting effects produced by a real external Venetian blind marketed all 

over Italy in residential buildings indoor environment. To this aim, a full scale prototype, built 

according to the characteristics of contemporary Italian residential buildings, and equipped with an 

indoor microclimate station and an outdoor weather station, was dedicated to this study. Five different 

operational configurations of an external Venetian blind were studied in a full scale test room of the 

Perugia University Campus, in central Italy. Four motorized blinds were monitored: completely 

packed blind (O), closed sheets in horizontal position (C-H), closed sheets tilted 45° (C-I45), closed 



  

 

 

sheets in vertical position (C-V); the fifth is a Venetian blind equipped with an automatic control 

system (AUTO). Significant thermal and lighting internal and external parameters were assessed for 

the above-mentioned Venetian blind configurations, in selected days considered as representative of 

different real weather conditions of the monitoring site.  

The study showed how venetian blinds, as passive environmental control technology, could greatly 

affect indoor thermal conditions not only in office buildings with large glazed surfaces, but even in 

typical residential buildings, where the envelope presents a more limited glazing-to-opaque ratio. 

The obtained results confirm that Venetian blind helps to maintain the mean radiant temperature 

lower than the internal air temperature that is very significant during summer period.  

Motorized blinds, though commonly used, have limitations in their effectiveness, because 

occupants tend to move the blinds only when direct solar radiation makes conditions uncomfortable; 

this implies that the blinds are often completely closed or open. Therefore, automatic controlled 

systems could represent a promising solution for improving indoor thermal conditions and saving 

energy for cooling. The dynamic behavior of the automated Venetian blind combines the advantages of 

the different blind configurations that have been considered. When the shading is closed and the built-

in control algorithm is operating, the automated blinds guarantee a better value of mean radiant 

temperature. 

In fact, in the summer monitoring period, closed sheets in horizontal position (C-H) and 45° tilted 

(C-I45) present a good control of the mean radiant temperature and guarantee an adequate indoor 

illuminance for residential buildings, even if implying a reduction of it, compared to the completely 

packed configuration (O). 

  

 

The lighting analysis shows that automatic configuration is able to maintain a good level of internal 

illuminance, even in conditions of partly cloudy sky when outdoor illuminance present large and 

frequent variations. 

The obtained results highlight that the employment of the Venetian blind and of the automated 

system improve the thermal and lighting performance of a typical Mediterranean residential building. 

The built-in control algorithm described and assessed in this paper was based on outdoor 

parameters. The monitoring campaign show how the external illuminance control levels between 40 

and 50klx seem to be non-optimal if adopted all year long. The lower set point limit of the built-in 

control algorithm should be reduced in order to avoid temporary blind opening due to sudden and large 

variations in the external illuminance values. Moreover, a more effective and enhanced control method 

based on internal parameters, such as illuminance and temperature, should be developed, in order to 

improve the thermal and lighting performances of the Venetian blind.  
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