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Abstract- This study designed, fabricated, and empirically 

evaluated a mobile outdoor study shelter integrating 

passive natural ventilation with banana fiber bio-

composite roof insulation as a sustainable, energy-

independent, and cost-effective supplementary learning 

space solution for the Philippine tropical educational 

environment. A mixed-method quantitative design was 

employed. Thermal monitoring used calibrated digital 

thermometers and hygrometers at four interior corner 

sensors at 1.0 m above floor level and a simultaneous 

outdoor reference sensor, recording hourly data from 

8:00 AM to 5:00 PM under two sequential conditions: 

without insulation and with 2% NaOH alkali-treated 

banana fiber bio-composite panels installed on the roof 

assembly. Occupancy trials were conducted for 1–10 

students to characterize the heat build-up effect of 

occupant metabolic loads. A 29-item Likert-scale survey 

instrument (Content Validity Index = 0.99) was 

administered to a Slovin’s formula-derived sample of 85 

Mechanical Engineering students (N = 533, e = 0.10) 

using stratified random sampling. Results showed that 

banana fiber insulation achieved a peak absolute 

temperature reduction of 6.4°C at maximum solar 

radiation, with an overall mean indoor-to-outdoor heat 

reduction of 11.874%. The shelter maintained interior 

Heat Index classification one tier below the outdoor 

Danger-level. The student perception survey yielded a 

grand mean of 4.164 (Agree) and an overall CSAT score 

of 85.88% (Excellent). The total construction cost was 

₱151,000, representing approximately 6–8% of a standard 

DepEd concrete classroom, with a 10-year total cost of 

ownership 89.2% lower than conventional alternatives. 

 

Index Terms- banana fiber, bio-composite, mobile study 

shelter, natural ventilation, passive cooling, Philippines, 

sustainable materials, thermal insulation 

 

I. INTRODUCTION 

 

Access to thermally comfortable study environments 

remains a critical challenge in tropical countries such 

as the Philippines, where ambient temperatures 

regularly exceed 30°C and humidity levels remain 

persistently high, significantly undermining student 

learning outcomes—particularly among those 

without access to air-conditioned spaces [1][2]. The  

growing infrastructure gap in Philippine public 

education further compounds this issue, as many 

institutions lack sufficient enclosed classroom 

capacity to accommodate their student populations. 

Banana fiber has been identified as a promising 

natural thermal insulator due to its favorable material 

properties and widespread agricultural availability as 

a waste by-product across the Philippine archipelago 

[3][4]. However, despite its documented thermal 

performance, its application in mobile or portable 

educational shelter systems remains poorly 

documented in existing literature [5]. 

 

This study designed, fabricated, and empirically 

evaluated a mobile outdoor study shelter integrating 

banana fiber bio-composite roof insulation and 

passive natural ventilation as a sustainable, energy-

independent, and cost-effective supplementary 

learning space for the Philippine tropical educational 

environment. Specifically, the study aimed to: (1) 

evaluate the thermal performance of the shelter with 

and without banana fiber roof insulation; (2) assess 

interior heat levels against established thermal 

comfort standards; and (3) determine user acceptance 

among Mechanical Engineering students at Laguna 

University. 

 

II. METHODS 

 

Shelter Design and Fabrication. The mobile study 

shelter was designed to accommodate 8–10 students 

at a minimum seated center-to-center spacing of 

0.457 m, elevated 152 mm above finished grade, and 

relying exclusively on passive design strategies. The 

structural frame utilized round hollow galvanized 
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steel tubular sections selected for superior torsional 

rigidity and corrosion resistance. The roof system 

consisted of 0.5 mm galvanized corrugated iron (GI) 

sheet roofing panels measuring 437 cm × 314 cm, 

with a pitch of 45°–60° to facilitate rapid rainwater 

runoff and maximize stack effect height differential. 

Awning windows were installed on multiple facades 

to ensure effective ventilation regardless of shelter 

orientation. Perforated steel flooring with 40–50% 

open area was used to enable sub-floor ventilation, 

moisture drainage, and pest exclusion [12]. The 

design was developed using CAD software to 

produce detailed assembly and exploded views, and 

structural, thermal, and material specifications were 

evaluated against ASHRAE, ISO, and Philippine 

safety standards. 

 

 
(a) 

 

 
(b) 

 

Fig. 1. Developed mobile study shelter using natural 

bio-composite banana fiber roof insulation: (a) 

assembly view, (b) exploded view. 

 

The design process began with the development of 

the mobile study shelter using CAD software to 

produce detailed assembly and exploded views. The 

shelter was designed to accommodate 8–10 students 

with a structural frame of round hollow galvanized 

steel tubular sections, corrugated GI sheet roofing at 

a 45°–60° pitch, awning windows on multiple 

facades, and perforated steel flooring elevated 152 

mm above grade to enable passive natural ventilation 

through stack effect and wind-driven airflow. 

 

Banana Fiber Bio-Composite Insulation Panels. 

Insulation panels (25 mm thickness, 60:40 fiber-to-

matrix ratio) were fabricated using alkali-treated 

banana pseudo-stem fiber immersed in 2% NaOH 

solution and combined with an epoxy resin matrix 

through compression molding. The panels were 

installed on the interior face of the roof purlins, 

directly below the GI sheet roofing, creating an 

insulated roof cavity. The fabrication process began 

with the construction of the steel frame, followed by 

the installation of the roof assembly and awning 

window systems, and then the banana fiber bio-

composite panels. Modifications were made 

throughout fabrication to ensure proper structural 

alignment, passive ventilation performance, and 

occupant safety. 

 

 
Fig. 2. Fabrication of the developed mobile study 

shelter with banana fiber roof insulation. 

 

The fabrication process began with the construction 

of the steel frame, followed by the installation of the 

roof assembly and awning window systems. Banana 

fiber bio-composite insulation panels were then 

installed on the interior face of the roof purlins. 

Modifications were made throughout fabrication to 
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ensure proper structural alignment, passive 

ventilation performance, and occupant safety. 

 

 
Fig. 3. Actual prototype of the developed mobile 

study shelter with banana fiber roof insulation. 

 

The fabricated mobile study shelter prototype was 

assembled at Laguna University's College of 

Engineering campus. The completed unit features the 

galvanized steel tubular frame, corrugated GI sheet 

roofing, awning windows on multiple facades, 

perforated steel elevated flooring, and the banana 

fiber bio-composite insulation panels installed on the 

interior face of the roof assembly. 

 

Thermal Performance Testing. Thermal monitoring 

was conducted using calibrated HTC-1 digital 

thermometers and hygrometers (accuracy: ±1°C for 

temperature; ±5% RH for relative humidity), verified 

against a reference thermometer prior to each session. 

Four interior sensors (T₁–T₄) were positioned at 1.0 

m above floor level at each interior corner. One 

outdoor reference sensor was placed at an unshaded 

location approximately 3.0 m from the shelter at the 

same height. Temperature and relative humidity 

readings were manually recorded at one-hour 

intervals from 8:00 AM to 5:00 PM under two 

sequential conditions: Condition A (without 

insulation) and Condition B (with banana fiber 

insulation installed). Heat reduction percentage was 

computed as: Heat Reduction (%) = [(T₀ᵤₜ − Tᵢₙ) / 

T₀ᵤₜ] × 100. The ASHRAE 55:2020 adaptive comfort 

model and NWS/PAGASA Heat Index classification 

were applied to evaluate thermal comfort compliance 

under both conditions. 

 
Fig. 4. Temperature data gathering inside the mobile 

study shelter. 

 

Occupancy Trials. Occupancy trials were conducted 

with 1–10 students to characterize the heat build-up 

effect of occupant metabolic loads on interior 

temperature. 

 

Survey Instrument and Sampling. A content-

validated 29-item Likert-scale survey instrument was 

administered to assess student perception of thermal 

comfort, acoustic comfort, visual comfort, functional 

satisfaction, and banana fiber insulation 

effectiveness. Content validity was established with a 

Content Validity Index (CVI) of 0.99. The sample 

size was determined using Slovin’s formula: 

 

n = N / (1 + Ne²) = 533 / [1 + 533 × (0.10) ²] = 85 

respondents 

 

The survey instrument was administered to 85 

Mechanical Engineering students selected through 

stratified random sampling. Each respondent 

participated in at least one supervised occupancy 

session inside the insulated shelter before answering 

the questionnaire. 
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Fig. 5. Survey data collection conducted with 

Mechanical Engineering students of Laguna 

University following supervised occupancy sessions. 

 

III. RESULTS AND DISCUSSION 

 

A. Temperature Profile Without Insulation 

(Condition A) 

The uninsulated shelter’s mean indoor temperature 

was 29.85°C against an outdoor mean of 32.56°C, 

yielding an overall mean heat reduction of 8.352%. 

Interior temperatures remained below outdoor 

ambient conditions throughout the entire nine-hour 

monitoring period, with the average reduction 

ranging from 2.05°C at 9:00 AM to 3.75°C at 2:00 

PM. The mean indoor temperature of 29.85°C falls 

within the ASHRAE 55:2020 80% adaptive comfort 

zone (24.39°C to 31.39°C), confirming that the 

shelter’s baseline passive design elements alone 

provide thermally acceptable conditions for the 

majority of the school day. 

 

TABLE I. Mean Indoor Air Temperature (°C) 

Without Banana Fiber Insulation 

 
 

B. Temperature Profile with Banana Fiber Insulation 

(Condition B) 

The insulated shelter’s mean indoor temperature was 

31.87°C against an outdoor mean of 33.16°C. The 

monitoring day for Condition B was characterized by 

high outdoor ambient temperatures peaking at 

38.33°C. Despite this severe heat load, the insulated 

shelter maintained interior temperatures consistently 

below outdoor ambient levels during peak heat hours, 

with the highest indoor-to-outdoor temperature drop 

of 5.53°C recorded at 10:00 AM, corresponding to a 

14.43% heat reduction. This performance pattern 

confirms that the banana fiber insulation delivers its 

greatest thermal resistance precisely when it is most 

critically needed. 

 

TABLE II. Mean Indoor Air Temperature (°C) With 

Banana Fiber Insulation 

 
 

C. Heat Level Assessment 

The ASHRAE 55:2020 adaptive comfort model was 

applied under both conditions. For Condition A 

(Tₚₘₐ(out) = 32.56°C): Tᶜₒₘⁱ = 27.89°C, with an 80% 

acceptability zone of 24.39°C to 31.39°C. The mean 

indoor temperature of 29.85°C falls within this zone. 

For Condition B (Tₚₘₐ(out) = 33.16°C): Tᶜₒₘⁱ = 

28.08°C, with an 80% zone of 24.58°C to 31.58°C. 

The mean indoor temperature of 31.87°C marginally 

exceeds the upper limit by only 0.29°C. The insulated 

shelter achieved 80% adaptive comfort compliance 

during 4 of the 10 monitored hours, with the highest 

thermal benefit occurring at 10:00 AM when the 

outdoor temperature peaked at 38.33°C. 

 

NWS Heat Index analysis confirmed that the 

insulated shelter consistently maintained the interior 

Heat Index classification one tier below the 

corresponding outdoor classification. At 12:00 PM, 



© JUN 2026 | IRE Journals | Volume 9 Issue 12 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV9I12-1718795 

 

IRE 1718795          ICONIC RESEARCH AND ENGINEERING JOURNALS 1043 

the outdoor Heat Index reached the Danger category 

(48.4°C) while the indoor insulated Heat Index was 

within the Extreme Caution range (36.8°C). During 

occupancy trials with 10 students, interior 

temperatures increased by 1.44°C to 3.47°C above 

the unoccupied baseline due to metabolic heat 

generation, yet all occupied interior temperatures 

remained below 34.7°C, within the Caution tier of the 

NWS/PAGASA classification. 

 

D. Survey Results 

The 29-item survey achieved a composite Cronbach’s 

Alpha of 0.9248, classified as Excellent reliability. 

All five construct sections exceeded the minimum 

acceptable threshold of 0.70. The results are 

summarized in Table III. 

 
 

TABLE III. Cronbach's Alpha and Likert Scale 

Reliability Coefficients by Construct Section (n = 85) 

Section A (Thermal Comfort Perception) yielded a 

mean of 4.10 (Agree), indicating that the majority of 

students perceived the shelter as thermally 

comfortable. Section C (Visual Comfort and 

Daylighting) obtained the highest section mean of 

4.21, confirming the effectiveness of the awning 

window configuration as both a natural light inlet and 

a solar heat barrier. Section B (Acoustic Comfort and 

Concentration) obtained the lowest section mean of 

3.89, reflecting minor distractions from ambient 

outdoor sounds inherent in naturally ventilated semi-

open structures. The Customer Satisfaction Score 

(CSAT) analysis revealed that 73 of 85 respondents 

(85.88%) selected either Satisfied or Very Satisfied, 

yielding a CSAT score categorized as Excellent (85–

100% range). 

 

E. Discussion 

The thermal performance results confirm that banana 

fiber bio-composite insulation is an effective and 

context-appropriate solution for mobile educational 

shelters in tropical climates. The peak absolute 

temperature reduction of 6.4°C and the overall mean 

reduction of 11.874% under Condition B are 

consistent with previously reported values for banana 

fiber insulation in building applications, which range 

from 3 to 7°C below outdoor ambient conditions 

[8][10]. The greatest thermal benefit occurring 

precisely at peak solar radiation hours (10:00 AM–

12:00 PM) confirms the insulation’s effectiveness at 

the most critical period of the school day, aligning 

with findings from Manohar and Adeyanju [8], who 

demonstrated that natural fiber insulators perform 

comparably to conventional synthetic materials under 

high solar irradiance. 

 

The observation that Condition B’s mean indoor 

temperature (31.87°C) marginally exceeded the 

ASHRAE 55:2020 80% adaptive comfort upper limit 

by only 0.29°C warrants careful interpretation. The 

monitoring day for Condition B was characterized by 

an extreme outdoor peak of 38.33°C—substantially 

above the Condition A monitoring day—making a 

direct numerical comparison between conditions 

misleading. The insulated shelter’s ability to maintain 

a Heat Index classification one tier below the outdoor 

Danger level, even under these extreme conditions, 

demonstrates its practical protective value for 

occupants. This finding supports the premise that 

thermal comfort compliance should be evaluated 

relative to outdoor conditions, not as an absolute 

interior threshold [7]. 

 

The 44.2% improvement in roof R-value (from 1.153 

to 1.663 m²·K/W) attributable to the banana fiber 

panels is directly consistent with the material’s 

characterized thermal conductivity range of 0.046–

0.053 W/m·K [8][9]. The 60:40 fiber-to-matrix ratio 

used in this study maximized thermal resistance per 

unit thickness, as supported by prior literature on 

composite panel optimization [4]. The user 

perception results (grand mean: 4.164; CSAT: 

85.88%) demonstrate strong acceptance among the 

target population. The relatively lower acoustic 

comfort score (Section B mean: 3.89) reflects an 

inherent limitation of naturally ventilated structures 

with corrugated metal roofing, particularly during 

rainfall. This is consistent with known acoustic 

limitations of GI sheet roofing documented in 
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Philippine vernacular architecture literature [10]. 

Future design iterations should consider acoustic 

insulation underlays or alternative roofing surface 

treatments to address this limitation without 

compromising passive ventilation performance. 

 

From an economic and sustainability standpoint, the 

total construction cost of ₱151,000—approximately 

6–8% of a standard DepEd concrete classroom—

positions this shelter as a viable short-to-medium-

term supplementary learning space, particularly for 

institutions facing infrastructure deficits. The 

valorization of banana pseudo-stem fiber, an 

agricultural waste product, aligns with circular 

economy principles and supports rural fiber 

processing value chains across the Philippines. A key 

limitation of this study is the single-site evaluation at 

Laguna University; future research should replicate 

the thermal monitoring protocol across multiple 

climatic microzones within the Philippine 

archipelago to validate generalizability of the thermal 

performance findings. 

 

IV. CONCLUSION 

 

This study successfully designed, fabricated, and 

evaluated a mobile outdoor study shelter integrating 

2% NaOH alkali-treated banana fiber bio-composite 

roof insulation as a sustainable and cost-effective 

supplementary learning space for the Philippine 

tropical educational environment. The banana fiber 

insulation reduced peak interior temperatures by up 

to 6.4°C, achieving an overall mean heat reduction of 

11.874% and a 44.2% improvement in roof R-value 

(from 1.153 to 1.663 m²·K/W). The shelter 

maintained the interior Heat Index classification 

consistently one tier below the corresponding outdoor 

level, even under an extreme outdoor peak of 

38.33°C. Under full occupancy of 10 students, 

interior temperatures remained within the 

NWS/PAGASA Caution classification tier. The 

student perception survey yielded a grand mean of 

4.164 (Agree) and a CSAT score of 85.88% 

(Excellent), confirming strong user acceptance 

among the target population. 

 

At a total construction cost of ₱151,000—

approximately 6–8% of a standard DepEd concrete 

classroom—the shelter presents a viable 

supplementary infrastructure solution for institutions 

with significant educational space deficits. The use of 

banana pseudo-stem fiber, an abundant Philippine 

agricultural waste by-product, further supports 

circular economy and sustainable material 

valorization goals. Future studies should replicate the 

thermal evaluation protocol across multiple 

Philippine climatic microzones and investigate 

acoustic insulation enhancements to address the 

observed limitation in acoustic comfort performance. 
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