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Abstract

This study evaluates the thermal performance and environmental impact of Autoclaved Aerated Concrete (AAC) blocks
compared to conventional blocks and bricks residential building construction in Bangladesh. Extensive laboratory
experiment has been conducted in this regard. Laboratory experiments and real-time thermal monitoring reveal that AAC
blocks provide superior insulation properties. The inside temperatures of the rooms are nearly 3°C lower than
conventional bricks. Although, the AAC block shows high-water absorption rate but they are lightweight and have
porous structure of AAC which impacts on indoor thermal and give comfort to the dwellers. Additionally, a Life Cycle
Assessment (LCA) conducted using OpenLCA software indicates that AAC blocks have the lowest carbon footprint
among the materials analyzed, with emissions of only 1,050 kg COzeq per cubic meter. These findings highlight the
potential use of AAC blocks as a sustainable alternative for improving thermal efficiency and reducing environmental
impact in the building sector of rapidly urbanizing regions like Bangladesh.
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1. Introduction

There are different types of lightweight construction material and Autoclaved Aerated Concrete (AAC) is one of them to
make the construction sustainable (Pal et al., 2023). It is made using sand, cement, lime, gypsum, and aluminum powder.
Its cellular structure provides excellent thermal insulation, fire resistance, and sound absorption which makes it an eco-
friendly alternative to traditional clay bricks. With rapid urbanization in Bangladesh, cities face rising temperatures due
to the Urban Heat Island (UHI) effect, where dense building materials trap heat (Yang et al., 2016), increasing indoor
temperatures and energy demand (Stache et al., 2022). Traditional clay bricks worsen this issue by absorbing and slowly
releasing solar heat, leading to greater reliance on air conditioning, which further contributes to greenhouse gas emissions.
Moreover, clay brick production causes environmental degradation through topsoil removal and fossil fuel-based kiln
firing, contributing to around 15% of global air pollution (Dabaieh et al., 2020). In contrast, AAC blocks are produced
(Islam, 2020) using less energy, avoid soil extraction, and result in significantly lower carbon emissions (Andrade and
Alcoforado, 2008). Their lightweight nature also reduces dead loads in buildings, improving construction efficiency. This
study investigates the thermal performance and environmental impact of AAC blocks compared to clay bricks and hollow
cement blocks in residential buildings construction. A field-based experimental approach was adopted, using
DS18B20 digital sensors to record real-time surface and internal
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temperatures under sunlight. This method offers a more realistic evaluation of thermal behavior than conventional lab-
based studies. Additionally, a Life Cycle Assessment (LCA) using OpenLCA software was conducted to assess carbon
emissions across the materials’ lifecycle. Results show AAC blocks have the lowest carbon footprint (Pal et al., 202)
supporting their role in sustainable construction. The findings highlight AAC’s potential to enhance thermal comfort,
reduce energy consumption, and minimize environmental impact, making it a viable solution for climate-resilient
residential construction in Bangladesh (Hussain et al., 2025).

2. Research Methodology
2.1 Detailing of the Specimens

Eight types of masonry bricks were used to evaluate the performance in this study, including traditional Bangla first-
class bricks, machine-cut bricks (solid, three-hollow, and ten-hollow), cement bricks, hollow cement blocks (two and
three-hollow), and Autoclaved Aerated Concrete (AAC) blocks as shown in Figure 1. The Bangla and machine-cut first-
class bricks are commonly used for structural applications due to their high strength, though they contribute significantly
to environmental pollution. The hollow variants, especially ten-hollow bricks and cement blocks, offer reduced weight
and better thermal behavior, making them ideal for non-load-bearing or exterior fagade use. Cement bricks, produced
without firing, provide moderate strength with lower environmental impact. Hollow cement blocks exhibit high
compressive strength and low water absorption, suitable for durable external walls. AAC blocks stand out for their
lightweight structure, excellent insulation, and lowest carbon footprint, making them a strong candidate for sustainable,
energy-efficient interior wall construction.

(a) Bangla First Class Briek (b) Machine Cut: First Class Brick (b) (c) Machine Cut: First Class Three (d) Machine Cut: Ten Hollow Brick
Hollow Brick

(9) Three hollow cements

X
© brick of () block of “Next block Autoclave” company  (9) Two hollow cement blocks
€) Cement brick o

sand ratio of 1:8) Bangladesh
Figure 1. Brick and block specimens used in the present study.

2.2 Thermal analysis and experimental setup

To assess the thermal performance of different building blocks under sunlight, samples were placed on an elevated table
with insulation foam. Two DS18B20 digital temperature sensors were used, one embedded 40 mm inside the blocks and
the other on the surface to measure internal and external temperatures. These sensors, known for high accuracy and wide
range, were connected to an Arduino Uno, SD card module, and breadboard to log data hourly over 24 hours as presented
in Figure 2. The setup enabled precise tracking of heat absorption, retention, and dissipation, providing real-time insights
into the thermal performance of each block under natural sunlight conditions, as depicted in Figure 3.
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Figure 2. Temperature measuring device and sensor connection with device and laptop.
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(a) Sensor connection in AAC (b) Sensor connection in Two (c) Sensor connection in Three Hollow Cement
Hollow Cement Block Block

(&) sensor connection in Cement Brick (F) Sensor connection in Machine cut Three
Hollow Brick

(9) Sensor connection in Machine cut Ten Hollow Brick (h) Sensor connection in Machine cut First class Brick

Figure 4. Connection of sensor connection with different specimens.

2.3 Carbon footprint and environmental impacts with OpenLCA
Assessing the carbon footprint of building materials is vital amid urbanization. Life Cycle Assessment (LCA) compares

the environmental impacts of AAC blocks and traditional bricks in Bangladesh, where AAC shows lower emissions due
to lighter weight and efficient production, unlike clay bricks that emit more CO. from energy-intensive
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kilning. This study used LCA to analyze three building systems over a 100-year lifespan: full brick walls, full AAC
walls, and a hybrid (40% brick, 60% AAC). It included emissions from construction, maintenance, and replacement,
using conservative estimates for AAC. All inputs were scaled to a 10 m? wall area for consistency. Modeling was done in
OpenLCA using 1SO-aligned databases (Ebeh et al., 2024) (ELCD, IPCC, ReCiPe, CML), ensuring reliable comparison
of long-term environmental performance across systems.

3. Result and Discussion
3.1 Mechanical behaviour of the specimens

The water content, dry density, water absorption and compressive strength of used specimen in the present study were
determined according to the standard testing procedure. The results found from the test are presented in Table 1. From the
results it is noticed that AAC blocks have the lowest unit weight (657.34 kg/m?), dry density (626.30 kg/m?), and
compressive strength (2.20 MPa). In contrast, the water absorption is higher for this specimen is as 43.49%. These traits
make them ideal for lightweight, thermally efficient internal walls, though not suitable for structural or moisture- prone
applications.
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Figure 5. Mechanical properties of different specimens.
In contrast, cement bricks and machine-cut first-class bricks offer much higher strength (23.56-32.86 MPa) and lower
water absorption (5.96-10.24%), making them suitable for load-bearing and external walls. Hollow bricks (three and ten-
hole) show balanced performance (Chhetri and Feldman, 2023) with good strength and moderate insulation. AAC blocks
are nearly three times lighter than hollow cement blocks, easing construction and improving thermal comfort.
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However, due to high water uptake, AAC is best used indoors, while two and three hollow cement blocks are better
suited for durable, moisture-resistant exterior walls. Overall, AAC excels in insulation and lightweight applications,
while traditional blocks provide superior strength and durability.

3.2 Thermal Analysis

Thermal performance is critical for energy-efficient construction. In this study, surface and internal temperatures of eight
building blocks were monitored over 24 hours using DS18B20 sensors and Arduino UNO. Among all, AAC blocks
consistently demonstrated the best thermal behavior. They maintained a lower surface peak (~42°C) and the lowest
internal temperature (~35°C), while traditional bricks and cement blocks reached up to 38.5°C inside, as shown in Figure 6.
AAC also exhibited the smallest temperature difference (2°C-6°C) between exterior and interior surfaces, indicating
strong thermal resistance and insulation. In contrast, materials like cement bricks and hollow blocks showed larger
differences (up to 10°C), allowing more heat to pass indoors. The porous, low-density structure of AAC, with its trapped
air pockets, helps slow down heat transfer, enabling quicker cooling and maintaining lower indoor temperatures
throughout the day. This reduced heat gain and faster dissipation lessen the need for artificial cooling, making AAC
blocks highly suitable for energy-efficient buildings and effective in mitigating the Urban Heat Island effect in dense
urban areas.
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Figure 6: Surface and Inside temperature variation of different type of building blocks.
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3.3 Carbon footprint analysis using OpenLCA software
Using the IPCC GWP 100a method, carbon emissions were calculated per cubic meter for four building systems. AAC

blocks showed the lowest footprint at 1,050 kg COzeq/m? (Thakur et al., 2021) while traditional bricks had the highest at
1,619 kg. The AAC + regular brick hybrid emitted 1,234 kg, and the AAC + hollow cement block system slightly less at
1,135 kg. Thus, AAC is the most eco-friendly option, but the AAC cement block hybrid is the most practical and durable

for Bangladesh’s climate.
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Figure 7. Carbon Footprint from OpenLCA

4. Conclusions

This study confirms that Autoclaved Aerated Concrete (AAC) blocks offer superior thermal insulation and the lowest
carbon footprint among common masonry units in Bangladesh. While their high-water absorption limits use in external
walls, their lightweight and energy-efficient properties make them ideal for internal partitions. Among all options, AAC
blocks best balance sustainability, thermal comfort, and construction efficiency. However, for long-term durability in
local climates, a hybrid system using AAC for interior walls and hollow cement blocks for exteriors emerges as the most
practical solution for eco-friendly residential construction
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