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This study aims to reduce the lighting energy consumption in educational buildings while avoiding an increase
in cooling load. The Faculty of Engineering building in Universitas Indonesia, Depok, West Java, Indonesia
is used as a case study. Daylight optimization can have an impact on lighting energy, which is the largest
energy consumer in educational buildings. However, given Indonesia’s tropical climate, daylight leading to
heat gain is a concern. Current passive design interventions for controlling daylight and heat gain include light
shelves, clerestories, and glazing materials. Daylighting performance is simulated using DIALux software.
Results of each intervention are analyzed quantitatively and qualitatively by theories and parameters, namely
illuminance level, light uniformity, and overall thermal transfer value (OTTV). Light shelves result in increased
uniformity and lower OTTV. Clerestories result in increased average illuminance but higher OTTV. Active
intervention with a dimming and grouping system is applied after daylight increases. The combination of
passive design interventions and active dimming of electric lights reduces lighting energy with the same
OTTV as existing. This study recommends the use of passive and active daylighting strategies considering
their effect on the cooling load of buildings.

Keywords: daylighting, lighting energy, cooling load, technical analysis, tropical climate, educational building.

The United Nations (UN) on Sustainable Development Goals (SDGs) for Energy and Climate
Change (ECC) category aims for affordable and clean energy and responsible consumption and
production (UN, 2020). The building sector is responsible for 40% of the total energy consumption
with the energy consumption percentage for lighting in the building sector ranging from about
20% to 45% and around 40% of the energy consumption of educational buildings consumed for
lighting (IEA, 2011; Lechner, 2015). Studies on the energy efficiency of school buildings in tropical
and subtropical countries have shown that air conditioning and lighting are important factors in
the energy consumption (Wang, 2016). Indonesia being a country with a hot and humid climate
with long sun hours of up to 12 hours provides considerable potential for the use of daylight (Tra-
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genza, 2011). On the other hand, reducing heat gain in a region with this climate is also a challenge
(IEA, 2019). Regarding energy efficiency, the Indonesian Green Building Council has called for a
40% reduction in artificial lighting through the use of natural light (GBCI, 2020). In addition, opti-
mum daylight is needed for the health, well-being, and productivity of occupants (Boubekri, 2008;
Leslie, 2003; Vasquez et al., 2022). Thus, both utilizing daylight and reducing energy consumption
need to be prioritized.

The following studies about integrating daylighting and cooling strategies have been done:
Chutarat (2001), Dewi et al. (2022), Gonzales and Fiorito (2015), Torres and Sakamoto (2009) have
conducted studies on daylighting with shading devices, such as Window-to-Wall Ratio (WWR),
double-skin facade and horizontal overhang with its Shading Coefficient (SC) which shows an
effect on heat gain decrease and daylighting decrease. This shows that the study of daylight and
heat gain design strategies can influence each other. Therefore, this study investigates both day-
light quality and heat gain resulting from the design strategies along with its impact on the light-
ing energy consumption while maintaining the cooling load. Maintaining the cooling load implies
preventing the increase of the existing cooling load by changing Overall Thermal Transfer Value
(OTTV) value after daylighting improvement. In addition, this study also strives to distribute day-
light across classrooms and corridors, which becomes an issue for deep depth classrooms with
corridors in the middle (Ishaq et al., 2014).

According to Energy Performance of Buildings EN 15193, The Lighting Energy Numeric Indicator
(LENI) can be used as a numerical indicator of the total annual lighting energy required by a build-
ing in a year (HM Government, 2013; Zumtobel, 2018). Appropriate classroom lighting standards
for educational buildings according to Indonesian National Standard (SNI) No. 6389-2020 are at
least 350 to 750 lux, depending on the activity (BSN, 2020). [lluminance levels above 1000 lux have
been shown to increase visual problems causing a severely imbalanced illumination of an indoor
space (Lee H, 2020; Rea, 1982). Visual discomfort can be exaggerated in rooms without uniform
light (Lee H, 2020). On the other hand, the design of educational buildings tends to limit the size
of transit corridors and maximize the size of classrooms, hence daylight illuminated classrooms
become challenging due to deep depth rooms (Bruin-Hordijk et al., 2010). In these cases, supple-
mental electric light is needed, especially in spaces located far from the window (Kontadakis et
al., 2018). Although the use of electric light can be hardly avoided, optimizing daylight through ad-
equate illuminance and increasing light uniformity can reduce the need for electric light effectively
and benefit the well-being and productivity of the students (Leslie, 2003). However, daylighting
also brings heat into the building and results in heat gain (Lechner, 2015). Therefore, it should also
be considered to reduce building energy consumption. The OTTV calculation is used to calculate
the energy required for cooling the building, which measures the external heat gain transferred
through the building envelope into the room (BSN, 2020).

Passive design strategy is used to reduce energy consumption and to ensure comfortable spaces
as the first level of sustainable building strategy (Wibawa et al., 2021; Lechner, 2015). Passive
design strategies are often applied to the building envelope as it acts as the barrier between the
external and internal environment (Gibberd, 2009; Hanna, 2020). The following daylighting optimi-
zation interrelated to energy consumption cases have been applied on some educational buildings
in Indonesia: Hakim et al. (2021) studies the appliance of bilateral opening to optimize daylighting
in classrooms in an elementary school in Lhokseumawe, Indonesia, with shading typology to re-
duce cooling energy to 23-24%; Attahillah et al. (2018) investigates the use of horizontal screens
to reduce glare because of daylighting in an educational building of Faculty of Engineering (FT) in
Malikussaleh University, Province of Aceh; Fitriani et al. (2021) replaces the existing window glaz-
ing of an educational building in Sriwijaya University, Palembang, with reflecting coated double
glazed windows, changing windows wider and higher and results in reducing 6,49 kWh/m?2/year
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of building electricity us; Vidiyanti (2015) reduces 12-22% energy use of an educational building
in Bandung, West Java by changing the WWR percentage and window glazing. It is learned from
the previous cases that windows are elements that are always involved in efforts to improve the
quality of natural lighting and reduce building energy consumption.

Windows, as the transparent element of building envelopes, hold an important role in daylight-illu-
minated buildings and heat transfer (Sadineni et al., 2011). For typical educational building designs
with a deep depth classroom, the passive lighting approaches through the window include bilateral
window placements, light shelves, clerestory, and window glazing (Gary Gordon, 2003; Ishag et al.,
2014; Karlen & Benya, 2017; Karlen & Mark, 2007). Bilateral window placement is windows that
face each other across the facade to evenly illuminate the space (Gary Gordon, 2003). Clerestory is
a window installed high above eye level and allows light to reach the deep space used to get deep
sunlight inside the building. (Ishaq et al., 2014; Karlen & Benya, 2017). Light shelves are reflective
surfaces located above windows that reduce glare and direct light deep into the room and are capa-
ble of redistributing daylight deep into the space (Kontadakis et al., 2018). During its development,
there are many forms of light shelves, such as curved, chamfered, and tilted (Sadineni et al., 2011).
However, static horizontal light shelves are the simplest form of a light shelf with the easiest main-
tenance among other types, especially in the tropics (Kontadakis et al., 2018).

To maintain thermal load, the strategies of passive design with windows can be done through
glazing materials and shadings (Lechner, 2015). Related to glazing material, several proper-
ties that affect and are affected by glazing include solar heat gain coefficient (SHGC) and U-Value
(Gibberd, 2009). The desired glazing properties for optimizing daylight while maintaining thermal
load are high light or visible transmission (VT) with low SHGC value (Anderson & Luther, 2012).
Common glazing materials known for optimizing daylight are reflective glass and low emissivity
(Low-E) glass (Phillips, 2014). The glazing type considered to have desired properties such as low
U-value and high VT or visible transmittance is Low-E clear glass (Katherine et al., 2015). Low-E
glass, compared to reflective glass with lower VT, is created to reduce the heat gain from light
coming through the glass, without reducing the transmitted visible light (Jelle et al., 2007). There-
fore, horizontal light shelves and clerestory are applied as interventions along with Low-E glazing.

Reducing lighting energy in educational buildings is crucial, especially if there are classrooms
with deep depth, as it is one of the largest energy consumed by educational buildings (IEA, 2011;
Lechner, 2015). Optimizing daylight through passive design interventions, namely horizontal light
shelves and clerestory, can help increase daylight illuminance and uniformity (Jelle et al, 2007;
Katherine et al, 2015). Daylighting is needed because it also benefits the students’ well-being and
productivity (Boubekri, 2008; Leslie, 2003; Vasquez et al., 2022). Standard average illuminance
needed for classrooms and corridors based on SNI 6197-2020 is 350 lux and 100 lux respectively
with uniformity of at least 0.6 to light the room evenly (BSN, 2020). The improved daylighting
quality in the room can support the use of dimming and grouping lighting systems, hence reduc-
ing artificial light use (Lechner, 2015; Leslie, 2003). However, the heat gain also increases as day-
light enters into the building. The maximum overall thermal transfer value in Jakarta based on
SNI 6389-2020 is 35 W/m? (BSN, 2020). Thus, a glazing material with high VT and low U-value,
namely low-e glass, can help maintain the cooling load. In addition, light shelves serve another
function as shading.

This study aims to discover the strategy to reduce lighting energy by optimizing daylight while
maintaining the cooling load for educational buildings. The case study is one of the retrofitting
buildings at the Faculty of Engineering, University of Indonesia (FTUI). It is used as a shared lec-
ture hall, namely S Building, located in Depok, West Java, Indonesia. The building layout includes
classrooms with a corridor in the middle. These spaces within the building use electric lighting
during the day thereby being potentially high-energy consumption for lighting.
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Research Framework

This research utilizes simulation and calculations to analyze the performance of the building. The
first strategy involves passive design interventions, namely light shelves, clerestory, and low-e
glazing. Daylighting performance is simulated using DIALux with average, minimum, maximum
illumination, and uniformity as variables. DIALux has been used to simulate and investigate the
building daylighting performance, including illuminance and uniformity of light (Elisa Van Kenhove
et al., 2015; Bunjongjit, 2018; Nurrohman et al., 2021; Pratiwi et al., 2021; Hangga et al., 2022). OTTV
calculation is done for cooling load while lighting energy is calculated using the LENI formula. The
targets to be achieved become the key parameters, namely adequate illuminance (350-1000 lux
of average illuminance), maintained cooling load (under 35 W/m?), and reduced minimum 40%
lighting energy. The first simulation done is for the existing condition. The daylighting performanc-
es as well as the cooling load of each intervention including the combination of interventions are
subsequently simulated. Performance that matches or is the closest to the lighting standard and
proceeds to maintain cooling load based on key parameters is performed in the next intervention.
Furthermore, the amount of reduced electric lights by applying light grouping is examined based
on the increased daylighting areas. Next step is calculating the lighting energy consumption and
cooling load of the final strategy. The final strategy is ultimately reviewed based on key parameters.
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Simulation and Calculations

The modeling used for simulation in DIALux evo version 10.1 software is conducted with various
variables based on the existing condition, namely U-value, SC (shading coefficient), WWR (Win-
dow-to-Wall Ratio), location, and surroundings, such as trees and other buildings. The building is
located in Depok, West Java in coordinate 6.36°S 106.82°E. The climate and weather conditions
collected from web climate data (www.meteoblue.com) shows that the maximum sunny days
shall occur in August and this is used in this study as measurement time. The north side of the
S building is parallel to another building that is located about 4 meters away. Several lush trees
of around 3-10m diameters and 5-6 m diameter palm trees can be found on the south side. As
Indonesia is in the tropic region, the sun is higher than the equinox, somewhere between the east
and north, the sunset between the west and the north, and the sun is above the horizon for more
than 12 hours (Tragenza, 2011). The sun path at that location needs to be checked to see the avail-
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ability of daylight, which can be overviewed by the o
Sky View Factor (SVF) (Chatzipoulka et al, 2018). It i~ Orientation ' East ' West ' South  North
defined as the fraction of the sky visible from a point
SVF 42% | 30% | 68% 10%

on a surface or the ground (IEA, 2014). SVF for each
orientation is calculated by the ratio of the open and
covered areas to check the daylight availability of each orientation (Table 1). The south side has the
highest daylight availability compared to all other sides (68%) followed by the east (42%) and west
(30%). This is due to the tree size on the east side, which are not so large and positioned far from
other buildings. The lowest daylight ability is on the north side (10%) due to the close proximity of
another building. The sun path of the location at 09:00 a.m. shows that the sun position tends to be
on the northeast where the east and north facades receive the most sunlight without any hindrance
(Fig. 2. a). The sun’s position at noon tends to be on the north side while being largely blocked by
another building (Fig. 2. b). The sun’s position at 03:00 pm tends to be on the west-northwest so that
the north and west facade receives more sunlight (Fig. 2. c).
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north side where classrooms are located. The
glazing materials used is 6mm clear glass with
windows size with the area of 1.38m? and 2.07m?
for each opening. The investigation is conducted
for floors two to five where classrooms are lo-
cated along the corridors. This study separates
the classroom areas between the north and
south facing parts of the building to understand
the different illuminances of each area (Fig. 3).

Cooling load is calculated by OTTV using the fol-
lowing equation (SNI 03 — 6389 — 2020):

o« [(Uw x (1 — WWR)] x TDek + (SCx WWR x SF) + (Uf x WWR x AT)
A

OoTTV =

(SNI 03-6389-2020)

o — Sun radiation absorption; TDek — Equivalent Temperature Difference (K); Uf— Fenestration
thermal transfer (W/m?2.K); Uw — Opaque wall thermal transfer (W/m2.K) ; SF - Solar Factor (W/
m?) ; SC — Shading Coefficient ; WWR - Wall-to-Window Ratio ; AT - outside and inside tempera-
ture difference ; A — facade area (m?).

The OTTV of a building should not exceed 35W/m?(SNI 03-6389-2020). The existing glazing ma-
terial of the S building is 5mm clear glass. Its U-value is 5.8W/m? with a VT of 89%. The properties
of Low-E glazing used for intervention are 80% of VT, SHGC 67%, SC 0.82, and U-value 3.6W/mZK,
with a thickness of 6mm (Katherine et al, 2015). Meanwhile, the lighting energy consumption is
calculated by the LENI with the following equation (Zumtobel, 2018):

Ep + Ed + En
A

LENI =
(HM Government, 2013; Zumtobel, 2018)

Ep - parasitic energy use; Ed — daytime energy; En — night-time energy use;

Epis 0 as there is no lighting control system; En is not included in the calculation, as the building is
not occupied at night; Ed is calculated based on the following formula.

Ed = PlxFoxFdxFcxTd
- 1000

(HM Government, 2013; Zumtobel, 2018)

pi- total power of lighting (watt); Fo — occupancy factor; Fd - factor of daylight; Fc— illuminance
factor; Td - Operating hours during daylight time (hours) (HM Government, 2013). Fo is consid-
ered 1 as there is no automatic control used. Fd is 1 as there is no daylight-linked dimming sys-
tem. Fcis 0.9 for the considered maintenance factor (HM Government, 2013).

The operating hours of the building during daytime are 8 hours for 5 days a week with assumed
active lecture times of 9 months in a year, resulting in 1,440 hours in total. The total calculated area
is 2,520 m?. According to EN 15193, the recommended maximum LENI for buildings with 1,500
hours is 7.70kWh/m?/year (HM Government, 2013). The artificial lights used in the S Building for
the classroom are TKO-TL lamps with 2x36W power and recessed TL lamps with 4x18W power
for the corridor. The lighting system used is the single switch system and is frequently turned on
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when the classroom is occupied. It is assumed that the areas are occupied during the day. For the
intervention, the size of horizontal light shelves can be determined based on the ratio between the
height of the light shelf and the work plane with the following ratio (Kontadakis et al., 2017).

d

interior lightshelf

=h

clerestory

(Kontadakis et al., 2017)

interior lighisherr - l@ngth of interior light shelf surface ; huerestory — Clerestory height.

dexterior lightshelf = blightshelf - hwork—plane
(Kontadakis et al., 2017)

exterior ighisherr - length of exterior light shelf surface; hyignesnerr— floor to light shelf height;
Ryorieprane— floor to work-plane height.

The light shelves used have an external length of 100cm and an internal length of 40cm, placed
above the floor at 1.8m and the remaining window is 0.35m. (Fig. 5. a). The shelf material is trans-
lucent polycarbonate of diffused type with a reflection level of 82. Clerestories are applied to facades
and walls between classrooms and corridors to spread light into the corridors. The height is deter-
mined according to the height of the ceiling and doors. The clerestories dimension in the facade area
measured 40cm in height (Fig. 5. b). The clerestories in the corridor wall are 70cm in height.

Dext =100 em

Existing Condition

The simulation of the existing condition results in uneven illuminance and uniformity. Average
illuminance in south classrooms is below 350lux with minimum illuminance ranging between
132-289lux and maximum illuminance ranging between 504-1450lux (Fig. 6. a). The illuminance
of north classrooms is much lower, average illuminance between 30-236lux with a minimum
between 13-105lux and a maximum between 183-577lux (Fig. 6. b).

The uniformity is between 0.29-0.47 while the standard is 0.6 for the classroom (Fig. é. c). As seen
in Fig. 6. d, the corridors do not receive much daylight as it is positioned between the deep depth
classrooms. This is due to solid walls between classrooms and corridors that do not allow daylight
to penetrate into the corridor. Other elements on the site and building facade can affect how the
building receives the light, showing that the placement of elements on the site can provide a shad-
ing effect and reduce the penetration of sunlight on the upper floors (Mahaputeri AH, 2010). In this
case, full grown palm trees on the site higher than 3rd floors have a canopy around 3-5 meters
(Balakrishnan & Jakubiec, 2020; Jamala et al., 2017).

Interventions
application

(a) Light shelves.
(b) Clerestories

Results
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As for the cooling load, the OTTV calculation of the existing condition is 32W/m? which is still
considered below the allowed maximum value. The total power of lighting within the existing S
building area is 18,432W or 18.43kW. The calculated LENI of the existing condition is 8.42kWh/m?/
year. It exceeds the recommended maximum LENI, hence the lighting energy consumption of the
current usage has scope for improvement.

Intervention with Light Shelves and Low-E Glazing

The simulation with light shelves (LS) intervention along with low-E glazing results in decreased
maximum illumination to under 1000lux in both south and north classrooms (Fig. 7. a and 7. b)
and increased uniformity to 0.62 (Fig. 7. c). The average illumination does not show a significant
increase, while all of the average illuminance levels do not reach 350lux. Based on this result, it
is found that light shelves implementation is more effective in distributing daylight evenly than
increasing the illuminance of daylight. Thus, light shelves alone are still not enough to optimize
daylight use.

For the cooling load, the OTTV results in a decreased value. It decreases to 30.9W/m? of total OTTV
which is 1.4W/m? lower than the existing OTTV. This reduction is due to the multifunctional light
shelves that provide shading as well as a reflective surface for daylight.

Intervention with Clerestories and Low-E Glazing

The light shelves simulation result shows that the average illuminance levels decrease while
the uniformity increases. Therefore, clerestories are added to increase daylighting in the class-
rooms. The intervention of clerestories along with low-e glazing resulted in much more in-
creased illuminance. The average illuminance in south classrooms increases up to 543lux while
the minimum illuminance increases up to 356lux (Fig. 8. a). The illuminance increase is ob-
served in the north classrooms as well but it barely achieves 350lux (Fig. 8. b). The result for the
corridor while showing an increase is still insufficient with the minimum illumination still under
100lux (Fig. 8.d). Therefore, the height of the clerestories is proposed to be wider for further
intervention.

However, it also results in decreased uniformity (Fig. 8. ¢) and an increase in OTTV. The result of
OTTV is 32.6W/m?, which is higher than the existing OTTV by a value of 0.3W/m?. Based on the
result, the clerestories implementation alone is not effective to maintain the thermal transfer of
the S building. Thus, the study recommends the combination of applying both light shelves and
clerestories as well as Low-E for further intervention.

Combined Passive Interventions

This intervention combines both light shelves and clerestories along with low-E glazing. For the cor-
ridors, the clerestories are widened to a maximum height of 2.2m. In other words, it is proposed to
change the wall material between the classroom and the corridor to transparent material. To keep
the privacy of the classroom, a blind or curtain might be applied. The result shows an increase in il-
luminance values that reached 350lux, especially on the south and the corridor (Fig. 9. a). The result
shows that the maximum illumination is between 618-1010lux for the south side of the classroom,
the minimum illumination is between 105-169lux, and the average illumination is between 222-
274lux. The uniformity also increases to between 0.6-0.7 (Fig. 9. ¢). The illuminance of the corridor
increases to 154lux, which is already sufficient (Fig. 9. d).

However, the illuminance in the north has still not increased to 350 lux (Fig. 9. b) and illuminance
in the south is also much lower at noon. In short, electric lighting is still needed to reach standard
illuminance. However, with improved daylighting, the use of electric lights can be reduced through
a dimming and grouping system. Therefore, the need for electric lighting is simulated as the final
intervention. The OTTV of combined passive intervention resulted in the same value as the exist-
ing, which is 32.3 W/m?.
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Final Intervention

From the previous simulation, the result shows that the corridors do not need electric lights during
the day since daylighting alone from combined passive intervention is sufficient. The amount of
electric lights can be reduced in the increased daylighting area. To meet the different needs of elec-
tric lighting, grouping and dimming are needed as other active lighting technologies. For the south
side of the building, the area near the window does not use electric lighting and the area near the
corridor is dimming 50% of electric lighting (Fig. 10). For the north side of the building, the electric
lighting needed is 25% for the area near the window and 75% for the area near the corridor, while
the corridor does not require electric lighting in the average daylight condition.

12 lamps  25%

12 lamps  75%

I====7 ==/

[

16 lamps  75%

0%

As for the final lighting energy consumption, the LENI becomes 3.82kWh/m?/year, which is below
the recommended maximum LENI value (7.7kWh/m?/year). In addition, it is reduced to 54% or
4.2kWh/m?/year compared to existing lighting energy consumption.

The lighting in the existing condition has not reached the target average illuminance value yet,
which is below 350 lux and uniformity of below 0.6, especially in the northern classroom. The
existing corridor space does not receive daylight because there is no transparent fenestration be-
tween the walls while it is positioned in the middle of south and north classrooms. This requires
the use of electric lights during the day. Hence, the existing LENI still exceeds the efficiency limit
(8.42kWh/m?/year). However, the existing cooling load is still adequate as the OTTV value is below
the maximum standard (32.3W/m?). Passive interventions are simulated as the first strategy to
increase daylighting. The first passive intervention with light shelves in addition to low-E glazing
successfully increased the light distribution and reduced glare risk with existing uniformity up to
0.62 and reduced maximum illuminance to below 1000lux. The OTTV value of the light shelves in-
tervention is lower than the existing one (30.9W/m?). However, the average illuminance decreases
which means that light shelves application only is not effective for increasing daylighting illumi-
nance. The second passive intervention with clerestory along with low-E glazing showed a further

Fig. 10
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increase in average illuminance compared to light shelves, which is up to 543lux. However, the
maximum illuminance and OTTV values also increased. Subsequent interventions combining light
shelves and clerestories resulted in increased average illuminance up to 274lux and uniformity
value to 0.7. Meanwhile, the OTTV value is maintained at 32.3W/m?. With increased daylighting
and maintained cooling load, electric lights are reduced by dimming and grouping and manage to
reduce the LENI value by up to 54% from the existing LENI.

Other cases of optimizing natural lighting in educational buildings in Indonesia also involve inter-
vening windows and dimming and grouping lighting. Passive intervention steps, in the form of
increasing the percentage of WWR and replacing window glazing have been proven to optimize
daylighting in the classroom. However, a combination of other passive interventions with light
shelves and clerestories in the room and integration with dimming and grouping lighting can
optimize the distribution of light to the corridors. In addition, the energy for cooling the building is
maintained or does not increase after the intervention. In terms of the economic feasibility, a study
on integrating passive strategy with windows design and dimming control results in a simple
payback period in 2.8 years and internal rate of return of 26% (Li et al, 2009; Onubogu et al, 2021).
Another study investigates the cost-saving of passive daylighting strategy with a glazing system
combined with dimming and grouping system results in payback period ranging between 2.1-4.5
years (Kirankumar et al, 2021). The economic feasibility of light shelves have yet to be studied.
However, a study conducted on the office building in Tangerang, Java, Indonesia, has applied light
shelves for the office rooms and results in reduced electricity consumption to 1,68% (Elizabeth &
Gunawan, 2018). Another study analyzed implementation of light-shelves, light-pipes, and mirror
ducts in Indonesia and found that light shelves are the most preferred by the respondents in terms
of natural lighting utilization (Rumondang et al, 2022). Therefore, the integration of passive light-
ing strategies (in the form of clerestories, window glazing, and light shelves) with active lighting
strategies (in the form of group and dimming lighting) has potential to reduce the lighting energy
consumption while avoiding an increase in cooling load. However, the application designs will
have to be planned carefully before implementing the strategies.

Daylight in educational buildings is important as it supports the energy saving as well as pro-
ductivity of students. The light shelves can be applied as an intervention to increase daylighting
uniformity of the classroom. The clerestories and bilateral window placement are applied to in-
crease and deliver lighting into deep depth classrooms and corridors, which relatively provides
even illumination as well. The results show that the final interventions have optimized daylighting
performance but electric lights are still needed. However, optimal daylighting decreases the use of
electric lights. As the consideration of thermal load, low-E glazing material is applied to the win-
dows of the S Building facade and multifunctional light shelves that serve as shadings. It results in
a maintained cooling load. Thus, the optimization of daylighting in this study does not increase the
cooling load of the building. The study results in a decreased lighting energy of S Building to 54%.
The result obtained from the study is that integrating passive and active interventions to reduce
lighting energy can be done by optimizing daylight by a combination of light shelves and cleresto-
ries and reducing electric lights used during the day by dimming and grouping system.

As for maintaining the cooling load through the windows, this can be achieved through multi-
functional light shelves that serve as shading and by applying low-e glazing. Consequently, the
requirement of lighting can be met while maintaining the thermal load. In addition, adequate
daylighting can lead to dimmer lighting systems, which reduce the use of electric lights. Thus, the
energy consumption for lighting can be reduced without adding more energy for air conditioning.
The combination of passive interventions on windows with active interventions on electric lighting
can be applied to optimize daylighting and maintain or reduce energy for cooling in educational
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buildings. However, as the implementation of passive interventions such as clerestories and light
shelves for existing buildings can be challenging, the application for such retrofitting requires fur-
ther investigation and careful planning for successful implementation.

Recommendation

This research has conveyed the importance of coordinated daylighting strategies with cooling
loads to achieve adequate daylighting without increasing the cooling load of a building. Therefore,
the efficiency of building energy consumption and the benefits of daylighting for student’s well-be-
ing can be achieved concurrently. However, this study did not conduct a subjective assessment
of visual comfort and is only based on the existing standard level of illuminance. In addition, this
result may not necessarily be widely applicable, as it has considered only one case study. Thus,
further research should be conducted on various cases to investigate the illuminance subjectively
since the visual comfort levels of people can vary. The strategy also needs to consider the overall
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