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ABSTRAK

The increase in energy consumption in buildings, particularly in the government sector, poses a
serious challenge in the effort to mitigate climate change. This research aims to analyze and
optimize the facade design of the Aceh Utara district office building to improve energy
efficiency through an integrative approach between reducing the overall thermal transfer value
(OTTV) and utilizing daylighting based on useful daylight illuminance (UDI) metric. The
simulation is conducted using Rhinoceros (RH) software integrated with Grasshopper (GH) to
evaluate the combination of design variables such as window-to-wall ratio (WWR), depth, and
angle of external shading. Validation of the OTTV value refers to the official calculator from the
Government Department Public Works and Public Housing (PUPR), while the daylighting
simulation utilizes annual climate data to obtain lighting distribution in three categories:
insufficient, optimal, and excessive. The research results show that opening and shading
optimization strategies can reduce OTTV to below the threshold of 35 W/m? according to SNI
6389:2020, as well as increase the proportion of areas with optimal daylighting. These findings
underscore the importance of an integrative approach to energy and daylighting performance in
facade design, and demonstrate the significant potential of climate-based daylight simulations
to support the achievement of sustainable and energy-efficient government office buildings.
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1. INTRODUCTION

The global temperature rise resulting from unsustainable development has the potential to
negatively impact humanity. One strategy for mitigating the effects of global warming is to
incorporate energy-efficient architectural principles into building design [1], [2]. Buildings
currently account for approximately 30% of the national energy consumption, making it the
third largest energy-consuming sector in Indonesia. If not managed efficiently, it is expected to
experience an increase in consumption to 40% by 2030 [3]. Therefore, the implementation of
energy efficiency strategies in buildings is a strategic step to reduce emissions and support
national emission reduction targets.

PROGRAM STUDI ARSITEKTUR UNIVERSITAS MALIKUSSALEH
|66|



MUHAMMAD ROFI, ATTHAILLAH, ERNA MULIANA, NIK MOHD FAIZ NIK KAMRULZAMAN, MUHAMMAD
IQBAL

A significant strategy for enhancing energy efficiency in buildings involves the reduction of
cooling load through effective heat transfer regulation [4]. The Indonesian government has
established regulations regarding this matter through SNI 6389:2020, which specifies the
maximum overall thermal transfer value (OTTV) value at 35 W/m? for air-conditioned
buildings. OTTV serves as a key guideline in designing walls and facade glazing, taking into
account three primary modes of heat transfer: conduction through opaque surfaces, conduction
through glass components, and solar radiation transmitted through glazing [5]. The OTTV value
determine the quantity of external heat transmitted into a space through each unit area of the
building's surface. It plays a pivotal role in determining the overall energy efficiency of the
building.

However, energy efficiency is not solely determined by OTTV; it is also significantly
influenced by the daylighting strategies employed. The optimal daylighting design has been
shown to reduce reliance on artificial lighting during the day, which in turn can lead to a
significant reduction in electricity consumption [6]. Also, SNI 03-6197-2020 encourages the
incorporation of openings in building designs that facilitate the daylight without causing glare or
excessive heat in a space [7]. Consequently, the strategic design of building openings can serve
as an integrated solution to reduce the OTTV value while optimizing daylighting, thereby
making it a significant component in energy-efficient building design strategies.

To support comprehensive daylighting design and evaluation, climate-based approaches, or
climate-based daylight modelling (CBDM), are increasingly being adopted. Unlike conventional
daylight calculation methods such as daylight factor (DF) metric, CBDM is considered to be
more contextual, as it can represent fluctuations in sunlight intensity and changes in sky
conditions more realistically [8]. One of the key metrics in this approach is useful daylight
illuminance (UDI), a method of evaluating daylighting which uses annual typical climate data to
model the distribution of daylight throughout the year for a specific locations [9]. The advantage
of using UDI metrics lies in its ability to accurately display the effect of building orientation on
daylighting performance while considering the variability of daylight throughout the year [10].
UDI classifies daylighting into three categories: insufficient, optimal and excessive. This
classification is defined by the percentage of the work area receiving lighting within that range
all year round [11]. This approach is a significant instrument in the realization of sustainable
and energy-efficient building design, due to its contextual representation of local climate
conditions.

The application of energy efficiency in architectural design is becoming increasingly
important, especially in government office buildings, which consume a high proportion of
energy from lighting and air conditioning systems. In accordance with regulation of the Minister
of Energy and Mineral Resources of the Republic of Indonesia [12], all government buildings
are required to implement energy saving programs, particularly in air conditioning and lighting
systems [1]. This is particularly relevant in humid tropical regions such as Indonesia, which
have high thermal loads and artificial lighting requirements throughout the year. Factors such as
building orientation, opening configuration, and the presence of shading elements greatly
influence OTTV values and the quality of daylighting. Therefore, the North Aceh district office
was chosen as the case study because its architectural characteristics represent typical
government office space. This building is mainly oriented towards the northeast, which means it
receives high levels of solar radiation in the morning, and has a facade with wide openings
without shade, resulting in high OTTV values and excessive daylighting intensity. Furthermore,
as the largest government building in the region with a high level of user activity, the North
Aceh district office is a relevant location for examining facade design strategies that can reduce
energy loads passively and simultaneously improve daylighting condition.

It has been demonstrated by preceding studies that passive design strategies, including
window-to-wall ratio (WWR) settings, opening configurations, and shading elements, are of
significance in enhancing the energy performance and daylighting of buildings [4], [13], [14].
The study shows that an increase in WWR, especially on the eastern orientation of the building,
can increase the heat load, while horizontal shading elements and the use of appropriate facade
materials significantly reduce the OTTV value by up to 29%. In addition, the integration of
daylighting and cooling load simulations into a single model has been shown to improve
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calculation accuracy and overall energy efficiency [15]. However, there has been a limited
number of studies that have evaluated the simultaneous impact of facade parameter variations,
such as WWR, shading depth, and external shading angle, utilizing OTTV UDI metrics in the
context of government buildings in tropical climates.

Considering this background, this study aims to analyze the energy efficiency performance
of the North Aceh district office building utilizing OTTV and daylighting simulations. The
analysis was conducted using Grasshopper (GH) software, which was chosen for its ability to
build flexible parametric models and support direct integration with energy and lighting analysis
plugins such as Ladybug Tools (LBT) and Honeybee (HB). GH enables the systematic and
efficient exploration and optimization of various facade design combinations, which cannot be
achieved with a non-integrative approach. The resulting OTTV values were then validated using
the official spreadsheet calculator from the Ministry of PUPR of Indonesia. Meanwhile, the
daylight was evaluated using the UDI metric to determine the distribution of light in three main
categories, namely insufficient, optimal, and excessive. This study specifically optimizes the
design of openings and shading elements on building facades to obtain maximum optimal UDI
values and the lowest possible OTTV values. This approach is expected to produce energy-
efficient design solutions and potentially contribute to the planning and development of
sustainable buildings.

2. METHODS

This study employed a computational simulation with a case study focused on a typical
government office, based on the North Aceh district office building (Figure 1). In this study, the
analysis was conducted using LBT under GH environment to calculate OTTV and daylight UDI
metrics. This computational approach not only integrates of building performance evaluations
but also enables parametric design exploration to support more effective and contextual energy
optimization strategies.

2.1 OTTV Calculation

The heat transfer model in this study refers to the OTTV standard listed in SNI 6389:2020.
OTTV calculations for non-residential buildings such as offices are performed using Equation
(1), which is the average heat transfer value (OTTV;) for each direction of the building wall, but
taking into account the area of each wall. This means that the larger the wall area in a certain
direction, the greater its influence on the overall OTTV result of the building [16]. The first step
in calculating OTTYV is to determine the OTTV; value for each orientation using equation (2).

(A1 XOTTVy )+ (A, XOTTVy )+..+ (A XOTTV,, )
A +A +.+Ap

orTv = )ooend)

OTTV; = a[U,, (1 — WWR)xTpgi] + (Ur x WWR x AT ) + (SCx WWR x SF)......(2)

In this study, OTTV is defined as the total heat transfer value through the building envelope,
while OTTYV; is the heat transfer value at a specific orientation i. Furthermore, A4; is represented
as the total area of the external wall at that orientation. Initially, OTTV; calculation comprises
three primary components of heat transfer [5]. The initial component is conduction through
opaque walls, which is influenced by the surface absorptance of the wall to solar radiation (a),
the thermal transmittance of the wall (Uw), WWR, and the equivalent temperature difference
(TDEK). The second component is conduction through glazing (fenestration), which is
calculated based on the thermal transmittance value of the glass (Uf), the WWR, and the surface
temperature difference between the interior and exterior of the room (AT) which is set at 5 °K.
The third component is the heat transfer due to solar radiation through the glass, which is
determined by the shading coefficient (SC), the solar radiation intensity factor on the vertical
surface of the building (SF) and the WWR value. The three components are then combined in
the calculation to obtain the OTTV;, which is subsequently weighted average based on the
external wall area of each orientation to obtain the total OTTV value of the building.
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For the digital model, the geometry is utilized in GH to perform parametric OTTV
calculations. The OTTYV calculations in this study are not solely reliant on the Ministry of Public
Works and Public Housing's spreadsheet calculator; they are also developed through a GH-
based algorithmic approach. The selection of GH was made on the basis of its capacity to
develop a dynamic and automated calculation system, thereby facilitating efficient evaluation of
building envelope energy performance in the context of evolving design variables.
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Figure 1. The North Aceh district office building (a) The fornt facade photograph, (b) Typical floorplan,
and (c) 3D view of the typical floor (third floor) for opening illustration of the facade

Table 1. OTTV calculator input parameters

Orientation A [-] ]UW[W/mZ,K WWR [%] g;DKE]k Us[Wim?.K] [A]l;] SC[] [SVT,/mZ]
North 0.5 2.8 0.3685 10 5.80 5 0.422 117
Northeast 0.5 2.8 0.3779 10 5.76 5 0.437 141
East 0.5 2.8 0.3685 10 5.80 5 0.415 161
Southeast 0.5 2.8 0.3284 10 5.80 5 0.388 142
South 0.5 2.8 0.3567 10 5.74 5 0.452 120
Southwest 0.5 2.8 0.3336 10 5.77 5 0.400 140
West 0.5 2.8 0.3567 10 5.74 5 0.446 160
Northwest 0.5 2.8 0.2897 10 5.80 5 0.407 142

The input parameters employed in the OTTV calculation for each building facade are
depicted in Table 1. This data constitutes the base for the calculation of the OTTV value for
each facade design configuration, also, it is employed consistently in GH-based validation and
simulation.

2.2 Daylight Simulation

In addition to the consideration of heat transfer through the building envelope, this study
also undertakes an evaluation of the daylight availability as an integrative performance-based
design approach. Daylight simulations are performed using RH and GH interfaces. In this study,
the Radiance engine is accessed through the LBT interface to accurately simulate annual
daylight condition. The UDI optimal metric is utilized for the daylight performance, which
measures the percentage of workspace with illuminance values in the range of 100-3000 lux
throughout the year. It is determined that, in accordance with the established criteria for
evaluating daylighting performance, the aUDlI40.30001x Value deemed optimal for the entire space
is set at a threshold of > 80% [11], [17]. The entire simulation sequence was designed visually
in the GH programming environment, as shown in Figure 2.

i —" S ——

Figure 2. The daylight simulation GH algorithm in this study

Group (1) serves to import building models from RH into the GH platform. Next, Group (2)
is used to define interior material properties in the building model, such as the reflectance of
walls, floors, and ceilings, which are required in daylight simulations. Group (3) is tasked with
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distributing light sensor points evenly across the floor area of the room to capture illuminance
data. Group (4) integrates the sensor-equipped space into the annual simulation formula for
aUDl100-30001x Calculations. The results of this simulation process are displayed in Group (5) in
two output formats, namely a heatmap diagram that illustrates the distribution of daylight
distribution throughout the room, and numerical data that shows the percentage of aUDI1g.30001x
within the evaluated spaces.

2.3 Sensitivity Analysis

After the simulation process is complete, the next step is to perform a sensitivity analysis on
the input variables, namely the shading depth, shading angle, and WWR, on the output variables
whihc are OTTV and aUDlg0.3000x Values. Sensitivity analysis is performed by observing the
standardized regression coefficient (SRC), which has a value between -1 and +1, to assess the
effect of shading depth, shading angle, and WWR on performance (OTTV and aUDIg-30001x),
where a negative value indicates a negative trend in output due to an increase in input, and a
positive value indicates the opposite trend [18]. Given that the input and output variables have
different units, standardization is required, which is formulated in Equation (3) for input and
Equation (4) for output. Equations (3) and (4) are as follows:

Xj—%j
x,ji = ]O'—x] ...................................... (3)
where x';; represents the standardized value of the j-th input variable for the i-th observation, x;;
represents the original j-th input variable for the i-th observation, x; is the mean of the j-th input

variable, and ox is the standard deviation of the j-th input variable.

where y'; represents the standardized output variable, y; denotes the original i-th output
variable, y is the mean value of the output variable, and o, is the standard deviation of the
output variable. Furthermore, the SRC value is calculated based on Equation (5) as follows:

y/i = ﬁlxii + ﬁzxéi + B3X3l"+. . +quqi’ + gi ......................................... (5)

where ¢; represents the residual error or intercept, and g denotes the number of input variables.

This research also conducted an uncertainty analysis to determine the variation in simulation
results from 275 combinations of facade designs. This analysis aimed to evaluate the stability
and reliability of simulation results against input changes. The coefficient of variation (CV)
method is used as a tool to measure the level of dispersion of simulation results against their
average values. The CV formula is expressed in Equation (6).

CV =

where ¢ is the standard deviation of the output value and u is the average output value. The
range and unit-organized input variables in the simulation are presented in Table 2. The input
variables were derived from the significant variables identified in previous studies [19], [20],
[21], [22], [23]. The CV provides information about how large the data spread is relative to its
average, and is expressed as a decimal or percentage [24]. In this context, the smaller the CV
value, the more consistent or stable the simulation results are against design parameter
variations. Through this approach, the most influential and sensitive output variables to input
changes can be identified, thereby supporting a more reliable design decision-making process.

Table 2. Representation of input variables in simulation
No Variabel Range Unit
1 Shading Depth 02-1.2 Meter [m]
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No Variabel Range Unit
2 Shading Angle -30-+30 Degrees [°]
3 Window-to-Wall Ratio (WWR) 10-30 Percentage [%]

2.4 Optimization

For the evaluation of optimized generalized solutions, this study considered the typical floor
which is the third floor of the building (Figure 1b). Following the acquisition of OTTV and
aUDlg0-3000x performance data for existing building conditions, the subsequent stage is the
building design optimization process. Within the domain of architecture, optimization is defined
as a methodical process aimed at enhancing the performance of design components, whether
through the formulation of original solutions or the refinement of existing conditions. The
objective is to generate more efficient and sustainable design alternatives [25], [26]. The
objective of this optimization is to identify the most effective combination of design parameters
in balancing energy efficiency (through the OTTV value) and daylighting quality (through the
aUDlygp3000x Value), in accordance with the performance limits set by the standard. The
parameters that were found to vary included the WWR, horizontal shading depth, and external
shading angle. The objective of the ranking procedure was to identify the maximum value.
Therefore, the use of complex optimisation tools was not a necessity. The selection of these
three parameters was made on the basis of their significant influence on the energy and
daylighting performance of a building suggested in the previous studies [19], [20], [21], [23],
[27], [28], [29].

A total of 275 design combinations were analyzed in order to obtain the most optimum the
OTTV and aUDlygg.30001x Values. In order to integrate OTTV and aUDlgg.30001x Values into a
single evaluative framework that is equivalent and proportional, it is necessary to undertake a
data normalization process [30]. In the context of this study, the min-max normalization method
was employed, representing one of the most prevalent normalization techniques [31]. This
method facilitates the conversion of data scales into a range of 0 to 100 without altering the
relative distribution between values. The values of aUDlgsp00x (x) and OTTV (y) are
normalized using equation (6).

v = (e ) g0, (6)

(max(v)—-min(v))

where v; is the original value (x or y) and v’ is the normalized value (x'or y’). In order to obtain
the final combined score representing the simultaneous design efficiency, equation (7) is
employed.

where x” is the normalized value of aUDIygg.30001x (the higher the better) and y’ is the normalized
value of OTTV (the lower the better). The highest z’ value indicates the most optimal design
because it produces maximum daylighting while minimizing heat transfer into the building.
Thus, this score becomes a reference in identifying the most energy-efficient design solutions.
Optimization in this study was defined by sorting the best solutions based on the highest z’
scores. Thus, it did not required any complex optimization tools.

3. RESULTS AND DISCUSSION
3.1 OTTV Calculations

The initial OTTV calculation was performed using the official Excel-based OTTV
Calculator from the Ministry of Public Works and Public Housing in accordance with
Indonesian national standard [1], [16]. The calculation was conducted for the entire building's
floors to facilitate a comparison with the GH result. The result is displayed in Table 3.

Table 3. OTTV calculation results for each orientation

PROGRAM STUDI ARSITEKTUR UNIVERSITAS MALIKUSSALEH
172]



MUHAMMAD ROFI, ATTHAILLAH, ERNA MULIANA, NIK MOHD FAIZ NIK KAMRULZAMAN, MUHAMMAD

IQBAL
. . Wall Glass G_Ias_s Total facade
Orientation conductance conductance radiation  Total [Watt] area [m’] OTTV [W/m?
[Watt] [Watt] [Watt]

North 3,221 3,891 6,636 13,753 365 37.72
Northeast 8,341 10,437 22,307 41,085 959 42.86
East 32,211 3,897 8,962 16,079 365 44.10
Southeast 852 864 1,643 3,359 91 37.02
South 1,663 1,897 3,575 7,135 185 38.61
Southwest 9,912 10,258 19,821 39,991 1,063 37.60
West 1,663 1,897 4,706 8,267 185 44,73
Northwest 901 762 1,518 3,181 91 35.07
Total 29,774 33,908 69,169 13,2851 3,302 40.23

Based on the results in Table 3, the highest heat transfer was recorded on the northeast (NE)
and southwest (SW) facades, with total thermal loads of 41,085 W and 39,991W, respectively.
The high thermal loads on these two orientations were mainly due to the contribution of solar
radiation penetrating through the glass facades. Meanwhile, the highest OTTV value was found
on the west-facing facade, at 44.73 W/m2, while the lowest value was discovered on the north-
west facing facade, at 35.07 W/m2. The OTTV values of most facade orientations exceed the
maximum threshold of 35 W/m2 as specified in the Indonesian standard [16]. Overall, the
average OTTV value of the building is 40.23 W/m2, indicating that the energy performance of
the building generally does not meet energy efficiency standards. Therefore, additional design
strategies are needed to reduce the OTTV value to below the threshold.

The GH-based calculation results indicate OTTV value of 39.76 W/mz2, which is marginally
lower than the calculation results using the PUPR spreadsheet calculator, which is 40.23 W/mz2,
The observed discrepancy of 0.47 W/mz2 (approximately 1.2%) can be attributed to variations in
rounding methods employed during the calculation process.

3.2 Daylighting Simulation

After performing the OTTV calculation, the next step was to simulate daylighting using the
UDI metric on the third floor of the North Aceh district office building. This floor was selected
based on the consideration that the third floor is typical, thus, it was considered to be
representative of the office space. The results of the aUDI0.30001x Simulation on 27 spaces are
shown in Figure 3 below.

%
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Figure 3. Daylight simulation results for (a) aUDl<yoo1x, (b) @UDI100-30001x (€) @UDlIs30001x Metrics

Figure 3a-c shows the distribution of daylighting within the underlit condition (aUDI<1gq1),
optimal range (aUDl1g0.30001x) @nd exceeded illuminance condition (aUDl.3p001x). Figure 3b shows
red-orange colors dominate spaces such as R27, R23, R25, and R10, which have a proportion of
aUDl1g0.30001x (close to 100%). This reflects efficient daylighting in these spaces. Conversely,
spaces such as R20 and R8 show low aUDI1g¢.30001x Values (well below 80%), indicating uneven
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light distribution and potential lighting problems. As illustrated in Figure 3a, the distribution of
daylighting below the minimum comfort threshold (<100 lux) is characterized by the
predominance of red-orange hues in rooms such as R8 and R20, signifying a significant reliance
on artificial lighting. Conversely, rooms such as R15 and R16 exhibit a notably low percentage
of UDI, indicating that daylighting is sufficient in the majority of these areas. As illustrated in
Figure 3c some spaces experiencing excessive illuminance (>3000 lux) may exhibit symptoms
such as glare and a potential excessive heat within the spaces. The R17, R16 and R13 exhibit
the highest proportion in this category (close to 50%), indicating the necessity for mitigation
strategies such as the utilization of shading. In contrast, rooms such as R8 and R4 exhibit a low
aUDls30001x Values.

100
=
— 80
5‘
E 60
5
< 40
=
20
=20
-]
a
0
EEEISSEE2S SN0 eSES2S5333555
= [ - - - - - A
Rooms [-]
aUDI, 930001 aUDLgg aUDL ;g1

Figure 4. Simulation results for aUDI1g0.30001x iN 27 rooms

Simulation results for the entire space show that the average UDI value is 81.44%, indicating
that daylighting in the building is already in the optimal category (Figure 4). Of the total 27
rooms, 17 rooms have achieved sufficient aUDligg.3000x Value (> 80%), while the other 10
spaces show daylight performance below the required threshold.

3.3 Sensitivity Analysis

The OTTV value was found to range from 19.51-36.55 W/m? with a mean of 27.02 W/m?,
based on the descriptive statistics of the simulation results (Table 4). Similarly, the aUDI 19.30001x
value ranged from 61.36—85.52%, with a median value of 83.77%.

Table 4. Descriptive statistics of OTTV and aUDIg4.3000ix-

Parameter Minimum[-]  Maximum [-] Mean [-] Median [-] Di\t/?gggr:d[_]
OTTV (W/m?) 19.51 W/m? 36.55 W/m? 27.02 26.77 4.75
UD100-30001x (%) 61.36 % 85.52 % 79.94 83.77 5.90

In order to gain a more profound understanding of the impact of each input parameter on the
outputs, a sensitivity analysis was conducted on the primary facade design variables, as
illustrated in Figure 5.
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Figure 5. SRC value for (a) OTTV, (b) aUDI;g.30001x, and (c) 2’

The sensitivity analysis results (Figure 5a-c) show the contribution of each design variable
to the OTTV, aUDlIg0.30001x, and z’. For OTTV, WWR has the most significant influence with
SRC = +0.968. This indicates that an increase in WWR will directly increase the OTTV value.
In contrast, the shading depth and angle a negative influence on OTTV, with SRC values of
—0.216 and —0.033, respectively, although their contribution is negligible. These findings are
not entirely consistent with previous studies, which have emphasized the significance of
regulating apertures and incorporating shade elements in order to enhance the energy efficiency
of buildings, particularly within tropical climates [4], [13], [14].

For aUDlygo.30001x, the sensitivity pattern shows a similar trend. WWR shows a highest
positive influence (SRC = +0.842), while depth and shading angle have relatively small
negative effects, at —0.060 and —0.198 respectively. This indicates that variations in the shading
elements do not significantly affect the distribution of daylighting in the illuminance range of
100-3000 lux, or in this context, the aUDIg-30001x Value.

Meanwhile, sensitivity to the z’ value shows that shading depth has a relatively small
positive influence (SRC = +0.289). On the other hand, the shading angle and WWR show
negative influences with SRC values of —0.253 and —0.417 respectively. This indicates that
increasing the shading depth can improve overall performance, while increasing the WWR and
shading angle tends to decrease it.

50 1 47.06%
40 +
£
@ 301
3
]
>
3 20- 17 59%
10 - 7.38% \
0 T T T
aUDlino - 30001x oTTV z

Output Variable [-]

Figure 6. CV values for the output variables

As displayed in Figure 6, OTVV and z’ performance metrics show a high degree of
uncertainty (CV > 10%). Meanwhile, aUDI g0 30001x demonstrates relatively low uncertainty (CV
< 10%) which indicate that the daylight availability metric is insensitive to change within the
evaluated input variables.

3.4 Relationship Between aUDI 109 30001x 2and OTTV
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The present study discovered a moderate relationship between aUDI g 30001x and OTTV (R2 =
0.69), with a positive trend (Figure 7). The relationship between the two variables is such that
an increase in the required daylight condition value is accompanied by an OTTV value that also
rises. In even the most moderate of relationships, the building designer must exercise caution
when attempting to enhance daylight conditions alone. This endeavour has the potential to
increase the energy required to ensure thermal comfort within a given space. Consequently,
facade design must be carefully optimized to achieve sufficient daylight and OTTV values.
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Figure 7. Scatterplot between aUDI 1o 30001x and OTTV

3.5 Optimization

Optimization procedures were conducted on the third floor of the North Aceh district office
building. The selection of this floor was made on the premise that its architectural and
functional characteristics mirror the overall condition of the office. The optimization strategy
encompassed the incorporation of shading devices to all windows and the uniform adjustment of
the WWR value for each type of opening within a given floor.

From a total of 275 design alternatives formulated, simulations are conducted to evaluate the
performance of each combination in an effort to minimize energy load (OTTV) and maximize
daylighting (aUDl0.30001x) Simultaneously. Following a thorough evaluation of the available
options, six alternatives are identified as demonstrating optimal performance. These are outlined
below, and are designated as options 257, 258, 247, 204, 254, and 263, as illustrated in Figure 8.

Shading Depth Shading Angle WWR aUDT, 530001 OTTV z

| 84.41 | 25.81 || 64.15 | oprron2ss

| 80.80 || 23.18 || 63.35 | opmon2s

180.79 || 23.18 || 63.28 | orrron 204

| 80.78 | | 238 | | 63.27 | opmonzss

- ol S
i ~1 (7]

OPTION 263

— — EXISTING

Figure 8. Optimal solutions based on evalution of the typical floor
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Optimization of the facade design on the third floor of the building through the adjustment
of the WWR, shading depth, and shading angle successfully reduced the OTTV value from
32.21 W/m? to 22.86 W/m? (a 29% decrease). This reduction reflects a significant improvement
in the energy efficiency performance of the building. Although the aUDIlyg.3000x Value
decreased slightly from 81.37% to 80.75%, it still remained within the optimal range (> 80%).

Among the 275 simulation combinations, option 257 was identified as the most
scientifically optimal configuration, with the highest z' value (64.82). This configuration
consisted input parameters of 15% WWR, a shade depth of 1.2 meters, and a shading angle of
—15°. However, from the perspective of constructability and aesthetics, option 263 was selected
as the most rational design solution, with a WWR of 20%, a shading depth of 1.2 meters, and a
shading angle of 0°. In addition to being easier to implement, this configuration still
demonstrated good performance with a z’ value of 60.70.

This study evaluates the energy performance and daylighting of the North Aceh district
office building through an analysis of OTTV and aUDlgo3000«x Values. The evaluation is
conducted using a parametric modelling approach with GH software, with design parameters
including WWR, depth, and angle of horizontal shading devices.

Initial simulation results show that the OTTV value of the building is 40.23 W/m2 (according
to the official calculator) and 39.76 W/m?2 (GH simulation results), both of which still exceed the
maximum threshold of 35 W/m2. The small difference between the two approaches indicates
that parametric algorithm-based simulations have a reliable level of accuracy in modelling
building energy performance through the fagade design. This differs from an earlier study which
found the OTTV value to be below the required level within the government building [1]. In
terms of daylighting, the simulation shows that 81.44% of the third-floor area meets daylighting
standards.

The optimization process was conducted on 275 combinations of design parameters for the
third floor of the building. The optimal configuration was identified as option 257, which
exhibited a WWR combination of 15%, a shading depth of 1.2 meters, and a shading angle of
—15°. The WWR value is in accordance with the range (10-19%) of findings from a previous
study that evaluated daylight performance within a space [32]. However, the shading depth and
angle differed from previous findings, which suggested larger values [22], [28]. This
configuration successfully reduced the OTTV from 32.21 W/m? to 22.86 W/m? representing a
29% decrease. In addition, the aUDIoq.30001x Value exhibited a marginal decline, from 81.37% to
80.75%. This decline in aUDI1g.30001x rfemains within the optimal range (UDI > 80%), indicating
that it does not result in a substantial reduction in the quality of daylight availability inside the
space. The findings of this study demonstrate that an integrated facade design approach has the
potential to enhance energy efficiency and daylight availability for a government office space in
tropical climates.

The sensitivity analysis indicates that WWR is the most influential variable on energy
performance (OTTV) and daylighting (aUDl10-30001x), With a positive and statistically significant
contribution. Meanwhile, shading depth and shading angle have a negative but relatively smaller
influence on OTTYV and aUDIg9.3000x. Meanwhile, the z* values of the coefficients are relatively
small and only has a positive trend for the shading depth. Overall, this analysis shows that
WWR is the most sensitive variable to energy performance (OTTV) and daylighting (aUDlI 1.
30001x) Within the scope of this research. This finding is in accordance with the findings of
previous studies [20], [33].

In terms of uncertainty, the daylight availability metric demonstrates relatively low CV
values (CV <10%) compared to the OTTV and z' metrics. These conditions indicate that the
daylight availability metric is insensitive to changes in all the evaluated input parameters.
Conversely, the OTTV metric suggests high sensitivity (CV > 10%). The z' metric has the
highest uncertainty, meaning that, when evaluated for a more balanced design solution by
combining OTTV and aUDI 10030001, the change in the input variables is highly sensitive to the
output.

It is recommended that further studies be conducted to expand the scope of input variables,
for example by considering wall material types, surface colors, and other geometric aspects such
as floor height and room layout. Moreover, integration of economic analysis, encompassing the
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comparison of costs and benefits of each design option, will facilitate the assurance that the
proposed strategy is not only technically efficient but also practically feasible.

4, CONCLUSION

This study evaluates the energy performance and daylighting in the North Aceh district
office building through an analysis of the OTTV and aUDIg0-3000ix Values. This study considers
three main input variables: WWR, shading depth and its angle. The existing OTTV value was
obtained at 40.23 W/m?2 based on the spreadsheet calculator by PUPR, and 39.76 W/m?2 based on
simulation, both exceeding the national maximum threshold of 35 W/mz2. The minor discrepancy
between the two approaches demonstrates the reliability of the parametric simulation method in
predicting the OTTV value. With regard to the daylight availability, majority of the rooms have
met the aUDlpg30001x threshold with median value of 83.77% with relatively low standard
deviation (5.9).

In order to enhance the energy efficiency of the building, a process of facade design
optimization is conducted. This involved the evaluation of 275 different design combinations on
the third floor of the building. The configuration that is determined to be the most optimal is
achieved at a WWR of 15%, a shading depth of 1.2 meters, and a shading angle of —15°, with a
decrease in OTTV from 32.21 W/m? to 22.86 W/m2. Furthermore, the aUDlgg.30001x Value
remained within the optimal range for the most optimum solutions in this study (from 81.37% to
80.75%). Conversely, with regard to pragmatic implementation and architectural aesthetics,
option 263 is identified as the most rational solution. This configuration, with a WWR of 20%, a
shading depth of 1.2 meters, and a shading angle of 0°, is able to reduce the OTTV from 32.21
W/m?2 to 26.84 W/m? and increase the aUDI0-30001x from 81.37% to 83.57%.

Subsequent analysis indicates that WWR is the most significant variable in increasing OTTV
with positive trend. Conversely, shading depth and angle have a superficial effect on OTTV.
The findings emphasize the importance of controlling the opening-to-wall ratio as a key strategy
in reducing solar radiation heat gain, particularly on directly exposed facades.

The results of the sensitivity analysis indicate that WWR is the variable that most
significantly affects energy performance (OTTV) and daylighting (aUDlgo30001x). These
findings emphasize the significance of facade design strategies as a pivotal element in
optimizing energy efficiency while preserving the sufficient daylight availability inside the
space in the tropics. It has been demonstrated that incorporating shading depth effectively
enhances aUDlg.30001x @Nd, at the same time, reduces OTTV. This contributes to an increase in
z' value. Conversely, the shading angle has a negligible impact on the evaluated performance.
Whereas an increase in WWR has been shown to increase aUDlygo.30001x, it has also been
demonstrated that this results in a significant increase in OTTV, which in turn leads to a
reduction in z’ value due to an increased heat load. Therefore, a holistic and contextual design
approach is required to balance energy efficiency and daylight availability in a typical district
government office in the tropics.
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