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ABSTRACT 

The benefits of earth architecture in terms of environmental sustainability, climate responsiveness and 

cost-effectiveness have been proven in the literature. Locally available mud has been used as the 

vernacular construction material for centuries. However, in the modern-day, they are classified as 

temporary structures and are increasingly discouraged in India, considering their vulnerability to 

natural hazards like cyclones. Instead, a few modern earth architecture techniques have evolved that 

harnessed the benefits of using earth and structurally perform similar to brick and concrete structures. 

One such technique is Cement Stabilized Earth Blocks, where the blocks are made out of the earth 

with a mix of a small proportion of cement. In contemporary construction practices in India, project 

performances are frequently measured in terms of time, cost and structural performance. Compared to 

the prevalence of conventional materials, earth architecture practices in India are still limited to small 

scale sporadic projects. There is less research on project management of earthen structures, and this 

paper intends to fill this gap. This paper aims to critically appraise the challenges faced in using 

Cement Stabilized Earth Blocks at all stages of the project life cycle. The methodology involved 

dialogue with engineers, contractors, architects and occupants of modern earth structures and trace the 

challenges faced in five projects. The research found that the structures which finished in exposed 

blocks needed to take extra measures for weather protection. The use of modern earthen material does 

not have cultural popularity and is accepted only by self-motivated, environmentally conscious 

individuals. Scepticism related to its structural performance prevails. Availability of skilled workers 

and equipment locally is minimal, and assembling a team often results in time and cost escalation. 

Earth blocks do not match commercial and real estate projects' rapid and massive construction or cost 

expectations. Further innovation and policy governance are needed for earth architecture to compete 

with conventional techniques. 
 

Key Words: Stabilized Mud Earth Blocks; Conventional Techniques; Local Availability; 

Implementation Challenges 

1. INTRODUCTION 

 

The construction sector is responsible for 39% of CO2 related energy use resulting in emissions of 

which building material is responsible for 11% [1]. In the era of climate change, the challenge to the 

construction sector is two-fold – one, to adopt environmentally sustainable practices in its techniques, 

designs and materials to reduce emissions; and two, to cope with the increasing demand for cooling 

buildings in light of increasing temperatures and events of heat waves [2]. Mud is a natural material 

which has been used extensively in vernacular architecture. It has proven through the test of time that 

it is climate-responsive in terms of mitigating the adverse impacts as well as an apt option of 

sustainable material [3]. Innovations in mud technology like cob, adobe and compressed stabilized 

earth blocks (CSEB) can fulfil modern architecture requirements as well as the objectives of 

sustainability of the construction sector [4]. Past literature has listed many advantages of mud 

architecture: eco-friendliness and recyclability, reusability, cost-effectiveness, local availability, self-

construction, promotion of local culture and handicrafts, durability, pleasing aesthetics, etc [5, 6]. 
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Structures made of mud have a very low carbon footprint. CSEB is considered a green product and 

earns credits in green building ratings. Reddy, et al. [7] have demonstrated that the strength of modern 

or engineered earth materials like CSEB can be made comparable to other conventional materials.  

 

There have been several efforts to promote mud architecture by the government, NGOs and research 

institutes. The United Nations Industrial Development Organization has published a technical manual 

on the production and use of mud stabilized blocks that give the know-how of what is involved in the 

block making process [8]. Several state governments, housing boards, and housing financers in India 

have endorsed the technology and promoted it in various forums. However, it is not one of the 

conventional materials, nor is it popularly known. Mud architecture has always had a people-centric 

approach traditionally and in modern times. It is difficult for large agencies and corporates to adopt it 

or even disseminate the knowledge. The requirement of the involvement of the local community and 

the residents and the user-friendliness in the construction process makes it more appropriate for rural 

construction. And yet it has not been adequately incorporated into national housing policies due to the 

feasibility of making earthen blocks depending on the soil type, which massively varies throughout 

the country [9]. Several other reasons ail the adoption and use of CSEB. Through the case of five 

projects that have used CSEB, this paper traces the challenges faced in using CSEB throughout the 

project lifecycle and discusses the probable reasons for CSEB not being used extensively in urban 

India. 

2. LIFE CYCLE OF PROJECTS USING CSEB 

 

The lifecycle approach gives a holistic view of the challenges and enables dealing with them in a 

phased manner. Like any other project, construction projects have a distinct start and finish. Based on 

the lifecycle of a construction project, the phases of projects using CSEB are formulated as shown in 

Figure 1. As CSEB is adopted chiefly in self-motivated construction projects of individuals, the 

phases of the project reflect the lifecycle of a small scale independent construction project suitable to 

the case projects selected. It is modified from established construction project lifecycles available in 

the literature [10, 11]. The first phase of planning includes project initiation and land assembly, 

architectural and structural design including CSEB and other climate-responsive sustainable features 

consideration, the feasibility of CSEB, project costing with CSEB and conventional materials, 

resource availability and consulting. Project planning is rooted in the interests and abilities of the 

property owner, socio-cultural challenges,  procurement ease etc. The second, i.e. execution phase, is 

more concerning with the contractor who deals with the workers, site, material, equipment and 

construction. Manufacturing and use of CSEB are at this phase. Phase three of occupancy is the 

concern of the occupants where they experience the benefits of CSEB and deal with maintenance. 

Phase four of closure concerns the owner and is monitory, where he deals with the procedure of sale 

transactions or value of demolition and reuse.     

 
Figure 1 Lifecycle of a Project using CSEB 
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The phases in the lifecycle of the projects are used in later sections of this paper to elaborate upon the 

challenges faced in CSEB use in each phase. 

3. METHODOLOGY 

 

3.1. Methodology Followed 

This research mainly dwells on the implementation challenges of projects using CSEB. Therefore, 

five such projects were identified. Semistructured interviews were conducted with the occupants of 

those projects to understand their motivation for adopting CSEB, their socio-cultural difficulties, and 

post-occupancy challenges. Semistructured interviews were also conducted with other architects using 

CSEB to understand the challenges in designing buildings, idea pitching to clients, workers, material 

procurement, and aesthetics. Interviews with the contractors and engineers were vital to understanding 

the challenges of working with mud, skillset availability and training of the workers, space, time and 

techniques required and challenges related to them. Informal discussions with professional realtors 

were also carried out to understand why CSEB is not seen as an option for corporates. Through the 

conversation, certain challenges seemed imminent, and they were compiled and documented.   

  

3.2. Compressed Stabilized Earth Blocks (CSEB)  

CSEB is made from damp soil which is mixed with 5 to 10 per cent of a chemical binding agent such 

as Portland cement for stabilization, then compressed at high pressure to form blocks. The soil 

composition for cement stabilized blocks is recommended to be 15% gravel, 15% silt, 50% sand and 

20% clay. The soil should not have organic content, salt, or other chemicals. There are mechanical 

and hydraulic machines available for pressing the blocks. However, manual machines are more 

prevalent for onsite processes due to ease of use and affordability. The blocks used in the case studies 

in this research were manually made. The pressing is required to achieve higher density, reduce water 

absorption and attain compressive strength. The blocks need 28 days to gain strength. For the same, 

freshly made bricks are placed on a flat surface and cured with water twice or thrice a day for 14 days 

and then sun-dried for 14 days. Sun-drying reduces CO2 emissions but requires space and time. These 

blocks then can be used to construct walls using standard bricklaying and masonry techniques. Mud 

mortar (with a small proportion of cement) can be used for homogeneous bonding of the blocks [8]. 

 

3.3. Bioclimatic Performance of CSEB  

The production of CSEB has much lesser embodied energy than other contemporary materials as the 

mud is locally sourced mainly from the site itself. No form of energy is used in manually made 

blocks. Mud being a natural material, the healthy living in earthen homes is primarily extended to 

living spaces made of CSEB. Bioclimatic performance in terms of thermal comfort rendered by CSEB 

is significantly better than other bricks or cement blocks [12]. The blocks absorb the heat from the sun 

during the day, making interiors cool and radiate back during the night, making them warm. Due to 

the higher thermal lag offered by mud, the walls have natural insulation and remain cool on summer 

days and warm in winter, which is very suitable for the climate in most parts of India [13]. The 

thermal mass of the walls is directly linked to the thickness of the wall (the more the thickness, the 

more the thermal mass). The need for artificial cooling can be further reduced if CSEB is coupled 

with other passive climatic response techniques of ventilation, positioning and size of openings for 

stack and venturi effects. The sand in the blocks gives the porosity to the walls, which acts as a 

humidity performer, controls indoor humidity and prevents cracking. This advantage may be 

negligible in areas receiving heavy rainfall and colder climatic regions receiving snow and not 

receiving ample sunlight (in cooler climatic regions of India, which do not receive snow and 

temperatures don't drop below zero degrees, the CSEB houses remain warm). The bioclimatic 

performance is best with exposed CSEB or with mud plaster. Cement plaster and painting have 

reverse properties, and the performance of CSEB is then nullified.  

   

3.4. Profile of Case Studies 

As shown in Figure 2, the selected five case studies are from the inland districts of the southern state 

of Tamil Nadu, India, which has a warm and humid climate. All the projects are load-bearing 

structures with a stone foundation for residential purposes. Project A is under construction and is 



Kerpic’22 – Re-Thinking Earthen Architecture for Sustainable Development 
9th International Conference  

İstanbul Turkey, 30 June –3 July / 2022 

4 

 

expected to be completed in 2022. Project B was completed in 2010. Project F, completed in 2011, is 

in the vicinity of B, where the owner took inspiration and self-built with the village masons without 

the involvement of an architect. A, B and F are located in rural areas, and CSEB were made onsite. 

The mud from the site was used, and additionally, mud was procured from the vicinity (own 

farmland) as excavated soil was insufficient. Project C and E are in urban areas. Project E was first 

completed in 2006 but was partly demolished due to road widening and then again expanded and 

renovated in 2016. Project C was designed to be constructed with CSEB, but the soil at the site is clay 

and is not suitable for CSEB. Procuring mud is posing a challenge due to sand mining regulations in 

the state. Hence the plan now is to procure the CSEB from a neighbouring state 350 kilometers away. 

The burnt brick structure seen in the image is the pit for rainwater harvesting (compulsory in the 

state). Images shown in D are of onsite block preparation of project B.  

     

 
Figure 2 Images of the case studies 

4. ANALYSIS AND DISCUSSION 

 

4.1. Challenge of Marketing CSEB in the Corporate World 

Given that India is urbanizing and mega construction activities are happening in the cities, techniques 

like CSEB, to have an apparent environmental benefit, need to be extensively used in the cities. Until 

recently, apart from infrastructure, the major construction activities were self-led, meant for their own 

use. Therefore, individuals or families were deeply involved in the entire project's lifecycle. But now, 

particularly in Indian cities, real estate is in boom as demand for investment in properties rose [14, 

15]. They are looked upon as one of the primary long term investment options that also have short 

term utility. Houses, shops, industrial units, and offices are now becoming products delivered by 

corporate houses that have adopted the retail cycle of production, marketing, sale and service. The 

projects are evaluated more in terms of cost, time and efficiency, and the choice of material is 

subjected to profit margins. Due to exorbitant land prices, the residential segment is tilting towards 

group housing, the commercial segment is getting organized into complexes, manufacturing into 

industrial hubs and so on. Conventional building materials are now manufactured in masses and 

provide the economy of scale to become cheaper. The corporate retail segment does not choose to use 

CSEB for several reasons. Firstly, easy procurement CSEB is not possible as they are not 

manufactured in bulk in factories. There are stringent rules against sand/mud mining in almost all 

parts of India to protect water bodies and fertile soil. This prevents mainstreaming CSEB through the 

principles of demand, production and supply. In highrise construction, the structural requirements are 

fulfilled by reinforced concrete columns, beams and slabs, and bricks can be used for walls. The 

option is that for mega construction sites like townships with high rise buildings, the CSEB can be 

produced onsite like the cement batching plants. However, they compete with manufactured bricks or 
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autoclaved aerated concrete blocks. In highrise, as the bricks don't have any structural function, they 

are preferred to be lightweight, and CSEB loses on that front to other materials. Also, it is simply 

economic to procure materials for mass construction rather than manufacture them onsite. Thus, 

CSEB is a lifestyle choice that only the very affluent who can afford the land price can make in cities. 

Institutional buildings and small scale construction in small towns and villages are the only clientele 

right now for CSEB. The challenges for this segment are discussed in the next part of this paper. Even 

though using mud was prevalent in vernacular houses, choosing to use CSEB now has become a 

conscious individual endeavour. Government policies that promote earth architecture have a 'do-it-

yourself' outlook. The policies need to be more aggressive if CSEB is to be adopted as a mainstream 

construction material in the future. 

 

4.2. Challenges of using CSEB in small scale construction projects 

The socio-cultural and technical challenges encountered during each project phase using CSEB are 

discussed here. It is based on the interactions with the owners, architects, contractors and consultants 

of the selected projects. 

 

4.2.1. Planning Phase  

Building a home is an owner's deep financial and emotional investment. Choosing to adopt CSEB in 

his personal dream project is a distinct endeavour where the owners have to struggle with the lack of 

general awareness that creates scepticism among family and friends influencing his decision. Lack of 

awareness is one of the critical hindrances in popularizing CSEB. The use of mud for homes is not 

perceived as modern by the general populace, which then is linked with the family's socioeconomic 

status. Mud houses are also deemed as a 'kutcha' (temporary) for official purposes based on their 

vulnerability to floods and cyclones [16]. Even though the use of CSEB, as it has cement mix, would 

be a 'pucca' (permanent) structure (it is an officially recognized material for construction), 

apprehension prevails among the local populace. The fear of the masses that the blocks may dissolve 

during the rains is hard to overcome. Hence, even if one is willing to adopt CSEB, he will only go for 

it if he has a solid and experienced recommendation or his close family or neighbours have used it. 

The aesthetics of exposed CSEB or mud plaster is not appealing to some compared to sleek finishing 

materials. The mud colour varies in every site, making it difficult to simulate the aesthetics of the final 

form, and the expectations of colour may not be fulfilled. The consciousness of the outsider's 

(visitor's) opinion of their home runs gravely deep in Indian society, and they feel that earthy finishing 

or exposed finish (unfortunately perceived as unfinished) would not be as impressive.   

  

Even if these socio-cultural issues are overcome, there are other challenges. As the soil from the site 

may be used to make the blocks, soil testing and suitability are essential. The soil may not have a 

suitable composition or strength or may have salt content making it unusable. Procuring mud or mud 

blocks is expensive and difficult in the absence of industrial manufacturing. Government officials and 

locals may have objections if the soil is mined from nearby areas like ponds, which may be illegal.  

 

Extra care needs to be taken in designing for the use of CSEB in cold climates or areas of heavy 

rainfall. Sun-drying may be a challenge in areas receiving rainfall for a large part of the year, and 

additional steps are required to weatherproof and protect the blocks. Good workmanship is required to 

carry out electrical and plumbing works if the structure is exposed. There are limited options for 

selecting the team of architects - contractors, and workmen. A team from outside the local area may 

not be conversant with the texture and composition of locally found mud.    

 

Construction cost with CSEB is only marginally less than conventional materials (as they have the 

cost-effectiveness of the economy of scale). An additional cost is incurred if mud has to be procured, 

the team has is from outside the region, or local workers have to be trained, and extra time is required 

to achieve a uniform and precise exposed finish. The lifecycle cost may be low as the need for 

painting and repainting etc., is not incurred. However, that is not a consideration at the beginning of 

the project. It is often expected that the cost of an exposed finish structure should be the same or 

lesser than a conventional unfinished structure, which is not the reality.  
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4.2.2. Execution Phase  

Traditionally mud construction has been an artisan's work carried out by families with knowledge 

building and transfer for generations. However, in India, the construction workers are from common 

families of marginal income, and most learn the skills on the job. The workers are hired and managed 

by contractors who have commissioned the work. Te contractors may or may not be trained 

professionals. There is no concept of professionally trained workmen. Even though there are training 

institutes, it is not feasible for the actual workmen to train themselves or the contractor to get them 

trained professionally. The skills required to make the CSEB onsite and using them are atypical, and it 

is a challenge to find an experienced team or train new workers.   

 

If the soil from the site is unsuitable for CSEB or insufficient (as excavated earth may not be 

sufficient if the built-up area is more), it is challenging to procure the mud. In light of increasing laws 

against the exploitation of fertile soil and river beds, sourcing mud is increasingly impossible. This is 

a real threat in executing projects using CSEB (even if it stands true for cement-based blocks of burnt 

bricks). 

 

There must be sufficient space for stacking and drying the bricks during onsite manufacturing. It is 

challenging to get that kind of space in small plots, especially in urban areas. Achieving the 

consistency in the composition of the mud mixture is critical to achieving the required strength, as 

failing to do so could have a long term structural threat. Regular maintenance of block making 

machines and their proper setup is essential in producing uniform sized blocks. The weight, 

composition, and density should be the same for every block, which must be closely monitored. If the 

pressing of the blocks is improper, then the compressive strength may be reduced. The brick-making 

process is time-consuming, and it is necessary to plan the process considering site conditions, 

weather, workers' availability etc. If site conditions do not permit, the blocks must be made parallelly 

with construction in batches.    

 

Construction and finishing using CSEB is the same as the conventional process but needs meticulous 

efforts if finished in exposed masonry, which is preferential for aesthetics of mud colour and cost-

effectiveness. The quality in alignment, uniformity, accuracy, etc., required in masonry is absolute, 

along with preciseness in the use of mortar. 'Pointing' job in the masonry is essential. This level of 

quality requires patience and attention to detail, resulting in extra time for the job. The trend in 

construction contracting of houses in India is to charge as per square unit of area to be constructed 

(eg., 1200 rupees per square foot charged by some contractors who quote low and do so by 

compromising the quality). In conventional techniques, the finishing in terms of joinery and mortar 

thickness is compromised to achieve speed, as ultimately, the masonry will be plastered and painted. 

Because of this, contracting with the CSEB team is turning out to be expensive as time is spent 

perfecting the finishes during masonry work, deterring the cost benefits. It is very difficult to convince 

people to opt for CSEB blocks in such a scenario.   

 

4.2.3. Occupancy Phase 

If the occupants prefer the aesthetics and indoor ambience of exposed finish, living in such a space 

would be healthy and pleasurable. Suppose the structure has also adopted other climate-responsive 

features such as curated opening for air pressure control, filler slab or traditional roof or white painted 

roof (to increase reflectance), skylights, clay/ mud flooring etc. In that case, the thermal comfort and 

indoor air quality can be felt in hot and dry, composite and warm and humid climatic conditions. 

Occupants particularly seem to love the aroma of wet soil during occasional rains. However, the 

bioclimatic performance of CSEB is only comparatively better. With the increase in the overall 

temperatures worldwide and occurrences of heatwaves, the need for active cooling is apparent even in 

earthen dwellings. 

 

Structured finished in exposed CSEB requires minimal maintenance as there is no requirement for 

painting. However, in case of damages, like cracks, it is very difficult to repair without affecting the 

aesthetics. Occupants have to be careful with permanent stains on walls, hammering nails, etc. They 
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cannot be removed easily as opposed to conventional structures. It may be difficult to find workers for 

such a job during occupancy. Many houses, particularly in rural India, are incrementally built 

depending on the household finances and changing family size. In the case of future extension, it may 

not be possible to have the same quality due to changes in the team or restrictions on mud availability 

(no excavation may be possible or required). The exposed finish is also prone to external damages due 

to weather or human activities, and special treatment is needed to prevent weeds.  

 

4.2.4. Closure Phase 

At the end of one owner's occupancy, in case of demolition, it is much easier to recycle the CSEB. 

However, the same socio-cultural challenges are faced in the case of resale as the prospective buyers 

will have the same scepticism. Mud structures, moreover, may be valued lesser than similar 

conventional structures due to the criteria followed for valuations. However, most of the structures 

using CSEB in contemporary structures are designed by prominent architects and patronized by 

netizens and the media, which may result in commercial value addition to the property. 

 

Many of the challenges mentioned in the lifecycle phases will be addressed if the use of CSEB 

becomes more prevalent with the support of the community and government, and commercial 

manufacturing is permitted even if it is regulated. This will result in the experience of more workers 

making and using CSEB, and they will be available locally. There are certain aspects such as 

resilience to whether and repairs where more research is required. Project management for CSEB is 

necessary to improvise the time and cost management and ease of maintenance.             

5. CONCLUSION 

It is concluded that CSEB, a modern mud architecture technique, can be used for construction suiting 

contemporary structural and space standard requirements and have comparatively better bioclimatic 

performance. CSEB is well researched and is accepted and endorsed by several national and 

international agencies. However, their use is not popular among the masses, nor are they a 

conventional technique and are opted for only by self-determined individuals. Due to the non-

commercial handicraft nature of CSEB, the struggles in using them are many. Most of the challenges 

can be linked to the unavailability of commercially manufactured CSEB due to sand mining 

regulations (to protect water bodies and fertile soil for exploitation). If the soil from the site is not 

suitable or sufficient, then the mud or blocks cannot be procured easily in urban areas. There is a 

shortage of workers team as there is no formal training, and regular masons simply did not have the 

opportunity to learn CSEB techniques on the job. Making blocks and using them is a meticulous job 

that requires patience and time. Also, the quality of finishing required for an exposed finish is high, 

requiring additional time. As a result, the use of CSEB is more time consuming than the prevailing 

construction speed. For the contractor, constructing in CSEB may not be profitable if there are issues 

in procurement. The general scarcity of the required resources leads to cost escalation and difficulty in 

further repair and expansion. Maintenance of exposed finish requires separate measures for weather 

protection. There are heightened socio-cultural impediments to using CSEB. Mud is considered 

vernacular and not accepted as modern, rustic aesthetics of mud plaster or exposed finish is not 

appealing, fear of structural stability concerns the masses etc. This not only discourages the owners 

but also may affect the resale value. Therefore to promote mud architecture for its environmental 

sustainability values, it is necessary to generate awareness, promote extensive usage supported by 

industrial manufacturing and strengthen project management through research.  
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