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Abstract

Recently, the physical building
performance has been demonstrated
widely by researchers and architects
due to its direct and indirect
influence on space usage and

comfortability, particularly in learning spaces.
This study was intended to assess the natural
light performance of educational premises in Erbil
governorate. The six foundation schools with
different size, shape, and Ilayout have been
selected. The daylight illuminance level and
Daylight Autonomy have been simulated and
compared with design standards for the sufficient
daylight. An academic-licensed Revit Architecture
2018 with plugged insight daylight analysis has
been adopted as an analysis tool for daylight
parameters. The results showed that the
illuminance level in most of the case studies is
below the satisfactory range depended on
architectural standards. Similarly, the daylight
autonomy in term of spatial Daylight Autonomy
(sDA) and Annual Sunlight Exposure (ASE) are
dissimilar from one case study to another. The
sDA and ASE have reached what is needed in
three school layouts. In contrast, sDA and ASE
performance was below the required levels. In
consequence, the importance of daylight analysis
in existing school environment, and informing
the educational planners and architects have been
clarified about the meaningful prediction of
natural light performance. The daylight
performance in school needs to be improved by
using appropriate advanced technology, such as,
laser cut panels, louvers and daylight shelves.
The outcomes of the research are valuable for
measuring the daily performance of the physical
learning environment and exploring innovative
strategies and techniques for improving the
actual daylight performance.

Keywords: Daylight, School design, Illuminance level,
Students’ performance, Daylight analyses, Erbil.

1. Introduction

The natural daylight that includes direct
luminance from the sun and indirect illuminance
from sky, constructional boundaries and building
envelopes, is a significant aspect of building
design and sustainable built environment. The
quantity and quality of light will influence our
perception about space and it will affect our
working performance. Professor Zannoni states
the daylight should be considering as a
fundamental architectural element during project
design which affect the space perception (Cherri,
2015). The design of sufficient natural light is
related to the several issues such as building
orientation, opening area, glare avoidance,
thermal comfort, visual needs, and perception of
space and building properties. Most of current
studies demonstrates the medical and
psychological benefits of adequate daylight spaces
(Drosou, 2016). While, Others like Tregenza an
Mardaljevic (2018) highlights the importance of
lighting as a knowledge transformation medium
between the interior spaces and external world.
They also (2018) states that the direct and
indirect illuminance with visual comfortability is
the main considerations for determine the natural
light design through history. Furthermore, there
are many researches that emphasize the role of
daylight in increasing the performance and rising
productivity in the last three decades (Tregenza and
Mardaljevic, 2018). All the prescribed factors have
raised demand and awareness for optimal
daylight design. This study firstly identifies the
positive aspects of wusing mnatural light on
students’ health and environment, and its role of
energy saving. Secondly, it discusses some of
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related daylight researches and their findings in
environment. Then, it
daylight
standards. After that, the quantitative research

the learning-built
highlights  several metrics  and
method for the daylight analysis have been
explained in detail. Finally, the school design
daylight evaluation presented in term of
illuminance level and Daylight Autonomy criteria
by using insight daylight analysis with Revit.

1.1. Natural light benefits

There are many issues related to the daylight in
the space, the main aspect is the average
illumination level, which effect on function and
perception of space. While other features such as
direct sunlight, glare and illumination uniformity
distribution on the working plane will have direct
and indirect negative influence on the space
usage. The prescribed factors of daylight have
both positive and negative impact on human in
term of students’ health and performance.
Furthermore, the energy consumption for
artificial light increased the significant of the
daylight adaptability in built environment.

1.1.1. Health

The daylight level has an influence of user’s
health and well-being in number of ways.
Shishegar and Boubekri (2016) confirms that the
nature light will supply energy to the human
body by creating Vitamin D which help bones
growth. Also, daylight  improves  person
perception of learning space. “Access to indoor
sunlight is also associated with perceived
cheerfulness as well as higher levels of positive
mods such as joy, interest, and alertness for the
occupants (Mach, 2014:42)". Therefore, having
adequate daylight will provide a healthful
environment for physical human body and

phycological needs.
1.1.2. Student’s performance

On the one hand, the learner’s achievement will
be reinforced through having a suitable
illuminance level in a space. The daylight
performance has an influence on both the
teacher’s and student’s achievement. According to
the results from the study by Tanner (2009) the

learner’s performance will be increase in adequate
daylight classroom especially in the reading
vocabulary and science subject. Similarly, the
American educational community Heschong-
Mahone Group (HMG)states that having the better
daylight learning spaces will improve students’
performance around 20 % in Mathematics and
25% in the reading skills (Tragenza and Mordalievic,
2015). On the other hand, the lack of daylight,
glare and direct sunlight will decrease student’s
understanding and performance. Shishegar and
Bouberkeri (2016) have stated that the attendance
ratio of teacher’s and student’s in the educational
spaces with sufficient nature light is higher than
of attendance ratio in the less daylight level

spaces.
1.1.8. Energy saving

The Sufficient daylight level decreases the
necessity for artificial light in space that leads to
energy saving and less energy consumption. For
instance, Philips (2004) have reported that the
demand for the artificial light can be replaced and
reduced by appropriate use of natural light.
According to Tsikra and Adreou (2017) have
recognized that the  unsuitable building
orientation and shading device leads to lack of
visual and thermal comfort which in long term

increases energy demand in educational premises.

1.2. Daylight metrics and standards
1.2.1. Daylight Metric

Recently, many daylight metrics have been
introduced by research community for measuring
various daylight parameters. Although, there is
not global acceptance on metrics for daylight
performance due to lack of relationship on
daylight design criteria (Tregen, 2017). The
following daylight metrics are the most
mentioned units which have been used for the
daylight measuring.

1.2.1.1. Illuminance

It is the most extensively acceptable and simplest
daylight metric which has been used by standards
and regulations (Tregnzo and Mardaljevie, 2017).
Illuminance has been defined as “the ratio of the
luminous flux, incident on an infinitesimal
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surface in the neighbourhood of the points, to the
area of surface (Costanzo et al, 2017:5).” This unit
have been adapted as required measurement for
illuminance level measurement. For instance, in
LEED V4 option2 illuminance have been referred
and point have been indicated to determine the
illuminance ratio as have been shown in table-
1(USGBC, 2018). The range of acceptable illuminance
threshold has been limited between 300 to 3000
Lux.

1.2.1.2. Daylight Factor (DF)

In England, the Troter introduced daylight factor
for measuring natural light of sky. It has been
introduced “as the ratio between the daylight
illumination at point in the interior and
simultaneous exterior illumination available on a
horizontal surface from an  unobstructed
hemisphere of overcast sky (excluding direct
sunlight expressed as a percentage (Cherri,
2015:137)". It always presented as a percentage.

D=Ei/ (Ea * 100) %

D-Daylight factor, Ei- internal illuminance area,
Ea- External illuminance area (Neufert,
2013:157).

Contrary, in some states the daylight factor as
light measurement unit have been replaced, for
instance, the daylight factor has been replaced
with climate-based daylight modelling (CBDM) by

the UK Education Funding Agency (Drosou et al.,
2016)

1.2.1.3. Climate based daylight Modell

Recently, the Climate-Based Daylight Modelling
(CBDM) have been introduced for daylight
prediction evaluation. It has defined as 'the
prediction of any luminous quality (illuminance
and/ or luminance) using realistic sun and sky
conditions derived from standard climate data’
(Mardaljevic, 2015:1). The daylight performance will
be calculated through all days of year by using
several criteria such as Useful Daylight
Iluminance, Daylight Autonomy and Spatial
Daylight Autonomy.
a. Useful Daylight Illuminance (UDI): Is the
defined as the fraction of time in a year when
the indoor horizontal daylight illuminance at

a given point falls within a given range

(Costanzo, 2017:6).

Daylight Autonomy (DA)

Spatial Daylight Autonomy (sDA) and Annual

Sunlight Exposure (ASE)
The research team which leaded by Lisa Heschong
have introduced the sDA Spatial Daylight
Autonomy, that can be defined as “the percentage
of the work area or the plane of calculation on
which fall 300 lux for the at least 50% of the
year, basing on the calculation on a working day
of 10 hours" (Gherri, 2015:138). Furthermore, the
ASE has been invented as daylight metric for
direct illuminance. ASE is defined as the
percentage of space affected by more than 250
hours of direct illumination per year, where
‘direct illumination’ means a quantity higher than
100 1lux through the apertures, excluding
secondary reflections and the quote intercepted by
shading devices" (Gherri, 2015:137). The LEED V4
Daylight for Dbuilding performance point
calculation considers both spatial Daylight
Autonomy (sDA) and illuminance calculations
metrics (Table -2) (USBGC, 2018).

1.2.2. Daylight Standards

The daylight regulations and codes will depend of
daylight matric and daylight assessment
approaches. The table-3 illustrates the daylight
metric minimum and maximum limit, which is
different among the standards for learning
spaces.

2. Related research studies

Measuring the quantity of light and investigating
quality of natural light is a great challenge in
ongoing research and study of daylight design
and demand. There are many metrics for
measuring the daylight quantity such as,
illuminance level, daylight factor, daylight
autonomy. Also, many approaches and software
tools have been adapted to measure daylight in
spaces during the design process. The exploration
of nature light degree and level is valuable in
determine the degree of the physical and visual
comfortability and needs for improving the space
luminance level. In their study, (Drosou at el., 2016)
have investigated the actual daylight performance
in existing school buildings in England via using
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Climate-Based Daylight Modelling (CBDM). The
two classrooms with different layout and design
have been monitored for a half year. True
illuminance level has been indicated by using the
High Dynamic Rang (HDR) image approach as
part of robust method.

The study emphasizes the importance of robust
method usage for assessing the real daylight
existence in the learning spaces because it
includes the unseeing factors that affect daylight
aspects. Another advantage of used methodology
is determining the human need for the visual
comfortability. In addition, they study identifies
the practicality of using (CBDM) measurement
metrics for daylight performance in existing
environment. In contrast, it is clear the study is
not exclusive to take entire educational buildings.
Costanzo et al, (2017) in the extensive literature
review of daylight usage in the educational
premises have discussed the typical relationship
among the local environment, daylight demand
and design approach by using innovative and
advance techniques. First, the study has
represented and illustrated several metrics for
daylight measurement and specifications, such as,
Illuminance, Daylight Factor (DF), Useful
Daylight Illuminance (UDI), Daylight Autonomy
(DA), the spatial Daylight Autonym (sDA), Annual
Sunlight Exposure (ASE), and High Dynamic
Range (HDR) (Costanzo et al., 2017). In addition, the
metrics for identifying the negative aspect of
daylight such as glare have been demonstrated
like, Discomfort Glare Probability (DGP), and
Spatial Visual Discomfort (SVD). Secondly, the
number of effective advanced tool and technology
for increasing the useful daylight have been
identified and explored such as Classroom layout
and glazing types, external shading devices,
redirecting system and control system (Costanzo et
al., 2017).

The results signified to the complexity and
challenge of the natural light optimization in
learning spaces and significant in calculating
several climate-based metric for assessing the
performance of the natural light (Costano et al.,
2017). Furthermore, Yuksek at el (2015) have
investigated the mnatural light level in three
classrooms of Kirklareli University via using
Velix Visualiar Simulation programme. They have
identified the significant of opening properties
and orientation in determine the adequate light

level (Yuksek at el, 2015). The sufficient daylight
level can be provided by using a proper building
orientation, window layout, appropriate shading
device and daylight system like light self and
lazar panels. They concluded their study by
illustrating that the opening area must not be
less than 1/3 or 1/5 of the floor area of
educational space to achieve the sufficient
daylight level. Moreover, the energy saving, and
better students’ achievement are the main benefit
of using the natural light in the educational built
environment.

3. Research methodology

The daylight illuminance level and daylight
autonomy have been investigated in the six
foundation school building models in the Erbil
province via using the Insight Daylight Analysis
with Revit 2018 programme. The licensed
educational version of Revit architecture 2018
with free download licensed Autodesk insight
plug in have been used to identify the daylight
analysis results accurately. The two-dimensional
drawings layout and three-dimensional models for
the all case studies have been created by using
Revit Architecture. The school layouts have been
drawn base on the auto-CAD two-dimensional
drawings while the three-dimensional models and
material settings have been prepared according to
the project specifications and guidance. The
insight plugin tool has been added to the Revit
programme for analysising daylight aspect. The
programme creates graphical representation for
illuminance level and updatable table for each
individual space, which are important for
recording natural light performance data during
design process. The programme should be
connected to the A360 rendering service that is
online rendering service to provide reliable
illuminance data in a short time.

There are five pre-defined analysis type tools:
illuminance Analysis, Daylight Autonomy, LEED
2009 IEQCS8 ot1, LEED V4 EQ C7 OPT2 and solar
Access for measuring direct sunlight and
daylight parameters (Forums. Autodesk, 2017). Among
of those tools, Daylight Autonomy and LEED V4
EQc7 opts2 have been used for all case studies
daylight analysising. The spatial Daylight
Analysis (sDA) metric have been obtained by
Daylight Autonomy analysis tool, meanwhile the
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Annual Sunlight Exposure (ASE) data have been
taken for the LEED V4 EQc7 opts2 tool.

4. Results and Discussion

The study outcomes have exemplified the natural
light performance in existing built environment
and needs for improving it. The results of
daylight illuminance and Daylights Autonomy
criteria are different according to design layout
as was been explained. For calculation purpose
the horizontal working plane has been placed 80
Centre meters (30 inch) above the finished floor
level for calculating daylight performance and
illuminance level. The three-dimensional models
and analysis approach has been set depending on
insight daylight analysis tool and approaches.
Frist of all, For the daylight illuminance the
threshold has been determined between 300—3000
lux according to the LEED v4 option2. Also, the
average weather data of two clear sky days within
15 days of 21- September and March from 9 am to
3 pm have been selected. According to result
summaries from online insight daylight analysis,
in general the ratio of illuminance is below the
LEED standards in most of cases. While
illuminance percentage in the 6-classroom school
layout have the highest ratio 78% and get on
point, the ratio in the 18L classroom is 37 %
which is the lowest ratio (Table 4).

Moreover, the insight lighting graphical
demonstrates illuminance level for all spaces in
the case studies. For example, Table -5 illustrates
the daylight luminance for the all school case
studies, the area above threshold have been
reveals in yellow color. Meanwhile, the red color
indicates t the daylit areas bellow threshold and
other gradual colors referred to the area with in
threshold with values between 300 to 3000 Lux.,
It is noticeable that school corridors have lowest
daylight performance among spaces. The program
also provides the daylit details for each individual
space in the case studies which can be updated
(Table-6  and
presentation for illuminance from 9:00 am is

appendix-3). The numerical
different from 3:00pm. In consequence, the
natural illuminance ratio needs to be improving to
create comfortable daylight environment in local
schools.

Secondly, the Daylight Autonomy daylight
performance in term of sDA and AES are different

from one case study to other case studies. The
date has been calculated from January 1 to
December 31, and from 8:00 AM to 6:00 PM
which includes 3650 hours daylight simulation.
The table 7 presents the obtained results from the
daylight annual simulation for six school
buildings in Erbil governorate and credit points
according to LEED standards. The sDA and AES
in the 6-classroom schools, 9-Classrooms school
and 12-classroom school have reached the
satisfactory level according to the LEED
specifications (Table 7). Especially, the 9-
classroom school have gotten three points which
is the highest range. In contrast, the sDA and
ASE in the other case studies are below the
satisfactory percentage level (Table 7). The
18Bclassroom school has the lowest percentage of
sDA and ASE performance (27%). Fgure-6 show,
the sDA and ASE performance for the 9-cassroom
school graphically. The table 8 demonstrates the
sDA and AES for each individual space in the 9-
classroom school layout which archived three-
point credit.

The daylight performance in the local educational
built environment are below the satisfactory level.
So, there is necessary to improve school daylight
performance for number of reasons such as,
students’ performance and health. Optimization of
the daylight and minimizing visual discomfort
and glare issues can be achieved via suitable
techniques and innovative technology for the built
environment. In one hand, proper spaces layout
and suitable orientation can have direct impact of
daylight illuminance of space, although their
applicability should be analysis during the design
process and before construction process. On the
other hand, some innovative tools and components
can increase illuminance level with out any
change in opening size and shape such as, laser
cut panels, louvers and light shelves. According
to the Labib (2013) the usage of the laser cut
panels can keep daylight factor at acceptable level
at area which is near five meters away from
windows (Costanzo et al, 2017). Also, it can double
illuminance ratio and it make space more
comfortable visually during the summer. Secchi et
al (2015) in their study on the east oriented
existing classrooms found out that daylight
availability can be increased efficiently by louvers
without any effect on thermal comfortability
(Costanzo et al, 2017). Meresi (2015) highlights the
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benefits of using light shelves with combined
blinders for south oriented classrooms in Greece
school as follows: rising illuminance ratio,
increasing daylight distribution uniformity and
decrease the demand for window curtains. In
addition, the various design layout of light
shelves can result in a significant increase of
daylight illuminance level near fifty percentage,
at the same time it can have a crucial role in
avoiding glare issues (Moazzeni et al, 2016). To
conclude, it is advisable for improving the
daylight performance in the existing school
building in Erbil to use the laser cut panels,
louvers for the east and west oriented space, and
light shelves for the south oriented spaces. The
recommended solutions should be studied well to
responded to the thermal and visual
comfortability positively.

5. Conclusions

In conclusion, the level of daylight efficiency has
been investigated by using new and reliable tools
for the existing school environment in Erbil, and
the appropriate design approaches for optimizing
natural light have been identified. The daylight
metrics like illuminance level and spatial Daylight
Autonomy (sDA) have been used for daylight
performance measurement and comparison with
architectural standards. The study emphasizes the
importance of daylight analysis in existing built
environment and informing the educational
planners and architects about meaningful
prediction of daylight performance in the future
constructions. The findings have revealed the low
performance of case studies in term of daylight
illuminance criteria when compared to the LEED
guidelines for mnatural light (Figure 1). In
addition, the performance of the sDA and AES for
half of the study cases was below the acceptance
range; the rest were satisfactory (Figure 2).
Therefore, the natural light level needs to be more
investigated and improved in term daylight
illuminance and daylight autonomy criteria in the
local learning spaces. The usage of laser cut
panels, louvres for east and west oriented space,
and light shelves for the south oriented space can
increase the daylight level and improve the
natural light distribution uniformity in the local
educational space. The quantity and quality of
daylight parameters should be studied more to

control of the daylight effect on the learner’s
performance and health.
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Table 1: Illuminance level -point calculations for floor area adapted from LEED V4 Option2 (USGBC, 2018).

New construction, Core and Shell, School, Retail, Data Centres,

Warehouses & Distribution Centers, CI, Hospitality

Healthcare

Percentage of regularly occupied floor area Points Percentage of perimeter floor area) Points
75% 1 75% 1
90% 2 90% 2
Table 2: Spatial daylight autonomy -point calculations for floor area (adapted from USGBC, 2018).
New construction, Core and Shell, School, Retail, Data Centres,
Warehouses & Distribution Centers, CI, Hospitality Healthcare
sDA (for regularly occupied floor area) Points For perimeter floor area) Points
55% 2 75% 1
75% 3 90% 2
Table 3: Daylight metric Standards.
Metric Range Limit Reference
INluminance 300>Em<3000 for 90 %of floor area. (Costanzo et al., 2017)
Daylight DF>2% for 80% of room (Costanzo et al., 2017)

Useful daylight illuminance (UDI)

Spatial Daylight Autonomy (sDA)

Annual Sunlight Exposure

100 to 3000 Lux

300- 3000

Prefers: sDA 300/500> 75%
Acceptance: sDA 300/50> 55%

Preferred: ASE 1000/250h<3% on occupied area
Preferred: ASE 1000/250h<7% on occupied area
Sufficient: ASE 1000/250h<10% on occupied area

(Mardaljevic, 2015

LEED V4 opt2 (USGBC,
2018)

LEED V4 opt1 (USGBC,
2018)

(Costanzo et al., 2017)
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Table 4: The Illuminance level for the 6-case study schools in Erbil governorate (it has obtained from case studies analysising).

9:00 am 3:00 pm
b +
g >
2 [a)]
2 g8 & g v oz T 3
N o 4 [} o [] e} S [+]
School ) B Qo Eel =i E-] =] i<
type g o 2 F F 3 B g B
yp g C W .E ° .E ° g H g E
£ 5gy fE (% x5 4 . 44
< J [ i o
39 5 g% gf¢ @ B & % g B
5% 88 =HH Eh 4 <© 23 2 R
B8 z38& @S R & A < 3 A <
6 - Classroom School 78 1 22 (0] 87 13 0] 83 17 0]
9 - Classroom School 70 0] 9 21 78 5 16 81 8 11
12 - Classroom School 51 0] 14 35 71 7 22 71 12 17
18L - Classroom School 37 0] 28 36 58 22 20 62 19 19
18B - Classroom School 41 0] 36 24 60 29 11 53 34 14
24 - Classroom School 41 [0] 14 45 64 12 25 68 10 22

Table 6: Insight lighting Schedule — the average Daylight illuminance for 18B-classroom school (taken from case study analyses)

LEED v4 EQc7 opt2Whole Building Results:36.2329483032227,44.0670471191406

_Insight Lighting Floor Schedule

9am: 60%within& 3pm: 53% &both: 41% within thresholds

Solar Values (W/m?®): 9/21 9amGHI:452, DNI: 636, DHI: 84 & 9/21 3pm GHI: 478, DHI: 655, DHI: 84

Both time
Floor Area Total 9am threshold results 3pm threshold results
Name Included in  Floor results
Daylighting Area Within above below Within above below Within
m* m* threshold threshold threshold threshold threshold threshold threshold
Area Area Area Are Area Area Area
% o % o % % o % % o % o
m’ m’ m am m2 m m
Ground 107
Floor 1706 1706 63 1 10 177 27 458 48 818 19 325 33 562 37 630
Level
First s
Floor 1346 1346 56 749 12 158 33 439 ° 799 6 87 34 460 46 624
Level

Table 7: The Daylight Autonomy analysis for the 6-case study schools in Erbil governorate (it has obtained from case studies analysising).

sDA ASE
. s Number
Ratio of Building of credit sDA L Building
area meets sDA % i buildin Building -
; accordin g Meet Meet area > area >
School type hours in Rooms g to Meet sDA  area fails sDA>  sDA> ASE ASE
with< 20 area LEED v4 % hours for hours> 20
above ASE " room> 55% 75% hours % Room
option1 threshold
AES area
6 -Classroom School 55 2 80 25 75 75 12 25
9 -Classroom School 90 3 95 5 97 97 8 5
12 -Classroom School 63 2 86 23 97 75 13 23
18L -Classroom School 37 (o] 59 32 56 56 15 34
18B -Classroom School 27 (o] 88 61 96 88 31 65
24 -Classroom School 44 [0} 67 22 69 65 9 22
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Table 8: The Insight Lighting Schedule - Daylight Autonomy for 9-classroom school
(it has obtained from case studies analysising).

_Insight Lighting Room Schedule
Daylight Autonomy (sDA Preview) Results Summary: 36.2329483032227,44.0670471191406- 1276194
Building scores 3 LEED points with 90% Building area passing thresholds

At least 55% most exceed sDA 300/50 in Rooms with ASE 1000/250 <20% of Room area

Level N Numb A Included in sDA 300/50 ASE 1000/250 sDA/ ASE
eve ame umber rea
Daylighting % Points % Points % Points
Ground Floor Classroom o
Level 1GF 1 24 m’ Yes 100 3pt 23 No (o] none
eve. -
Ground Floor Teacher’s 2
Level 2 24 m’ Yes 100 3pt 13 Yes 100 3pt
eve room
Ground Floor Manager s
Level 3 12 m Yes 100 3pt 14 Yes 100 3pt
eve. room
Ground Floor N
Level Room 4 2 m Yes o none [¢] Yes [¢] none
eve
Ground Floor N
Level Room 5 3m Yes o none [¢] Yes [¢] none
eve
Ground Floor 5
Level Tea room 6 12 m’ Yes 100 3 pt [¢] Yes 100 3 pt
eve
Ground Floor 5
Level Storage 7 12 m Yes 0] none [0] Yes [0] none
eve
Ground Floor Classroom 5
Level 3GF 8 24 m' Yes 100 3 pt [¢] Yes 100 3 pt
eve -
Ground Floor Classroom 5
Level SGF 9 24 m' Yes 100 3 pt [0] Yes 100 3 pt
eve -
Ground Floor 2
Level Hall-1 GL 10 109 m' Yes 93 3 pt 7 Yes 93 3 pt
eve
First Floor Classroom 5
Level 9 FF 11 24 m’ Yes 100 3 pt [0} Yes 100 3 pt
eve -
First Floor Classroom B
Level 4 FF 12 24 m Yes 100 3 pt 13 Yes 100 3 pt
eve -
First Floor 2
Level Hall- 2 FF 13 109 m' Yes 100 3 pt 10 Yes 100 3 pt
eve
First Floor Classroom B
Lovel 5 FF 14 24 m Yes 100 3 pt 13 Yes 100 3 pt
eve -
First Floor Classroom 5
Level 6 FF 15 24 m' Yes 100 3 pt 13 Yes 100 3 pt
eve -
First Floor Classroom 5
Level v FF 16 24 m’ Yes 100 3 pt (o] Yes 100 3 pt
eve -
First Floor Classroom 5
Level 8 FF 17 24 m’ Yes 100 3 pt [0] Yes 100 3 pt
eve -
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Table 5: Insight lighting- Daylight illuminance for the all case studies-classroom at 9:00am (taken from case study analyses.)

School layout Ground Floor First Floor Legend
6000
6-Classroom
L
\
‘ 4500
! |
ed
9-Classroom ] 3 3001- 3000
g -
e
2000
1500
1000
800
12-Classroom 100
500-
400-|

Lighting Ix: 9/21 clear sky 9am

18L- Classroom

18B-Classroom

24-Classroom

[ETEReE
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Daylight Illuminance

Daylight Illuminance Percentage- Case Studies LEED V4 opt1- Acceptance range

LEED V4 opt1- Prefers range

100
80 —
60
40 — —
20
(0]
6 -Classroom 9 -Classroom 12 -Classroom 18L -Classroom 18B -Classroom 24 -Classroom
School School School School School School
Figure 1: The daylight illuminance performance for all case studies and LEED guidance for daylight.
Spatial Daylight Autonomy (sDA).
Case studies Perfrmance- LEED V4 opt2- Acceptance range
DA % hours in Rooms with< 20 area above ASE
LEED V4 opt2- Prefers range
100
. > /\
oo - / \\

40 \\/ e
20
(0]
6 -Classroom 9 -Classroom 12 -Classroom 18L -Classroom  18B -Classroom 24 -Classroom
School School School School School School

Figure 2: The sDA and ASE performance for all case studies and LEED guidance for daylight.
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Appendix 2-: The Spatial Daylight Autonomy Illuminance calculation result summary for all case studies.

LEED v4 EQc7 option 2
For all Rooms Included in Daylighting

Total Equinox - 70% Passing

% either time below threshold
21% either time above threshold

9:00 am - 78% Passing
Equinox
GHI: 453, DNI: 652, DHI: 82
5% below thresheld
16% above threshold w/o shades

3:00 pm - 81% Passing
Equinox
GHI: 482, DNI: 669, DHI: 82
% below threshold
11% above threshold w/o shades

Lighting Analysis - Results Summary s

9 Classrooms School

LEED v4 EQc7 option 2
For all Rooms Included in Daylighting

Total Equinox - 41% Passing

14% either time below threshold
45% either time above threshold

9:00 am - 64% Passing
Equinox
GHI: 434, DNI: 604, DHI: 88
12% below threshold
25% above threshold wio shades

3:00 pm - 68% Passing
Equinox
GHI: 353, DNI: 541, DHI: 84
10% below threshold
% above threshold wio shades

Lighting Analysis - Results Summary x

24 Classrooms School

LEED v4 EQc7 option 2
For all Rooms Included in Daylighting

Total Equinox - 37% Passing

28% either time below threshold
36 either time above threshold

9:00 am - 58% Passing
Equinox
GHI: 467, DNI: 662, DHI: 81
% below threshold
20% zbove threshold wio shades

3:00 pm - 62% Passing
Equinox
GHI: 483, DNI: €75, DHI: 21
19% below threshold
19% above threshold wio shades

18L Classrooms School

V d

LEED v4 EQc7 option 2
For all Reems Included in Daylighting

Total Equinox - 51% Passing

14% either time below threshold
35% either time above threshold |

9:00 am - 71% Passing
Equinox
GHI: 452, DNI: 638, DHI: 83
7% below thresheld
22% above threshold wio shades

3:00 pm - 71% Passing
Equinox
GHI: 478, DNI: 657, DHI: 84
12% below threshold
17% above thresheld wio shades

12 Classrooms School

Lighting Analysis - Results Summary x

LEED v4 EQc7 option 2
For all Rooms Included in Daylighting

1Point

Total Equinox - 78% Passing

22% either time below threshold
0% either time above thresheld

9:00 am - 87% Passing
Equinox
GHI: 460, DNI: 650, DHI: €2
13% below threshold
0% above threshold wio shades

3:00 pm - 83% Passing
Equinox
GHI: 480, DNI: 663, DHI: 82
17% below thresheld
% above threshold wio shades

6 Classrooms School

LEED v4 EQc7 option 2
For all Rooms Included in Daylighting

Total Equinox - 41% Passing

36% either time below threshold
24% either time above threshold |

9:00 am - 60% Passing
Equinox
GHI: 452, DMI: 636, DHI: 84
29% below thresheld
11% above threshold wio shades

3:00 pm - 53% Passing
Equinox
GHI: 478, DMI: 655, DHI: 84
% below threshold
14% above threshold wio shades

18B Classrooms School
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Daylight Autonomy (sDA preview)
For all Rooms Included in Daylighting

Jan 1to Dec 31, 8:00 am to 6:00 pm
(Both sDA and ASE must be met for Room area to qualify)

sDAscors0 + ASEsooorzso 3 Points

90% of Building area meets sDA % hours
in Rooms with <20% area above ASE

Detailed Summary:
95% of Building area meets sDA % hours
5% of sDA Building area fails for Rooms >ASE

8% of Building area >ASE hours threshold

97% of Rooms meet sDA >55% Room area
97% of Rooms meet sDA 75% Room area
5% of Rooms >ASE hours >20% Room area

9 Classrooms School

Daylight Autonomy (sDA preview)
For all Rooms Included in Daylighting

Jan 1to Dec 31, 8:00 am to 6:00 pm
(Both sDA and ASE must be met for Room area to qualify)

sDAsoors0 + ASEz000r250 = 0 Points
44% of Building area meets sDA % hours
in Rooms with <20% area above ASE

Detailed Summary:
67% of Building area meets sDA % hours
22% of sDA Building area fails for Rooms >ASE
9% of Building area >ASE hours threshold
69% of Rooms meet sDA >55% Room area

% of Rooms meet sDA 75% Room area
22% of Rooms >ASE hours >20% Room area

24 Classrooms School

Daylight Autonomy (sDA preview)
For all Rooms Included in Daylighting

Jan 1to Dec 31, 8:00 am to 6:00 pm
(Both sDA and ASE must be met for Room area to qualify)

S$DAs0o0rs0 + ASEsco0r250 » 0 Points

37% of Building area meets sDA % hours
in Rooms with <20% area above ASE

Detailed Summary:
69% of Building area meets sDA % hours
32% of sDA Building area fails for Rooms >ASE

15% of Building area >ASE hours threshold

56% of Rooms meet sDA >55% Room area
567% of Rooms meet sDA 75% Room area
34% of Rooms >ASE hours >20% Room area

18L Classrooms School

Lighting Analysis - Results Summary ? X

Daylight Autonomy (sDA preview)
For all Rooms Included in Daylighting

Jan 1to Dec 31, 8:00 am to 6:00 pm
(Both sDA and ASE must be met for Room area to qualify)

sDAsoors0 + ASEsocor2s0 = 2 Points
63% of Building area meets sDA % hours
in Rooms with <20% area above ASE

Detailed Summary:
867% of Building area meets sDA % hours
237% of sDA Building area fails for Rooms >ASE
13% of Building area >ASE hours threshold

87% of Rooms meet sDA >55% Room area
75% of Rooms meet sDA 75% Room area
23% of Rooms >ASE hours >20% Room area

12 Classrooms School

Lighting Analysis - Results Summary ? x

Daylight Autonomy (sDA preview)
For all Rooms Included in Daylighting

Jan 1to Dec 31, 8:00 am to 6:00 pm
(Both 504 and ASE musi be mef for Apom area fo qualify)

sDAsoiso + ASEioporzso = 2 Poinis

55% of Building area meets sDA % hours
in Rooms with <20% area above ASE

Detailed Summary.
B0 of Building area meets sDA % hours
25% of sDA Building area fails for Rooms =ASE

12% of Building area >ASE hours threshold

75% of Rooms meet sDA =55% Room area
75% of Rooms meet sDA 75% Room area
25% of Rooms =ASE hours =20% Room area

6 Classrooms School

Lighting Anal - Results Summary ? X

Daylight Autonomy (sDA preview)
For all Rooms Included in Daylighting

Jan 1to Dec 31, 8:00 am to 6:00 pm
{(Both sDA and ASE must be met far Room area fo qualify)
sDAgcorso + ASEso00/250 = 0 Points
27% of Building area meets sDA % hours

in Rooms with <20% area above ASE

Detailed Summary:
88% of Building area meets sDA % hours
61% of sDA Building area fails for Rooms >ASE

31% of Building area >ASE hours threshold

96% of Rooms meet sDA >55% Room area
88% of Rooms meet sDA 75% Room area
85% of Rooms =ASE hours >20% Room area

18B Classrooms School
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