


[bookmark: _Hlk208123742][bookmark: _Hlk153703287][bookmark: _Hlk63886148]Use of Compressed Earth Brick (CEB) in construction in Burkina Faso: economic issues and sustainable prospects	Comment by elias susi: The title is crucial and reflects the subject of the study. However, it could be improved by specifying the analytical focus of the research. A more explicit title would enhance clarity and academic precision.
Suggested 
Economic and Sustainability Assessment of Compressed Earth Bricks in Construction: Evidence from Burkina Faso



Abstract 	Comment by elias susi: The abstract is clear and formative. However, the study methodology should be explicitly stated for instance comparative cost analysis, field-based estimation. In addition, at least one key quantitative finding such as the cost the cost differences between CEB and Concrete block construction should be indicated. 
Earth, an abundant and ancient material, has been used in construction for millennia. It allows for the creation of diverse dwellings, ranging from simple houses to monumental buildings. However, despite its numerous advantages, earthen construction, particularly through Compressed Earth Blocks (CEBs), is less common than imported materials. These imported materials often fail to meet the demands of climate change, stability, and durability. In Burkina Faso, this phenomenon is particularly pronounced in Ouagadougou, the capital, where earthen architecture is often associated with the image of poor and low-quality housing. Construction represents a strategic sector for economic development, but it remains heavily dependent on expensive and energy-intensive imported materials. Compressed Earth Blocks (CEBs), made from abundant local materials, appear as a sustainable alternative. This study analyzes the economic challenges related to the use of CEBs in construction in Burkina Faso. Through a comparative cost study, an assessment of its impact on construction and a reflection on sustainability, it appears that BTC is a competitive option, provided it is supported by public policy decisions and better technical standardization.	Comment by elias susi: Ensure consistency of terminology throughout the abstract use either CEB or BTC not both
Keywords: Compressed Earth Bricks, sustainable construction, local materials, imported materials, construction costs.	Comment by elias susi: Consider revising the keywords to avoid repetition of terms already involved in the title. Add one methodological keyword such as cost analysis or economic assessment.
1- INTRODUCTION
Faced with growing global challenges related to the ecological transition and the sustainable management of natural resources, the building sector is at the heart of environmental and economic concerns. In Burkina Faso, a Sahelian country experiencing rapid population growth, the demand for housing continues to increase, making it imperative to urgently search for construction materials and methods adapted to the local climate and respectful of the environment. Currently, the building materials used are often imported and energy-intensive, resulting in high economic costs and a significant ecological footprint. Compressed earth bricks (CEBs) appear as a relevant alternative solution. Made from abundant local soil, their no-fire manufacturing process significantly reduces energy consumption and associated carbon emissions. Furthermore, they offer excellent thermal performance, contributing to improved comfort for residents in a Sahelian climate characterized by wide temperature variations.
Despite their technical and environmental advantages, the initial cost of construction with compressed earth blocks (CEBs) remains higher compared to imported materials widely used in the Burkinabe construction sector. This cost difference hinders the wider adoption of CEBs, beyond their long-term benefits. It is therefore crucial to ask: what are the economic implications of using compressed earth blocks in construction in Burkina Faso?	Comment by elias susi: The introduction part offers strong contextual background on sustainability and housing challenges in Burkina Faso. However, the study gaps should be stated more explicitly to clearly refers the originality and contribution of this study compared to existing literature.	Comment by elias susi: The research question is crucial but could be formulated more clearly to increase analytical focus.
The answer to this question will be the subject of our study.
2- Context and characteristics of Compressed Earth Bricks	Comment by elias susi: This part clearly explains the technical features of CBEs. Offering quantitative ranges for instance typical stabilization percentages or density values would increase scientific rigor
Compressed earth block (CEB) is a material obtained by compressing stabilized local soils (often with a percentage of cement or lime), without firing. It is distinguished by several relevant technical properties: good mechanical strength, favorable thermal insulation in hot climates, reduced energy consumption related to production, and the possibility of use for load-bearing or non-load-bearing walls depending on the formulation and dimensions. Its adaptability to the geological context of Burkina Faso, where clay soils are widely available, is a structural advantage for the development of the material.
3- Literature review	Comment by elias susi: The cited literature is significant and authoritative. However, the review depends heavily on foundational sources. The inclusion of more recent peer reviewed studies on the earth construction or sustainable building in Africa is suggested 
[bookmark: _Hlk201765440][bookmark: _Hlk201765465]Compressed Earth Brick (CEB) is a brick obtained by modifying the properties of an earth-water-air system to achieve permanent properties suitable for a specific application (Hugo Houben, 1989) . A Compressed Earth Brick is a masonry element, small in size and with regular, controlled characteristics, obtained by static or dynamic compression of wet earth followed by immediate demolding. (Practical Guides for Compressed Earth Blocks, 1998 standard) . The main objectives of earth stabilization are:
· To achieve better cohesion
· Achieve improved mechanical properties: increase dry and wet compression strength, tensile strength, and shear strength.
· Reduce porosity and volume variations: swelling and shrinkage with water
· Improve resistance to erosion from rain and wind: reduce abrasion and waterproof.
To meet different uses of BTC, we have 4 main bricks of the same dimensions (14×9×29.5) cm
· Standard brick : intended for general construction
· Interlocking brick: designed to fit together, facilitating assembly without mortar.
· Cellular brick: used for the passage of electrical cables, which helps to minimize the deterioration of standards outside the electrical installation.
· Hollow brick: specially designed to reinforce the structure of walls by horizontal bonding.
3.1- Advantage of BTC
Compressed earth bricks (CEBs) are increasingly recognized in the sustainable construction sector due to their numerous technical, environmental, and economic advantages. Made from local, unfired compressed earth, they represent an attractive alternative to traditional materials such as concrete blocks, lateritic blocks (LTBs), and fired bricks.
3.1.1- Thermal performance
[bookmark: _Hlk201765597]Compressed earth blocks (CEBs) are particularly distinguished by their thermal properties. Thanks to their high thermal inertia, they absorb heat during the day and release it slowly at night, thus providing a natural cooling effect. This phenomenon helps stabilize the indoor temperature, improving thermal comfort, especially in hot or tropical climates. This natural regulation reduces heating and cooling needs, resulting in significant energy savings. Furthermore, CEBs promote the management of indoor humidity by absorbing and releasing water vapor, contributing to better hygrothermal comfort and indoor air quality. Their thermal conductivity is generally between 0.66 and 0.8 W/mK ( Cratère, 1995, pp. 10-12), offering superior insulation compared to concrete blocks or granular concrete blocks.
3.1.2- Strength and durability
Mechanically, compressed earth blocks (CEBs) exhibit a compressive strength of approximately 5.8 MPa with 8% cement (Courard H, Earth Construction, 2012) , sufficient for load-bearing walls in medium-rise buildings. Their high density also provides good sound insulation. CEBs are manufactured without firing, reducing their carbon footprint and limiting energy consumption compared to fired bricks.

4- Methodology	Comment by elias susi: The mixed methods approach is suitable. However, additional details are required regarding data sources, assumptions used in cost estimation and scope of the field calculations to improve transparency and reproducibility.
This study on the use of Compressed Earth Bricks (CEBs) in construction in Burkina Faso employs a mixed-methods approach, combining quantitative and qualitative methods. The research will be conducted in several stages, combining primary data (surveys, interviews) and secondary data (literature reviews, existing reports) to provide a comprehensive understanding of the economic implications and sustainable prospects of CEBs in the country.

Environmental impact	Comment by elias susi: The environmental benefit of CEBs are well discussed. Consider briefly referencing embodied energy or life cycle considerations to further strengthen this section.
Compressed earth bricks (CEBs) are distinguished by their low environmental impact. Their production relies primarily on local materials, which are easily recyclable or reusable at the end of their life. Furthermore, the absence of firing significantly reduces energy consumption and greenhouse gas emissions, particularly when cement stabilization is limited. Indeed, cement production accounts for approximately 5% of global CO2 emissions (Houben & Guillaud, CRAterre EAG, 1995).
Cost and implementation	Comment by elias susi: This part Presents useful economic insights. However, the distinction between short term construction costs and long term operational savings should be made clear.
[bookmark: _Toc202023114][bookmark: _Toc202026291]Economically, the cost of BTC may be slightly higher than that of concrete blocks per m², but their thermal efficiency allows for savings on energy expenses in the long term.
Comparisons of BTC with other materials
The table compares Compressed Earth Brick (CEB) with other building materials such as concrete blocks, Lateritic Cut Blocks (LCB) and fired brick according to several technical and environmental criteria:
· Compressive strength : BTC has a resistance of approximately 5.8 MPa, comparable to concrete blocks (6.1 MPa) and superior to BLT (3 MPa).
· Thermal conductivity : BTC offers good thermal insulation (0.66 to 0.80 W/mK), similar to BLT, while concrete blocks are less insulating (0.77 W/mK).
· Thermal regulation : BTC has high thermal inertia, acting as a natural air conditioning system, unlike concrete blocks and BLT with low inertia.
· Water absorption : BTC absorbs 14 to 20% of water, while concrete blocks absorb less (7.95 to 14.32%), and BLT and fired brick absorb more (18.7% to 23%).
· Environmental impact : BTC has a low environmental impact thanks to its use of local materials, unlike concrete blocks and fired brick, which require more energy.
· Implementation : BTC requires careful implementation, while concrete blocks are quick to use but require plastering, and BLT is more artisanal.
· Cost : BTC is more expensive than concrete blocks and less common, while concrete blocks are more affordable.
· Aesthetics : BTC offers a raw and authentic look, while concrete blocks have an industrial look, and BLT and fired brick have a natural and warm look.
This table helps to compare materials according to their characteristics, thus facilitating the choice according to the needs of the project.
[bookmark: _Toc202274369]Table 1 : Comparisons of BTC with other materials
	
Criteria
	Compressed Earth Brick (CEB)
	Concrete block
	Lateritic Blocks (LT)
	Baked Brick

	Compressive strength
	Approximately 5.8 MPa
	Approximately 6.1 MPa industrial, 0.83 MPa informal
	Approximately 3 Mpa
	
Variable, generally high

	Thermal conductivity
	
0.66 - 0.80 W/mK (good insulation)
	
0.77 W/mK (less insulating)
	
0.66 - 0.85 W/mK (good insulation)
	Poor thermal insulation, requires additional insulation

	Thermal regulation
	High thermal inertia, natural air conditioning effect
	Low thermal inertia
	
Variable inertia
	Low thermal inertia

	
Water absorption
	14-20% (moderate)
	7.95 - 14.32% (lower)
	
18.7 - 23% (higher)
	High resistance to humidity

	
Environmental impact
	Low: no cooking, local materials, low energy
	More energy-intensive, heavy industrial manufacturing
	Natural material, impactful local extraction
	Requires cooking, high energy consumption

	
Implementation
	Neat, in demand, weatherproof
	Quick, easy, requires protective coating
	
Handcrafted, traditional
	
Slower, more fragile, difficult to cut

	
Cost
	Higher than a concrete block, less common
	Cheaper, widely available
	Variable depending on local availability
	Variable, often cheaper than BTC

	
Aesthetic
	Raw, authentic appearance, can remain apparent
	Industrial look, requires plaster
	
Natural appearance
	Warm, natural appearance, may be apparent


Source: Design and construction manual (CRAterre EAG, 1995)
5- Results	Comment by elias susi: The results are clearly presented and supported by numerical data. A brief summary paragraph highlighting the findings at the end of the results section should improve readability.
[bookmark: _Hlk220212517]5.1 - Costs of a two-story building (ground floor + 1) using compressed earth blocks (CEB) materials
This estimate therefore presents a complete breakdown of costs for each aspect of the construction, including preparatory work, concrete, masonry, electricity, plumbing, and other specific items for the different levels of the building.
Table 2 below in our article presents a detailed cost estimate for the overall construction of a two-story building (ground floor + 1) using compressed earth blocks (CEB). The table is divided into three main sections: foundation and ground floor, first floor, and plumbing, with a total cost for each section, as well as the total cost of the building. Furthermore, the 2025 construction price list (the national unit price schedule in effect in Burkina Faso) is also used for certain items in the estimate to ensure an accurate and up-to-date cost estimate.
Table 2: Estimated cost of the overall building studied
	SUMMARY 	OF TOTAL BUILDING PRICES

	HAS
	FOUNDATION AND DRC

	I
	PREPARATORY WORK, SITE LAYOUT, EARTHWORKS AND MISCELLANEOUS
	1,063,137.50 CFA francs

	II
	CONCRETE AND REINFORCED CONCRETE
	9,993,096.49 FCFA

	III
	MASONRY AND PLASTERING
	9,719,190.15 FCFA

	IV
	WOOD AND ALUMINUM JOINERY AND WELDING
	3,625,000 CFA

	V
	COATINGS
	7,311,277.22 CFA

	VI
	GROUND FLOOR ELECTRICITY
	3,805,050 CFA

	TOTAL GENERAL. A
	35,516,751.36 FCFA

	B
	R+1

	I
	CONCRETE AND REINFORCED CONCRETE
	934,213.83 FCFA

	II
	MASONRY AND PLASTERING
	7,894,766.92 FCFA

	III
	WOOD AND ALUMINUM JOINERY AND WELDING
	3,268,500 FCFA

	IV
	COATINGS
	8,211,350.75 FCFA

	V
	ELECTRICITY R+1
	3,358,950 FCFA

	VI
	ROOF
	3,552,000 FCFA

	TOTAL GRAND. B
	27,219,781.50 FCFA

	C
	PLUMBING

	VII
	PLUMBING
	3,399,000 FCFA

	TOTAL GENERAL. C
	3,399,000 FCFA

	TOTAL COST OF THE BUILDING
	[bookmark: _Hlk201623894]66,135,533 FCFA

	TOTAL AMOUNT VAT (18%)
	11,904,396 FCFA

	TOTAL BUILDING COST INCLUDING ALL TAXES (TTC)
	78,039,929 FCFA


Source: result of our field calculations
[bookmark: _Hlk201763599]The cost estimate reveals a total cost of 66,135,533 CFA francs (excluding tax) for the construction of the two-story building in Burkina Faso using compressed earth blocks (CEB) in Ouagadougou. Applying the 18% Value Added Tax (VAT) in effect in Burkina Faso, the total cost of the project, including all taxes, amounts to 78,039,929 CFA francs.
5.2 - Comparative study between the use of BTC and concrete block materials
To assess the economic competitiveness of Compressed Earth Blocks (CEBs) in the Ouagadougou context, Table 3 below compares the construction cost of the masonry for a two-story building (ground floor + 1) using CEBs with an alternative using concrete blocks, a widely used conventional building material. The cost estimate from our study, based on the use of CEBs for the masonry, serves as the benchmark for this comparison. To establish a point of comparison, we developed a methodology where the masonry for the same two-story building (ground floor + 1) would be constructed using hollow concrete blocks (15*20*40) cm. We used unit prices from the national price list in effect in Burkina Faso for concrete blocks and associated plasters.
Table 3: Summary of overall costs
	OVERALL COST OF A BUILDING MADE OF COMPRESSED EARTH BRICK

	TOTAL COST OF THE BUILDING
	66,135,533 FCFA

	TOTAL AMOUNT VAT (18%)
	11,904,396 FCFA

	TOTAL BUILDING COST INCLUDING ALL TAXES (TTC)
	78,039,929 FCFA

	TOTAL COST OF THE CONCRETE BLOCK BUILDING

	TOTAL COST OF THE BUILDING
	[bookmark: _Hlk201624135]60,430,433 FCFA

	TOTAL AMOUNT VAT (18%)
	10,877,478 FCFA

	TOTAL BUILDING COST INCLUDING ALL TAXES (TTC)
	71,307,911 FCFA


[bookmark: _Hlk201629887]Source: result of our field calculations
[bookmark: _Hlk201763791]Comparing the construction costs of Compressed Earth Bricks (CEB) and hollow concrete blocks reveals a significant price difference in the overall project cost. Indeed, the construction of a two-story building (ground floor + 1) using CEB has a cost of 66,135,533 CFA francs (excluding taxes ) , compared to 60,430,433 CFA francs (excluding taxes ) for an equivalent construction using hollow concrete blocks, representing a difference of 5,705,101 CFA francs ( 5,705,101 ). This variation is mainly explained by two factors: firstly, the higher cost per square meter of compressed earth block (CEB) masonry, due to the greater number of units required (33 CEB/m² compared to 13 concrete blocks/m²), even though their unit price is the same (300 FCFA/unit); secondly, a significantly higher labor cost for CEB (3,000 FCFA/m² compared to 1,625 FCFA/m² for concrete blocks). However, beyond the immediate economic aspect, CEB offers significant long-term advantages. Their high thermal inertia and their ability to regulate indoor humidity make them a material particularly well-suited to the Sahelian climate, allowing for major savings on air conditioning. Furthermore, their local production limits the project's carbon footprint and boosts the regional economy by creating added value locally. Conversely, concrete blocks remain more competitive in the short term thanks to their low initial cost, market availability, cheaper labor, and faster installation. The choice between these two materials will therefore depend on the client's priorities: immediate budget optimization or investment in sustainability, comfort, and local development.
6- Discussion	Comment by elias susi: The discussion appropriately interprets the findings. Encouraged to strengthen the link between results and public policy implications, specifically regarding housing strategies and sustainable construction policies in the country.
The use of Compressed Earth Bricks (CEBs) in the construction sector in Burkina Faso offers promising prospects, particularly in terms of thermal comfort, reduced environmental footprint, and promotion of the local economy. However, several factors must be considered to ensure its long-term development.
· Thermal and Energy Advantages
One of the main advantages of compressed earth blocks (CEBs) lies in their high thermal inertia. This term refers to the ability of materials to store and release heat, thus allowing for the natural regulation of indoor temperatures in buildings. Indeed, thanks to this characteristic, CEBs help maintain a comfortable indoor temperature by reducing extreme fluctuations in heat and cold. In a country like Burkina Faso, where temperatures can be high for much of the year, this property is particularly valuable. By reducing the need for air conditioning, CEBs can generate substantial energy savings, thereby contributing to reduced energy consumption and mitigating the effects of climate change.
· Environmental Impact
Another major advantage of compressed earth blocks (CEBs) lies in their low environmental impact. Unlike traditional bricks, which require a high-temperature firing process, CEB production does not require energy to fire the materials, thus significantly reducing greenhouse gas emissions. CEBs are manufactured by compressing earth using presses, a relatively simple and energy-efficient process. Furthermore, the materials used are generally locally sourced, which reduces the carbon footprint associated with material transportation. This local production also promotes the circular economy, as CEBs are recyclable at the end of their life cycle, contributing to the reduction of waste in landfills.
· Manufacturing Costs and Challenges
Despite these environmental advantages, the higher initial cost of compressed earth blocks (CEBs) is a barrier to their widespread adoption. The production costs of CEBs can be higher than those of traditional materials like concrete blocks, due to higher labor costs and the larger number of blocks required to cover an equivalent area. This is because CEBs are smaller than concrete blocks, resulting in a greater quantity of material needed to achieve the same construction volume. While the initial cost is higher, it is worth noting that the long-term energy savings and durability of CEB buildings can offset this initial expense.
· Technical Standardization and Quality Assurance
The use of compressed earth blocks (CEBs) in construction requires particular care in manufacturing and weather protection, as the earth used can be sensitive to moisture and climatic variations. Therefore, rigorous quality control in CEB production is essential to guarantee the durability of the structures. Technical standardization of CEB manufacturing appears to be a key element in strengthening the reliability of this material. Clear standards and quality certifications would reassure not only investors but also consumers regarding the safety and performance of the buildings.
· Cultural Resistance and Awareness
In addition to technical challenges, cultural resistance can also hinder the adoption of compressed earth blocks (CEBs). Traditional building materials like cement and concrete blocks are deeply ingrained in local construction practices. To overcome this resistance, awareness campaigns highlighting the advantages of CEBs, both in terms of sustainability and long-term cost-effectiveness, are necessary. Simultaneously, vocational training should be offered to tradespeople and engineers to equip them with the skills needed to manufacture and use CEBs in construction. This would not only promote the technology but also boost employment in the sustainable construction sector.
· Sustainable Development Prospects
The development prospects for compressed earth blocks (CEBs) are considerable, both environmentally and socially. By encouraging local production, CEBs can stimulate the regional economy by creating jobs and supporting the circular economy. Furthermore, their adoption in social housing programs could significantly improve access to housing for low-income populations. Indeed, thanks to their relatively low cost and durability, CEBs represent a viable alternative for low-cost housing in both urban and rural areas. This could also strengthen resilience to environmental challenges by enabling the construction of buildings more resistant to extreme weather conditions.
[bookmark: _Toc133580203][bookmark: _Toc133580273][bookmark: _Toc144485371][bookmark: _Toc144466916][bookmark: _Toc150326644]CONCLUSION 
The use of Compressed Earth Bricks (CEBs) in Burkina Faso presents significant economic opportunities, including reduced construction costs, the creation of local job markets, and improved access to housing. These benefits are accompanied by sustainable environmental and social prospects. However, for CEBs to become a solid pillar of the construction sector, investment in technical standardization, training, institutional support structures, and integration into coherent public policies is essential. Through a systemic approach that combines public and private actors with local communities, CEBs can contribute to more resilient and inclusive urban and rural development.

7- Recommendations	Comment by elias susi: The recommendations are relevant and practical. Consider numbering them and explicitly linking each suggestion to specific results.
For BTC to become a key player in sustainable construction in Burkina Faso, several actions must be undertaken:
· Investing in the training of craftsmen and building professionals to ensure efficient and safe construction practices with BTC.
· Offer tax incentives to encourage the adoption of sustainable building materials and to offset the higher initial cost of BTC.
· Create a technical standardization framework to establish quality standards for the manufacture and use of BTCs.
[bookmark: _GoBack]
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