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Abstract—The national infrastructure program, designed to improve connectivity between urban centers and surrounding regions, has
significantly increased apartment construction, particularly in transit-oriented development (TOD) zones. However, this expansion
raises concerns over energy consumption and carbon emissions throughout the building’s life cycle. This study evaluates the green
performance of an environmentally sustainable apartment prototype that incorporates passive design strategies to reduce cooling
energy demand. The study employs various performance tools, including OTTYV calculations for EDGE buildings, OpenStudio, and
SEFAIRA, to assess the prototype’s effectiveness in reducing cooling load, improving thermal efficiency, lowering OTTV, enhancing
energy efficiency, and reducing carbon emissions. The prototype outperforms nearby standard public housing units, achieving a 34%
reduction in OTTV, a 4% improvement in energy efficiency, a 17.6% decrease in annual energy use intensity (EUI) (81.4 kWh/m?/year
vs. 98.8 kWh/m?/year), and a 20% reduction in cooling energy consumption. Additionally, field measurements show a temperature
difference of 7 to 9°C between indoor and outdoor environments during daylight hours. These results suggest that the prototype can be
a benchmark for low-emission, energy-efficient apartment models in Indonesia. Future research should explore the long-term
performance of passive design, the cost-effectiveness of low-cost housing, real-time data collection via IoT integration, and studies on
occupant behavior and satisfaction.
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average of 79.61%. Most newly constructed units targeted low-
I. INTRODUCTION income urban residents and were categorized as low-cost

Urbanization is increasing rapidly, with 60% growth housing [8], [10]. By 2019, the backlog had decreased to 6.8

expected by 2030 [1], [2], [3]. The global urban population million .umts [11]. To futher addres§ housing needs, Fhe
grew from 30% in 1950 to 56% in 2020 and is projected to Indonesm.n government .1rllcrease.d its annual hgusmg
surpass 68% by 2050 [4]. According to World Population constmctlon target to 3.m11110n .umts by 2024, reflecting its
Prospects [4] by the United Nations Population Division, nine comm1trpent t(,) accelerating housmg.prowswn [12].

countries, including India, Indonesia, and Nigeria, will account Desp1t§ this Progress, the rapid growth Of, apartment
for most of the global population growth during this time. This COHSthtl,On has raised concerns about escalatlpg energy
trend could have a significant impact on urban development consumption. The UN Environment Program predicts a 30%

[4].This growth has caused a shortage of urban housing, leading incregse: in CO2 emi.ssions and a ‘.‘0% rise in cnergy use due
to strategies like Transit Oriented Development (TOD) zones to building construction [13]. Previous research highlights the
to improve city connectivity [S], [6], [7] significant role Southeast Asian nations, particularly

To address housing shortages, Indonesia launched the Indonesia, play in the global rise in electricity usage [14],

National One Million House Program in 2015 [8], [9]. Between [15]. Indonesig is among the top ten CO2 emi?ters [14], [15,]
2018 and 2021, homeownership rose from 57.9 million to 62.9 and has steadily increased energy consumption [16]. This

million. However, a significant backlog of 11.4 million units increase was recorded at 0.99%, .reaching 939.100 million
persisted in 2017, with Jakarta recording the lowest Barrels of Oil Equivalent (BOE) in 2021, down from 1.23

homeownership rate at 48.33%, compared to the national billion BOE in 2017. These trends align with Indonesia’s
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commitment at COP 21 UNFCCC to reduce national
emissions by 29% through its Nationally Determined
Contributions (NDCs) by 2030 [17], [18], [19], [20].

The household sector [21], [22], [23], Indonesia’s third-
largest energy consumer [16], drives significant demand,
mainly due to increased air conditioning use [16]. Globally,
households contribute 72% of greenhouse gas emissions [24],
[25], [26], highlighting the need for energy-efficient designs
[27], [28], [29], [30]. In Indonesia, this sector is a key focus
for reducing energy consumption under government policies
[31], [32], [33].

This study evaluates the performance of a low-energy
apartment prototype (Prototype Apartment) and compares it
with that of the National Standard Low-Cost Apartment
constructed in Tegal City. Using the EDGE Building [34],
[35], OpenStudio [36], [37], and SEFAIRA [38], [39], [40]
the analysis assesses key metrics, including cooling load,
Overall Thermal Transfer Value (OTTV) [41], [42], [43],
energy efficiency, and carbon emissions [44], [45].

The primary objective of this study is to evaluate the
performance of the low-energy apartment prototype,
specifically in terms of its ability to reduce energy
consumption through the application of passive design
strategies. The analysis aims to assess the prototype’s
effectiveness in meeting key performance indicators, such as
cooling energy demand, thermal efficiency, OTTV, energy
efficiency, and carbon emissions. By comparing the
prototype’s performance with standard housing units, the
study seeks to highlight the tangible benefits of adopting
energy-efficient designs.

In addition, the study aims to encourage architects, urban
planners, and building designers to integrate passive design
strategies into housing projects. Passive design focuses on
optimizing natural environmental factors—such as sunlight,
ventilation, and shading—to reduce reliance on artificial
cooling or heating systems. This approach not only addresses
the growing energy demands in urban areas but also aligns
with global sustainability goals, particularly in reducing
carbon emissions.

II. MATERIALS AND METHOD

A. Design Passive Strategy Implementation on Low-Energy
Apartment

The application of passive design in buildings helps save
energy, reduce cooling demands, and lower carbon emissions
[46], [47], [48], [49], [50], [51]. In tropical climates, it reduces
heat buildup by ensuring proper orientation [47], [48], [49],
[50], adding wall and window shading, optimizing the
Window-to-Wall Ratio (WWR) [52], [53], [54], improving
natural ventilation [55], [56], selecting suitable glazing and
materials [52], [53], [54], and using wall and roof insulation
[571, [58], [59].

TABLE I presents a comprehensive overview of various
passive design strategies and their impact on building energy
performance. It provides details on implementation methods
and their effects on cooling loads and energy efficiency,
serving as a reference for this research.

TABLEI
THE VARIOUS ALTERNATIVE OF PASSIVE DESIGN STRATEGY
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Design .
Strategy Implementation & Impact
Appropriate
Building
Orientation " P .
[47], [48], ‘ i
[49], [50] ! ' Bl
LI e
e
East ) North
|
il i rm
:T»rﬂ' Ul
o
West South
See also Error! Reference source not found.(b).
Impact: Optimizing orientation with most surfaces
facing North-South reduces cooling loads by 8% to
11%.
Optimum For implementation, see row 1 and Error! Reference
WWR [52], source not found.(b).
[53], [54] Impact: Optimize WWR at 24% with horizontal
overhangs, ensuring balanced radiation on both sides.
WWR should not exceed 40%.
Opening for For implementation, see Fig. 2(a) and (b).
Natu‘ral ] Impact: Cross ventilation and proper building layout
Ventilation improve cooling efficiency. Natural cross-ventilation
[55], [56] effectiveness depends on windows, wind fins, and

suitable shading. This approach can reduce cooling
load by up to 19%.

Glazing [52],

[53], [54]
See also Fig. 1(c).
Impact: Double Low-E glass is superior for blocking
heat and allowing light, resulting in energy savings up
t0 35.2%.
Shading
Device —— ]
TCET e
| il IS [THE  CFEH
! Jﬁ- 7ﬁ ' - ueE

See also Fig. 1(c).

Impact: Horizontal shading devices of 0.3m, 0.6m, and
0.9m reduce cooling loads by 3%, 7%, and 10% on the
East facade, and 3%, 6%, and 9% on the West facade,
respectively.




Design
Strategy
Insulation and
color of
external wall
and roof [57],
[58], [59]

Implementation & Impact

See also Fig. 2(c).

Impact: Insulating external walls and roofs maintain
stable temperatures. Using bright colors and reflective
paint reduces heat buildup and reflects solar radiation.
A low dividing wall along the roof and a roof slope of
at least 30° protect walls and openings from radiation
and rainfall.

The Prototype Apartment incorporates several critical
design considerations. The identification process revealed key
aspects influencing energy efficiency, including building
orientation, thermal insulation, natural ventilation strategies,
daylight optimization, and integrating renewable energy
sources. These considerations, as detailed below [60], serve
as fundamental principles in shaping the prototype’s overall
sustainability and performance:

1) Orientation Analysis: The building’s orientation was
determined by analyzing solar paths and wind directions
based on climate data from 2007 to 2019. This analysis
identified 22.5° North-East as the optimal orientation for
maximizing natural ventilation and minimizing solar heat
gain.

2)  Building Mass Simulation: To assess wind movement
within and around the structure, simulations of the building
mass were conducted. These simulations informed the voids'
design, shape, position, and size to enhance natural airflow
and overall ventilation efficiency.

3) Typology Study: A detailed typology study was
conducted to inform key design decisions based on an
analysis of existing apartment buildings. This included
determining the configuration of the building mass, the
placement of cores, the positioning of bathrooms, the size of
units, and other critical architectural elements.

4) Investigation of Passive Design Components: Several
passive design elements were explored, including the strategic
placement of openings (such as doors and windows), the use
of shading devices, the incorporation of insulation,
optimization of the WWR, and wind fin installation. These
components were integrated to enhance thermal comfort and
reduce energy consumption.

Fig. 1 and Fig. 2 provide visual representations of the
design considerations and the outcomes derived from the case
study of the low-energy Prototype Apartment. These figures
highlight the implementation of passive design strategies and
their contribution to the building’s overall energy
performance.
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Fig. 1 Prototype Apartment: (a) Perspective from the main entrance; (b)
Aerial view; (c) Passive design components in the fagade; (d) Unit layout
(Source: The Authors).

(@

¥

® Adjustable wind fin (ground fioor)

—

i ‘: .‘/ Ay
Allllmh

[

Adjustable wind fin (ground floor) ® ® Adjustable wind fin (ground floor) (b)

Fig. 2 Prototype Apartment: (a) Adjustable wind fin element in the void
design for optimal cross-ventilation [60]; (b) 1:1 dimensions of the adjustable
wind fin model.



B. Methodology

This study conducts a comparative analysis of two
apartment buildings as case studies: the Prototype Apartment
and National Standard Low-Cost Apartment constructed in
Tegal City. The details of the location are illustrated in Fig. 3
and Fig. 4. Both cases are situated in Jl. Lingkar Utara,
Tegalsari, Tegal City, Central Java [61].

Apartment [61], with building orientation based on wind direction analysis.

The two case study buildings will be evaluated through a
comparative analysis using various applications and
calculations based on the passive design components inherent
in the buildings’ existing conditions. This analytical approach
employs a comparative method of simulation results, utilizing
four distinct methodologies:

1) Building energy calculations using the EDGE
Building application [34]: This application computes utility
savings and reduced carbon footprint of green buildings
compared to a base case, showcasing cost-effective and
energy-efficient strategies.

2) Cooling energy calculations using the OpenStudio
application: OpenStudio is a plug-in for creating, managing,
and simulating building geometry. It offers comprehensive
features for model creation, simulation execution, climate
control, thermal zone sharing, weather data input, and HVAC
system control. Results are presented in a viewer for easy

traceability, planning, and comparison, particularly regarding
cooling load.

3) Simulation of building OTTV calculations: By
Regulation of the Minister of Public Works and Public
Housing No. 02/PRT/M/2015 on Green Buildings [62], this
methodology ensures that the maximum allowable values for
RTTV and OTTV are 35 Watt/m?.

4) Simulation of building natural lighting using
SEFAIRA software [38]: Developed by Trimble, SEFAIRA
enables rapid energy simulation with precise results and an
intuitive visual interface. This project uses SEFAIRA to
simulate natural lighting for each case study. A simplified 3D
model is created using SketchUp [63] and simulated with the
SEFAIRA for SketchUp plugin. Two distinct models
represent each case study.

5) Field observation: This includes indoor and outdoor
dry air temperature measurements to ensure the efficacy of
cooling load reduction measures. The obtained data is
carefully analyzed and compared against simulation results
and field data measurements.

Field observations evaluated indoor thermal comfort
conditions under varying wind fin configurations.
Measurements were carried out at five designated points
during the hottest time of the day, with different wind fin
positions. To ensure reliability, the measurements were
repeated twice under clear weather conditions for verification
purposes. The instruments used for the assessment included
thermometers, hygrometers, and anemometers, each serving a
specific function: thermometers measured air temperature,
hygrometers recorded humidity levels, and anemometers
gauged wind speed. These tools provided the data necessary
to calculate the Physiological Equivalent Temperature (PET),
a widely used thermal index that evaluates heat balance and
thermal comfort conditions.

The study examined the performance of wind fins in five
distinct configurations: W1 (completely closed), W2 (opened
to 45 cm), W3 (opened to 90 cm), W4 (opened to 135 cm),
and W5 (fully open). These configurations allowed for a
comprehensive analysis of how different wind fin positions
impact indoor thermal comfort. Fig. 5 (a and b) illustrate the
wind fin configurations used in the study.
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Fig. 5 Wind fin configurations: (a) fully open wind fin condition (W5) and
(b) fully closed wind fin condition (Source: The Authors).

Fig. 6 presents the overall research framework, outlining
the systematic approach used in this study. It illustrates the



key stages of the research process, including data collection,
analysis methods, and highlights the relationship between
theoretical foundations, field observations, and simulation.

Prototype low National
energy Standard
Apartment Apartment

Bioclimatic Passive Design Passive Design
Design Prototype Standard
Climate i

Consideration Field Simulation
observation
Comfort
Consideration Field OTTV
Measurement calculations
Energy
Consideration

EDGE Building
Simulation

OpenStudio
Simulation

SEFAIRA
Simulation

PET Calculation
Result analysis

Comparative
analysis

Analysis Result

Fig. 6 Research framework (Source: The Authors).

II1. RESULTS AND DISCUSSION

A. Tegal City Climate Conditions: Case Study Location

This case study, conducted in Tegal City on the north coast
of Java Island, evaluates the energy performance of two
similarly oriented buildings within a humid tropical climate.
The analysis focuses on the impact of energy-efficient
planning on energy loads, utilizing simulation data to assess
thermal sensations and comfort levels. According to Fig. 7,
thermal sensations in Tegal are predominantly classified as
“very uncomfortable” or “uncomfortable” during daylight
hours, as defined by the ASHRAE thermal sensation and
comfort scale (refer to TABLE II). Achieving optimal thermal
comfort during the day is particularly challenging due to high
temperatures, with acceptable comfort levels generally
occurring between 6 PM and 8 AM.

TABLEII
ASHRAE THERMAL SENSATION AND COMFORT SCALE [64]

Vote Thermal Comfort Zone of thermal
sensation sensation effect
(@ () (o) (d) (e)
9 Very hot Very Non-compensable
uncomfortable heat
+3 8 Hot Uncomfortable
+2 7 Warm Slightly Sweat evaporation
uncomfortable
+1 6 Slightly warm Compensable
0 5 Neutral Comfortable Vasomotor
compensable
-1 4 Slightly cool
2 3 Cool Slightly Shivering
uncomfortable compensable
3002 Cold
1 Very cold Uncomfortable Non-compensable

cold
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08.00 (does not comply)

12.00 (does not comply) 14.00 (does not comply) 16.00 (does not comply)

18.00 (does not comply) 22.00 (does not comply)

Fig. 7 The climate condition of a case study based on climate-based energy
(CBE) simulation [64].

TABLE provides an overview of PET conditions in Tegal
City, revealing significant thermal discomfort during the
daytime. PET values rise from “Cool” at 6 AM (20.2°C) to
“Slightly warm” at 8 AM (32.8°C), becoming “Very hot” by
10 AM (42.1°C), peaking at 12 PM (45.4°C), and remaining
“very hot” at 2 PM (45.2°C). Conditions only improve to
“warm” by 4 PM (37.9°C) and gradually cool to “Slightly
cool” from 6 PM (24.5°C) onward, reaching 23°C by 10 PM.

TABLE III
PHYSIOLOGICAL EQUIVALENT TEMPERATURE (PET) CONDITIONS IN TEGAL
CITY [64]
Time (hour: PET Thermal Sensation
minute) ‘0
6:00 20.2 Cool
8:00 32.8 Slightly warm
10:00 42.1 Very hot
12:00 45.4 Very hot
14:00 45.2 Very hot
16:00 37.9 Warm
18:00 24.5 Slightly cool
20:00 23.5 Slightly cool
22:00 23 Slightly cool

The sustained “very hot” PET levels during daylight hours
lead to significant thermal discomfort, far exceeding the
comfort range defined by ASHRAE standards. These
conditions make it extremely challenging to achieve
acceptable thermal comfort without using controlled air
conditioning, resulting in high energy consumption for
cooling. To address these issues, it is essential for building
design to incorporate passive design strategies that reduce
cooling energy loads. These strategies could include
optimizing building orientation, implementing effective
shading, enhancing natural ventilation, and improving
insulation to mitigate extreme heat and improve overall
indoor thermal comfort.



B. EDGE Building Simulation Result

The EDGE simulation results for the Prototype Apartment
and Standard Apartment demonstrate significant differences
in energy consumption and carbon emissions, emphasizing
the importance of integrating energy-efficient design
strategies (TABLE IV and TABLE V). According to the
Indonesian National Standard (SNI 6389:2011) [65], [66] ,
residential buildings must limit energy use to a maximum of
240 kWh/m?*/year. The Prototype Apartment, with an annual
energy consumption of 70 kWh/m?/year, performs
exceptionally well, consuming only 29% of the allowable
energy under the SNI standard. In contrast, the Standard
Apartment consumes 97.74 kWh/m?/year, which, while
compliant with SNI, is 39.6% higher than the Prototype
Apartment’s energy use. Similarly, in terms of carbon
emissions, the Prototype Apartment produces 32.61
tCOz/year, significantly lower than the Standard Apartment’s
137.95 tCOq/year, representing a 76% reduction in emissions.

TABLE IV
EDGE BUILDING SIMULATION RESULT (PROTOTYPE APARTMENT)

Prototype Apartment Total
Unit Area (m?) 43.2
Bedroom 2
Floor number 4
Occupancy 5
Implementation Description
Reduced WWR 10.35%
External shading device AASF 0.45
Wall Insulation U-Value 0.22
Natural Ventilation Implemented
Category Calculation

254.15 kWh/month/unit
3,049.80 kWh/month
5.88 kWh/month/m?

Final energy use
Energy use total
Use per m? (monthly)

Energy use per m? (annual) 70 kWh/year/m?
Energy saving 11.77%
Carbon emission 32.61 tCO2/year
TABLE V

EDGE BUILDING SIMULATION RESULT (STANDARD APARTMENT)
Standard Apartment Total
Unit Area (m?) 45 or 36
Bedroom 2
Floor number 3
Occupancy 5
Implementation Description
Reduced WWR 17.40%
External shading device AASF 0.38
Wall insulation -
Natural Ventilation Implemented
Category Calculation

293.23 kWh/month/unit
12,902.12 kWh/month
8.14 kWh/month/m?
97.74 kWh/year/m?
4.85%

137.95 tCO»/year

Final energy use

Energy use total

Energy use per m? (monthly)
Energy use per m? (annual)
Energy saving

Carbon emission

This reduction aligns with Indonesia’s commitment under
the Paris Agreement to reduce greenhouse gas emissions by
29% by 2030 under a business-as-usual scenario or up to 41%
with international support. The Prototype Apartment achieves
these results through the integration of passive design
elements such as optimized shading devices, reduced WWR,
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and wall insulation, which not only reduce energy loads but
also minimize reliance on active cooling systems. These
findings highlight the critical role of energy-efficient and
passive design strategies in meeting Indonesia’s energy
conservation and emission reduction targets, offering a
scalable model for sustainable residential construction in
tropical climates.

C. OpenStudio Simulation Result (EUI and Cooling Load)

OpenStudio simulations were conducted to evaluate the
energy performance of the Prototype and Standard
Apartments, focusing on Energy Use Intensity (EUI) and
cooling energy load per square meter under air-conditioned
conditions (TABLE ). The results reveal that the Prototype
Apartment demonstrates significantly better energy efficiency
than the Standard Apartment. The Prototype Apartment
records an EUI of 81.4 kWh/m?/year, indicating its superior
performance relative to the Standard Apartment, which has a
higher EUI of 98.8 kWh/m*year. This translates to the
Prototype Apartment being approximately 1.2 times more
efficient in terms of overall energy use intensity, as shown in
TABLE .

Cooling energy load, a critical component of energy
consumption in tropical climates, further highlights the
advantages of the Prototype Apartment. With a cooling
energy load of 66.1 kWh/m?*year, the Prototype Apartment
achieves an 81% reduction from the baseline. In contrast, the
Standard Apartment has a higher cooling energy load of 83.0
kWh/m?/year, reflecting an 84% reduction relative to its
baseline. When comparing the two designs, the Prototype
Apartment’s cooling energy load is approximately 1.25 times
lower than that of the Standard Apartment, showcasing its
enhanced capacity to manage thermal loads and reduce
reliance on air conditioning.

TABLE VI
ENERGY PERFORMANCE COMPARISON BETWEEN PROTOTYPE AND
STANDARD APARTMENTS
Indicator Prototype Standard Comparison
(kWh/m?*/year)  Apart. Apart. Ratio
EUI 81.4 98.8 1:1.21
Cooling Energy ~ 66.1 83 1:1.25

D. OTTV Calculation Result

An OTTV assessment was conducted to evaluate the
design performance of the Prototype and Standard
Apartments to measure the effectiveness of the building
facades in managing cooling loads, particularly under air-
conditioned conditions. This assessment aligns with the
Minister of Public Works and Public Housing Regulation No.
02/PRT/M/2015 on Green Buildings, which mandates a
maximum allowable OTTV value of 35 Watt/m? for
residential buildings. Both apartments successfully comply
with this regulation, demonstrating their adherence to
Indonesia’s green building standards.

As shown in Fig. 8, the Prototype Apartment outperforms
the Standard Apartment in managing thermal loads, achieving
an average OTTV value of 12.09 Watt/m?, significantly lower
than the Standard Apartment’s 15.32 Watt/m?. This improved
performance reflects the effectiveness of passive design
strategies, such as reduced WWR, optimized shading devices,
and better insulation. The East and West facades, which



experience the highest solar radiation exposure during the
day, highlight the most significant differences between the
two buildings. The Prototype Apartment achieves OTTV
values below 5 Watt/m? on these facades—Iess than half of
the Standard Apartment’s values of 10.68 Watt/m? and 11.03
Watt/m?, respectively. This reduction underscores the
Prototype Apartment’s enhanced ability to mitigate heat gain
in areas exposed to intense radiation.

Both apartments maintain OTTV values within the
regulatory limits for the North and South facades. The
Prototype Apartment performs better on the North facade,
with an OTTV of 21.15 Watt/m? compared to 22.03 Watt/m?
for the Standard Apartment. However, on the South facade,
the Prototype Apartment records a slightly higher OTTV of
18.00 Watt/m?, compared to 17.54 Watt/m? for the Standard
Apartment. Despite this minor variation, the Prototype
Apartment exhibits significantly lower OTTV values on the
East and West facades, with reductions exceeding 50%,
underscoring the effectiveness of passive design strategies in
minimizing heat gain.

Overall, the Prototype Apartment demonstrates superior
thermal performance by effectively reducing cooling loads,
aligning with SNI 6389:2011 on building energy
conservation. Its optimized OTTV values establish it as a
model for energy-efficient residential design in Indonesia’s
tropical climate. However, further refinement, particularly on
the South facade, could enhance its thermal efficiency.

Standard Apartment M Prototye Apartment

erag 15.32
A s 12.09
o 11.03
Ve — 451
East 10.68
S o 471
. 17.54
SO S 8.0
North 22.03

I 21.15

Fig. 8 OTTV calculation result (Watt/m?).

E. SEFAIRA Daylighting Simulation Result

The SEFAIRA daylighting simulation results, as shown in
Fig. 9 and TABLE , highlight the differences in natural light
distribution between the Prototype Apartment and the
Standard Apartment. The Prototype Apartment demonstrates
better daylighting performance, with 43% of its spaces
receiving natural light levels above 300 lux, compared to only
37% in the Standard Apartment. This improved performance
is attributed to the Prototype’s design features, including
incorporating voids and skylight glass roofs, which enhance
natural light penetration, particularly in corridors.

Despite this advantage, both apartments still face challenges
with underlit spaces. The results indicate that 57% of the
Prototype Apartment and 63% of the Standard Apartment have
areas where natural light falls below 300 lux. These underlit
areas necessitate the use of artificial lighting to meet adequate
illumination requirements, potentially increasing energy
consumption for lighting during daytime hours.
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TABLE VII
SEFAIRA DAYLIGHTING SIMULATION RESULTS FOR PROTOTYPE AND

STANDARD APARTMENT
Prototype Apart.  Standard Apart.
<300 Lux 57% 63%
>300 Lux 43% 37%

Fig. 9 further illustrates the spatial distribution of
daylighting in both buildings, with the Prototype Apartment
showing a more even distribution of well-lit areas (300-800+
lux). In comparison, the Standard Apartment displays a
greater concentration of underlit spaces (<300 lux). The
Prototype Apartment also has a higher percentage of overlit
spaces (23%) than the Standard Apartment (15%), which may
require shading strategies to balance excessive light levels and
reduce glare. The Prototype Apartment’s improved
daylighting performance demonstrates its potential for greater
energy efficiency and enhanced occupant comfort, aligning
sustainability objectives and green building standards.

PROTOTYPE APARTMENT STANDARD APARTMENT

Daylighting

% of floor area (annual)

Daylighting

% of floor area (annual)

I Lit

Well Lit

Overlit:

400 00 800+

Fig. 9 SEFAIRA simulation result for Prototype and Standard Apartments.

Enhancing the quality of natural lighting through passive
design can be achieved by employing reflective daylighting
techniques. Key strategies include the incorporation of light
shelves and the application of reflective colors and materials
on building facade openings [67], [68], [69].

F. Comparative Analysis Result

The simulation results from various applications
conclusively demonstrate that the Prototype Apartment
outperforms the Standard Apartment regarding energy
efficiency and thermal performance. The analysis highlights
significant improvements across multiple metrics, including
OTTV, energy consumption, cooling energy load, and
daylighting performance, which collectively underscore the
Prototype Apartment’s superior design. TABLE provides a
comprehensive summary of the comparative results.

The OTTV calculation reveals that the Prototype
Apartment achieves an average OTTV value of 11.8 Watt/m?,
significantly lower than the Standard Apartment’s 18.1
Watt/m?. Both values comply with the maximum allowable
OTTV limit of 35 Watt/m?, as regulated by the Regulation of
the Minister of Public Works and Public Housing No.
02/PRT/M/2015 on Green Buildings. The Prototype
Apartment’s lower OTTV value highlights its superior ability



to manage thermal loads and reduce heat transfer into the
building, particularly in areas with high solar radiation.
TABLE VIII

SUMMARY OF AVERAGE PERFORMANCE METRICS COMPARISON BETWEEN
THE PROTOTYPE APARTMENT AND THE STANDARD APARTMENT

Simulation method Prototype Apt. Standard Apt.
OTTV Calculation 11.8 watt/m? 18.1 watt/m?
result”

Energy use building 70 97.74

(EDGE Building)*™* kWh/m?/year kWh/m?/year
Energy efficiency 11% 4.85%

caused by passive

design (EDGE)

Energy Use Intensity ~ 81.4 98.8 kWh/ m?%
(OpenStudio) kWh/m?/year year

Cooling energy 66.1 83 kWh/ m% year
(OpenStudio) kWh/m?/year

Note: *) The maximum value according to the Ministerial Regulations
(PUPR) is 35 kWh/m*year. **) UK Green building lower than 75
kWh/m?/year.

Regarding energy use, the Prototype Apartment complies
with energy conservation standards outlined in SNI
6389:2011, which sets an allowable energy consumption
threshold for residential buildings at 240 kWh/m?/year. The
Prototype Apartment consumes only 70 kWh/m?/year, far
below the SNI limit, while the Standard Apartment records a
higher consumption of 97.74 kWh/m?/year. Additionally, the
Prototype Apartment achieves an 11% improvement in
energy efficiency due to its passive design strategies,
compared to only 4.85% for the Standard Apartment.
OpenStudio simulations further validate these findings,
showing that the Prototype Apartment achieves a lower EUI
of 81.4 kWh/m?/year compared to 98.8 kWh/m?/year for the
Standard Apartment. Similarly, the cooling energy load of the
Prototype Apartment is 66.1 kWh/m?year, significantly
lower than the Standard Apartment’s 83 kWh/m?/year,
emphasizing the effectiveness of passive design elements in
minimizing air conditioning demand.

These results affirm that the Prototype Apartment exceeds
the requirements of Indonesian regulations, including SNI
6389:2011 and Regulation of the Minister of Public Works

and Public Housing No. 02/PRT/M/2015 on Green Buildings,
for energy conservation and green building practices. By
integrating optimized OTTV values, reduced cooling loads,
and enhanced natural lighting, the Prototype Apartment
serves as a model for sustainable and energy-efficient
residential construction in Indonesia’s tropical climate.

G. Field Measurement Result (Based on Wind Fin Position)

Field observations were conducted to evaluate indoor
thermal comfort conditions under varying wind fin
configurations and with open apartment unit doors.
Measurements were taken at five designated points during the
hottest times of the day, with wind fins positioned in five
configurations: W1 (completely closed), W2 (opened to 45
cm), W3 (opened to 90 cm), W4 (opened to 135 cm), and W5
(fully open). Thermometers, hygrometers, and anemometers
were used to measure air temperature, humidity, and wind
speed. Outdoor measurements were conducted in areas
directly exposed to sunlight without any shading, while
indoor measurements were carried out in the main living
spaces of four apartment units located on the 2nd and 3rd
floors. Specifically, two measurement points were in the loft
areas (General Loft and Loft Default), and two points were
located in the 2-Bedroom (2BR) areas (General 2BR and 2BR
Default). The measurements were repeated twice under clear
weather conditions to ensure reliability, and the collected data
were used to calculate the Physiological Equivalent
Temperature (PET).

TABLE presents the results of these observations, showing
significant differences in indoor and outdoor temperatures,
ranging from 7°C to 9°C, depending on the wind
configuration and the condition of the open apartment doors.
The average indoor temperature across all configurations was
29.75°C, while the outdoor temperature, measured in direct
sunlight, averaged 37.40°C, resulting in a temperature
difference of 7.65°C. This deviation significantly exceeds the
anticipated threshold of 3°C, indicating the combined
effectiveness of wind fins and open apartment doors in
enhancing airflow and reducing indoor temperatures, even
under extreme outdoor conditions.

TABLE IX
THE RESULTS OF TEMPERATURE MEASUREMENTS FOR VARIOUS WIND-FIN POSITIONS IN (°C)

‘Wind Fin General Loft Loft Default General 2BR 2BR Default Average Indoor Average Outdoor  Deviation of Indoor
Position (West-South) (East-South) (East-North) (West-North) Temperature Temperature and Outdoor

W1 30.50 30.00 29.50 30.00 30.00 39.00 9.00

w2 30.50 30.00 29.50 30.00 30.00 37.00 7.00

w3 30.50 30.00 29.00 29.50 29.75 38.00 8.25

W4 30.00 29.50 29.50 29.00 29.50 38.00 8.50

W5 30.00 29.50 29.50 29.00 29.50 37.00 7.50

Average 30.30 29.80 29.40 29.50 29.75 37.40 7.65

The open apartment doors further amplified the impact of
wind fins by allowing greater cross-ventilation within the
units. This condition improved air circulation, particularly in
the loft and 2-bedroom areas, enabling the wind fins to more
effectively dissipate heat. For instance, in the W5 (fully open)
configuration with apartment doors open, the temperature
difference reached 7.5°C, while in the W1 (wholly closed)
configuration, the difference was highest at 9°C, suggesting
the role of airflow restriction.
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However, it is essential to note that the wind fins and open
doors do not solely influence these temperature reductions but
are the cumulative result of the Prototype Apartment’s holistic
passive design strategies. These strategies include reduced
WWR, effective shading devices, optimized building
orientation, and insulation. Together, these features minimize
solar heat gain, stabilize indoor temperatures, and enhance
ventilation. Shading devices and reduced WWR prevent
excessive solar radiation from entering the building, while
insulation reduces heat transfer through the building



envelope. Combined with wind fins and open doors, these
strategies create a synergistic system that significantly
improves thermal comfort.

The findings demonstrate that the Prototype Apartment
consistently maintains indoor temperatures below the
designated target of 30°C, even during the hottest times of the
day. The combination of open apartment doors and passive
design features provides a robust solution for achieving
thermal comfort in tropical climates. This performance
positions the Prototype Apartment as a benchmark for energy-
efficient residential buildings in Indonesia, emphasizing the
importance of integrated design solutions to minimize
reliance on active cooling systems and enhance sustainability.

IV.CONCLUSION

A comparison of two low-cost apartment buildings in Tegal
City reveals significant performance differences between the
Prototype Apartment, which incorporates passive design
principles, and the Standard Apartment, which does not. Both
buildings meet regulatory performance criteria, but the
Prototype Apartment achieves a 34% lower OTTV, a 4%
improvement in energy efficiency (EDGE), and consumes
17.6% less annual EUI at 81.4 kWh/m?/year compared to 98.8
kWh/m?*/year for the Standard Apartment (OpenStudio).
Cooling energy consumption is also 20% lower in the
Prototype Apartment, highlighting its superior ability to
manage thermal loads.

Additionally, field measurements also indicate that indoor
temperatures in the Prototype Apartment are consistently 7—
9°C lower than outdoor temperatures, staying below the 30°C
comfort target. This is achieved through a combination of
passive strategies, including optimized WWR, shading
devices, insulation, and wind fins. These findings emphasize
the value of passive design in improving energy efficiency
and thermal comfort, offering a scalable model for sustainable
and energy-efficient residential housing in Indonesia’s
tropical climate.

These findings highlight the transformative potential of
incorporating passive design strategies in low-cost vertical
residential buildings. The significant improvements in energy
efficiency, thermal comfort, and overall building performance
demonstrated by the Prototype Apartment underscore the
need to prioritize such strategies in future residential
developments.

Refining these passive design principles can help establish
a robust framework for promoting energy-efficient,
sustainable, and climate-resilient housing in Indonesia,
aligning with national energy conservation goals and global
sustainability initiatives. Future research should explore the
long-term performance of passive design strategies under
varying climatic conditions and seasonal changes to assess
their adaptability and efficiency year-round. Economic
analyses are also recommended to evaluate the cost-
effectiveness of implementing passive designs in low-cost
housing projects, encouraging broader adoption. Integrating
advanced simulation tools and IoT-based monitoring systems
could further enhance real-time data collection on energy
usage and thermal performance, enabling precise
optimization of design strategies. Additionally, studies
focusing on occupant behavior and satisfaction would provide
valuable insights into the practical application and user
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acceptance of passive design in residential buildings, ensuring
its feasibility and success in real-world contexts.
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