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Abstract: The building sector significantly contributes to global energy
use and CO2 emissions, emphasizing the need for sustainable green
building practices. University buildings, as high energy-intensive
facilities, require systematic sustainability assessments. This study
evaluates the sustainability performance of buildings at UNU and UNISA
using the Greenship Existing Building rating system and examines
indoor environmental comfort parameters, including temperature,
humidity, CO2 concentration, and lighting intensity. The methodology
includes document assessments, field observations, and direct
measurements of indoor comfort across multiple rooms and floor. Data
were quantitatively analyzed and spatially visualized using GIS-based
IDW interpolation to illustrate horizontal and vertical comfort distribution.
Results show that UNISA scored 58 points (49.57%) and UNU 56 points
(47.86), both achieving Silver certification. UNISA performed better in
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site development, water conservation, and material cycles, while UNU excelled in energy efficiency, indoor comfort, and environmental
management. The study highlights the need for further sustainability improvements.
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Introduction

The construction industry is one of the biggest users of
energy and producers of carbon emissions in the world.
Buildings are thought to use about 40% of the world's energy and
release more than 30% of the world's carbon dioxide (CO2)
emissions. This big contribution is mostly due to the energy-
intensive needs for getting good indoor environmental quality,
especially for controlling the temperature and using artificial light
[1-3]. This issue highlights the need to reduce energy
consumption while maintaining acceptable levels of indoor
comfort. Cutting down on emissions from the building industry is
also very important for reaching long-term social and economic
development goals [3, 4].

One way to deal with these problems is to use green
construction concepts. This method aims to reduce negative
effects on the environment by making better use of energy and
resources, while also making interior spaces healthier and more
pleasant. But there is still no one worldwide standard since the
definitions and assessment criteria for green buildings are
changed to fit the needs of each country. The World Green
Building Council says that a green building is one that is planned,
built, and managed in a way that minimizes damage to the
environment throughout its entire life cycle while also improving
the climate and environment around it [5, 6].

Past studies show that the idea of a green building focuses
on using eco-friendly materials, sustainable design strategies,
and good building management systems to improve energy and
water efficiency while reducing pollution and waste [7-9]. People
don't usually build green buildings because they cost more up
front, usually 10-15% more than regular buildings. The higher
costs are mostly because they used green technology, chose
building materials that are good for the environment, and made
the design and construction processes more complicated [10,
11].

To make sure that green building assessment methods
work, many have been created. BREEAM was the first
evaluation method to be utilized in the UK in 1990. Green Star
and LEED are also frequently used [12]. The Green Building
Council Indonesia (GBCI) established the Greenship rating
system for Indonesia keeping the needs of the country in mind.
There are several groups, including New Building, Interior
Space, Neighborhood, Homes, and Existing Building [13]. The
evaluation for Greenship Existing Buildings centers on the
administration and upkeep of edifices that have been functional
for at least one year [14].

Bray, Ford [15] say that schools and colleges use about 60%

more energy than businesses do. Ridhosari and Rahman [16]
also found that energy use is responsible for 92.3% of the carbon
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emissions on campus. These results show that making schools
use less energy and following green building rules are important
steps toward making campuses more environmentally friendly.

Numerous research has been done on green buildings in
schools, but most of it is still about new buildings or planning and
policy. There aren't many studies that look at how well existing
educational buildings are doing in terms of sustainability,
especially those that use Greenship Existing Building
assessments along with direct measurements of indoor
environmental comfort parameters and Geographic Information
System (GIS)-based spatial analysis. You can get a thorough
and up-to-date picture of how a building is doing and utilize data
to figure out which components need to be corrected to save
energy if you use both of these strategies together.

This study evaluates the sustainability performance of
buildings at the X and Y campuses using the Greenship Existing
Building (EB) assessment framework. The assessment is
complemented by direct field measurements of indoor
environmental comfort parameters, including air temperature,
relative humidity, carbon dioxide (CO,) concentration, and
lighting intensity.

This study further contributes to green building research by
integrating the Greenship Existing Building assessment with
GIS-based spatial visualization of indoor environmental comfort
conditions. Rather than relying solely on certification scores or
descriptive evaluation, this approach enables a spatial
interpretation of comfort distribution across multiple floors of
existing higher education buildings. Such integration provides
insights into floor-specific performance variability, which is often
overlooked in conventional sustainability assessments of
educational buildings.

All statements presented in this study are supported by cited
literature and empirical data obtained from field measurements,
ensuring that no speculative or unsupported claims are included
in the analysis.

Literature Review

Higher education buildings accommodate diverse activities
and intensive occupancy patterns. These traits make campuses
a place where a lot of energy is used and where the environment
might be harmed in a big way. In the framework of sustainable
development, educational institutions serve a pivotal function,
not just as consumers of physical infrastructure but also as hubs
for cultivating environmentally sensitive behavior and
knowledge. Syidanova, Cagnan [17] assert that campuses may
serve as catalysts for sustainability implementation through
energy management, facility management, and the incorporation
of environmental education. Prior studies have demonstrated
that green buildings in educational settings may enhance energy
efficiency and elevate indoor environmental quality. Khoshbakht,
Gou [18] discovered that green buildings yield more occupant
satisfaction compared to traditional buildings, whereas
Altomonte, Allen [19] validated that air quality, illumination, and
thermal comfort directly affect the efficacy of the learning
process. These results show how important it is to use green
construction concepts in higher education.

Green Building Concept

The idea of green buildings has grown quickly since the
energy crisis of the 1970s, which showed how limited resources
were and how greenhouse gas emissions were rising. Green
buildings have become an essential way to lessen the harm that
growth does to the environment all around the world [20]. The
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World Green Building Council (WorldGBC) claims that there is
no one definition of "green buildings" because the way they are
designed depends on the history, climate, culture, and social
circumstances of each country. The Green Building Council
Indonesia (GBCI) says that green buildings are those that follow
the rules of protection, using fewer resources, and keeping the
health of the people who live in them throughout their life cycle
[21]. Numerous studies affirm that the principal objective of
green buildings is to enhance human well-being and ensure
environmental sustainability [10, 22].

Green Building Assessment Tools

A range of green building rating systems has been
introduced worldwide, including BREEAM in the United
Kingdom, LEED in the United States, Green Star in Australia,
and CASBEE in Japan. These assessment frameworks evaluate
building performance using indicators such as energy efficiency,
indoor environmental quality, water efficiency, material use, and
innovation in design [23]. In Indonesia, the Green Building
Council Indonesia (GBCI) set up Greenship as a mechanism for
assessing green buildings that is used all throughout the country.
Greenship is structured into five assessment schemes, namely
New Building, Existing Building, Interior Space, Neighborhood,
and Homes. The assessment is conducted in two stages: design
recognition and final assessment. Many studies have shown that
Greenship can give a building a quantifiable score for how
sustainable it is. Sangadji, Buyang [24] indicated that the Faculty
of Social and Political Sciences Building at Pattimura University
exhibited commendable outcomes in the Indoor Health and
Comfort category. Concurrently, Maryam, Fanani [25] validated
that the amalgamation of Greenship and Ul GreenMetric
facilitates the advancement of sustainable campuses in
Indonesia.

Greenship Existing Building Tools

Greenship Existing Building (EB) is a green building
certification system developed by the Green Building Council
Indonesia (GBCI) to evaluate the sustainability performance of
buildings that have been in operation for at least one year. Unlike
the assessment of new buildings, Greenship EB focuses on
operational aspects, maintenance, and building management,
so sustainability is determined by the consistency of long-term
building management [13].

Table (1): Greenship Existing Building Assessment Criteria.

Criteria
Category 5 : Percent
rerequl | cregit age
sites
Appropriate Site Development- o
ASD 2 16 13.68%
Energy Efficiency and o
Conservation-EEC 2 36 30.77%
Water Conservation-WAC 1 20 17.09%
Material Resources and Cycle- "
MRC 3 12 10.26%
Indoor Health and Comfort-IHC 1 20 17.09%
Building Environment o
Management-BEM ! 13 11.11%
Total Points 10 117 100%

This research employs the Greenship Existing Building
Version 1.1 framework, comprising six principal evaluation
categories: Appropriate Site Development (ASD), Energy
Efficiency and Conservation (EEC), Water Conservation (WAC),
Material Resources and Cycle (MRC), Indoor Health and
Comfort (IHC), and Building Environmental Management (BEM).
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These categories are supposed to quantify crucial components
of building sustainability, like how land is used, how well energy
and water are used, how well materials are maintained
throughout their life cycles, how well the inside environment is
kept clean, and how well environmental management is done.
Table 1 shows the distribution of assessment criteria and the
weights that go with them for each category.

Each category in the Greenship EB consists of three types
of criteria: prerequisites, credits, and bonus credits. Prerequisite
criteria are mandatory and must be met for a category to be
assessed. Credit criteria award points if technical requirements
are met, while bonus credits are optional and awarded for
performance exceeding established standards [26].

The final Greenship assessment is determined based on the
actual number of points earned across all assessment
categories. This total is then expressed as a percentage of the
maximum points to determine the level of certification
achievement. Based on this percentage, buildings are classified
into four certification levels, as shown in Table 2 [27]. These
levels reflect the building's level of success in implementing
green building principles during the operational and maintenance
phases.

Table (2): Rating Category for Greenship Existing Building.

Predicate Minimum Point Percentage (%)
Platinum 86 73
Gold 67 57
Silver 53 45
Bronze 41 35
Inverse Distance Weighting Spatial

Interpolation

Spatial interpolation is a technique used to estimate
parameter values at locations without direct measurement data.
Among deterministic approaches, Inverse Distance Weighting
(IDW) is widely applied due to its conceptual simplicity and low
computational demand [28]. Previous studies have
demonstrated the effectiveness of IDW in mapping indoor
environmental parameters and air quality distributions [29-32].

In this study, GIS-based spatial analysis focuses on the
visualization and interpretation of vertical distribution patterns of
indoor environmental comfort parameters within buildings. IDW
interpolation was applied as an exploratory method suitable for
building-scale datasets with limited sampling points, with
interpolation boundaries constrained by floor layouts to avoid
extrapolation beyond functional spaces. The resulting maps are
intended to support spatial pattern interpretation rather than
predictive modeling.

Although numerous studies assess the sustainability
performance of higher education buildings or analyze indoor
environmental comfort, the integration of Greenship Existing
Building assessments and GlIS-based spatial visualization
remains limited. This study addresses this gap by combining
Greenship EB evaluation with IDW-based spatial mapping to
provide a more comprehensive assessment of environmental
performance in existing higher education buildings.

Methods

Research Location

This research was conducted at two higher education
institutions in Yogyakarta: University Aisyiyah Yogyakarta
(UNISA), located in the Gamping West Ringroad area, and
University Nahdlatul Ulama (UNU) Yogyakarta, located in the
Umbulharjo area. Both campuses were selected because they
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represent multi-story educational buildings with high levels of
academic activity and differing building design characteristics
and environmental management systems. The locations of the
campus buildings analyzed are shown in Figures 1 and 2.

The research object at University Aisyiyah Yogyakarta was
the Siti Moendijah Building, a nine-story building with a total floor
area of 10,611 m? that serves as a library, administration center,
and high-activity lecture hall. The main campus building at
University Nahdlatul Ulama Yogyakarta is where the research
took place. It has nine floors and a floor area of 16,769 m2. It has
a lot of academic and administrative functions. Because of
permit requirements, data collection was only allowed on the
sixth floor. But it was still a good representation because it
included the area where most of the academic work was being
done.

Figure (2): University Aisyiyah Yogyakarta.
Research Instruments

The research instruments included a carbon dioxide detector
equipped with temperature and humidity sensors, and a digital
lux meter to measure lighting intensity. Both instruments were
chosen because they offer sufficient accuracy to obtain the
guantitative data needed for spatial comfort analysis and
environmental parameter distribution mapping.

The carbon dioxide detector used in this study, as shown in
Figure 3, measures indoor carbon dioxide (CO2) concentrations
with a measurement range of 400-5000 ppm and an accuracy
of £50 ppm. This instrument is also equipped with temperature
and humidity sensors, each with an accuracy of +0.5°C and +3%
RH, respectively. The integration of these three parameters in a
single device allows for simultaneous measurements at the
same point, thereby increasing the consistency and validity of
the measurement data. Indoor CO2 concentrations were
evaluated at a safe limit of less than 1,000 ppm.
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Figure (3): Carbon Dioxide Detector.

The digital lux meter used in this study is shown in Figure 4
and measures the lighting intensity in each room and floor of the
building under study. This instrument has a measurement range
of 0-200,000 lux with an accuracy of approximately +3%.
Measurement results were compared with visual comfort
standards based on SNI 03-6197-2000, which requires lighting
levels of approximately 250 lux for classrooms and 500 lux for
laboratories. The selection of SNI 03-6197-2000 is consistent
with the technical standards referenced within the Greenship
Existing Building framework adopted by the Green Building
Council Indonesia. As this study evaluates building performance
within the national green building certification context, the use of
Indonesian standards ensures regulatory relevance and
methodological consistency for assessing visual comfort in
educational buildings.

Figure (4): Digital Lux Meter.
Research Stages

This study employed primary and secondary data. Primary
data were obtained through measurements of temperature,
humidity, CO, concentration, and lighting levels on each floor at
three time periods (08:00, 12:00, and 16:00) over five working
days, complemented by building condition observations,
management interviews, and completion of the Greenship
Existing Building assessment. Secondary data included building
drawings, operational records, energy and water consumption
data, and maintenance documents. Data collection was
conducted through field measurements, observations,
interviews, and document review to support assessment
verification.
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The research was conducted through literature review,
measurement preparation, field data collection, spatial analysis,
and assessment of the Greenship Existing Building. Data
analysis used two approaches: a quantitative Greenship
assessment based on technical criteria and supporting
documentation, and a GlS-based spatial analysis using the
Inverse Distance Weighting (IDW) method. IDW interpolation is
used to map the distribution of temperature, humidity, CO2
concentration, and light intensity, so that distribution patterns
and areas with potential for non-conformity in space comfort can
be identified, which then becomes the basis for compiling
recommendations for improving building performance.

Spatial Sampling Strategy and Data Preparation

Indoor environmental measurements were conducted in
representative functional rooms on each accessible floor of both
campus buildings. The number of measured rooms per floor
varied depending on room availability during the measurement
period. Room selection followed a convenience-based sampling
approach constrained by access permission and ongoing
academic activities, potentially limiting full spatial coverage
across all floors. Despite this limitation, the selected rooms
represent typical campus functions, including classrooms,
administrative offices, libraries, and laboratories, thereby
ensuring functional representativeness across floors.

For spatial analysis purposes, measurement values
obtained from repeated daily observations were first aggregated
at the room level using arithmetic mean values, which served as
the input dataset for interpolation. Spatial visualization of indoor
environmental comfort parameters was performed using the
Inverse Distance Weighting (IDW) method within a Geographic
Information System (GIS) environment. IDW interpolation was
applied using standard default settings commonly adopted in
building-scale indoor environmental mapping, where closer
observation points exert greater influence on estimated values.

Interpolation boundaries were strictly constrained by
individual floor layouts to prevent extrapolation beyond functional
spaces. The resulting IDW maps are intended to support
qualitative interpretation of spatial distribution patterns across
floors rather than predictive modeling or exact numerical
replication.

Results and Discussion

Appropriate Site Development

The Appropriate Site Development category evaluates land
sustainability, accessibility, and the integration of buildings with
their surrounding environment. The assessment results show
that, from a maximum of 16 points, UNISA obtained 12 points
(10.26%), while UNU achieved 10 points (8.55%), indicating
differences in the implementation of site sustainability strategies
on the two campuses. Both campuses benefit from access to
public transportation, with bus stops located approximately 79.4
m from UNISA and 30 m from UNU, supporting sustainable
mobility. Distances to public transportation facilities were
calculated using direct (Euclidean) distance measurements,
which are appropriate for campus-scale analysis and compliance
verification under Greenship Existing Building criteria.
Considering the limited spatial extent of university campuses,
this approach adequately represents accessibility conditions
without significantly influencing the overall ASD assessment
results.

However, variations are evident in the provision of non-
motorized transportation facilities, where UNISA is supported by
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dedicated bicycle parking, while UNU lacks comparable
supporting infrastructure. These differences reflect variations in
land-use and transportation management approaches and
highlight the role of non-motorized facility provision in
strengthening campus sustainability in accordance with
standards set by the Green Building Council Indonesia.

Energy Efficiency and Conservation

The Energy Efficiency and Conservation (EEC) category
evaluates energy reduction efforts while maintaining indoor
comfort. The assessment results revealed limited energy
efficiency performance on both campuses, with UNISA obtaining
10 points (8.55%) and UNU 11 points (9.40%) out of a possible
36. This limited achievement was primarily due to the lack of
documented Energy Consumption Intensity data, which hinders
a comprehensive and objective evaluation of the buildings'
energy performance. Without accurate data on energy use, it is
impossible to effectively target efforts to make green buildings
more efficient and improve operational strategies. So, accurate
analysis of how much electricity is used is very important for
data-driven energy management and for making energy-saving
measures work better [33]. Even though using renewable energy
is still limited, putting up solar panels at UNU is a first step toward
using cleaner energy sources.

Water Conservation

The Water Conservation assessment demonstrates that
water management practices at both campuses have not yet
reached optimal performance when measured against the
maximum weighting of 20 points. UNISA attained 8 points
(6.84%), while UNU recorded 6 points (5.13%), indicating
variations in the implementation of water conservation
measures. Although both campuses satisfy the requirements for
water monitoring, control, and water quality, the lack of water
sub-metering systems and limited availability of consumption
data restrict efforts to enhance clean water efficiency. UNU has
implemented the use of recycled water for toilet flushing and
landscape irrigation, whereas UNISA prioritizes the provision of
potable water and the reduction of groundwater extraction.
Overall, these results underscore the necessity for integrated
water monitoring systems and the reinforcement of water
conservation policies in alignment with Green Building Council
Indonesia standards.

Material Resources and Cycle

The Material Resources and Cycle MRC category assesses
efforts to reduce environmental impact through sustainable
material management throughout the building's life cycle. Based
on the research results, the University Aisyiyah Yogyakarta
(UNISA) Campus obtained 9 points and University Nahdlatul
Ulama (UNU) obtained 8 points, indicating that both campuses
have implemented material management practices, although not
evenly across all criteria and are still at a moderate performance
level.

The Waste Management Practice criterion scored the
highest on both campuses, indicating that waste sorting and
management systems have been adequately implemented
through facilities at the source and supported by external
collaborations, in line with the findings of [34]. Conversely, the
Material Purchasing Practice criterion did not receive any points,
indicating that a sustainable material procurement policy has not
yet been implemented, as also noted by [35]. Therefore,
strengthening green procurement strategies is key to sustainably
improving MRC performance.
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Indoor Health and Comfort

The Indoor Health and Comfort (IHC) category assesses
indoor environmental conditions such as thermal comfort, indoor
air quality, lighting performance, and acoustic quality, all of which
play a significant role in supporting occupants’ health, comfort,
and productivity [13]. This category consists of one mandatory
prerequisite, namely the No Smoking Campaign, along with eight
evaluation criteria that together carry a maximum score of 20
points. The assessment results indicate that IHC achievement at
both campuses is still relatively low, especially in the Thermal
Comfort, Outdoor Air Introduction, and Acoustic Level criteria,
reflecting limited compliance with overall environmental comfort
standards.

The Thermal Comfort criterion did not receive any points
because the measured temperature and humidity values did not
meet the requirements of SNI 6390:2011, indicating indoor
conditions outside the recommended comfort range. Meanwhile,
the Outdoor Air Introduction and Acoustic Level criteria scored
zero due to the absence of quantitative measurements, which
was primarily caused by equipment limitations and restricted
access to mechanical ventilation systems. In accordance with
the Greenship Existing Building guidelines, these zero scores
represent a conservative assessment and do not necessarily
indicate inadequate indoor environmental performance or the
absence of such systems in the assessed buildings.

These findings indicate that IHC performance is influenced
not only by building design and operation but also by the limited
availability of quantitative environmental monitoring. Previous
research on sustainable buildings stresses the importance of
objectively and through simulation evaluating indoor air quality
to make sure that indoor environments are healthy, especially
when the choice of materials and the performance of ventilation
affect pollutant exposure [36].

Building Environment Management

The Building Environment Management (BEM) category
evaluates the sustainability of building management and
maintenance during the operational phase, including policies,
training, and innovation (GBCI, 2019). The assessment results
show that UNISA obtained 11 out of 13 points (9.40%) and UNU
12 points (10.26%), indicating relatively good implementation of
green building management at both campuses.

Most of the assessed criteria, namely Design Intent and
Owner's Project Requirement, Green Operational and
Maintenance Team, Green Occupancy/Lease, and Operation
and Maintenance Training, achieved full scores at both
campuses, indicating that operational and maintenance
management systems are well established. In contrast, the
Innovation criterion showed comparatively lower results, with
UNISA obtaining 3 out of 5 points and UNU 4 out of 5 points,
suggesting existing constraints in the adoption of technological
innovations and more advanced operational efficiency
strategies. This finding aligns with Purumal, Ali [37] who stated
that the implementation of innovation in green building
management still faces technical and technological challenges.
Therefore, strengthening the innovation aspect is the key to
improving building operational performance optimally and
sustainably.

Assessment Result of Greenship Existing
Building

The overall results of the Greenship Existing Building
assessment across the six main criteria are summarized in Table
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3. The UNISA campus achieved a total score of 58 points
(49.57%), while the UNU campus obtained 56 points (47.86%).
According to the certification thresholds established by the
Green Building Council Indonesia (GBCI), both campuses fall
within the Silver certification level (253 points or 245%). In terms
of category performance, UNISA recorded higher scores in
Appropriate Site Development (ASD), Water Conservation
(WAC), and Material Resources and Cycle (MRC). Conversely,
UNU demonstrated stronger performance in Energy Efficiency
and Conservation (EEC), Indoor Health and Comfort (IHC), and
Building Environment Management (BEM). In general, these
results show that the basic concepts of green building have been
used to some extent on both campuses. Energy efficiency,
indoor air quality, and building management practices still have
along way to go before they can reach higher certification levels,
like Gold (=67 points) or Platinum (=86 points). The Greenship
Existing Building evaluation not only tells us how sustainable the
campus buildings are right now, but it also helps us decide which
steps to take first to make them more sustainable in the future.

When compared with previous studies on Greenship-
certified educational buildings and international campus
sustainability assessments, the Silver-level achievement
observed in both campuses aligns with typical performance
patterns reported in higher education buildings in tropical
climates. Studies conducted on Indonesian and Southeast Asian
campuses similarly report moderate performance in water
conservation and energy efficiency due to operational
constraints and limited monitoring systems. The stronger
performance of Campus Y in water conservation may be
attributed to differences in fixture efficiency, maintenance
practices, and facility management policies, while Campus X
demonstrates comparatively better performance in energy
efficiency and indoor comfort, likely influenced by building
orientation and ventilation design. These findings suggest that
institutional management strategies and infrastructure
investment play a critical role in shaping sustainability outcomes
beyond architectural design alone.

Table (3): Greenship Existing Building Tools Assessment Results.

UNISA UNU
No Category Point Percenta Point Percenta
s ge S ge

Appropriate
Site

1 12 10.26% 10 8.55%
Development
-ASD
Energy
Efficiency
2 and 10 8.55% 11 9.40%
Conservation
-EEC
Water

3 Conservation 8 6.84% 6 5.13%
-WAC
Material
Resources
and Cycle-
MRC
Indoor Health
5 and Comfort- | 8 6.84% 9 7.69%
IHC
Building
6 ,\EA”""O”me”t 11 9.40% 12 10.26%
anagement
-BEM
Total Points 58 49.57% 56 47.86%

Carbon Dioxide Monitoring

Carbon dioxide (CO2) concentration monitoring was
conducted on each floor of the building at three time periods

9 7.69% 8 6.84%
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(morning, noon, and evening) to capture variations in indoor air
quality due to changes in activity. In the UNISA SM building, CO2
concentrations ranged from 411.3 to 822.5 ppm, as seen in
Figure 5, with the highest values on the middle floors, which are
dominated by high-intensity classrooms. This pattern indicates
the influence of occupant density and limited fresh air exchange
on CO2 accumulation, consistent with the findings of [38]. Even
though all values stayed below the 1000 ppm limit set by SNI 19-
0232-2005, the fact that the middle floors had higher
concentrations shows that ventilation systems need to be
improved to keep the air quality stable. Furthermore, elevated
CO2 levels in educational environments are known to potentially
reduce cognitive function and decision-making quality [39].

In contrast, UNU buildings exhibit low and stable CO2
concentrations, ranging from 400-434.1 ppm on all floors, with
relatively little vertical variation. This reflects effective ventilation
and air circulation performance in maintaining fresh air supply,
supported by optimal building design and natural opening layout
[40, 41]. With all values well below the standard threshold, indoor
air quality in UNU buildings can be categorized as very good and
supports academic comfort and productivity.

Thermal Comfort

Thermal comfort is an important part of indoor environmental
quality because it affects both the health of the people who live
there and the amount of energy used in buildings. Previous
studies have shown that architectural elements, including
building form, ventilation strategies, spatial configuration, and
envelope design, play a significant role in shaping indoor thermal
conditions and comfort performance in buildings [42]. In this
study, the level of thermal comfort was measured using air
temperature and relative humidity indicators, as required by SNI
6390:2011, which deals with how to make building air-
conditioning systems more energy efficient. The measurement
results, shown in Figure 6, show that the average temperature in
the UNISA SM Building was in the range of 27.2-28.5°C, while
in the UNU Building it ranged between 28.2-28.6°C. Vertical
temperature variation in the UNU building was relatively smaller
than in UNISA.

Based on the thermal comfort criteria for tropical climates
stipulated in SNI 6390:2011 (24-27°C), indoor air temperatures
across all floors of both buildings exceeded the upper comfort
boundary. This situation indicates a consistently warm indoor
environment, which may lead to decreased thermal comfort and
reduced occupant concentration. These findings align with
studies that suggest high classroom temperatures can reduce
students' cognitive performance and learning effectiveness [43,
44]. Furthermore, the pattern of vertical temperature increase is
consistent with the findings of Dahlblom and Jensen [45], who
explained the accumulation of heat between floors due to heat
transfer through floor slabs, the building envelope, and limited air
circulation. Building design factors, solar radiation exposure, and
the humid tropical climate further exacerbate the difficulty of
achieving ideal thermal conditions in multi-story educational
buildings [46].
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Figure (6): Recapitulation of Temperature.

Furthermore, humidity is also an important parameter in
thermal comfort because it affects health and indoor air quality.
Measurement results, shown in Figure 7, at the UNISA SM
Building, show relative humidity values ranging from 53.4%—
69%, with the highest value on the first floor and the lowest on
the third floor. According to SNI 6390:2011, the ideal humidity
range is 55%—65%, so the first floor exceeds the upper limit, and
the third floor falls below the lower limit. The high humidity on the
lower floors is thought to be influenced by the migration of water
vapor from the ground through the building structure, as
explained by [47].

Meanwhile, relative humidity in the UNU Building ranged
from 63.6%—70.8%, with the third and sixth floors exceeding the
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upper limit. This pattern of increasing humidity on the upper
floors aligns with the findings of Francisco and Rose [48], who
stated that the vertical distribution of water vapor is influenced by
thermal buoyancy due to differences in air temperature. In
general, most humidity values in both buildings remained within
the standard range, although some floors deviated. This is a
concern because high humidity can increase the risk of microbial
growth Seppénen [49], while low humidity can potentially cause
respiratory problems and irritation in occupants [50].

Humidity UNISA
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Figure (7): Recapitulation of Humidity.
Visual Comfort

Visual comfort evaluations of the UNU and UNISA campus
buildings were conducted to assess the suitability of room
lighting levels to the SNI 6197:2000 standard for lighting systems
for buildings and work environments. The measurement results,
shown in Figure 8, of the UNISA SM Building, show significant
variations in light intensity between floors, with the highest value
on the 9th floor (521.4 lux) and the lowest on the 7th floor (133.3
lux). Based on the minimum standard of 250 lux for study
spaces, only floors 1, 3, 4, and 9 meet the criteria, while the other
floors fall below the visual comfort threshold.
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Figure (8): Recapitulation of Light Intensity.
In the UNU Building, light intensity is relatively stable but not
evenly distributed vertically. The highest value was recorded on
the 5th floor (277.8 lux), while the lowest was on the 3rd floor
(143 lux). Referring to SNI 6197:2000, only floors 1, 2, and 5
meet the minimum lighting standard, while floors 3, 4, and 6 still
do not. This uneven lighting distribution is influenced by building
orientation, the position and dimensions of openings, the type of
glazing, and the surrounding environmental conditions [51-53].
Lighting intensity below 250 lux in classrooms has the potential
to reduce visual comfort and the quality of the learning process
[54].
Vertical Analysis of the UNU Campus

This study analyzes the vertical distribution of four indoor
environmental parameters; air temperature, relative humidity,
CO2 concentration, and light intensity, within the UNU campus
building. The interpolation results presented in Figure 9
demonstrate clear variations across floors, indicating vertical
microclimatic differences influenced by floor elevation, space
function, building orientation, and occupant activity.

As you go up the floor, the air gets warmer, with the warmest
air on the upper levels. This means that the temperature
changes with height and that the area gets more sunlight. This
pattern is consistent with the results of Song, Yoon [55], who
found that upper floors were warmer because air moves up and
heat builds up. The measured temperatures are higher than the
recommended range for thermal comfort, which is 24-27 °C.
This shows that SNI 6390:2011 requires floor-specific thermal
control strategies.

Relative humidity reaches its highest levels on floors with
intensive water-related activities and high occupancy, confirming
the dominant role of internal moisture sources and limited
ventilation [56]. In addition, an inverse relationship between
temperature and humidity is observed, where increased
temperature corresponds to reduced relative humidity [57].

The middle floors have the highest levels of CO2, over 430
ppm, which is due to classrooms that are full of students and
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activities that last a long time. Even though these numbers are
still below the widely accepted limit of 1000 ppm Allen,
MacNaughton [58], the observed buildup shows that the air is not
evenly distributed vertically and that there is not enough
ventilation, which is in line with [59].

Light intensity varies significantly vertically, with diminished
illuminance on the middle floors attributable to room orientation,
shading from structural components, and decreased daylight
penetration. This result backs up earlier research that showed
how the layout of a space and the direction of a building can
affect how well it gets natural light [60, 61]. These spatial patterns
indicate that building design characteristics, space function, and
operational practices jointly influence indoor environmental
conditions across floors.

Vertical Analysis of the UNISA Campus

Figure 10 shows that the vertical analysis of the nine-story
UNISA campus building shows big differences in indoor
environmental conditions on different floors. This shows how the
building's layout, ventilation strategy, and occupancy patterns all
work together. These differences tell us a lot about how well the
interior environmental quality works in a school building with
more than one floor.

The temperature profile is not a straight line; it is higher on
the top and bottom floors and lower on the middle floors. This
pattern suggests that the building has complicated thermal
stratification because it gets heat from inside, doesn't move air
up and down very well, and gets different amounts of solar
radiation and roof heat transfer. Wang, Zhang [62] found similar
vertical temperature gradients in multi-story buildings where the
flow of air and the loads inside the building are very different from
floor to floor.

Relative humidity usually goes down as temperature goes
up, so floors with higher temperatures tend to have lower
humidity levels. This behavior shows that warmer air can hold
more moisture when there isn't much moisture coming in.
However, several floors show high temperature and humidity at
the same time, which is likely due to a high number of people
living there and not enough ventilation, which can make moisture
build up more quickly in occupied spaces [63, 64].

This distribution shows that natural ventilation works less
well at higher elevations, especially in classrooms with single-
sided openings that are used a lot. Long-term occupancy without
breaks for ventilation makes the buildup of CO2 even worse,
which is in line with research that shows that high-density
educational spaces with limited air exchange often go above the
recommended CO2 levels [65, 66]. High levels of CO2 (over
1000 ppm) are known to make people less alert and less able to
think clearly. This shows that upper-floor classrooms need better
ways to get fresh air [67].

Light intensity distribution is primarily influenced by fagade
transparency, opening orientation, and room function. Floors
with extensive glazing, such as the library level, exhibit higher
and more uniform daylight availability due to greater visible
transmittance and deeper light penetration. In contrast,
classrooms and corridors with single-sided openings show
uneven illumination, with light levels decreasing sharply toward
interior zones. Additionally, spaces oriented toward east and
west facades demonstrate greater variability in light intensity due
to direct solar exposure at different times of day, whereas north—
south orientations provide more stable daylight conditions [68-
70].
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The fact that the temperature, humidity, CO2 levels, and light
intensity were different on each floor at UNISA shows that the
quality of the interior environment is not the same on all floors.
These results show how important it is to control the environment

on each level separately and to use better ways to let in light and

air,

especially on the upper floors, to make the whole building

work better.
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Figure (10): Vertical Distribution in the UNISA Campus Building.
Conclusion

Based on the research results, the following conclusions
were obtained:

1. The Greenship Existing Building assessment shows that the
UNISA Campus received 58 points (49.57%) and the UNU
Campus obtained 56 points (47.86%). Both campuses met
the Silver designation according to the Green Building
Council Indonesia (GBCI) standards, which indicates that
the implementation of green building principles has been
running at a medium level and meets most of the
sustainability indicators.

2. Comparison of performance between categories shows
different superior characteristics on each campus. The
UNISA Campus excels in the Appropriate Site Development
(ASD), Water Conservation (WAC), and Material Resources
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and Cycle (MRC) categories, while the UNU Campus shows
better performance in the Energy Efficiency and
Conservation (EEC), Indoor Health and Comfort (IHC), and
Building Environmental Management (BEM) categories.

Analysis of the vertical distribution of indoor environmental
parameters shows variations in conditions between floors on
both campuses. The UNU campus tends to experience an
increase in temperature and CO2 concentrations on the
upper floors due to heat accumulation and lecture activities,
while the UNISA campus shows a more fluctuating pattern
due to variations in space function. Humidity and light
intensity also show differences in vertical characteristics,
which confirms that indoor environmental control is not
evenly distributed and still requires improved sustainability
strategies to achieve Gold or Platinum designation.
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4. This study has several limitations that should be
acknowledged. The assessment of Indoor Health and
Comfort was limited to measurable parameters such as
thermal conditions, indoor air quality, and lighting, while
acoustic performance and mechanical outdoor air
introduction could not be quantitatively evaluated due to
access and equipment constraints, potentially leading to
conservative estimates in certain assessment categories.
Furthermore, the spatial analysis was conducted at the
building scale using IDW interpolation, primarily for spatial
pattern visualization rather than predictive modeling. Despite
these limitations, this study contributes methodologically by
integrating the Greenship Existing Building assessment with
GIS-based spatial visualization of indoor environmental
comfort parameters in existing higher education buildings.
Future research may incorporate real-time environmental
monitoring, occupant perception surveys, and advanced
analytical techniques to enhance the comprehensiveness of
campus sustainability evaluations.
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