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Optimal temperature-actuated control of a thermally-insulated roller blind 
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A R T I C L E  I N F O   

Keywords: 
Roller blind 
Dynamic thermal insulation 
Adaptive façade 
Heating, cooling and daylight 
Occupant comfort 

A B S T R A C T   

By altering the thermal equilibria between internal and ambient environments, dynamic insulation can minimize 
heating and cooling building energy requirements. The performance of a thermally-insulated roller blind was 
evaluated both experimentally and via simulation studies. The variation of blind position was optimized to 
minimize building energy consumption, maintain thermal comfort, and minimize daylight discomfort for a 
particular system, location and conditions. The roller blind was adjusted between four positions, from fully-open 
to fully-closed, optimal indoor temperature switching thresholds found for moving to these blind positions were 
15 ◦C, 18.4 ◦C, 19.4 ◦C and 21.4 ◦C, respectively. Using these resulted in a 15.3% energy savings and a 7% 
reduction in occupancy daylight discomfort compared with no blind.   

1. Introduction 

The 40% of global primary energy consumption associated with the 
operation of buildings produced 10 GtCO2, accounting for 28% of global 
energy-related CO2 emissions in 2020 [1,2]. Decarbonising buildings is 
thus an important goal [3]. Buildings facades mediate between outdoor 
and indoor environments. When the parameters of that mediation are 
fixed, occupant comfort is met solely by the provision of heating and 
cooling systems. In shallow-plan buildings, adaptive facades that can 
alter their thermophysical properties can contribute to the achievement 
of indoor comfort conditions with low energy use [1,4,5], as less heating 
and cooling is required. 

Dynamic insulation can reduce the amount of energy needed to heat 
and cool a building by changing the thermal equilibrium between the 
interior and exterior environments. Both experimental and simulation 
examinations were conducted to evaluate the effectiveness of a ther-
mally insulated roller blind. The change of blind position was optimized 
to reduce the energy consumption of the building, maintain thermal 
comfort, and reduce daylight discomfort. 

A window’s specification, dimensions, shape, orientation and 
windowsill height can significantly affect the daylight transmitted and 
glare [31,32]. In this study, a full room height window has been 
considered. These feature in many office and industrial buildings and 

houses, particularly where facades look out to private spaces. This is 
because privacy can be maintained whilst external views are available to 
occupants located more deeply into a room than would be the case with 
a half-room height window [33]. A typical double-glazed window is 
employed to provide results relevant to the introduction of insulated 
roller blinds into a currently existing building. 

2. Relevant previous research 

Insulating a building fabric reduces energy consumption when 
ambient temperatures are low by reducing heat loss. In heating- 
dominated climates, high levels of thermal insulation are thus typi-
cally mandated by building regulations, standards and codes. This has 
led to the development and commercialization of high-performance 
thermal insulation technologies [6–9]. However, the benefits of high 
levels of thermal insulation in winter can also result in overheating in 
summer that can then incur or increase cooling energy consumption 
depending on a building’s location, type, construction, façade orienta-
tion and density and pattern of occupancy [10]. 

Altering the thermal equilibria between internal and ambient envi-
ronments can minimize both heating and cooling building energy re-
quirements. Several researchers have thus investigated the possibility of 
using adaptive “Dynamic Insulation Systems” (DIS) in building 
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envelopes whose time-varying thermal properties may provide 
controllable thermal insulation. Pflug et al. [11] presented a translucent 
wall with a switchable heat loss coefficient, provided by an element 
positioned vertically inside a double-glazed window. For the particular 
conditions examined, this system achieved a 29.6% cooling energy de-
mand reduction. Dabbagh and Krarti [12] found experimentally that 

rotatable insulated shading gave 8.3%, 11.3%, and 11.4% savings in 
annual HVAC energy consumption in Golden, Colorado; Phoenix, Ari-
zona and San Francisco, California, respectively. Maurer et al. [13] re-
ported that a variable heat loss coefficient translucent wall element, 
arranged to roll-up and roll-down within a glazed closed cavity could 
avoid overheating. For dynamic insulation of opaque walls operated 
with fully-on or fully-off settings, Park et al. [14] found a 30% reduction 
in cooling energy for buildings in Golden, Colorado and Madison, Wis-
consin. Menyhart and Krati [15] found variable heat loss coefficient 
façade systems for residential buildings could achieve up to 45% heating 
and cooling energy savings for a range of locations also in the United 
States of America. The various studies summarized in Table 1 illustrate 
the diverse breadth of approaches that have been examined to achieve 
dynamic insulation of building facades. 

As indicated in Table 1, dynamic insulation systems can either alter 
(i) the heat loss of a wall or (ii) the heat loss and daylight provided by a 
window. Fig. 1 indicates the range of control over the heat loss and the 
daylight received associated with selected technologies. As windows are 
the component with the highest heat loss in most façades, enabling their 
level of thermal insulation to adapt to prevailing conditions can 
contribute to reducing annual heating and cooling requirements. How-
ever, avoiding a concomitant (i) increase in artificial lighting, energy 
consumption and (ii) loss of the benefits associated with exposure to 
daylight [27,28], requires optimal control of the deployment of dynamic 
thermal insulation at windows. 

Overall, most dynamic insulation systems presented in previous 
studies have been (i) inflexible and hard to install in existing buildings 
and (ii) not applicable to glazed elements of facades. Most technologies 
intended for facade walls to control heat transfer, cannot address control 
of daylight nor, obviously, have any effect on occupant’s daylight 
comfort [29,30]. 

Table 1 
Techniques used to alter facade thermal insulation.  

Technology Operation Location on 
facade 

Advantages Disadvantages Reference 

Removable insulation Removing and replacing insulation 
boards physically 

Wall Readily controls heat gain fluctuations. Hand-operated and time-consuming. [16,17] 

Dynamic insulation of 
wall cavity 

Using foam beads to fill/unfill a wall 
cavity. 

Wall and 
window 

Achieves high thermal resistance 
switching 

Complex control, large thickness. [6] 

Translucent wall 
element with 
switchable U - and g 
-value 

Movable translucent insulation panel 
inside a closed cavity 

Wall Controls the heat flow in the façade 
element. 

Cannot be readily integrated into 
existing buildings. 

[18] 

Hydronic insulation Fluid flows inside a U-pipes system 
with a variable mass flow rate and 
variable supply temperature 

Wall Significantly reduces the heating energy 
demand of a building. 

Cannot be readily integrated into 
existing buildings, complex system 
with high initial and running costs. 

[19] 

Cellular insulation Thin polymer membranes are 
positioned within a wall to create 
layers that expand and collapse. 

Wall Effective for thermal management over a 
large temperature range. 

Requires active maintenance, and 
complex control. 

[20] 

Ventilation within 
insulation layers 

Insulating expanded polystyrene 
separated from the internal wall by a 
channel that can be ventilated. 

Wall Reduces the energy demand of the 
building in summer periods. 

Complicated to install in existing 
buildings. 

[21] 

Gas pressure variation U-value is varied by changing 
internal pressure in nano-porous 
insulation material 

Wall Effective in buildings where the energy 
used for cooling is more than the energy 
used for heating. 

Complex system and requires active 
supervision. 

[22] 

Gas-filled panels Barrier foil and baffle structure inside 
a variable gas-filled panel. 

Wall Low thermal conductivity, Expensive and requires active 
monitoring. 

[23] 

Nano insulated 
materials 

Physically installing different types 
of aerogel-based thermal 
superinsulation to fill cavities. 

Wall Low thermal conductivity. Expensive and complicated to install 
in existing buildings. 

[24] 

Phase change materials Switchable phase change material 
system coupled with thermal 
insulation 

Window Reduces the energy peak demand and 
indoor temperature fluctuations. 

Early-stage technology with 
complex parts and control. 

[25] 

Phase changing 
material 

Switchable phase change material 
system coupled with thermal 
insulation 

Window Reduces the energy peak demand and 
indoor temperature fluctuations. 

Early-stage technology with 
complex parts and control. 

[26] 

Thermally insulated 
roller blind 

Insulated roller blind moves inside 
the window frame. 

Window Cheap, large range of control over 
daylight and thermal conductivity of the 
window and can be integrated into 
existing buildings. 

Requires active maintenance. This 
study  

Fig. 1. Heat loss and optical transmission using different facade technologies.  
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Both roller blinds and Venetian blinds can be insulated. Tightly 
sealing the slats of a Venetian blind and the overall assembly into a 
frame to avoid loss of air trapped between the blind and window glass is 
very difficult to achieve and maintain. There are also inherent limita-
tions on the control of a Venetian blind [29,30]. As indicated in Fig. 1, 

roller blinds can achieve a high range of control over both heat loss and 
daylight through a window. Despite this, controlling heat loss and op-
tical transmittance with an insulated roller blind has rarely been 
explored. In this study, a dynamic insulating roller blind that modulates 
both heat transfer and daylight is examined, this was done using 

Fig. 2. Key steps of the methodology outlined.  

Fig. 3. (a) Test room exterior, (b) Test room interior.  
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simulation and physical experiments (which were used as a calibration 
process). The energy saving and daylight comfort that can be achieved 
by this system was investigated. This study represents environmental 
control strategies involving blinds, while also providing a broader 
perspective that extends beyond the specifics of the physical system 
under examination. 

3. Methodology 

The three stages of the methodology used are summarized in Fig. 2. 
Initially, in the “tuning” stage, a thermally-insulated roller blind was 

operated experimentally in a full-scale outdoor test cell for a week. 
Measurements of (i) outside weather conditions and (ii) indoor air 
temperatures, mean radiant temperature and illuminance were made. 
These were used to tune a simulation of the test cell in IDA ICE [34,35]. 
dynamic building simulation software by comparing the measurements 
with model outputs. 

Then, in an “optimization” stage, the model built in IDA ICE was used 
to determine the optimal temperature threshold for each different blind 
position in terms of energy consumption. 

Finally, in an “evaluation” stage, the optimal control strategy from 
the optimization stage was evaluated in terms of energy consumption 
and thermal and daylight comfort. 

4. Experiments 

The experimental test cell, shown in Fig. 3, is located in Dublin 
(53.3◦ N, 6.26◦ W). comprised a 3 m × 2.7 m x 3 m south-facing cuboid 
room whose exterior is delineated by the dashed red line. 

Outside the test cell six pyranometers measured total hemispherical, 
diffused and ground albedo solar radiation on the horizontal and south- 
facing vertical planes. A weather station measured ambient tempera-
ture, humidity, dew point, atmospheric pressure, wind direction and 
wind speed. Inside the test cell room, mean air temperature and mean 
radiant temperature were measured. All measurements were recorded at 
15-min intervals. 

The overall heat loss coefficient of the test cell fabric was measured 

using a “greenTEG gSKIN” device shown in Fig. 3, that consisted of two 
temperature sensors (one for each side of the test cell fabric) and a heat 
flux sensor. Measurements of the heat loss coefficient of each fabric 
element were taken over three days. Measured heat loss coefficients of 
fabric elements are shown in Table 2. 

For daylight measurements within the test cell room, a High Dy-
namic Range (HDR) EOS 200D camera mounted in the corner of the 
room paired with a lux meter were used. The camera lens was calibrated 
using Aftab Alpha Software; the use of this software in this application 
has been validated in previous research [36–38]. Three steps were taken 
to process images from the camera,  

(i) Calibration of the lens, where a total of six images were taken at 
the same time at two different angles while measuring the lu-
minous intensity using the lux meter. The images were then 
uploaded to the Aftab Alpha software for lens calibration,  

(ii) Images processing, images of the solar test cell interior were then 
taken four times a day during the tuning week, 

(iii) Images were then processed inside the software to give the lu-
minous intensity for the whole room. A lux meter gave luminous 
intensity readings on two points on each image. 

Table 3 summarizes the accuracy, range and measurement interval of 
the instruments used in this study. 

4.1. Thermally-insulated roller blind 

A 1.50 m × 2.20 m opaque thermally insulted roller blind, was 
fabricated using a foldable insulation material as shown in Fig. 4. It was 
mounted on the inner side of the windowpane. Side channels on the 
window frame ensured the blind remained closely adjacent to the glass 
while moving up or down. A cover at the top of the blind minimized air 
leaks from between the glass and the insulated blind. The insulated blind 
is operated by “Nima 23” stepper motor, “Arduino” controller and motor 
driver. The motor was powered by a 24 V 6 A power supply with the 
controller powered by a 5 V 1 A power supply. A data logger recorded 
when these movements occurred to enable the electricity consumption 
of the blind to be calculated. 

5. Simulation model 

IDA ICE software has been used for the simulation of building indoor 
environment and energy simulation [39–41]. The model of the room 
created in the IDA ICE software shown in Fig. 5 followed the dimensions 
of the solar test cell, the surrounding buildings (to take shading into 
account) and the measured overall heat loss coefficient of the room 
fabric and blind. 

The test cell had three internal gains (i) LED lighting units of 350 W 
with an efficacy of 20 lm/W, lighting was set to maintain above 200 lx 

Table 2 
Properties of solar test cell fabric.  

Fabric element U-Value (W/m2K) Area (m2) 

External Wall 0.30 6.58 
Internal Wall 0.45 6.58 
Roof 0.38 8.34 
Floor 0.56 8.34 
Doors 1.16 2.00 
Glazing 2.98 3.29 
Glazing Frame 0.83 0.05 
Insulated Blind 1.38 3.29  

Table 3 
instruments accuracy range and measurements interval.  

Measurement Instrument Accuracy Range Measurement interval 

Temperature Thermistor 
DS18B20 

±0.5 ◦C - 10 to 85 ◦C 5 min 

Thermistor 
DHT22 placed inside a black 
globe 

±0.5 ◦C - 40 to 80 ◦C 5 min 

Illuminance EOS 200D canon HDR camera ±5% 0 to 50,000 lx 4-times a day 
Tondaj Lx- 1010B lux meter 

Solar Irradiance “Class II” solar pyranometers Depends on the calibration 
factor 

0–2000 W/ 
m2 

5 min 

Overall heat loss 
coefficient 

Temperature sensors ±0.5 ◦C - 40 to 100 ◦C 1 min. 
The kit was mounted at each fabric element for three 
days. 

Flux sensor ±0.11 W/m2 ±300 W/m2  
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Fig. 4. (a) Foldable insulation material, top cover and side channels of the blind, schematic diagram of the dynamic shading system (b) Front view, (c) Side view.  
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turned off when 500 lx from daylight was reached. (ii) indoor equipment 
producing 200 W of heat and (iii) one occupant with a metabolic rate for 
each person is set to 1 Metabolic Equivalent of Task (MET). Thermal 
comfort levels were defined using ANSI/ASHRAE Standard 62.1 and 
ANSI/ASHRAE Standard 55 [46,47]. Lighting comfort levels were 
defined based on recommended standard illuminance levels in office 
workplaces [48,49]. Following this BSI standard, average illuminance in 
the zone must be within the 200–500 lx range at a height of 1.2 m above 
the floor level to ensure daylight comfort is maintained, and glare is 
limited [45,50]. The range identified in this BSI standard represents a 
conservative limit designed to avoid glare, however, this does not mean 
that illuminance levels above these limits will result in glare [49]. In this 
study, daylight comfort is calculated depending on the number of hours 
that the average illuminance is in the recommended range during work 
hours. Outside the scheduled occupancy time (09h–17h) and on 

weekends, there is no constraint on the indoor lighting and thermal 
comfort, meaning no lighting, heating and cooling energy consumption 
occurs, this could lead to low temperatures outside of working hours, 
which might lead to mould problems. 

6. Procedure for tuning the simulation model 

When tuning the simulation model, measured data was used where 
the blind was (i) controlled by an actuator solely receiving signals from 
the mean air temperature sensor in the room, and (ii) only in fully-open 
or fully-closed blind positions. When the temperature was below 24 ◦C 
the blind was set to remain in the fully-open position. When the tem-
perature reached 24 ◦C the blind lowered to the fully-closed position. A 
flow chart illustrating this control strategy is shown in Fig. 6. 

Four days’ experimental data were used for tuning. Tuning was done 

Fig. 5. Solar Test Cell model in IDA ICE.  

Fig. 6. Control strategy flow diagram used for tuning the simulation model.  
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by importing the measured hourly dry-bulb temperature, solar radiation 
(direct normal radiation and diffuse radiation on horizontal and vertical 
surfaces), relative humidity, cloud cover, wind speed and direction in-
side the weather file of the IDA ICE model. To tune the thermal prop-
erties of the test cell simulation model, the thermal bridges’ psi-values of 
that model were adjusted according to the measured inside mean air 

temperatures and but they were not considered as time-varying pa-
rameters. Three days’ experimental data were used to validate the 
tuning. The measured inside mean air temperature and daylight were 
compared with the predicted air temperature and daylight from the IDA 
ICE model. The daylight properties of the double-glazed window did not 
require tuning as the measured illuminance levels over the test cell 

Fig. 7. (a) Roller blind positions examined (b) Optimization flow chart.  
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matched the predicted levels by the model. This study assumed no 
ventilation, the infiltration rates were low. 

7. Procedure for determining optimal internal temperature 
threshold for moving the blind 

Four different blind positions shown in Fig. 7 were selected and 
examined. An optimization process sought to find the optimal temper-
ature at which to move the roller blind to four different positions. The 
optimization process was done by comparing simulations of the energy 
of the room produced by Monte Carlo statistical random sampling. 
Monte Carlo method has been widely used to treat optimization prob-
lems in building simulations [42–44]. The optimization objective was 
set to find the temperature threshold that minimized heating, cooling 
and lighting energy consumption of the room for each blind position. A 
flow chart of the optimization process is shown in Fig. 7. The blind 
positions were chosen because although the heat transfer varies linearly 
with the area of glazing insulated, the daylight behaviour is non-linear; 

little change in daylight penetration occurs between the 1/2 
window-height-open and fully-closed blind positions [45]. 

Optimal temperature thresholds for blind operation achieved desired 
comfort conditions with the lowest heating, cooling and lighting energy 
consumption. The optimization simulation ran for one year using Dublin 
weather data from the ASHRAE IWEC2 database [51]. 

8. Results 

8.1. Tuning of the simulation model 

Indoor temperatures and mean radiant temperatures recorded from 
20/Jun to 27/Jun are shown in Fig. 8 As can be seen, when closed, in-
door temperatures did not rise when solar radiation incident on the 
façade and outdoor temperatures rose as shown in Fig. 8. The blind 
avoided overheating this has also been shown in previous studies of 
dynamic insulation systems [17,52]. While the blind was closed, indoor 
temperatures decrease was not significant even at night, indicating a low 

Fig. 8. (a) Measured indoor air temperature and mean radiant temperature, (b) measured solar radiation incident on the façade, (c) measured horizontal solar 
radiation, (d) diffuse fraction, (e) measured outdoor temperatures, dewpoints and relative humidity. 
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rate of heat loss through the window. For daylight prediction validation, 
high-definition photographs were taken of the room interior four times a 
day for a week. Fig. 9 shows the room at 2:30 p.m. at day five of the 
week. Fig. 9 also shows predicted and measured luminous intensities for 
the blind fully-open. Good agreement can be seen in Fig. 9 between 
measured and predicted daylight. This means that no tuning was 
required for the optical properties of the window. The Normalized Root 
Mean Squared Error (NRMSE) between the simulated predicted tem-
peratures and measured indoor temperatures was calculated. As shown 
in Fig. 10, the NRMSE was 0.78, meaning that the simulation model had 
predicted indoor temperature with 78% accuracy. The correlation be-
tween measured and predicted indoor air temperature was 0.89 as 
shown in Fig. 10. This means the tuning process produced low system-
atic and random errors. 

8.2. Optimal internal temperature threshold for moving blind 

For the Monte Carlo sampling, 500 annual simulations were con-
ducted. The indoor temperature threshold that resulted in minimum 
annual heating, cooling and lighting energy needs was then used for 
placing the blind at each of the four selected positions. The optimization 
was bounded within an internal temperature range of 15 ◦C–25 ◦C. 
meaning that during the optimization temperatures in that range was 
chosen randomly to simulate the energy consumption. Whilst main-
taining comfort conditions, the optimization procedure explained in 
Section 7, calculates the resultant energy consumptions for each tem-
perature threshold. Table 4 shows temperature thresholds for each 
insulated roller blind position that gave the least energy needs and the 
corresponding overall heat loss coefficient of the window aperture at 
each position. The optimization showed that temperature thresholds at 
the higher and lower ends of the chosen temperature range resulted in a 
high annual energy consumption. 

The yearly heating, cooling, lighting and blind energy consumptions 
shown in Fig. 11 were 1716 kWh, 952 kWh, 64 kWh and 242 kWh 
respectively. The lighting consumption is low since the working hours 
considered were mostly within the daytime. When the blind is left in the 
fully-open position as shown in Fig. 11, heating, cooling and lighting 
energy consumptions were 1743 kWh 1636 kWh and 50 kWh, respec-
tively. Optimal insulated roller blind positioning that resulted in a 
15.3% energy saving when compared with no blind. 

As expected, the lighting energy consumption increased with the 
blind in optimal positions because when the blind is fully-closed 
(especially in summer) no daylight obviously enters the room, so arti-
ficial lighting solely provides the luminous intensity required. The per-
centage saving in cooling energy consumption was higher than the 
percentage saving of heating consumption since the temperature in-
creases moved the blind to move to position(s) that (i) decreased solar 
heat gain, and (ii) decreased the heat loss rate from the part of the 
window covered by the blind from 2.98 W/m2K to 1.60 W/m2K, thus 
internal temperature rose after the blind moved to cover more of the 
window. 

9. Discussion 

Daylight discomfort was reduced by 7% (from 26% using fully open 
position to 19% using the optimized threshold) over the year with the 
blind in the optimized positions compared with the blind permanently in 
the fully open position. Fig. 12 shows the number of hours in which the 
blind stayed at each position to achieve the optimal internal condition. 
The blind remained mostly fully-open during the night when the heating 
and cooling systems were off. Fig. 13 shows the internal temperature of 
the test cell room at 15 min intervals during working hours (9 a.m.–5 p. 
m., Monday to Friday) over the year. It can be seen that the indoor 
temperature remained within the comfort range. The median air tem-
perature is represented by the dark blue line in the box. The light blue 
boxes, dash lines, and individual points represent the interquartile 
ranges (IQR), the whisker limits (1.5 times the IQR), and outlier air 
temperatures respectively. In the summer months, the average internal 
air temperature of the room was higher (compared to winter months), so 
the blind was often in lower positions. 

Solar load ratio is the ratio between solar energy available at a façade 
and building energy demand. Correlations of solar load ratio to a frac-
tion of overall energy requirement met by harnessing incident solar 
energy enable generalized performance comparison of different solar 
heating and cooling technologies [53–55]. The relation of monthly solar 
heating fractions with monthly solar load ratios for a window using the 
insulated roller blind and the same window without it shown in Fig. 14 
shows use of the blind did not significantly reduce the overall amount of 
solar gain harnessed when averaged over a month. Notably though the 
insulated roller blind gave better hour-by-hour comfort conditions seen 
in Fig. 13. 

Fig. 9. Validation of the internal daylight (a) Solar test cell at 2:30pm (picture 
taken from HDR camera), (b) Measured lx level, (c) Predicted lx level. 
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10. Conclusion 

Controlling the adjustment of thermally insulated roller blind be-
tween four different positions controlled using optimal internal tem-
perature threshold can help avoid overheating in summer and lowers 
heat loss at night. For the particular system and conditions studied, these 

temperature thresholds were 15 ◦C, 18.4 ◦C, 19.4 ◦C and 21.4 ◦C for 
fully-open, quarter height, mid-height and dully-closed positions, 
respectively. The optimally controlled thermally insulated roller blind 
achieved a 15.3% overall energy saving for heating, cooling and light-
ing, and an increase of 7% in time of daylight comfort over the year 
compared to a window with no blind. This study provides a methodol-
ogy for determining temperature-actuated control of an insulated roller 
blind that can be applied to a range of climates and occupancy condi-
tions. The deployment of insulated roller blinds with optimal control is 
recommended to reduce building energy use, particularly as part of the 
energy refurbishment of existing buildings. 

The particular results presented only apply to the particular climate, 
occupancy conditions, building fabric and heat loss coefficient of the 
insulated blind used in the case study. This study only looked at simu-
lations during working hours. This means that low internal temperature 
was not included in the threshold optimization also the presumed 
omission of ventilation means that beyond the specifics of climate and 
building type, the findings are strongly tied to the assumption of a 

Fig. 10. (a) Validation of the tuning by comparing measured and simulated indoor temperature over three days, (b) Comparison of measured and predicted hourly 
indoor air temperatures for three days. 

Table 4 
Optimal temperature threshold with corresponding blind positions.  

Temperature 
threshold oC 

U-value of window 
aperture (W/m2K) 

Corresponding Roller Blind 
Position 

<18.3 2.98 Fully open (Position 0) 
18.3 2.64 Quarter height Position 

(Position 1) 
19.3 2.29 Mid height position 

(Position 2) 
>21.4 1.60 Fully closed (Position 3)  
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mechanically controlled environment. Future studies should investigate 
the benefits of using variable thermal insulation during non-working 
hour. Future studies should also investigate how far a multi-room sce-
nario can be optimized especially in situations where rooms have clear 
schedules. 
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