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Abstract 
Daylight and solar access are important factors for the 
wellbeing of building occupants. Standards exist to 
guarantee natural illumination in buildings in the different 
countries of Europe and at the Union level. Often the same 
regulation presents both requirements of daylight and 
solar access the recommended levels of which have not 
been compared and tested for local climate conditions. 
This study analyzes the requirements of the Estonian and 
European standards and the combined fulfillment of the 
daylight and solar access requirements. Additionally, the 
appropriateness of the Daylight Factor levels and visual 
discomfort risks due to the required solar access of the two 
standards are analyzed using climate based simulations. 
The outcomes are useful for practitioners and for the 
Estonian legislator to adopt the European standard. 

Key Innovations 
 The Estonian and European daylight standards 

are compared.  
 Parameters for the combined fulfillment of the 

daylight and solar access requirements of the 
Estonian and European standards are presented.  

 Daylight Factor levels of the two standards are 
evaluated for daylight prediction reliability in 
the Estonian climate.       

 Solar access duration requirements of the two 
standards are evaluated for possible visual 
comfort risks. 

Practical Implications 
The results highlight critical aspects for the adoption of 
the European daylight standard in Estonia and for 
amendments to the current one by regulatory bodies, and 
provide practitioners and researchers with parameters for 
the combined fulfillment of daylight and solar access in 
different urban environments in Tallinn.  

Introduction 
The potential of solar access and daylight in buildings has 
been investigated extensively by researchers who proved 
the benefits for the occupants psychological and 
physiological well-being and health through a correct 
entrainment of the circadian rhythm in humans (Lockley, 
2009), for the satisfaction of workers (Andersen et al., 
2012) and for the quality of building interiors through 
surface contrast, natural color rendering and perceived 
good visual connection with the outside (Reinhart, 2014). 

Several studies showed that the appropriate access to 
natural light can consistently cut electric lighting loads in 
buildings reducing as well heating loads also at the 
northern latitudes of Estonia (Voll et al., 2016a; De Luca 
et al., 2016) at the expense of cooling loads, the control 
of which then requires special attention in the design of 
the building envelope (De Luca et al., 2018a). 

To ensure adequate access to direct sunlight and daylight, 
minimum requirements have been introduced in building 
regulations by many countries of the European Union 
(EU). The regulations related to solar access use quantity 
of hours of sunlight during specific days of the year and 
in some cases also time ranges as requirement (Darula et 
al., 2015). Direct solar access is a requirement mostly 
used for residential premises inasmuch as in office 
buildings excessive solar access can cause occupant 
visual discomfort. Building daylight requirements are 
mostly based the Daylight Factor (DF) metric. DF 
predicts the potential of an interior space to receive 
daylight as a percentage of the illuminance of an exterior 
point taking into account the room size and proportions, 
the window size and glazing visible transmittance, the 
interior materials reflectance and the external 
obstructions. DF is widely used because it is a simple 
metric to use through formulas or simulations that require 
small computational time (Reinhart and Lo Verso, 2010). 
However, DF predictions have limited reliability because 
they do not take into account building orientation, latitude 
and local climate (Sepúlveda et al., 2020). 

During the last decades, annual climate based daylight 
simulations (CBDS) have been developed to help 
researchers and practitioners obtaining more reliable 
predictions (Reinhart et al., 2006). CBDS use the same 
parameters as DF and consider also window orientation, 
latitude and climate in order to accurately predict 
illuminance levels and daylight autonomy. During recent 
years the Illuminating Engineering Society (2013) 
developed the method LM-83-12 based on the Spatial 
Daylight Autonomy (sDA), a reliable metric to assess 
daylight availability in buildings that has been adopted by 
LEED, one of the leading rating systems for sustainable 
architecture (U.S. Green Building Council, 2021). In 
order to assess the daylight potential in a space the sDA 
metric uses the threshold of 300 lux to be guaranteed for 
50 % of the occupancy time, or the suggested period 
between 8 a.m. and 6 p.m. during one year on a fraction 
of the floor area. Together with sDA, the Annual Sunlight 
Exposure (ASE) metric is proposed in order to help 
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limiting oversupply of direct sunlight that cause 
occupants visual discomfort. The ASE threshold to be not 
exceeded is 1000 lux for maximum 250 hours per year 
during the same occupancy period as sDA on a fraction of 
the floor area. 

The Estonian standard EVS 894 Daylight in dwellings 
and offices currently in force, prescribes minimum 
requirements for direct solar access and daylight 
(Estonian Centre for Standardization, 2015). In new 
residential premises at least one room must receive 2.5 
hours of uninterrupted direct sunlight every day of the 
period from April 22nd to August 22nd. For daylight, 
minimum average DF levels must be guaranteed in 
different type of spaces, i.e., 1.5 % in living rooms, and 2 
% in classrooms and office spaces. The recently published 
European Daylight Standard EN 17037 provides 
recommendations related to daylight, view out, sunlight 
and glare to improve occupant visual comfort (European 
Committee for Standardization, 2018). The sunlight 
recommendation of the standard is the same for all the EU 
countries. A building interior should receive a daily 
minimum of 1.5 hours of sunlight. The selected date for 
assessments should be between February 1st and March 
21st. The recommendations for daylight provision are 
based on different target illuminance levels, fraction of 
space and daylight hours, being the minimum 300 lux for 
50 % and 100 lux for 95 % of the reference plane 
respectively for 50 % of the hours. Consequently, the 
illuminance recommendations are translated into 
minimum DF levels according to the median diffuse 
illuminance different from country to country. For 
Estonia the standard recommends a target DF of 2.1 % on 
the half of the reference plane closer the window and a 
minimum DF of 0.7 % on 95 % of the reference plane.  

The EU countries are encouraged to adopt the EN 17037 
recommendations. Nevertheless, different countries as 
Estonia didn’t yet translate the EU standard in local 
requirements. The reason is that there is not yet enough 
evidence of: 1) the impact on consolidated building 
practices; 2) the real benefit of the required DF levels and 
methods of simulations; and 3) the accordance of the 
daylight and solar access requirements or the difficulty in 
achieving both in urban environments. Although in 
Estonia the two requirements are already present, no 
investigation has been conducted to evaluate their 
combined fulfilment in urban environments. This is true 
also at a global level, where few studies have analyzed the 
combined requirement of solar access and daylight to 
propose new metrics and simulation workflows (Dogan 
and Park, 2019) though not at the latitudes and climate of 
Estonia. To fill the research gap the objectives of this 
study are: 

 Investigate the increased or decreased difficulty in
achieving the required solar access and daylight
between EVS 894 and  EN 17037.

 Analyze the combined fulfillment of solar access and
daylight requirements of the EVS 894 and EN 17037
standards in urban environments in Tallinn.

 Evaluate the reliability in predicting natural
appropriate daylight levels of the two standards based
on DF using CBDS and the sDA metric.

 Evaluate the potential discomfort due to glare related
to the solar access requirement of both  EVS 894 and
EN 17037 using CBDS and the ASE metric.

The aim of the study is to provide guidelines for 
practitioners and researchers about design parameters to 
fulfil the solar access and daylight requirements in urban 
environments and insights for Estonian regulatory bodies 
for the adoption of the European standard. 

Methods 
The study is conducted using a single-sided window room 
located in three different urban environments in Tallinn, 
Estonia (Lat. 59.43° N, Lon. 24.75° E). A parametric 
model is realized which integrates urban environment and 
room parameter variations, solar access analysis, Daylight 
Factor and CBDS using the metrics Spatial Daylight 
Autonomy and Annual Sunlight Exposure.  

Test room parametric model 

The parametric model is realized using the software 
Grasshopper (McNeel, 2020). An automated algorithm 
generates the combinations of the room 3 sizes, 6 window 
widths and 2 heights, 8 orientations, presence or not of the 
horizontal shading, and 3 urban environments (Table 1). 
The total number of room combinations analyzed is 1728.   

Table 1: Room parameters. 

Variables Parameters 
Urban env. Low Medium High density 
Orientation S SE E NE N NW W SW 
Size (S) (m) 4×4 5×5 6×6 
Win. w. (m) 0.25S 0.375S  0.5S  0.625S  0.75S  0.875S 
Win. h. (m) 1.5 (sill at 0.9)  2.4 (from the floor) 
Shading (m) 0 (no shading)  1.8 (upper floor balcony) 

The room height is fixed and is set to 2.8 m. The room 
sizes and window widths and heights selected are those of 
typical open office and living rooms in new constructed 
buildings in Tallinn, which are commonly used in existing 
literature (De Luca et al., 2018b; Voll et al., 2016b). The 
room is located at a height of 10.2 m from the ground. 
This corresponds to the middle floor of a typical new 
building in Tallinn. The room window wall depth is 0.5 m 
(Figure 1). At each iteration the parametric model runs 
two analyses for solar access, and two simulations for 
Daylight Factor (one for each standard) and the CBDS.  

Figure 1: Room generated by the parametric model. 
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Urban Environments 

Three urban environments are modeled and used in the 
study to assess solar access and daylight in different urban 
scenarios (Figure 2). These represent three existing 
districts in Tallinn characterized by different densities and 
height of buildings: a) the low density residential district 
of Tammsaare street located in the Mustamäe quarter at 
the periphery of the city; b) the medium density mixed use 
district of Pärnu street located in the city center; and c) the 
high density commercial district of Maakri street located 
in the business center. The districts present building 
heights from 17 m to 47 m, from 14 m to 25 m and from 
5 m to 113 m respectively. 

The urban environments are realized using the same plots 
and different building layouts and heights to obtain the 
same density of the existing districts, 2, 7 and 12 m3/m2, 
respectively. The scope is to produce generalizable results 
related to real scenarios and similarity in the horizontal 
layouts of the areas for comparison of results. The square 
plots are 64 m in size. When facing the opposite buildings, 
the room distance is 25 m. 

Solar access analysis models 

The solar access analysis is conducted following the 
different prescriptions of the two standards. For EVS 894 
the day of April 22nd is selected as worst case scenario, 
since the required 2.5 hours must be guaranteed every day 
of the analysis period. The sensor point is located in the 
center and on the external surface of the window 0.2 m 
inside the wall, 0.9 m above the floor. A minimum solar 
elevation angle of 6° is considered. For EN 17037 the day 
of March 21st is used since the standard allows to select 
one date during the analysis period. The sensor is located 
in the inside surface of the wall (excluding the window 
from the simulations), at a height of 1.2 m. The minimum 
solar altitude considered is 8°. The sun position is 
simulated using a time-step of 1, i.e., every 1 minute for a 
high accuracy of results using the Grasshopper plug-in 
Solar Envelope Tools (Sepúlveda and De Luca, 2019).  

Daylight Factor simulation models 

The DF simulations are run for the two standards selecting 
points of the same grid, spaced 0.5 m at 0.8 m above the 
floor, as required by EVS 894. Though EN 17037 
recommends a height of 0.85 m, only one grid is used, due 
to the small difference, to simplify the Daylight Factor 
models. For EVS 894 the mean DF is calculated on all the 
points of the grid of the same size as the floor. For EN 

17037 the points have a distance of 0.5 m from the interior 
walls as prescribed by the standard. At each iteration a 
specific algorithm of the parametric model selects the DF 
values of the half of the sensor points closer to the window 
to assess if the target of 2.1 % is achieved. The second 
requirement of a minimum DF of 0.7 % across 95 % of 
the reference plane is not considered because existing 
studies proved that if the first requirement is fulfilled, then 
the second is satisfied as well (Sepúlveda et al., 2020). 

The reflectance values (ρ) assigned to the interior material 
finishing and exterior environment and the visible 
transmittance (TV) of the glazing are the same for both 
standard simulations (Table 2).  

Table 2: Materials ρ and glazing TV values. 

Wall Floor Ceiling Shading Ext. Glaz. 
ρ 70 40 80 35 35 - 

TV - - - - - 70 

The DF simulations are performed using the validated 
daylight simulation software Radiance through the 
Grasshopper daylight analysis plug-in DIVA (Solemma, 
2020). The main Radiance parameters used (-aa .1 -ab 5 -
ad 1024 -ar 256) represent a compromise between 
velocity and accuracy of the simulations.   

Annual climate-based daylight simulation model 

For every test room variation, the parametric model 
performs automatically an annual climate-based daylight 
simulation, together with two solar access analyses and 
two DF simulations, for the assessment of sDA and ASE. 
The room and exterior materials reflectance and glazing 
visible transmittance are the same as the DF simulations. 
The grid used for simulations is the same as the DF 
simulations for EVS 894, with sensor points spaced 0.5 m 
thus below the maximum 0.6 m suggested by LM-83-12, 
at 0.8 m from the floor.  

For the sDA assessment the floor area ratio threshold of 
55 % where 300 lux must be guaranteed for 50 % of the 
time (sDA300/50%) between 8 a.m. and 6 p.m.is considered 
as recommended by LM-83-12 for the daylight in the test 
room to be “nominally acceptable”. For the ASE requiring 
no more than 1000 lux for no more than 250 hours per 
year (ASE1000,250h) the floor area ratio threshold used is 10 
%, also as recommended by LM-83-12. The simulations 
are performed using the statistical weather data of Tallinn 
from the file EST_HA_Tallinn.AP.260380_TMYx.2004-
2018.epw (EnergyPlus weather data). The software used 
is Radiance-Daysim through the DIVA interface. 

Figure 2:  The low (a), medium (b) and high density (c) urban environments used in the study and one room location. 
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Results 
The results are presented in five subsections. The first 
analyzes the relation between the daylight and solar 
access performance required by the two standards EVS 
894 and EN 17037. The second and the third present the 
room parameters of orientation, size, Window to Wall 
Ratio and shading necessary to fulfill both daylight and 
solar access as required by the two standards. The fourth 
subsection assesses the appropriateness of the minimum 
required DF values of EVS 894 and EN 17037 in 
predicting adequate natural light levels in building 
interiors and presents possible risks of occupant visual 
discomfort when fulfilling the solar access requirements 
of the two standards through reliable climate based 
simulations. The fifth subsection presents a summary of 
the results. Due to the multidimensional data the results 
are presented using parallel coordinates plots. 

Standard requirements comparison 

Among the 1728 room combinations simulated 64.8 % 
and 48.8 % fulfill the two different requirements of the 
Estonian daylight standard for residential and office or 
educational buildings, i.e., minimum mean DF 1.5 % and 
2% respectively, and 21.7 % fulfill the requirement of the 
European daylight standard of a target DF of 2.1 % on the 
half of the reference plane closer the window wall. The 
bottom plot of Figure 3 shows that considering the 
combinations fulfilling the DF requirement of EN 17037 
(shaded rectangle), the smaller mean DF as simulated for 
EVS 894 is 2.66 %, thus significantly above of the two 
minimum levels required.   

Additionally, only 33.5 % and 44.4 % of the test room 
combinations that fulfil the two DF requirements of EVS 
894 fulfil also EN 17037, whereas 100 % of the 
combinations that fulfil the latter achieve the required 
daylight levels of the first. This outcome underlines that 
the new daylight recommendations are more conservative 
than the existing ones in Estonia. The reason is that 
although the DF calculation for EN 17037 is done closer 
the window, the use of a target value instead than an 
average as for EVS 894, penalizes the fulfillment.  

Taking into account direct solar access, 59.5 % of the test 
room combinations fulfil the EVS 894 standard 
requirement of 2.5 hours of sunlight during April 22nd and 
51.6 % fulfil the EN 17037 standard requirement of 1.5 
hour of sunlight during March 21st. The top plot of Figure 
3 shows that taking into account the room combinations 
which fulfill the sunlight requirement of EN 17037 
(shaded rectangle), the corresponding minimum sunlight 
hours calculated for EVS 894 are 2.0, thus less than the 
required value. The authors argue that the difference of 
combinations fulfilling the two standards is mainly due to 
the morphology of the urban environment. 

As for the DF simulation results comparison, 84 % of the 
room combinations that fulfil the solar access requirement 
of EVS 894 fulfill also EN 17037, whereas 96.9 % of the 
combinations that fulfil the European standard fulfill also 
the current Estonian one. These results underline that also 
for the sunlight requirement EN 17037 is more 
conservative than EVS 894, though less consistently than 
for the daylight requirement. The reason is that while the 
methodologies for the DF simulation are very different, 
those for the sunlight calculations are similar because 
EVS 894 requires a longer period of time but when the 
sun path has higher elevation angles. Figure 3 presents the 
minimum and maximum DF and sunlight hours using the 
range 0-100 (%) for the minutes, to match the standards. 

Design parameters EVS 894  

The analysis of the room parameters that allow to fulfill 
simultaneously the daylight and solar access requirements 
is performed for the urban environments separately in 
order to present data useful for different design scenarios.  

Taking into account the current Estonian standard EVS 
894 and the low density urban area (Figure 4) the daylight 
and the solar access requirements are fulfilled by 59.9 % 
of the test room combinations (576 per urban area). For 
the analysis of the design parameters, the lowest DF 
threshold of 1.5 % is considered because it is related to 
residential buildings as the solar access requirement. The 
DF requirement is fulfilled by 78.1 % and the sunlight 
requirement is fulfilled by 77.1 % of the combinations. 

Figure 3: Daylight (bottom) and solar access (top) requirement relations of the standards. U=urban density; 
O=orient.; Rs=room size; WWR=Window to Wall Ratio; Sh=shading; SH=sunlight hours (minutes in 0-100 range). 
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When simultaneously fulfilled, the maximum average DF 
and the maximum sunlight duration recorded are 6.56 % 
and 9 hours and 8 minutes. Both requirements are fulfilled 
by 56.2 % of combinations without shading and 43.8 % 
with shading, by rooms with a Window to Wall Ratios 
from 20.1 % (5.2 %) to 74.4 % (11.6 %), and of every size 
with similar percentages.  It must be noted that The 
Window to Wall Ratio parameters has very little influence 
on solar access and only for northerly orientations. All 
orientations allow to fulfil both requirements except 
north. The orientation with the highest percentage of 
combinations that receive the required daylight and solar 
access is south (16.5 %) and the one with the lowest 
percentage is north-east (3.5 %). The orientations from 
south to east and west allow percentages of combinations 
fulfilling both requirements slightly less than south. 

In the medium density urban area 42.7 % of the room 
combinations fulfil both requirements, 68.2 % fulfil the 
DF requirement and 62.5 % the minimum solar access. 
The maximum average DF is 6.28 % and the maximum 
sunlight duration is 10 hours and 24 minutes (10.40 h in 
Figure 4). It is worth noting that compared with the low 
density area, the medium density one allows a smaller DF 
but a higher sunlight duration. This is due to the specific 
building layout used in the study. Both requirements are 
fulfilled by 61.4 % and 38.6 % of combinations without 
and with shading, respectively. The center plot of Figure 
4 shows that as for the low density area both requirements 
are fulfilled by combinations with Window to Wall Ratios 
from 20.1 % (5.7 %) to 74.4 % (12.2 %), and similar 
quantity of room sizes, about one third for each size used. 

The medium density urban area allows for less 
orientations than the low density area in order to fulfill the 
daylight and solar access requirements simultaneously. 
The orientations from south to east and west must be used, 
the share of which ranges from 18.3 % of east to 22.4 % 
of south-west. The fact that south is not the orientation 
with the highest percentage of combinations is due to the 
specific buildings morphology used. 

The high density area is characterized by a significantly 
lower percentage of test room combinations fulfilling 
both requirements, i.e. 22 %. Those fulfilling only the DF 
and the solar access requirements are 47.9 % and 38.9 %, 
respectively. The maximum average DF and sunlight 
hours recorded for the combinations fulfilling both 
requirements are 4.87 % and 6 hours and 2 minutes. The 
increased density penalizes as well the use of shading, 
inasmuch as 69.3 % of the combinations do not present it 
whereas 30.7 % use it on the facade. The range of 
Window to Wall Ratios of the combinations fulfilling 
both requirements is the same as the other urban areas, 
though with different percentages. Results show that the 
combinations with the minimum and maximum Window 
to Wall Ratio of 20.1 % and 74.4 % are 1.6 % and 18.9 
%, respectively. Similarly, to the previous cases, rooms of 
every size fulfill both requirements, in similar quantities, 
approximately one third for each size used. The top plot 
of Figure 4 shows that the orientations that allow that both 
requirements are fulfilled are south, south-east, south-
west and west. This is due to the significantly higher 
density of the built environment and heights of buildings 
used for the urban model.    

Figure 4: Combinations fulfilling both daylight and solar access of EVS 894 in the urban areas. U=urban density; 
O=orient.; Rs=room size; WWR=Window to Wall Ratio; Sh=shading; SH=sunlight hours (minutes in 0-100 range). 
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Design parameters EN 17037 

The combined assessment of daylight and solar access for 
the European standard emphasizes the results presented in 
the section Standard requirements comparison. The test 
room combinations that fulfil both requirements, DF 2.1 
% and 1.5 hours of sunlight, are in a limited number for 
the three urban areas.  

Taking into account the low density urban area 17.9 % of 
the room combinations fulfil both the requirements. 
Analyzed individually, 35.8 % and 51.4 % are equal or 
above the DF and sunlight threshold, respectively. When 
simultaneously fulfilled, the maximum DF recorded is 5.4 
% and the longest sunlight duration is 9 hours and 7 
minutes (bottom plot of Figure 5). The combinations with 
the shading are 32 % and those without are 68 %.  The 
minimum Window to Wall Ratio necessary in this urban 
area is 26.8 %, presented by only 1 % of the combinations. 
This result underlines the necessity to consider higher 
Window to Wall Ratios to fulfil both requirements of EN 
17037 compared to those of EVS 894. Almost half, 30 % 
and 20 % of the combinations fulfilling both requirements 
have a size of 4×4, 5×5 and 6×6, respectively. No 
combination with northerly orientation fulfills both the 
requirements. From 20.4 % to 28.2 % of the combinations 
fulfilling both requirements have orientations from east to 
south-west. Those facing west are 6.8 % (Figure 5). 

In the medium density urban area 14.4 % of combinations 
fulfil both requirements and 22.9 % the sole DF 
requirement. The combinations fulfilling the sunlight 
requirement are 59.7 %, more than in the low density area. 
The is due to the specific morphology of the buildings 

opposite the test room which strongly influences direct 
sunlight. The maximum DF among all the combinations 
is 4.8 % and the sunlight duration is 9 hours and 36 
minutes (9.60 h in Figure 5). A small number of fulfilling 
combinations present the shading, i.e., 19.3 %. Those 
without are 80.7 %. Among the combinations fulfilling 
both requirements the smallest Window to Wall Ratio is 
33.5 %, presented by 6 % of the rooms (Figure 5). The 
largest Window to Wall Ratio of 74.4 % is presented by 
27.7 % of the combinations. More than the half of the 
combinations are the rooms 4×4, about 30 % and 15 % are 
the rooms 5×5 and 6×6, respectively. No combination 
fulfilling both requirements have a northerly orientation 
(Figure 5). Those fulfilling present the other orientations 
with shares between 15.7 % and 28.9 %. 

Only 3.6% of the combinations in the high density area 
fulfil both requirements. The DF and sunlight 
requirements individually are fulfilled by 6.4 % and 43.8 
% of the combinations. When simultaneously fulfilled, 
the maximum DF and sunlight period recorded are a mere 
3.6 % and 6 hours and 20 minutes (Figure 5). Only 4.8 % 
of the combinations allow the shading, whereas 95.2 % 
don’t. The top plot of Figure 5 shows that the smallest 
Window to Wall Ratio is 40.2 % for 4.8 % of the 
combinations. The maximum Window to Wall Ratio of 
74.4 % is used by 47.6 % of the combinations. Almost 
two third, less than one third and about 5 % of the 
combinations are rooms 4×4, 5×5 and 6×6, respectively. 
The room combinations fulfilling both requirements 
present only the four southerly orientations (Figure 5). Of 
those 47.6 % face south-west, 19 % face south and south-
east, and 14.3 % face west, due to the urban morphology. 

Figure 5: Combinations fulfilling both daylight and solar access of EN 17037 in the urban areas. U=urban density; 
O=orient.; Rs=room size; WWR=Window to Wall Ratio; Sh=shading; SH=sunlight hours (minutes in 0-100 range). 
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Predictions reliability and visual comfort risks 

The reliability of the simulation methods and thresholds 
of the two standards EVS 894 and EN 17037 in predicting 
adequate natural light and the potential of visual 
discomfort related to sunlight requirements are assessed 
using the sDA300/50% and ASE1000,250h requirements.   

Taking into account the Estonian daylight standard the 
sDA300/50% requirement is fulfilled by 86.4 % of the 
combinations achieving the minimum average DF of 2 % 
recommended for office and school buildings and by 69.1 
% of the combinations fulfilling the residential minimum 
average DF of 1.5 %. The minimum sDA300/50% recorded 
using the office and school, and the residential thresholds 
of EVS 894 are 33.3 % and 18.8 %, respectively (Figure 
6 bottom left).  Differently, all the test room combinations 
fulfilling the European standard fulfil also the sDA300/50% 
requirement, being 67 % the minimum sDA300/50% 
recorded (Figure 6 bottom right). These results underline 
the overestimation of daylight availability of the current 
Estonian standard, above all in residential buildings, and 
the surplus obtained when using EN 17037 in Estonia.     

Visual comfort risks related to the sunlight requirements 
are assessed using the ASE1000,250h maximum threshold 
inasmuch as LM-83-12 requires that the simulations are 
done without reflected light. The solar access requirement 
of both standards produces risks of visual discomfort. 
Considering EVS 894 and EN 17037, 45.3 % and 39.5 % 
of the room combinations fulfilling the two solar access 
requirements respectively, are below the ASE1000,250h 
threshold of 10 % (Figure 6 top). If a low number of 
combinations fulfil the ASE1000,250h requirement among 
those achieving the required solar access was expected, it 
is worth noting that the larger percentage of combinations 
fulfilling both ASE1000,250h and solar access is recorded for 
EVS 894. This finding indicates that the adoption of the 
European standard in Estonia would increase the 
challenge for practitioners to fulfil the building 
requirements and at the same time to provide building 
interiors with occupant visual comfort.  

Summary of results 

Among the 1728 room combinations analyzed 64.8 % and 
48.8 % fulfil the daylight requirements of the Estonian 
standard and 21.7% fulfill the European standard. 
Considering sunlight 59.5 % and 51.6 % of the 
combinations fulfil the two standards EVS 894 and EN 
17037, respectively. The variation of the combinations 
fulfilling both requirements are from 59.9 %, 42.7 % and 
22 % for EVS 894 to 17.9 %, 14.4 % and 3.6% for EN 
17037 in the three urban areas, respectively. Many 
combinations fulfilling the daylight requirements of EVS 
894 do not provide adequate daylight according to LM-
83-12, whereas all the combinations fulfilling EN 17037 
provide it. The majority of the combinations fulfilling the 
two sunlight requirements present visual comfort risks.     

Table 3 presents the percentages of the combinations 
fulfilling both requirements of Daylight Factor (DF) and 
sunlight (SH) for the two standards in order to provide a 
breakdown of the results. The combinations include all 
the Window to Wall Ratios and the two shading options.    

Table 3: Percentages of combinations (%). 

EVS 894 DF+SH EN 17037 DF+SH 
4×4 5×5 6×6 4×4 5×5 6×6 

L
ow

 

S 3.47 3.47 2.95 2.78 2.26 2.08 
SE 3.47 3.12 2.95 2.78 2.26 1.91 
E 3.06 2.95 2.95 0 0 0 

NE 0.41 0.69 1.39 0 0 0 
NW 3.47 3.47 2.95 0 0 0 
W 3.47 3.12 2.92 2.60 2.26 1.74 

SW 3.47 3.12 2.95 2.78 2.08 1.91 

M
ed

iu
m

 S 2.95 2.60 2.60 2.26 1.56 1.04 
SE 3.30 2.95 2.60 2.26 1.91 1.22 
E 2.95 2.60 2.26 0 0 0 
W 2.95 2.78 2.60 2.08 1.56 1.04 

SW 3.47 3.12 2.95 2.60 1.91 1.56 

H
ig

h
 S 2.43 2.08 1.74 1.39 0.69 0.17 

SE 2.26 1.56 1.22 0.69 0.69 0.17 
W 0.69 1.04 1.22 0 0 0 

SW 2.95 2.60 2.26 1.74 1.22 0.69 

Figure 6: Diagrams showing the sDA (threshold 55 %) and ASE (threshold 10 %) of the combinations fulfilling the 
daylight and sunlight requirements of EVS 894 and EN 17037. SH=sunlight hours (minutes in 0-100 range).  
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Conclusion 

The present study analyzes and compares the daylight and 

solar access requirements of the Estonian EVS 894 and 

European EN 17037 daylight standards in urban 

environments in Tallinn, Estonia with the scope of: a) 

investigate the possibilities for practitioners to achieve the 

daylight and sunlight requirements of the two standards; 

b) analyze the design parameters that allow to fulfill both 

requirements of the two standards; c) assess the reliability 

of both standards’ Daylight Factor thresholds to predict 

adequate quantities of natural light in building interiors in 

Estonia; and d) assess potential risks of occupant visual 

discomfort caused by the duration of direct solar access 

required by the two standards.   

The study is conducted through the performance analysis 

of a test room located in three urban environments. A 

parametric model generates automatically 1728 room 

variations different for orientation, size, window width 

and height (Window to Wall Ratio) and presence of a 

shading element, and runs sunlight hours analysis, 

Daylight Factor and climate based simulations.  

The main outcomes of the study are: 

 The European standard is significantly more 

conservative than the Estonian standard for daylight 

provision and a fraction for the sunlight requirement. 

 Using the Estonian standard a consistently larger 

number of room combinations fulfil both daylight and 

solar access requirements than the European standard. 

 The Estonian standard requirement has a poor 

reliability in predicting sufficient daylight provision, 

whereas the European standard is reliable in Estonia. 

 Assuring the required periods of sunlight provide 

consistent risks of occupant visual discomfort using 

both standards. 

Detailed results are presented. The results of the study 

will be provided to practitioners and researchers as 

guidelines to design and develop research on comfortable 

and efficient buildings, and to the Estonian regulatory 

bodies to discuss the adoption of the European standard 

and possible amendments of the current one.  
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