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ABSTRACT
This study investigates the thermal performance of Interlocking Stabilised Soil Blocks (ISSB) as a sustainable walling material suitable for passive building design in tropical regions. The research employed both experimental field measurements and structured questionnaires to compare ISSB with conventional sandcrete blocks. Data from 412 respondents and temperature monitoring across selected buildings in southwestern Nigeria revealed that ISSB structures exhibited lower indoor temperature fluctuations and reduced cooling energy demand by approximately 30%. Statistical analysis confirmed significant differences (p < .05) between ISSB and sandcrete walls, demonstrating ISSB’s superior ability to maintain thermal stability and comfort. These findings validate ISSB’s potential to minimize reliance on active cooling systems, thereby advancing energy efficiency and sustainable housing objectives in developing contexts. The study contributes empirical evidence to support policy advocacy, architectural design strategies, and material optimization for climate-responsive housing solutions in Nigeria.
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1.0	INTRODUCTION
1.1 Background to Study
Achieving thermal comfort in buildings through passive means is a central concern of sustainable design, particularly in hot–humid regions such as Nigeria. High indoor temperatures and overreliance on mechanical cooling systems contribute significantly to energy consumption and carbon emissions in residential buildings (Olaniyan, 2024). Consequently, attention has turned toward low-cost, energy-efficient materials capable of moderating indoor thermal conditions without active systems. Among these, Interlocking Stabilised Soil Blocks (ISSB) have gained increasing interest as an environmentally friendly alternative to conventional sandcrete blocks and fired bricks. However, beyond technical performance, the adoption of ISSB in Nigeria is influenced by non-technical factors such as user perception, institutional support, and industry acceptance. A recent statistical analysis by Ibitoye et al. (2026) identified psychological resistance, low awareness, and weak regulatory backing as major barriers limiting the widespread use of ISSB in Nigeria’s construction industry.
ISSB technology utilizes locally available lateritic soils mixed with small proportions of stabilizers (cement or lime) and compressed into uniform blocks without firing. This method significantly reduces embodied energy while enhancing the thermal mass of the building envelope, allowing the walls to absorb and release heat gradually a desirable characteristic for passive cooling (Awotunde, Adeleke, & Oyenuga, 2023). Studies conducted in tropical climates indicate that ISSB walls can reduce indoor air temperature fluctuations and maintain more stable interior environments compared to sandcrete walls (Bailly, El Mendili, & Khoury, 2024).
In Nigeria, however, the thermal behavior of ISSB is not yet widely documented despite its potential to improve indoor comfort and reduce energy demands. Ibitoye, Oyewole, and Babamboni (2023) emphasized that awareness and empirical validation of ISSB performance are vital to its mainstream acceptance in sustainable housing. While existing studies emphasize the thermal and environmental advantages of ISSB, limited research integrates these technical benefits with the socio-institutional factors influencing adoption (Ibitoye et al., 2026). This disconnect highlights the need for empirical studies that not only validate performance but also reinforce user confidence and industry acceptance. This study, therefore, seeks to investigate the thermal performance of ISSB walls, focusing on how their physical properties contribute to passive and sustainable design objectives in the Nigerian context.

1.2 Aim and Objectives
The aim of this study is to evaluate the thermal performance of Interlocking Stabilised Soil Blocks (ISSB) as a sustainable walling material for passive building design in tropical environments.
The specific objectives are to:
i Assess the perceived and measured thermal comfort levels of ISSB buildings compared to conventional sandcrete structures.
ii Examine the influence of material composition and wall thickness on the thermal efficiency of ISSB.
iii Evaluate user satisfaction with thermal conditions in ISSB buildings.
iv Recommend design and construction strategies that optimize ISSB performance for passive and sustainable building design.
1.3 Research Questions
i How does the thermal comfort performance of ISSB walls compare with that of sandcrete and other conventional wall materials?
ii What material and construction factors (e.g., stabilizer content, block density, wall thickness) influence ISSB’s thermal efficiency?
iii What are users’ perceptions of indoor thermal comfort in ISSB-built houses?
iv What design and material strategies can enhance ISSB’s role in achieving passive and sustainable building performance?
1.4 Significance of the Study
This study is significant in advancing knowledge of low-carbon, passive thermal design strategies for buildings in tropical climates. By quantifying and analyzing the thermal performance of ISSB, the research contributes to evidence-based design that minimizes dependence on energy-intensive cooling systems. It further supports Nigeria’s sustainable development goals related to affordable housing, energy efficiency, and environmental protection.
For practitioners, the findings provide data-driven guidance on optimizing ISSB wall systems to achieve comfortable indoor environments. For policymakers, the study offers insights to support building standards and green housing policies promoting ISSB use in public housing. The research also extends the work of Ibitoye et al. (2023) by integrating empirical thermal assessment with user-centered evaluations, thus bridging technical performance and occupant comfort   two critical pillars of sustainable architecture.
2.0	LITERATURE REVIEW
2.1 Overview of Passive and Sustainable Building Design
Passive building design seeks to achieve thermal comfort and energy efficiency by utilizing the building’s form, orientation, and materials to control heat gain and loss without mechanical intervention (Hafez, 2023). The approach emphasizes climatic responsiveness   designing envelopes that harness natural ventilation, shading, and thermal mass to maintain comfort year-round. In tropical environments such as Nigeria, passive design principles are crucial for minimizing dependence on air-conditioning, which accounts for over 40% of total residential energy consumption (Olaniyan, 2024).
Sustainable building design extends this concept to incorporate environmental, economic, and social considerations throughout the building’s life cycle (Bailly et al., 2024). Central to sustainability is the use of local, renewable, and low-embodied-energy materials, which reduce transportation impacts and enhance affordability. ISSB exemplifies this principle: by using local lateritic soils and minimal cement, it supports both passive design and sustainable development goals. Recent studies advocate for coupling passive thermal strategies with material innovation to deliver low-carbon, climate-adaptive housing for developing nations (Akinyoade et al., 2022).
2.2 Thermal Properties of Earth-Based Materials
Earth-based materials, such as adobe, compressed earth blocks (CEB), and Interlocking Stabilised Soil Blocks (ISSB), are renowned for their high thermal mass and moderate conductivity, which allow them to absorb and slowly release heat (Bui et al., 2023). This characteristic moderates diurnal temperature fluctuations, resulting in more stable indoor conditions compared to lightweight materials like sandcrete or hollow concrete blocks.
According to Bailly et al. (2024), stabilized earth walls exhibit low thermal diffusivity and good hygroscopic properties, meaning they can buffer internal humidity and heat variations. Studies in tropical Africa and Asia have shown that stabilized soil blocks can reduce indoor temperature peaks by 2–4°C compared with concrete structures (Awotunde, Adeleke, & Oyenuga, 2023). Furthermore, the degree of stabilization   typically 5–10% cement or lime   affects thermal behavior, with over-stabilization increasing conductivity and reducing passive cooling capacity (Real et al., 2024).
Despite these advantages, the performance of earth-based materials depends heavily on wall thickness, block density, and surface finishing. Proper plastering and orientation further enhance thermal resistance by minimizing direct solar radiation on exposed surfaces (Hafez, 2023). Thus, the thermal optimization of ISSB construction must be approached holistically, combining material science and architectural design principles.
2.3 ISSB Technology and Thermal Regulation in Tropical Climates
ISSB technology offers an integrated solution for affordable and thermally efficient construction. The interlocking system eliminates mortar joints, reduces thermal bridging, and enhances airtightness (Awotunde et al., 2023). In tropical climates, where daytime temperatures are high and night-time cooling is limited, ISSB walls provide thermal inertia   storing heat during the day and releasing it slowly at night.
Ibitoye, Oyewole, and Babamboni (2023) emphasized that ISSB’s climatic adaptability makes it particularly suitable for Nigeria’s hot-humid regions, as its natural insulation properties help maintain cooler indoor conditions. Field studies in Kenya and Uganda reported that ISSB homes maintained indoor temperatures 2–3°C lower than external ambient air during peak daytime hours (Omondi et al., 2022). Similarly, Diatta (2025) confirmed that earthen materials’ capacity for phase lag   the delay between outdoor and indoor temperature peaks   is a defining factor in passive comfort.
Furthermore, ISSB walls can be optimized for thermal performance through variations in mix ratio, stabilization level, and wall thickness. Experimental research by Bailly et al. (2024) found that 230 mm–300 mm ISSB walls with 7% cement content achieved the best balance of strength and insulation for warm climates. These findings reinforce ISSB’s relevance to low-cost passive housing, especially where affordability and sustainability are twin priorities.
2.4 Comparative Studies on ISSB, Sandcrete, and Other Walling Materials
Comparative analyses between ISSB and conventional walling materials consistently highlight the superior thermal behavior of ISSB in tropical regions. According to Awotunde et al. (2023), sandcrete walls exhibit higher thermal conductivity (1.4–1.8 W/m·K) compared to ISSB walls (0.6–0.9 W/m·K), making the latter better suited for passive design. Similar findings by Hafez (2023) and Bui et al. (2023) indicate that ISSB structures experience lower daily indoor temperature amplitudes and reduced cooling load demand.
Table 1 summarizes key comparative indicators between ISSB and sandcrete walls as reported in recent literature.
Table 1. Comparison of Thermal Properties of ISSB and Sandcrete Walls
	Parameter
	ISSB Walls
	Sandcrete Walls
	Relative Performance

	Thermal Conductivity (W/m·K)
	0.6–0.9
	1.4–1.8
	Lower heat transmission in ISSB

	Density (kg/m³)
	1700–1900
	2100–2300
	Lighter, better thermal lag

	Indoor Temperature Variation (°C)
	±2.5
	±4.5
	More stable indoor environment

	Cooling Energy Demand Reduction (%)
	25–35
	 
	Higher energy savings

	Embodied Energy (MJ/m² wall)
	90–120
	250–300
	Significantly lower embodied energy


(Sources: Awotunde et al., 2023; Bailly et al., 2024; Hafez, 2023)
The comparative evidence demonstrates that ISSB construction not only reduces embodied energy but also enhances occupant comfort by leveraging its inherent material properties. This aligns with current sustainable architecture trends emphasizing locally sourced, climate-responsive materials (Ibitoye et al., 2023). Despite the demonstrated thermal superiority of ISSB, its adoption remains limited in practice. Ibitoye et al. (2026) argue that psychological skepticism among users and weak institutional frameworks significantly hinder its implementation, suggesting that performance advantages alone are insufficient to drive widespread acceptance. However, widespread adoption depends on empirical validation through performance monitoring and user feedback, reinforcing the need for research like the present study.
3.0	METHODOLOGY
3.1 Research Design and Population
This study employed a quantitative descriptive and experimental research design to evaluate the thermal performance of Interlocking Stabilised Soil Blocks (ISSB) in comparison with conventional sandcrete blocks. The design was chosen to allow both objective (instrumental) and subjective (user perception) evaluation of thermal behavior in actual buildings. The study combined on-site thermal measurements and structured questionnaires to ensure a holistic understanding of ISSB’s passive cooling potential.
The study population comprised residents, architects, builders, and engineers familiar with ISSB or living in ISSB-built houses across southwestern Nigeria. These participants were targeted because they represent both the producers and end-users of sustainable construction technologies. The field component was conducted across selected ISSB demonstration houses and residential buildings located in Ogun, Oyo, and Lagos States, which have hot–humid climatic characteristics typical of southern Nigeria (Awotunde, Adeleke, & Oyenuga, 2023).
The design allowed for quantitative temperature monitoring of wall surfaces and indoor air using data loggers, while user perceptions of indoor comfort were recorded through questionnaires. This dual approach aligns with earlier empirical studies on thermal assessment of earth-based structures (Real, Walker, & Lawrence, 2024; Bailly et al., 2024).
3.2 Sample Size and Data Collection Instrument
Since the total number of ISSB users and professionals in the region was indeterminate, the Cochran formula (1977) for sample size estimation with an unknown population was used to calculate a representative sample at a 95% confidence level and a 5% margin of error:

Where Z = 1.96, p = 0.5, and e = 0.05, giving . To account for incomplete responses, 424 questionnaires were administered, of which 412 were valid for analysis.
Two main instruments were employed:
Structured Questionnaire – consisting of four sections:
i Section A: Demographics (age, gender, profession, residence type).
ii Section B: Perceived thermal comfort in ISSB and sandcrete buildings.
iii Section C: Opinions on material efficiency, affordability, and environmental impact.
iv Section D: Recommendations and willingness to adopt ISSB in future projects.
Responses were captured using a five-point Likert scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree).
Thermal Monitoring Instrumentation – Data loggers (Testo 174H) were used to record indoor and outdoor air temperature and relative humidity at 30-minute intervals over a 24-hour cycle. Measurements were taken in both ISSB and sandcrete buildings under comparable occupancy and ventilation conditions.
Instrument reliability was verified through Cronbach’s Alpha test (α = 0.86) for the questionnaire and calibration validation for the data loggers, ensuring high measurement accuracy and internal consistency (George & Mallery, 2019).

3.3 Data Collection and Analysis
Data collection took place between May and July 2025, covering the region’s peak warm period. Field data were gathered simultaneously from both ISSB and sandcrete buildings to ensure comparable weather conditions. Survey responses were collected via Google Forms and in-person administration, depending on respondent accessibility.
Quantitative data were analyzed using SPSS version 25. Descriptive statistics   mean, standard deviation, and percentages   were used to summarize respondents’ perceptions of thermal comfort and material performance. Experimental temperature data were analyzed using ANOVA to test significant differences between ISSB and sandcrete walls’ indoor temperature means.
The following analytical relationships were evaluated:
i Mean diurnal temperature range (DTR) for ISSB vs. sandcrete.
ii Correlation between wall material type and perceived comfort.
iii Regression analysis assessing predictors of user satisfaction (thermal comfort as dependent variable; material, wall thickness, and ventilation as independent variables).
Results were presented in tables and charts, while interpretations were linked to established benchmarks in thermal comfort literature (Bailly et al., 2024; Real et al., 2024).
Ethical standards were maintained by ensuring respondents’ anonymity, voluntary participation, and confidentiality. Institutional approval for field data collection was obtained from the university research ethics committee.
4.0	RESULTS AND DISCUSSION
4.1 Respondent Characteristics
A total of 412 valid responses were analyzed. Table 2 shows the demographic profile of the respondents. Males accounted for 54.4%, while females represented 45.6%. The majority of respondents (62%) were aged between 25 and 40 years. By profession, architects constituted 32%, engineers 28%, builders 20%, and residents 20%.

Table 2. Respondent Demographics (n = 412)
	Variable
	Category
	Frequency
	Percentage (%)

	Gender
	Male
	224
	54.4

	
	Female
	188
	45.6

	Age Group
	18–24
	46
	11.2

	
	25–40
	256
	62.1

	
	41–55
	82
	19.9

	
	56+
	28
	6.8

	Profession
	Architect
	132
	32.0

	
	Engineer
	116
	28.2

	
	Builder
	83
	20.1

	
	Resident
	81
	19.7


Source: Authors’ findings
This distribution provides a balanced dataset between technical and non-technical respondents, ensuring diverse perspectives on thermal comfort and material performance. Similar demographic diversity has been used in previous ISSB studies to capture both professional evaluation and occupant feedback (Ibitoye, Oyewole, & Babamboni, 2023; Awotunde, Adeleke, & Oyenuga, 2023).
4.2 Thermal Comfort and Performance Perceptions of ISSB Buildings
Respondents’ opinions on indoor comfort levels, wall heat absorption, and ventilation in ISSB structures were measured using a five-point Likert scale. Table 3 summarizes the responses.
Table 3. Perceived Thermal Performance of ISSB Buildings
	Statement
	Mean
	SD
	Agreement (%)

	Indoor temperature remains stable throughout the day
	4.18
	0.74
	78.1

	ISSB walls reduce the need for artificial cooling
	4.09
	0.81
	74.8

	ISSB provides better comfort than sandcrete walls
	4.05
	0.84
	72.9

	Ventilation and wall thickness improve comfort levels
	4.11
	0.77
	73.3


Source: Authors’ findings
The results show a high level of agreement (mean = 4.11, SD = 0.79) that ISSB buildings maintain more stable indoor temperatures than those built with sandcrete blocks.
To validate these perceptions, temperature measurements were compared between two representative buildings:
i An ISSB residential house at Redemption Camp, Ogun State (Obayemi House) documented in Ibitoye (2025) as an operational ISSB case.
ii A conventional sandcrete building in Ikorodu, Lagos State, selected for its similar size, orientation, and occupancy pattern.
Temperature recordings revealed that the ISSB house maintained an average indoor temperature of 28.4°C, while the sandcrete building averaged 31.1°C during midday hours. The lower temperature variation (ΔT ≈ 2.7°C) reflects ISSB’s superior thermal buffering capacity, which minimizes peak heat gains and delays indoor temperature rise.
Table 4 illustrates the comparative thermal readings from both buildings.
Table 4. Comparative Average Indoor Temperatures of ISSB and Sandcrete Buildings
	Building Type
	Average Indoor Temperature (°C)

	ISSB Building (Obayemi House, Ogun State)
	28.4

	Sandcrete Building (Ikorodu, Lagos State)
	31.1


Source: Field Measurement, 2025 (Adapted from Ibitoye, 2025)
These results align with findings by Bailly et al. (2024) and Bui et al. (2023), which emphasized the role of earth-based materials in moderating indoor temperatures in hot climates. The data confirm that ISSB’s high thermal mass and low conductivity facilitate gradual heat transfer, creating a more thermally comfortable indoor environment.
Overall, ISSB structures enhance occupant comfort by reducing daytime temperature peaks and improving nighttime cooling efficiency principles consistent with passive design strategies that integrate thermal inertia and natural ventilation (Real, Walker, & Lawrence, 2024).
4.3 Comparison of ISSB with Conventional Walling Systems
To validate perceived comfort differences, measured thermal properties of ISSB and sandcrete walls were compared across two case study buildings. The materials’ performance indicators are summarized in Table 5.
Table 5. Comparative Thermal Properties of ISSB and Sandcrete Walls
	Parameter
	ISSB
	Sandcrete
	Performance Advantage

	Thermal Conductivity (W/m·K)
	0.72
	1.45
	Lower heat transmission

	Average Indoor Temperature (°C, noon)
	28.4
	31.1
	Cooler indoor conditions

	Daily Temperature Fluctuation (°C)
	±2.2
	±4.6
	Greater thermal stability

	Relative Humidity (%)
	63
	58
	More humid but stable air

	Cooling Energy Demand (Est. %)
	30% lower
	Baseline
	Reduced cooling need


Source: Authors’ findings
Results from Table 3 confirm that ISSB walls perform thermally better than sandcrete under similar environmental conditions. The mean difference in midday indoor temperature (2.7°C) was statistically significant (p < .05), confirming ISSB’s improved passive performance.
Respondents living in ISSB houses also reported fewer hours of fan or air-conditioner use per day, indicating reduced reliance on mechanical cooling. These results align with field measurements from tropical Africa, where stabilized earth structures consistently outperform concrete-based walls in moderating indoor heat (Omondi, Mutuku, & Luvanda, 2022).
Furthermore, ISSB’s lower thermal conductivity (0.6–0.9 W/m·K) compared with sandcrete (1.4–1.8 W/m·K) reinforces its capacity for delayed heat transfer   a key component of passive thermal design (Awotunde et al., 2023; Bailly et al., 2024).
4.4 Discussion of Key Findings in Relation to Passive Design Principles
The results affirm that ISSB construction supports passive cooling and thermal comfort by leveraging thermal mass, material density, and hygroscopic balance. The observed stability in indoor temperature profiles aligns with the concept of phase lag, where heat absorbed during the day is released slowly at night (Real et al., 2024).
These findings also validate the theoretical framework of sustainable design, which emphasizes climate-responsive material selection as an alternative to energy-intensive systems. However, aligning with Ibitoye et al. (2026), the transition from proven performance to widespread adoption requires addressing psychological and institutional barriers within the construction industry. Even with clear thermal advantages, resistance to change, lack of technical knowledge, and limited policy enforcement may slow ISSB uptake in Nigeria. Respondents’ perceptions correlated strongly with field data (r = 0.61, p < .01), confirming that users accurately recognize the comfort benefits of ISSB housing.
Nevertheless, while ISSB showed improved performance, the study identified challenges such as moisture sensitivity and construction inconsistency, consistent with earlier observations by Hafez (2023). The use of appropriate stabilizer content, exterior finishes, and shading remains essential to achieving long-term durability and comfort.
Overall, the study demonstrates that ISSB walls meet passive design criteria in tropical regions   reducing energy demand, maintaining comfortable indoor temperatures, and supporting sustainable housing goals. These outcomes expand on Ibitoye et al. (2023), who highlighted ISSB’s suitability for low-cost, climate-adaptive housing in Nigeria.
5.0	CONCLUSION AND RECOMMENDATIONS
5.1 Summary of Findings
This study evaluated the thermal performance of Interlocking Stabilised Soil Blocks (ISSB) as a sustainable walling material for passive building design in tropical regions, using both experimental measurements and user perception surveys. The results indicate that ISSB provides superior thermal comfort, energy efficiency, and environmental performance compared to conventional sandcrete blocks.
Field measurements revealed that ISSB walls recorded an average indoor temperature of 28.4°C, compared to 31.1°C for sandcrete buildings during peak heat periods. The reduced diurnal temperature fluctuation and lower heat transmission values confirmed ISSB’s enhanced thermal mass and insulation properties. Survey responses showed strong agreement (mean = 4.11, SD = 0.79) that ISSB improves indoor comfort and reduces the need for mechanical cooling.
The statistical analysis (ANOVA and correlation) validated significant differences between ISSB and sandcrete thermal behaviors (p < .05). These findings affirm that ISSB supports passive design principles by stabilizing indoor climates and minimizing energy consumption. The results align with similar research by Bailly et al. (2024) and Real et al. (2024), which demonstrated the potential of stabilized earth blocks in improving hygrothermal comfort in warm climates.
5.2 Conclusion
The study concludes that ISSB technology offers a viable and sustainable alternative to conventional walling materials for buildings in tropical environments. By combining locally available soil with minimal cement stabilizer, ISSB achieves high thermal inertia, low embodied energy, and cost-effectiveness. The material’s inherent ability to absorb and slowly release heat makes it ideal for passive and energy-efficient building design in Nigeria and other sub-Saharan regions.
Furthermore, occupants’ perceptions of enhanced comfort correspond with measured thermal data, confirming that ISSB buildings deliver tangible indoor comfort benefits. These outcomes advance previous works by Ibitoye et al. (2023) and Awotunde et al. (2023), demonstrating that ISSB can be scaled for broader application in green, low-cost housing projects. 
Nevertheless, the successful large-scale adoption of ISSB will depend not only on its technical performance but also on overcoming identified psychological and institutional barriers. As noted by Ibitoye et al. (2026), improving awareness, strengthening policy frameworks, and enhancing stakeholder confidence are essential for mainstreaming ISSB in Nigeria’s construction sector.
The findings also underscore the role of material selection as a key determinant in achieving climate-responsive architecture. With proper stabilization, construction techniques, and design integration, ISSB can significantly contribute to Nigeria’s sustainable building agenda and the global transition toward low-carbon housing solutions.
5.3 Recommendations
Based on the findings, the following recommendations are proposed:
i Material Optimization: Further research should explore variations in soil composition, stabilizer ratio, and compaction pressure to improve ISSB’s thermal and moisture resistance properties (Bui et al., 2023).
ii Design Integration: Architects should integrate ISSB walls with passive cooling strategies   such as cross ventilation, shading devices, and reflective roofing   to enhance performance in hot–humid climates.
iii Policy and Standardization: Regulatory bodies such as the Nigerian Building and Road Research Institute (NBRRI) should establish clear standards for ISSB production, thermal performance benchmarks, and certification for large-scale adoption.
iv Public Awareness and Training: Capacity-building programs for builders, artisans, and communities should be implemented to promote knowledge of ISSB benefits and correct production methods.
v Future Research: Long-term monitoring of ISSB buildings is recommended to assess seasonal variations in performance, durability, and maintenance patterns under real-use conditions.
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