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Abstract 

The aim of this paper is to propose an optimization 

workflow to help designers to choose efficient shading 

control strategies at North latitudes. These strategies are 

based on one single control variable with an activation 

threshold that is optimized to achieve a suitable overall 

performance. Interior roller fabrics with openness factor 

of 3% and high diffuse transmittance operated by 

illuminance-based controls have big potential to achieve 

satisfactory overall performance in educational buildings 

in Estonia. Optimal illuminance threshold values depend 

on room orientation and surrounding obstructions. 

Key Innovations 

 Efficient and easy-to-implement shading control 

algorithms, 

 Shading control strategies based on illuminance, 

DGP and global irradiance, 

 Performance comparison between interior roller 

fabrics, 

 Combined fulfillment of visual comfort and 

energy performance, 

 Annual assessment of daylight provision and 

glare risk defined by the European standard EN 

17037:2018 

Practical Implications 

The proposed workflow to choose efficient and easy-to-

implement shading control strategies can be used by 

engineers and architects to achieve satisfactory levels of 

visual comfort and energy performance in buildings. 

Introduction 

Performance-driven building design methods have 

become more popular nowadays between architects and 

practitioners. These methods help them to design 

buildings with low carbon emission and adequate levels 

of visual comfort. Visual comfort in buildings has been 

proved beneficial for human health and performance 

(Duffy and Czeisler, 2009; Lockley, 2009). According to 

the European standard EN 17037, visual comfort’s  

factors are: daylight provision, glare protection, view out, 

and sunlight exposure (European comission, 2018). In 

fact, buildings with high daylight availability are more 

valuable (Knoop et al., 2019; Turan et al., 2020).  

Passive solutions are considered by designers for efficient 

building designs (Carlucci et al., 2015). Different passive 

strategies such as self-shading (Alhuwayil et al., 2019), 

fixed-shading (Sepúlveda et al., 2020; Shaik et al., 2016), 

and dynamic facades  are commonly used in practice. The 

latter consists in the use of shading systems operated 

according to control strategies. The use of venetian blinds 

in office spaces were widely investigated during the last 

decade (Reffat and Ahmad, 2020; Shen and Tzempelikos, 

2012; Yun et al., 2014). Reductions of cooling and 

lighting energy consumptions combined with an 

improvement of daylight levels can be achieved by using 

external venetian blinds (Evola et al., 2017). However, 

users usually find difficult to operate these shading 

devices (Sanati and Utzinger, 2013).  Shades such as 

bottom-up fabrics (Kapsis et al., 2010), 3D textiles 

(Mainini et al., 2019), switchable textiles (Bueno et al., 

2020; Bueno and Sepúlveda, 2019) and conventional 

roller fabrics can improve visual comfort and energy 

performance depending on the selection of optical 

properties and shading control strategies.  

Shading control strategies based on daylight and thermal 

variables resulted highly efficient to improve visual 

comfort without compromising energy performance in 

office spaces (Motamed et al., 2019; Shen et al., 2014). 

However, the complexity of these advanced shading 

control strategies make them not available for all the type 

of buildings and requirements. However, low cost HDRI 

(High-dynamic-range imaging) sensors (Kim et al., 2020) 

and camera (Goovaerts et al., 2017) could be used in glare 

protection-based control strategies for roller fabrics.  

In general, the most common control variables  are the 

work plane illuminance (Kapsis et al., 2010), vertical 

illuminance at eye level, daylight glare probability (DGP) 

(Xiong and Tzempelikos, 2016), and solar radiation. Most 

of previous investigations considered fixed thresholds for 

controlled variables (Amirazar et al., 2018; Kunwar and 

Bhandari, 2020; Shen and Tzempelikos, 2012; 

Tzempelikos and Shen, 2013; Yun et al., 2014). 

Nevertheless, the optimal control strategy of a case study 

depends highly on the façade orientation and climate 

(Uribe et al., 2019).  

There is a lack of methodologies for the design of efficient 

and simple control strategies where the thresholds for the 

control variables are optimized. Moreover, the combined 

fulfillment of glare protection with daylight and energy 

requirements have not been studied at North latitudes. 

Specifically, there are not studies regarding overall 

performance (visual comfort and energy performance) in 

educational buildings considering the European Standard 

EN 17037. 
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The aim of this paper is to propose efficient shading 

control strategies at North latitudes. Specifically, the 

objectives of this investigation can be summarized as 

follows:  

 To define a workflow for efficient design of climate-

based control strategies at North latitudes. 

 To study the potentialities of interior fabric shading 

systems in Estonian educational buildings to fulfill 

daylight provision and glare protection requirements 

defined by the European standard EN 17037 and the 

energy requirements defined by the Estonian nZEB 

regulation (Estonian Government, 2015, 2012). 

Methodology 

We used a simulation–based methodology to optimize 

shading control strategies for a real case study located in 

Estonia. The proposed optimization workflow as well as 

details about the case study and daylight/energy modeling 

decisions are presented in the following subsections. 

Optimization workflow 

The proposed workflow is shown in Figure 1. The 

objective of this workflow is to optimize thresholds of 

control variables of interest in order to achieve the 

combined fulfillment of daylight provision, glare 

protection, view contact with the outside, and energy 

performance in buildings. Furthermore, the threshold 

ranges for control variables of interest and minimum 

requirements of annual metrics  are included. The control 

algorithm is based on a single threshold. In practice, when 

the controlled variable is higher than the considered 

threshold, the shading system is deployed and the window 

area is completely obstructed. Other inputs are the 

daylight/energy models of the classrooms used as case 

study and the models of the complex fenestration systems 

(CFSs) (glazing system combined with shading system).  

The proposed optimization workflow consists in four 

main steps: 

1. Annual daylight and feasibility threshold analysis, 

2. Selection of the sensor position, 

3. Annual dayligth glare risk analyses, 

4. Annual energy assesment. 

The objective of the first step is to study how the annual 

daylight provision change when considering different 

thresholds for the chosen control variables. This step 

consists in annual daylight assessments of the reference 

case (DP0) (when no shading system is used) and when 

using n different shading of interest (DP1,..DPn). Once 

calculated the annual daylight availability for different 

façade states, a sensitivity analyses for each of the 

following control variables was conducted: illuminance at 

eye level (Ev), daylight glare probability (DGP), and 

global irradiance (GIrr). The output of this step were the 

optimal control strategies that could fulfill a desired level 

of annual daylight provision. 

The second step aims to identify the most critic 

occupant’s location inside the analysed rooms . This view 

point was necessary to evaluate daylight glare risk. By 

evaluating a single point and view direction, we could 

reduce considerably the computational time required by 

daylight glare simulations. The criterion to calculate the 

sensor position is based on maximum number of visible 

sun hours. 

The third step’s objective is to study how the annual glare 

protection metric change when considering different 

optimal thresholds for daylight provision calculated in the 

previous step. This step consists in annual glare 

assessments of the reference case (DP0) (when no shading 

system is used) and when using n different shading of 

interest (DP1,..DPn). For DP0, 4013 daytime timesteps 

are taken into account, that correspond to the time when 

the glazing system is used

 
Figure 1: Proposed workflow for the shading control strategy design. Where sDA=spatial daylight autonomy, 

DGP=daylight glare probability, fDGPt=Percentage of annual discomfort hours above a threshold DGPt, and 

ETA=Energy performance indicator defined by the Estonian regulation (Estonian Government, 2012)
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However, only timesteps with perceptible glare risk (DGP 

≥ 0.35) (critic hours) were analysed when using the 

different shading systems. After evaluating annual glare 

for different façade states, a sensitivity analysis per 

control variable was performed. The output of this step 

was the optimal control strategies that could fulfill a 

desired level of glare protection and daylight provision. 

Finally, the fourth step consists in the annual performance 

assessment for different optimal control strategies that are 

identified in the previous steps. The annual metric for 

energy performance assessment  was defined and 

calculated from the annual heating, cooling, and lighting 

demands. The output of this step and workflow were 

optimal the control strategies that could fulfill a minimum 

requirements of glare protection, daylight provision and 

energy performance. 

Definition of the case study 

We applied the proposed workflow to design efficient 

control strategies in three auditoriums located in Tallinn 

University of Technology (TalTech) campus, Estonia 

(59°23'40.4"N, 24°40'14.0"E). A top view of southern 

sector of the TalTech campus can be seen in Figure 2. The 

auditoriums  are one-side window rooms oriented towards 

south-east (S1), north-east (E1), and south-west (W1). 

Geometrical information of the auditoriums is show in 

Table 1. The height from the floor of the window  sill is 

0.77 m, while the distance between windows is 58 cm.  

 

Figure 2: Top view of the TalTech Campus and the 

auditoriums studied. 

Table 1: Geometrical information of the auditoriums 

studied. 

Auditorium E1 S1 W1 

Orientation North-east South-east South-west 

Floor level (m) 11.25 0 7.5  

Zone height (m) 3.15  3.15 3.15  

Zone width (m) 5.2 5.4 3.05  

Zone length (m) 12.11 10.2 7.8  

Window width (m) 1.25 1.2 1.25  

Window height (m) 2.0 2.0 2.0  

Floor Area (m2) 62.97 55.08 23.79 

Win. Frame ratio (%) 23.3  23.8 24.7  

The shading systems chosen for our case study were five 

interior roller fabrics types. Interior roller fabrics are 

common façade design solutions at North latitudes where 

daylight availability is very poor in winter. The selected 

fabrics have different openness factor or direct-direct 

transmittance (ts) (1-5 %) and maximum direct-diffuse 

transmittance (td) maintaining a minimum glare 

protection class according to the standard EN17037:2018 

(European comission, 2018). Detailed optical information 

of the selected fabrics can be seen in Table 2. The diffuse 

reflectance (rd) of 60% is related to a silver-colored 

fabrics. The cut-off angle, which is the angle of incidence 

above the sunlight is totally blocked, was set to 50°. 

Table 2: Optical properties of the interior roller fabrics 

considered. Where td=direct-direct transmittance, 

td=direct-diffuse transmittance, and rd=direct-diffuse 

reflectance. 

Fabric ts 

(-) 

td 

(-) 

rd 

(-) 

Cut-off angle 

(°) 

s1d25 0.01 0.25 0.60 50 

s2d20 0.02 0.20 0.60 50 

s3d20 0.03 0.20 0.60 50 

s4d6 0.04 0.06 0.60 50 

s5d6 0.05 0.06 0.60 50 

Daylight model in Radiance 

We used the software Radiance for daylight/glare 

calculations. Daylight provision and glare protection were 

expressed in terms of dynamic metrics: spatial daylight 

autonomy (sDA300,50%) for daylight provision and 

percentage of annual discomfort hours (fDGPt) for glare 

protection (European comission, 2018). The relation 

between DGP thresholds (DGPt) and glare protection 

classes according to the standard EN17037 can be seen in 

Table 3. The occupied hours for Estonian educational 

buildings are from 8:00 to 16:00 during weekdays without 

considering July  and August   that are the summer holiday 

months  (Estonian Government, 2015).  

Table 3: Annual glare protection classes according to 

the European standard EN 17037. 

DGP threshold 

(𝑫𝑮𝑷𝒕) 

0.35 0.40 0.45 

Level of glare 

protection 

High 

(I) 

Medium 

(II) 

Minimum 

(III) 

Detailed information about the Radiance parameters used 

for the daylight/glare simulations are shown in Table 4. 

Reflectance values of the opaque surfaces were measured 

(Table 5). On the one hand, we used the well-known 

matrix-based three-phase method (3pm) within Radiance 

for illuminance calculations (Subramaniam, 2017). The 

workplane was set to 0.85 m from floor level and the 

separation distance between grid sensors were 0.5 m. On 

the other hand, the method that combine 3pm for 

illuminance calculations and the classic rtrace method 

(with zero number of ambient bounces) to speedup annual 

glare calculations without compromising accuracy 

(Abravesh et al., 2019). 
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Table 4: Radiance parameters used in daylight and 

glare simulations. 

 

 

3pm 

Sky generation: -m 6 (MF=6 )  

Daylight matrix:  -c 2e4  -ab 2 -ad 512 -lw 1.95e-3  

View matrix: -c 10 -ab 10 -ad 65536 -lw 1.53e-5  

-pj 0.7 

rtrace   -ab 0 -ad 1024 -lw 1/1024 -aa 0.15 -st 0.15  -as 

512 -x 900 -y 900 

 

Table 5: Reflectance values for the main opaque 

surfaces in each room study. 

Surface\Auditorium E1 S1 W1 

Interior walls 0.69 0.32-0.72 0.65 

Floor 0.32 0.30 0.49 

Ceiling 0.79 0.79 0.76 

Slab 0.30 0.3 0.3 

 

Thermal model in Fener 

We used the software Fener for energy calculations 

(Bueno et al., 2015). The thermal properties can be seen 

in Table 6. There is a unique external wall for each of the 

studied auditoriums. We considered slab, floor, and 

interior walls as adiabatic surfaces. The glazing system of 

the auditoriums has a visual transmittance (VT) of 60 %, 

g-value of value of 0.34, and U-value of 1.2 W/(m2·K) 

(CalumenLive, n.d.). The thermal transmittance of the 

frames is 0.5 W/(m2·K). 

Table 6: Thermal transmittance in W/(m2·K) of the main 

opaque surfaces for each room study. 

Surface\Auditorium E1 S1 W1 

Interior walls 0.553- 

2.265 

1.031-

2.265 

2.265 

Floor/ceiling 2.245 2.245 2.245 

External wall 0.139 0.141 0.140 

The usage rate defined by the Estonian regulation 

(Estonian Government, 2012) for educational building is 

displayed in Figure 3. The maximum usage rate factor is 

0.6. The most occupied periods during weekdays are: 

9:00-11:00 and 14:00-15:00. Detailed information about 

internal gains and HVAC setting used in energy 

simulations can be seen in Table 7. We considered 

dimming control for electric lighting calculations in order 

to study the potential savings when using different interior 

roller fabrics and shading control algorithm. The sensor 

position is at 1.2 m from floor level. The minimum 

illuminance level is 300 lux. According to the Estonian 

regulation, the set points are 21 °C and 25 °C for heating 

and cooling, respectively. Only mechanical ventilation is 

considered.  The infiltration was calculated according to 

the formula (1) proposed by the Estonian regulation 

(Estonian Government, 2015). 

 

Figure 3: Occupancy schedule for educational buildings 

in Estonia. 

Table 7: Internal gains and HVAC settings. Where 

SP=setpoint, occu.=occupied hours, and 

unoc.=unoccupied hours. 

People density 0.1852 p/m2 

Metabolic Rate 1.2 MET 

Equipment density 8 W/m2  

Lighting power density 15 W/m2  

Lighting Control  Dimming, continuous 

Target Illuminance 300 lux 

Heating SPs 17–21 °C (unoc. –occu.) 

Cooling  SPs  28–25 °C (unoc. –occu.) 

COP 3.0 

Mechanical ventilation  3 - 0.15 (l/s/m2) (occu.-unoc.) 

The consideration of infiltration is mandatory according 

to the Estonian regulations. The infiltration airflow rate in 

l/s (qi) is calculated using Eq. (2) (when the exhaust and 

supply air flow rate are the same): 

𝑞𝑖 =
𝑞50

3.6𝑥
𝐴,                                (1) 

where A is the area of the building envelope in m2, q50 is 

the average air leakage rate of the building envelope that 

was set to 3 m3/(h·m2). The building factor x was set to 24 

for S1 and 20 for E1 and W1. (Estonian Government, 

2015).  

The annual metric to evaluate the energy performance 

was the energy performance indicator (ETA) (kWh/ m2·y) 

that is defined as the total weighted specific use of 

delivered energy less the weighted specific use of energy 

fed into energy networks (Estonian Government, 2012). 

As there is no feed to energy networks, the ETA metric 

can be calculated as follows: 

𝐸𝑇𝐴 = 0.9 ∙ 𝐻 + 2 (
𝐶

𝐶𝑂𝑃
+ 𝐿)                    (2) 

where H, C, and L are the annual heating, cooling, and 

electric energy consumption needed in kWh/m2·y. Factors 

0.9 and 2 are related to the type of energy carriers: natural 

gas for heating and electricity for cooling and artificial 

light, respectively (Estonian Government, 2015).  

Results 

Along this section, all the results are explained and 

discussed. Firstly, initial annual daylight/glare and energy 

assessments are conducted for the three. Secondly, 

feasible threshold ranges to fulfill visual comfort are 

identified for different control variables, which are 
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analyzed for each room and interior roller fabrics. Finally, 

we assess the annual energy performance for optimal 

shading device and control strategy for each room used as 

case study.  

Base cases 

As can be seen in Table 8, only auditorium W1 fulfills 

daylight provision according to EN17037 (sDA300,50%≥ 55 

%). Moreover, the percentage of discomfort glare hours 

considering 0.35 as DGPt are: 8.0 %, 42.9 % and 0 % for 

E1, S1, and W1. In order to reach the maximum glare 

protection, the use of shading device is needed to decrease 

these percentages to 5 % for auditoriums E1 and S1. In 

addition, the annual energy consumption of all the rooms 

are lower than the maximum required for new buildings 

by the Estonian regulation (160 kWh/ m2y).  

Table 8: Annual overall performance of the three 

auditoriums without shading device. 

Room 

 
sDA300,

50% 

 

(%) 

𝒇𝑫𝑮𝑷𝒕 (%) ETA 

(kWh/ 

m2·y) 
𝒇𝟎. 𝟑𝟓 𝒇𝟎. 𝟒𝟎 𝒇𝟎. 𝟒𝟓 

E1 38.3 8.0 4.0 2.8 127.1 

S1 35.0 42.9 40.0 35.8 100.2 

W1 87.5 0 0 0 138.5 

Threshold range analysis regarding visual comfort 

In this subsection, annual daylight/glare assessments are 

developed for different fabrics and shading control 

strategies. We considered each control strategy as the 

combination between one single controlled variable and 

threshold value that activate the shading operation. The 

ranges are 1000-10000 lux (step 500 lux: 19 values), 0.35-

1.0 (9 values), and 100-1000 W/m2 (step of 100 W/m2: 10 

values) for illuminance at eye level (Ev), DGP, and global 

irradiance (GIrr), respectively. In total, 38 different 

shading strategies and as mentioned, five different interior 

roller fabric types are considered per auditorium.  In Table 

8 it is shown the maximum daylight provision for each 

room when no shading is used. The use of any control 

strategy implies the decrease of the daylight provision and 

the improvement of glare protection in the room. In fact, 

these two functions are usually conflicting. In this 

subsection, we present feasible threshold ranges for the 

different control variables and shading devices to achieve 

the combined fulfillment between daylight provision 

(sDA) and the maximum level of glare protection (class 

I). 

The optimal shading control strategies for room E1 are 

shown in Table 9. Fabrics with openness factor of 4-5 % 

(s4d6 and s5d6) or GIrr-based control strategies cannot 

provide a maximum level of glare protection without 

compromising daylight provision (sDA300,50% from 2.5 % 

to 37.9 %). The best control strategy in terms of visual 

comfort consist in using fabric s3d20 and shading controls 

based on Ev with threshold of 4000 lux. This combination 

maximizes the view contact with the outside (openness 

factor of 3 % against 1-2 %) and maximizes daylight 

provision (sDA300,50%=38.3 %). Fabrics with 1-3 % of 

openness factor operated under DGP-control strategies 

with 0.4 threshold provides also good visual comfort 

performance but they are more complex to implement 

than Ev-based ones. 

Table 9: Feasible thresholds and sDA300,50% (sDA) values 

for E1 to achieve the maximum glare protection class 

(I:f0.35<5 %) when using different control variables 

(Ev=vertical illuminance at eye level (lux), 

DGP=daylight glare probability (-), and GIrr=global 

irradiance (W/m2)) and shading systems (Table 2). 

Where x is the threshold value. 

 

Fabric 

Evx DGPx GIrrx 

x sDA x sDA x sDA 

s1d25 4000 38.3 0.4 38.3 600 7.5 

s2d20 4000 38.3 0.4 38.3 600 5.8 

s3d20 4000 38.3 0.4 38.3 600 5.8 

s4d6 4000 37.9 0.4 37.9 600 2.5 

s5d6 4000 37.9 0.4 37.9 600 2.9 

The optimal shading control strategies for room S1 are 

shown in Table 10. Unlike room E1, auditorium S1 has 

lower available daylight provision (sDA300,50%=35.0 %) 

due to the external obstructions. Fabrics with openness 

factor of 4-5 % (s4d6 and s5d6) or GIrr-based control 

strategies cannot provide a maximum level glare 

protection without compromising daylight provision 

(sDA300,50% from 4.1 % to 16.8 %). The best control 

strategy in terms of visual comfort consists in using fabric 

s3d20 and shading control based on Ev with threshold of 

3500 lux. In this case, fabrics with 1-3 % openness factor 

operated under DGP-control strategies cannot ensure a 

maximum glare protection class without decreasing 

daylight provision ones (sDA300,50%=32.3-34.5 %). 

Table 10: Feasible thresholds and sDA300,50% (sDA) 

values for S1 to achieve the maximum glare protection 

class (I:f0.35<5 %) when using different control 

variables (Ev=vertical illuminance at eye level (lux), 

DGP=daylight glare probability (-), and GIrr=global 

irradiance(W/m2)) and shading systems (Table 2). Where 

x is the threshold value. 

 

Fabric 

Evx DGPx GIrrx 

x sDA x sDA x sDA 

s1d25 3500 35 0.4 34.5 400 17.7 

s2d20 3500 35 0.4 32.3 400 14.1 

s3d20 3500 35 0.4 32.7 400 14.1 

s4d6 3500 14.5 0.4 13.2 400 4.1 

s5d6 3500 16.8 0.4 13.6 400 4.1 

Auditorium W1 has a very high daylight provision due to 

high sun exposure and low room depth. However, there is 

no necessity to protect against glare in this case because 

glare discomfort hours are not occupied. Nevertheless, as 

shown in Table 11, GIrr-based control strategies with 

threshold values between 900-1000 W/m2can fulfill 

daylight provision requirement (sDA300,50%≥ 55 %). As 

W1 fulfill daylight and glare protection according to 

EN17037 and the energy requirements for new Estonian 
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educational buildings (ETA≤160 kWh/m2·y), the use of 

shading device is not justified.   

Table 11: Feasible thresholds and sDA300,50% (sDA) 

values for auditorium W1 to achieve the maximum glare 

protection class (I:f0.35<5%) when using the control 

variable GIrr (global irradiance (W/m2)) and shading 

systems (Table 2). Where x is the threshold value. 

 

Fabric 

GIrrx 

x sDA 

s1d25 900 68.8 

s2d20 900 64.6 

s3d20 900 64.6 

s4d6 1000 87.5 

s5d6 1000 87.5 

In summary, all the optimal shading control strategies and 

annual daylight/glare performance for each auditorium 

are displayed in Table 12. The optimal threshold values 

are selected in order to maximize daylight provision and 

glare protection class.  

Table 12: Maximum feasible (when sDA300,50%≥ 55%) 

glare protection level and recommended fabric and 

control strategies for each room study. 

Room 

sDA300,50% 

 

(%) 

Maximum 

glare 

protection 

Fabric 
Control 

strategy 

E1 38.3 

I s3d20 
Ev4000 

S1 35.0 Ev3500 

W1 87.5 I - - 

Overall performance 

Once analyzed the feasibility of shading strategies in 

terms of visual comfort, the evaluation of these optimal 

control strategies in terms of energy performance is due. 

All the energy performance results can be seen in Table 

13. For any analyzed room, cooling energy demand is up 

to 0.2 kWh/m2·y. However, heating demand is between 

47.2 and 70.4 kWh/m2·y. The range of lighting energy 

demand is between 5.9 and 7.7 kWh/m2·y. The most 

obstructed room (S1) has the highest artificial lighting 

demand with 7.7 kWh/m2·y. All ETAs values are still 

below the maximum allowed in new educational Estonian 

buildings: 160 kWh/m2·y. Thus, Ev-based control 

strategies provide good energy performance for all the 

analyzed rooms.  

As known, the DGP metric depends on two terms: 

saturation effect (related to Ev) and contrast effect 

(related to luminance distribution of the scene viewed by 

the building user). The percentage of occupied hours with 

perceptible glare (DGP ≥ 0.35) and Ev between 2000 lux 

and the optimal Ev threshold (3500 lux and 4000 lux for 

S1 and E1, respectively) is 2.4 % and 0.6 % for S1 and 

E1, respectively. For other climate conditions and 

building type (occupied hours), these percentages could 

be very different. In fact, our proposed workflow would 

be helpful to find the optimal Ev threshold to protect 

against glare without compromising daylight provision 

for each specific case study (climate, occupied hours, 

view directions, etc.). 

Table 13: Improved annual overall performance of 

auditoriums E1 and S1. Where SCA=shading control 

algorithm, sDA= sDA300,50%, and ETA=Energy 

performance indicator in kWh/m2·y. 

 

Room 

 

 

SCA 

 

sDA 

(%) 

𝒇𝑫𝑮𝑷𝒕 (%)  

ETA 

 
𝒇𝟎. 𝟑𝟓 𝒇𝟎. 𝟒𝟎 𝒇𝟎. 𝟒𝟓 

 

E1 

s3d20 

Ev4000 

 

38.3 

 

4.0 

 

0.0 

 

0.0 

 

127.1 

 

S1 

 

s3d20 

Ev3500 

 

35.0 

 

4.0 

 

1.1 

 

0.6 

 

100.2 

In practice, Ev-based control strategies require 

illuminance measurements while DGP-based control 

strategies need information about the luminance 

distribution generated from luminance sensor, being more 

complex and expensive than an illuminance sensor.  

Conclusion 

This paper proposes an optimization workflow for the 

design of efficient shading control strategies. The 

proposed workflow is used to find optimal control 

strategies for interior roller fabrics in three auditoriums 

located at Tallinn University of Technology, in Estonia. 

Minimum daylight provision and glare protection 

requirements defined by the European standard EN 17037 

and Estonian minimum energy requirements are 

considered in this study. The use of optimal shading 

control strategies can achieve satisfactory overall 

performance: visual comfort and energy performance. 

The main findings and practical implications can be 

summarized as follows: 

 The proposed optimization workflow can help 

architects and practitioners with the selection of the 

shading device and its control strategy to achieve good 

balance between visual comfort and energy 

performance in buildings. 

 The use of interior roller fabrics with openess factors 

of 3% (and diffuse transmittance of 20%) have  a 

significant potential to protect against daylight glare 

without compromising daylight provision  and energy 

performance in educational buildings in Estonia.   

 Shading control strategies based on vertical 

illuminance at eye level with single threshold are 

highly recommended to achieve a satisfcatory overall 

building performance. These strategies are less 

expensive and easier than those based on DGP for 

most companies/institutions. 

 The optimal illuminnce threshold value depends on 

the orientation and the surrounding obstructions of 

each room. It can be calculated using the proposed 

workflow. The illuminance thresholds 4000 lux and 

3500 lux were found optimal for north-east and south-

east auditoriums, respectively.  

 

Only interior shading devices were analyzed, future 

investigations might consider different type of shading 
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devices within the optimization workflow. The presented 

workflow emphasizes the visual comfort fulfillment 

before the energy performance. Future investigations 

should test the efficiency of this workflow to design 

shading control strategies for different type of buildings 

and climates. Finally, the evaluation of the subjective 

building user’s perception of daylighting and glare should 

be included in future research.  
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