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Abstract

Campus buildings in tropical regions are highly vulnerable to elevated
surface temperatures due to intense solar radiation and the limited
performance of existing thermal insulation systems. These conditions
reduce indoor thermal comfort and increase cooling energy demand,
particularly in spaces used for academic and administrative activities. The
Henricus Constant Campus, as the selected case study, shows indications
of uneven heat distribution within several key rooms. This study aims to
identify heat spots and thermal insulation weaknesses in the tropical
campus building using the FLIR One infrared thermography device. The
method involved capturing thermal and visual images in three primary
rooms: Lecture Room A.5.1, the Administration Office, and the Faculty
Office. Measurements were conducted during midday, when heat
intensity typically reaches its peak. Each thermal image was analyzed to
observe temperature distribution patterns, detect thermal anomalies,
and locate areas potentially experiencing insulation failure, particularly
along wall-roof junctions, ceilings, and window openings. The results
indicate that Lecture Room A.5.1 exhibits the highest concentration of
heat spots, especially on the ceiling and around window areas exposed to
direct sunlight. The Administration Office shows several anomalies along
wall joints, while the Faculty Office demonstrates a relatively stable
temperature distribution. These findings highlight the need for improved
thermal insulation to enhance indoor comfort and energy efficiency in the
campus building.
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Introduction

Buildings in tropical regions are inherently challenged in achieving a
balance between thermal comfort and energy efficiency. In countries such
as Indonesia, persistently high ambient temperatures and intense solar
radiation throughout the year significantly increase cooling demands,
particularly in campus buildings, lecture halls, and student activity
facilities. In response to growing global concerns regarding sustainability
and energy consumption, it becomes imperative to rigorously evaluate the
performance of the building envelope including walls, roofs, glazing
systems, and ventilation and to identify localized zones of excessive heat
transfer (heat spots) that may signal critical deficiencies in thermal
insulation.

Recent studies, such as Assessment of Thermal Comfort and Its Potential
for Energy Efficiency in Low-Income Tropical Buildings: A Review (2025),
indicate that cooling demand is a dominant contributor to both energy
consumption and CO, emissions in tropical buildings. These works further
underline the critical influence of parameters such as air circulation,
thermal mass, and envelope material properties on thermal comfort and
overall energy performance. In parallel, Thermal Performance and
Properties Analysis of a Building Envelope Integrated with Phase Change
Material for Energy Conservation in a Tropical Climate Region (2024)
demonstrates that incorporating phase change materials (PCM) into wall
assemblies can significantly mitigate heat transfer and reduce cooling
loads. Taken together, this body of research reinforces the pivotal role of
material selection and envelope design in optimizing thermal performance
in tropical contexts.

However, most existing studies predominantly rely on numerical
simulations such as EnergyPlus, TRNSYS, or Overall Thermal Transfer Value
(OTTV) analysis to assess thermal performance. In contrast, the use of
thermographic techniques, particularly infrared imaging, for the direct
detection of heat spots and insulation weaknesses in tropical campus
buildings remains underexplored in both local and global literature. This
gap is significant, as thermographic approaches offer distinct practical
advantages: they enable real-time, in-situ assessment, provide high-
resolution spatial visualization of heat distribution, and allow for precise
identification of building envelope components requiring targeted retrofit
interventions.

A relevant contribution is presented in A New Method of Pixel-Level In-Situ
U-Value Measurement for Building Envelopes Based on Infrared
Thermography (2024), which proposes an infrared thermography-based
method for spatially resolving wall U-values at the pixel level, as opposed
to conventional point-based measurements. The study demonstrates that
this approach enables the generation of two-dimensional U-value maps,
offering a more accurate and representative assessment of actual
insulation performance compared to traditional infrared thermography
(IRT) methods. This advancement is particularly pertinent to the present
research, as heat spots identified on building envelopes can be interpreted
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as localized zones of elevated U-values, reflecting intensified heat transfer
and underlying insulation weaknesses.

Furthermore, within the context of tropical campus environments,
Thermal Performance of Lecture Building Envelopes in Bandar Lampung
(Itera) (2024) underscores the critical influence of glazing and ventilation
systems on thermal performance. Although glazing enhances natural
daylighting, it simultaneously increases solar heat gain, thereby
intensifying reliance on mechanical cooling systems and elevating energy
consumption. Similarly, Evaluation of Building Envelope Performance of
Shophouses as an Energy-Saving Measure (Case Study: Coffee Shop in
Lamgugop, Banda Aceh City) (2023) demonstrates that Overall Thermal
Transfer Value (OTTV) in tropical commercial buildings often exceeds
established standards, reflecting suboptimal thermal efficiency. These
findings collectively point to persistent deficiencies in envelope design
strategies within tropical contexts.

Addressing the identified research gap particularly the limited application
of field-based infrared thermography using portable devices such as FLIR
One for detecting heat spots and insulation deficiencies in tropical campus
buildings this study aims to: (1) systematically identify heat spots and
thermal insulation weaknesses within the building envelope of a tropical
campus building using a portable infrared camera, and (2) assess the
extent to which these deficiencies influence indoor thermal comfort and
cooling energy demand. By adopting an empirical, in-situ thermographic
approach, this study contributes to bridging the gap between simulation-
based analyses and real-world thermal performance evaluation in tropical
building contexts.

This study employs a mixed-method approach integrating quantitative and
qualitative analyses, including the acquisition of thermal images from both
exterior and interior surfaces of the building envelope using a portable
infrared device (e.g., FLIR One), spatial analysis of heat spot distribution,
and the estimation of U-values or heat loss derived from temperature
gradients. Where applicable, environmental parameters such as indoor
and outdoor air temperature, relative humidity, building orientation, and
envelope material characteristics are also incorporated to enhance the
robustness of the analysis. The methodological framework is grounded in
recent developments in thermographic assessment and thermal
performance evaluation, particularly the pixel-level infrared thermography
(IRT) approach proposed by Wang, Hou, and Soibelman (2024).

The hypothesis of this study posits that tropical campus buildings contain
specific zones within the building envelope characterized by inadequate
thermal insulation, which can be identified as “heat spots” through
infrared thermography. These zones are expected to significantly
contribute to indoor thermal discomfort and elevated cooling energy
demand. Accordingly, this study addresses the following research
questions: (1) Where are the spatial distributions of heat spots within the
building envelope? (2) Which envelope materials or components are most
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prone to insulation deficiencies? (3) To what extent can cooling loads be
reduced through targeted insulation improvements or retrofit strategies in
the identified areas?

The significance of this study lies in its provision of empirical, in-situ
evidence on the thermal performance of tropical campus buildings,
thereby advancing beyond predominantly simulation-based analyses. Such
data are critical for informing evidence-based retrofit planning, optimizing
the selection of building envelope materials, and enhancing energy
efficiency strategies in educational environments. Moreover, the use of a
portable thermographic device such as FLIR One offers a cost-effective and
scalable solution, facilitating its widespread adoption across campuses in
Indonesia and other tropical regions. This approach not only enables the
development of comprehensive thermal mapping and energy auditing
practices but also supports the formulation of more sustainable and data-
driven building improvement policies.

This study contributes to the state of the art in tropical building research
by bridging advanced thermographic methodologies with the
underexplored context of tropical campus buildings in developing
countries. By addressing this gap, it provides novel empirical insights that
are currently limited in the international literature.

From a novelty perspective, existing studies have largely relied on
simulation-based approaches such as PCM integration, ventilation
modeling, or insulation optimization or on aggregated metrics such as
Overall Thermal Transfer Value (OTTV), without capturing the actual
spatial distribution of heat through real-time thermographic observation.
By integrating portable thermographic techniques with pixel-level (or
surface-level) spatial analysis in tropical campus buildings, this study
constitutes one of the first empirical investigations in Indonesia and
potentially beyond to systematically map heat spots and formulate
targeted insulation strategies based on both visual evidence and
guantitative thermal data.

Overall, this study integrates key dimensions of thermal comfort, energy
efficiency, diagnostic technologies (thermography), tropical architectural
design, and sustainability. By synthesizing these aspects, the study aligns
with contemporary advancements in green building paradigms and
responds to the growing global imperative for energy-efficient and
environmentally responsible building practices.

Therefore, this study is expected to contribute significantly to both
academic and practical domains. Academically, it advances the empirical
body of knowledge on thermographic assessment of tropical campus
buildings. Practically, it offers evidence-based recommendations for
energy auditors, architects, campus facility managers, and policymakers,
particularly within tropical contexts such as Indonesia, where improving
building energy performance remains a critical challenge.

52



Identification of Heat Spots and Thermal Insulation Deficiencies in Tropical Campus Buildings Using FLIR One

Methods

The research methodology is designed to ensure accurate and
representative thermal identification of a tropical campus building, with a
strong emphasis on the use of current data, the selection of relevant and
representative samples, and the implementation of rigorous and reliable
analytical procedures. All research stages are systematically structured to
ensure that thermal measurement, data processing, and interpretation are
conducted in a consistent and methodologically robust manner, enabling
a comprehensive representation of the building’s actual thermal
performance.

The dataset employed in this study is both current and empirically derived,
as all measurements were conducted in situ under the existing conditions
of the Henricus Constant tropical campus building, while accounting for
diurnal climatic variations characteristic of tropical environments. Data
acquisition was performed at multiple time intervals morning, midday, and
afternoon to capture significant thermal fluctuations and provide a
comprehensive representation of heat distribution patterns. This temporal
sampling strategy ensures that the dataset is not fragmentary, but instead
accurately reflects the dynamic thermal behavior of the building across its
full daily operational cycle.

The selection of sample spaces and building elements was guided by
criteria of structural and functional relevance. The sampled spaces
represent high-intensity academic activities, including lecture rooms,
administrative offices, and faculty offices. Each space was selected based
on its distinct architectural characteristics, including differences in
orientation, material composition, opening configurations, and levels of
solar exposure. This sampling strategy ensures that the findings capture
not only a single building condition but also reflect the variability inherent
in tropical campus building typologies. Furthermore, key building envelope
components such as walls, ceilings, windows, and structural joints were
specifically targeted for analysis, as these elements are commonly
identified as critical pathways for heat transfer and are particularly
susceptible to insulation deficiencies.

Thermal measurements were performed using a calibrated FLIR One
infrared camera with adequate resolution to capture fine-grained surface
temperature variations. During data acquisition, the camera-to-object
distance was carefully controlled within an optimal range to prevent
distortion in both visual and thermal outputs. Concurrently, environmental
parameters including ambient air temperature, relative humidity, and light
intensity were recorded to ensure the reliability of thermographic
interpretation and to minimize potential bias arising from environmental
variability. Emissivity values were systematically adjusted based on the
material properties of each building component, thereby enhancing the
accuracy and consistency of surface temperature measurements.
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Each thermal scan was processed using specialized thermal imaging
software capable of quantitatively representing temperature distributions
through annotated thermal maps. The analytical procedure involved
systematic comparisons of temperature differentials across multiple
points on the same surface, as well as among different building elements
within a given space. This approach facilitates the identification of thermal
anomalies, including heat spots associated with excessive heat gain and
cold spots indicative of potential moisture accumulation or air infiltration.
Crucially, the analysis is not limited to qualitative interpretation of thermal
color gradients, but is based on consistent numerical temperature data,
thereby enhancing analytical rigor and reducing interpretative bias.

To ensure methodological robustness, all measurements were repeated
across different time intervals and systematically compared to assess the
consistency of observed thermal patterns. Heat spots that appeared
consistently at different times were classified as persistent thermal
anomalies. In contrast, patterns that emerged only under specific
conditions were further examined in relation to influencing factors such as
solar orientation and occupancy-related activities. This internal validation
approach strengthens the reliability of the methodology by minimizing the
risk of drawing conclusions based on transient phenomena or non-
representative environmental conditions.

Beyond thermal analysis, the interpretation of building conditions
incorporates the interrelationship between visual observations,
environmental parameters, and spatial functions. For example, significant
vertical temperature gradients between floor and ceiling levels may
indicate heat accumulation associated with structural design features or
inadequate ventilation strategies. By integrating architectural analysis with
thermographic data, this study offers a more comprehensive
understanding of the underlying mechanisms of insulation deficiencies and
their implications for indoor thermal comfort.

The final stage of the methodology involves synthesizing all findings into
an evaluative framework that systematically maps areas of thermal
deficiency and formulates technical recommendations based on
comparative performance across building envelope components. The
generated thermal maps function as a critical visual tool for prioritizing
interventions, including insulation enhancement, joint refinement, glazing
replacement, and ventilation optimization. Importantly, all procedures are
conducted using non-destructive techniques, ensuring that the method
remains efficient, practical, and broadly applicable to diverse tropical
building contexts.
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Results and discussion

This section presents an integrated analysis of infrared thermographic data
acquired NnivxnNa the FLIR One device, combined with a critical review of
relevant literature on building envelope performance in tropical climates.
The analysis focuses on three key spaces within the Henricus Constant
Campus Lecture Room A.5.1, the Administration Office, and the Faculty
Office each representing distinct thermal exposure conditions and spatial
characteristics. The discussion is structured to systematically address the
core research questions, namely: (1) the spatial distribution of heat spots
within the building envelope, (2) the identification of envelope materials
and components exhibiting insulation deficiencies, and (3) the estimation
of potential cooling load reductions achievable through targeted retrofit
or insulation enhancement strategies.

Thermal observations reveal a non-uniform heat distribution across the
building, with peak concentrations occurring in areas subjected to direct
solar exposure and in envelope components with low thermal resistance.
The spatial distribution of heat spots is clearly evidenced in the
thermographic images presented in figures 1-3. In Lecture Room A.5.1
(igure 1), heat accumulation is predominantly observed at the central
ceiling and along the wall-roof junction, indicating that the roof functions
as the primary conduit for heat gain. The absence of effective insulation,
combined with the high thermal conductivity of the roofing material,
facilitates rapid heat transfer from solar radiation into the interior space.
This observation aligns with Muri and Hariyadi (2024), who identify roofing
materials with high conductivity as a critical factor influencing indoor
temperature increases in tropical buildings. Moreover, the roof’s extensive
surface area and direct solar orientation further amplify heat absorption,
corroborating the findings of Ginting and Novrial (2024), who report that
roofs may account for up to 60% of the total daily heat load in tropical
building environments.

Unlike the lecture room, the Administration Office demonstrates a distinct
concentration of heat spots along wall junctions and window frames, as
illustrated in figure 2. This pattern indicates facade-related insulation
deficiencies, particularly in glazing areas utilizing clear glass and aluminum
frames without thermal breaks. Solar radiation transmitted through the
glazing contributes to localized heat gain, while the high thermal
conductivity of aluminum frames facilitates rapid heat transfer into the
interior environment. As highlighted by Evitasari, Defiana, and Badai
Samodra (2023), unprotected glass fagades lacking reflective coatings or
phase change material (PCM) integration can significantly elevate indoor

Figure 1

Thermal analysis in class A.5.1.

with FLIR ONE camera and
regular digital camera
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Figure 2

Thermal analysis in the
Administration Room with a
FLIR ONE camera and a regular
digital camera

Figure 3

Thermal analysis in the Lecturer
Room with a FLIR ONE camera
and a regular digital camera

temperatures, especially in East—-West oriented buildings such as the
Administration Office. Furthermore, the observed thermal anomalies
suggest the likelihood of hot air infiltration through micro-scale gaps at
frame joints, which further degrades indoor thermal comfort.

In contrast, the Faculty Office demonstrates relatively stable thermal
conditions, although localized heat spots are still observed on the upper
wall areas adjacent to ventilation openings. As illustrated in figure 3, the
overall heat intensity in this space is notably lower than that observed in
the lecture room and the Administration Office. This thermal stability can
be attributed to several factors, including the use of thicker wall materials,
the presence of external shading elements, and a lower internal heat load
due to fewer electronic devices. These observations support the findings
of De Cristo et al. (2025), which highlight the effectiveness of external
shading and enhanced wall insulation in mitigating indoor temperature
fluctuations in hot climate environments.

Based on the overall findings, the building envelope components most
susceptible to insulation deficiencies include the roof, facade walls,
window frames, and structural joints. The roof is identified as the
dominant contributor to heat gain, particularly in Lecture Room A.5.1,
primarily due to the lack of adequate insulation. This observation aligns
with Sadafi, Jamshidi, and Zahedian (2021), who demonstrate that
enhancing roof insulation in tropical buildings can reduce heat ingress by
approximately 25-45%. Fagade walls constitute another critical weakness,
particularly at wall-frame junctions where pronounced thermal anomalies
are observed. Thin, uninsulated brick walls commonly employed in tropical
educational buildings exhibit low resistance to solar radiation and are
highly susceptible to temperature elevation, as evidenced by Jhumka et al.
(2023). In addition, aluminum frames without thermal breaks significantly
accelerate conductive heat transfer into interior spaces, generating
localized heat spots around openings. Micro-scale gaps at wall-roof and
wall-frame interfaces further exacerbate heat ingress, acting as thermal
bridges. Kharrufa and Makky (2024) report that such thermal bridging
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effects can increase localized temperatures by 15-30% relative to
surrounding elements. This phenomenon is also evident in the
Administration Office, where heat concentration is observed along wall
junctions.

Beyond identifying insulation deficiencies, this study also examines the
potential reduction in cooling loads by drawing on established literature
on building envelope optimization in tropical climates. Conceptually,
targeted improvements in envelope components such as roofs, walls, and
openings exhibiting heat spots can lead to significant energy savings. In
particular, enhancing roof insulation in Lecture Room A.5.1 is expected to
substantially reduce heat ingress. Previous studies (Ginting and Novrial
2024; Sadafi, Jamshidi, and Zahedian 2021) indicate that improved roof
insulation can decrease cooling loads by approximately 15-30%,
depending on insulation material properties and thickness. Considering
that the lecture room demonstrates the highest concentration of heat
spots, roof retrofit interventions are likely to provide the greatest impact
relative to other envelope components.

Enhancement of facade wall performance offers additional potential for
energy savings. Osterreicher and Seerig (2024) demonstrate that wall
optimization in hot-climate buildings can reduce energy consumption by
up to 20%, particularly when walls exposed to direct solar radiation are
supplemented with insulation or integrated with external shading systems.
In both the Administration Office and Faculty Office, such wall
improvements can effectively reduce heat ingress and contribute to more
stable indoor thermal conditions. Moreover, the application of reflective
coatings or high-albedo exterior finishes can substantially decrease surface
temperatures, further mitigating heat gain.

Glass facades constitute a significant source of heat gain, particularly in the
Administration Office. Evitasari, Defiana, and Badai Samodra (2023)
demonstrate that the implementation of low-emissivity (low-e) glazing or
reflective film coatings can reduce indoor temperatures by approximately
2-6°C. In a campus context, such interventions may lead to a reduction in
air-conditioning energy consumption of approximately 10-12%, thereby
contributing to overall energy efficiency improvements. Furthermore,
enhancing the performance of window frames either by employing
materials with lower thermal conductivity or by applying additional sealing
systems can effectively mitigate heat infiltration and reduce air leakage,
further improving thermal performance.

Ventilation constitutes a critical component in reducing cooling loads.
Although this study does not incorporate computational fluid dynamics
(CFD) analysis, Nguyen et al. (2022) demonstrate that optimized
ventilation strategies can passively reduce indoor temperatures by
approximately 2-3°C. In Lecture Room A.5.1, enhancing ventilation is
estimated to yield an additional heat reduction of approximately 5-8%,
while simultaneously reducing dependence on mechanical cooling
systems. When implemented in combination, retrofit strategies including
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roof insulation enhancement, facade wall improvement, optimization of
glazing and window frames, and ventilation upgrades can achieve a
cumulative reduction in cooling loads of approximately 30-40%. This
projection aligns with the findings of Osterreicher and Seerig (2024), who
report that integrated envelope retrofit strategies can deliver energy
savings of up to 35-50% in educational buildings situated in hot and humid
climates.

The primary scientific contribution of this study lies in its provision of
empirical thermographic evidence that enables detailed mapping of heat
spots and insulation deficiencies in tropical campus buildings. The visual
data presented in figures 1-3 substantiate the envelope optimization
framework proposed by Yuliani et al. (2025), which identifies roofs, walls,
and fagades as the most critical components in regulating heat gain in
tropical environments. In addition, the findings provide actionable insights
for prioritizing retrofit interventions, offering practical value for campus
facility planners and architectural practitioners engaged in energy-efficient
building design.

Overall, the findings indicate that heat spots within the building envelope
of the Henricus Constant Campus are primarily concentrated on the roof,
thin fagade walls, window-adjacent areas, and structural junctions. These
components exhibit significant insulation deficiencies, leading to increased
indoor temperatures. Targeted retrofit interventions addressing these
critical areas have the potential to substantially reduce cooling loads while
simultaneously enhancing indoor thermal comfort.

Conclusion

This study aims to identify heat spots and thermal insulation deficiencies
in the Henricus Constant Campus building in a tropical climate using a FLIR
One thermal camera. Based on thermographic data analysis and visual
interpretation of surface temperature distribution, the findings indicate
that the building envelope performance is not yet optimal in regulating
heat transfer. The thermal scans reveal a concentration of heat spots in
several facade elements, including wall roof junctions, wall surfaces
exposed to direct solar radiation, and window areas exhibiting lower
insulation performance compared to other components. These conditions
indicate the presence of critical zones within the building that serve as
dominant pathways for heat ingress.

These findings are consistent with the research problem, which
underscores the importance of identifying critical weaknesses within the
building envelope to improve thermal comfort and energy efficiency. The
study objectives have been successfully achieved through a
comprehensive empirical evaluation of the building’s thermal
performance. Furthermore, the results confirm that thermographic
analysis using the FLIR One device is a highly effective approach for
detecting otherwise imperceptible thermal anomalies. This method
provides a robust foundation for formulating targeted improvement
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strategies, including insulation enhancement, optimization of shading
systems, and refinement of construction detailing.

Overall, this study underscores the importance of early heat spot
identification as a key component of retrofit strategies for tropical campus
buildings. By accurately identifying the location and characteristics of
insulation deficiencies, building managers and decision-makers can
implement targeted interventions that not only reduce cooling loads but
also improve occupant thermal comfort and contribute to long-term
energy efficiency and sustainability.
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