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Abstract 
Cob can serve as an alternative building material to concrete in Nicaragua. Cob is an unbaked earth-

based building technique with low global warming potential that suits the humid climate in 

Nicaragua. It can be constructed by hand by inexperienced people using materials such as; clay, 

straw, sand and water. The cob technique is relatively little studied and the exact cost of cob is 

unclear. The purpose of this thesis was thus to provide new information that will help assessing the 

economic sustainability and the environmental impact of the natural building technique cob in 

comparison to the conventional technique concrete. The thesis was carried out by a case study of 

two houses in Matagalpa, Nicaragua.  

The results are showing that the cob technique has cheap materials that support the Nicaraguan 

economy of Nicaragua but takes a lot of labour force and time in comparison to concrete. The cob 

technique also allows the builder to make the house personal adapted, with furniture and details, 

fitted to the owners need. The cob has also a great potential of a long lifespan with low needs of 

maintenance in comparison with concrete. Concrete also has a higher local environmental impact, 

more CO2-emissions and higher external costs. The conclusion is thus that cob is a more sustainable 

technique for building residential houses in Matagalpa.  

Key words: cob, concrete, economic sustainability, external costs, environmental impact, residential 

house  
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Resumen 
Cob puede servir como un material de construcción alternativo al concreto en Nicaragua. Cob es una 

técnica de construcción a base de tierra sin quemar con bajo potencial de calentamiento global que 

se adapta al clima húmedo en Nicaragua. Puede ser construido a mano por personas sin experiencia 

utilizando materiales tales como; arcilla, paja, arena y agua. La técnica de cob es relativamente poco 

estudiada y el coste exacto no está claro. El objetivo de esta tesis ha sido por lo tanto proporcionar 

nueva información que ayudará a evaluar la sostenibilidad económica y el impacto ambiental de los 

recursos naturales de la técnica de construcción cob en comparación con la técnica convencional de 

concreto. La tesis fue realizada por un estudio de caso de dos casas en Matagalpa, Nicaragua. 

 Los resultados muestran que la técnica de cob tiene materiales baratos que apoyan la economía 

local de Nicaragua, pero requiere de mucha fuerza y tiempo de trabajo en comparación con el 

concreto. La técnica de cob también permite al constructor hacer la casa de manera más personal 

adaptándola con muebles y detalles, ajustada a las necesidades de los propietarios. El cob tiene 

también un gran potencial de larga vida con pocas necesidades de mantenimiento en comparación 

con el concreto. Concreto también tiene un mayor impacto ambiental local, más emisiones de CO2 y 

el aumento de los costos externos. La conclusión es de este estudio es que la técnica de cob es más 

sostenible para la construcción de viviendas residenciales en Matagalpa. 

Palabras clave: cob, concreto, sostenibilidad económica, costes externos, impacto medioambiental, 

casa residencial. 
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Sammanfattning 
Den naturliga byggtekniken cob kan vara ett alternativ till den mer konventionella tekniken betong i 

Nicaragua. Cob är en jordbaserad byggnadsteknik med låg globaluppvärmningspotential som lämpar 

sig i det fuktiga klimatet i Nicaragua. Cob består mestadels av; lera, halm, sand och vatten, och kan 

byggas för hand av oerfaren arbetskraft. Cob-tekniken är relativt lite studerad och den exakta 

kostnaden är osäker. Syftet med denna studie var därför att tillhandahålla ny information som ska 

underlätta bedömningen av den ekonomiska hållbarheten och miljöpåverkan hos den naturliga 

byggtekniken cob i jämförelse med den konventionella tekniken betong. Studien genomfördes med 

hjälp av en fallstudie av två hus i Matagalpa, Nicaragua.  

Resultatet visar att cob-tekniken har billiga material som stöder den lokala ekonomin, men kräver 

mycket arbetskraft och tid jämfört med betongtekniken. Cob-tekniken låter även byggaren att göra 

huset personligt anpassat, med möbler och finesser efter ägarnas behov. Den potentiella livstiden 

hos cob är lång, med ett lågt underhållsbehov i jämförelse med betong. Betong har också en större 

lokal miljöpåverkan, mer CO2-utsläpp och högre externa kostnader. Slutsatsen är således att cob är 

en mer hållbar teknik att använda för att bygga bostadshus i Matagalpa.  

Nyckelord: cob, betong, ekonomisk hållbarhet, externa kostnader, miljöpåverkan, bostadshus 
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1 Introduction  
The human population of the world is continuously increasing (The World Bank 1, 2014)1. This growth 

requires that more and more homes are built. To ensure that also the future generations will be able to 

live wholesome lives and that resources are saved, these homes must be built sustainably. They have to 

be sustainable from a lifespan point of view, but also ecologically, socially and economically sustainable. 

However, sustainable building can be complicated to implement in developing countries where poverty is 

a fact. It can be hard to consider the environment for a population that fights poverty and poor living 

standards daily.  

The developing country Nicaragua is the poorest country in Central America. This is reflected on the living 

standard of the Nicaraguan people. The housing standard is poor, the malnutrition is widespread and 

many children and young people do not have the possibility to go to school because they have to work to 

make a living. The rainforest has been heavily deforested to make space for grazing land in many parts of 

Nicaragua. Illegal logging has also been a major problem, with the result that many species are threatened 

to be extinct and not much raw material in form of wood is left. (Nationalencyklopedin, 2014) Hence, 

wood is a scarce and rather expensive material despite its potential as a building material in Nicaragua.  

Many building materials that have been used instead of wood are often expensive and need professional 

skills during the construction, such as concrete.  Because of that there are many houses in Nicaragua that 

are deficient. The buildings in Nicaragua must suit the tropical climate, with both high humidity and heat. 

Cob is an ancient natural building technique that meets these requirements and can serve as an 

alternative in these countries, with cheap raw materials, such as clay, straw and sand, and with a high 

performance even for humid climate (Evans, et al., 2002).   

The price of the main materials used in cob is relatively low and according to a previous LCA-study of cob 

is the natural construction technique sustainable from an ecological point of view, in terms of the global 

warming potential (Estrada, 2013). Even if the materials for cob are presumed to be cheap the 

construction process is quite labour intensive and requires much work (Evans, et al., 2002). However, the 

technique is simple and do not require professional skills, which means that basically anyone can help. In 

that way can the construction with cob also help the social sustainability by giving the possibility that 

more people can get a job.  

1.1 Purpose and objectives  
The positive aspects of cob can still be difficult to communicate to the people of Nicaragua without having 

a clear calculation of all costs, since ultimately it is the economics that sets the limit. The lack of 

knowledge of the costs makes the spread of cob difficult. Hence, in order to increase the diffusion 

potential of cob there is a need for an economic calculation.  

The purpose of this thesis was to provide new information that will help assessing the economic 

sustainability and the environmental impact of the natural building technique cob in comparison to the 

conventional technique concrete. 

  

                                                           
1
 The population is especially growing in the developing countries. For example the developing countries in Latin 

American (The World Bank 2, 2014) compared to the European Union (The World Bank 3, 2014) 
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The overall objectives of the thesis were: 

 To compare the total construction cost in U.S dollars between the natural building technique; cob 

and the commercial building technique; concrete. The comparison has been between two 

residential houses, one in cob and one in concrete, in the city of Matagalpa, Nicaragua.  

 To assess whether the investments costs of the two different techniques benefits the Nicaraguan 

economy or the import economy. 

 To make a cost comparison of the two buildings lifespan, where the longevity and the 

maintenance cost have been studied.  

 To study the two techniques; cob and concrete, from a local environmental point of view looking 

at the materials; by analysing the overall impacts and emissions on a local scale from the 

extraction process of the raw materials and the production of cob and concrete. The study has 

been focusing solely on the materials in cob and concrete specifically, excluding other part of the 

houses such as corrugated zinc roofs, clay tiles, windows, sealers etc. The overall impacts and 

emissions on a local scale from the extraction process of the raw materials and the production of 

cob and concrete have been looked into and analysed.  

 To study the external costs superficially of the two different materials; cob and concrete. This has 

been done very simple just to give an overview of how they might affect the economy from a 

system perspective.  

1.2 Research question 
 Are the two construction techniques expensive in different ways, in materials or in labour force?  

 Which one of the materials comes out cheaper looking from a lifespan point of view?  

 Which one of the materials supports the Nicaraguan economy the most?  

 Which one of the materials generates higher emission and impact on a local scale? 

 Which one of the materials generates higher external costs? 

2 Method 
The study was carried out as a Minor field study financed by the Swedish International Development 

Cooperation Agency, Sida. The work was made through collection of facts by; interviews and study visits 

in Nicaragua, and literature studies of both scientific and informal web based and published sources.  

The thesis has been limited to study two residential houses; one in cob and one in concrete, in the city 

Matagalpa, Nicaragua, see Figure 1.  
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Figure 1: The location of Matagalpa in Nicaragua (Google Maps, 2014) 

The buildings that have been studied are two houses; one in cob and one in concrete, with different sizes 

but with similar performance and to be able to compare them the cost is calculated per square meter. 

This limitation has been put up to make an approximation on what houses of this type could cost in 

Matagalpa. These two houses will represent the two different techniques. 

The calculation gives an overview of the total construction costs of the materials, labour force and some 

part of the transportation, even though it will have a margin of error because of the size difference. The 

costs have been analysed to see whether they support the import economy or the Nicaraguan economy 

to help assessing the economic sustainability of the two techniques in Nicaragua. The data for this analyze 

was primary retrieved through interviews with the owners and constructors of the two houses.  

The two houses have also been studied from a lifespan point of view. This has been done by 

investigations of earlier studies of the two different materials, interviews and estimations. The investment 

costs, maintenance costs and the expected longevity have been taken into consideration.  

The materials used for cob and concrete have been studied from an environmental point of view. The 

study has been focusing on the major materials; cob and concrete, and not all the materials for the whole 

house. This has been done since both houses could have the same type of roofs, windows etc which 

would in that case generate the same emissions. The extraction process of the raw materials and the 

production phase has been studied form what emissions and impact they have on a local scale, this has 

been studied in an overall perspective without going into details. The local scale means the location 

where the materials are extracted and produced and where it in fact causes impacts. The data for this 

study has been based on earlier research on the materials and on the interviews with the owners and 

constructors of the two buildings.  

The external costs for the two buildings have also been studied briefly. The two different materials; cob 

and concrete have been taken under consideration. The external costs are the costs that show how the 

techniques affect the economy from a system perspective. External costs are a quite wide and complex 

way of looking at costs, in this case study they are only assessed superficially and not quantified for the 

two buildings. Calculating on external costs is a way of putting the buildings in a system, this is a part of 

the sustainable thinking. The external costs have been studied by using earlier research.  
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3 Background 
Chapter 3 describes the two different construction techniques and the two different cases. Chapter 3.1 

describes the natural building technique cob and chapter 3.1.1 describes the studied cob-house. Chapter 

3.2 describes the conventional technique concrete and the studied concrete building is to be found in 

chapter 3.2.1. 

3.1 Cob technique 
Cob is a natural building technique made out of an unbaked earth mixture based on clay, straw, sand and 

water. The term cob is old English and means “a lump of rounded mass” and comes from the technique of 

building with cob. The earth mix is processed and formed to round lumps which then are put together to 

build a wall (Smith, 1998), see Figure 2. 

 

Figure 2: Cob lumps and a cob wall in construction phase. Photo by author 

Cob buildings are usually adjusted to how the nature looks like. This is because that the houses’ design 

and looks can vary much depending on what needs the one who will live in the house has on natural light, 

heating or cooling, thus the different cardinal directions, hills and vegetation are taken under 

consideration. (Smith, 1998) 

A cob building typically consists of a foundation with a drainage system, walls, and a roof. None of the 

parts need any machines or professional tools to be built. The tools needed are usually; shovels, pickaxes, 

machetes, tarpaulins, buckets, a wheelbarrow and some small wooden tools for perforating the cob. 

(Evans, et al., 2002) 

The drainage system is needed for reducing the risk of water damages. Cob can withstand absorbing huge 

amount of water and get dry again without being damaged, but if it is exposed for a long time the 

embedded straw can begin to rot and the wall lose its strength and soon even collapse. The drainage 

system leads the water away from the house and can be made of pipes in synthetic materials or can be 

hand dug and hand formed with bricks and stones. (Evans, et al., 2002) 
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The foundation of a cob building is made out of geological material such as; stones, concrete or bricks. 

The function of foundation is (Smith, 1998): 

 to raise the cob wall from the ground to keep it away from water,  

 to hold the building together as one integral unit – important in seismic zones, 

 and to spread the load of the building evenly to reduce the risk of sinking. (Smith, 1998) 

The walls are made out of cob in a mix of clay, water, straw2 and sand in varying proportions. Many of the 

ingredients in a cob mixture can be found on site when digging the foundation and drainage. Whilst the 

walls are being built the window, doors, electrical wires and plumping are put in to place in the cob. 

(Evans, et al., 2002)  

The walls are trimmed to make them even and when they are dried they are covered with plaster and/or 

paint.  The plaster needs to allow the wall to breath; gypsum, lime and earth-based plasters are preferred. 

As paint, lime wash and/or silica paint are most often used. (Smith, 1998) 

The most important protection for the exterior wall is the roof. The material of the roof can vary, but the 

cob buildings need a wide roof overhang to prevent the rain from hitting the walls, see Figure 3. (Evans, et 

al., 2002)

 

Figure 3: The studied cob house in Matagalpa, Nicaragua, with a wide roof overhang, photos by author. 

 

“Give a cob house a good pair of boots and a good hat and she will live forever” 
An old English saying (Evans, et al., 2002, p. 227) 

 

The cob is also very malleable and can in that way be used for more walls in the house. The cob can be 

shaped in any way, both for statues and works of art, but also for furniture. Bookshelves and couches can 

be shaped as the user prefer. The walls and couches can be connected to the heating system if needed, 

which means that they will be warm and comfortable. (Evans, et al., 2002) 

                                                           
2
 The straw is to be separated from hay, it is cut dry and consists of cellulose and silicon, with a low nutrient value 

that decreases the risk for fungus. The straw used is preferably long since it gives a stronger cob mixture. (Smith, 
1998) 
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Cob is a fireproof material, even though it contains straw, and can be used for building ovens, stoves and 

chimneys. The material has also thermal mass and will in that way keep the temperature even all over the 

day.  

3.1.1 Studied cob building 

The cob house studied is located in Matagalpa, Nicaragua. The living area of the house is approximately 

60 m2 and was built and is owned by a Spanish couple that lives in Nicaragua since several years back. The 

house has open floor arrangement with 4 meter high ceiling, at its highest point. The ground floor has a 

living room, a study room, a kitchen with a dining place, a bathroom and an entrance with a small 

hallway. In the centre of the house a staircase is situated. It leads up to the second floor which serves as a 

bedroom.  In the living room a couch and a niche made out of cob is situated. Also is the bookshelf, 

several other shelves and finesses constructed in cob. In addition to that is a bench on the patio also 

made out of cob. The toilet installed is a dry toilet or composting toilet which means that it is not 

connected to and sewer system.  

The foundation is made of rocks from the area is situated on top of a bed of gravel that work as anti-

seismic in case of earthquakes. The house has a drainage system under the house made out of bricks to 

lead away rain water and prevent the risk of flooding the house during the rainy season. The roof is made 

out of clay tiles with some exception were a type of fibre glass called skylight is used to let the natural 

light in. The ceiling is covered with wild canes. There are several windows with shutters. The shutters are 

necessary for prevention of break-in. To let more light in, and to make it look nice, big wine bottles have 

been put into the wall also. The house can be seen in Figure 4, Figure 5 and Figure 6. 
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Figure 4 Top from left: 1. The living room with the cob couch, 2. The ceiling with the skylight. Bottom from left: 3. The cob wall 
with the wine bottles and 4. The kitchen. Photos by author 

 

Figure 5: 1. The staircase and 2. The dining area and the study room in the background. Photos by author.  

1 
2 

3 

4 

1 2 
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Figure 6: The exterior of the cob house. Photo by author 

The owners of the house are very satisfied with it. The indoor climate is fresh and the humidity level is 

very stable. The cob walls absorb the moist when the air is wet and releases it when the air is dry. It is 

approximately the same with the temperature, during the day the heat is absorbed and in the cooler 

night it is released due to the thermal mass. The owners says that during midday in the dry season the 

outdoor temperature can be around 35 degrees Celsius and most houses in the area feels like microwave 

ovens, but not the cob house which feels cooler. They guess it can be about 4 degrees cooler than 

outside. The house is not affected by the rain either, since it has a wide roof overhang and a proper 

foundation protecting the walls.  

The owners recommend other in Matagalpa to build with cob because it is fitting for the climate, it is a 

simple building technique and the materials are natural and much can come from the building site. The 

house can be personalised and design after the needs of the inhabitants. It is possible to adapt the house 

after the natural light and the users work habits and choose in which cardinal directions different rooms 

should be because of that. Meiro says that it will take a lot of thinking and planning before building the 

house, but if that is done there will be a healthy, fresh and durable house for many years.  

 Meiro also believes that there need is a need to change the way of the current construction system. He 

means that the money used for construction goes to expensive materials instead of to the people, as he 

thinks the society of Nicaragua would need. He also means that concrete is a good building material, but 

should be used for constructions where it is actually needed, such as bridges and big infrastructure, and 

not for residential houses where other material is more suitable. Full information on cob house can be 

seen in the interview in the Appendix. 
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3.2 Concrete  
Concrete is a conventional used building material. It is the most common building material for buildings 

and infrastructure in the whole world (Van den Heede & De Belie, 2012).  

Concrete is a mixture of cement, water, aggregate and sometimes different kind of chemical admixtures 

to give it different properties (Al-Ayish, 2013) (Elfgren, 2014). The aggregate is usually gravel and crushed 

rocks along with finer material such as sand and stands for about 65-75 % of the final concrete (Al-Ayish, 

2013).  

Concrete blocks were used to form the walls of the studied building. They are reducing the need of labour 

force in comparison to other concrete systems according to Cemex (Cemex - Consruyedo el futuro, 2014). 

The size of the blocks 20 x 15 x 40,5 cm and they have two holes, see Figure 7.  

 

Figure 7: Concrete blocks with two holes (Cemex - Consruyedo el futuro, 2014) 

Cement production  

The steps of cement production at Cemex Nicaragua: 

1. The raw materials needed for the cement are limestone and calcareous marl. These are quarried 

in open cast mines close to the cement factory of San Rafael del Sur. Explosives are used to 

extract the hardest bedrock and bulldozers for the rest. The materials are then transported with 

dumper trucks to the plant.  

2. At the plant in San Rafael del Sur the limestone and marl is grinded in the smaller pieces by using 

a hammer mill. The material is transported on a conveyor to a warehouse.  

3. Water is then added to the crushed limestone and marl during a second grinding. This is done to 

form the materials into a fine paste.  

4. To get the paste properly homogenised it is transported to reservoirs (concrete cylinders). In this 

step the homogenisation is made mechanically with a compressed air system. In the reservoirs 

can corrections be made if it is necessary, this is to keep a high quality of the paste.  

5. From the reservoirs the paste is fed into ovens to be cooked. The ovens are heated by combustion 

of fuel oil, coke, waste oils and rice hulls. The paste is starting to dry and at  

1 450°C the calcination starts and the cement clinker is formed.  

6. The cement clinker is then grinded in a ball mill together with gypsum and a little addition of 

pozzolan (a fine volcano ash).  

7. The final cement is fine particles which is transported and backed in thick paper bags. (Cemex - 

Constuyendo el futuro, 2014) 
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Concrete production  

The steps of concrete production at Cemex Nicaragua:  

1. Stones and rocks for the aggregates are quarried in different opencast mines. The aggregate 

stands for approximately 60-75 % of the final concrete. The aggregate is put in a mixing container. 

2. Admixtures in form of solid or liquid chemicals can be added in the concrete mixture before or 

during the process. The admixtures that are added are most often used for improving the 

durability of hardened concrete or to reduce the water content to increase the time of setting.  

3. Water is added to react with the cement to form the cement paste that keeps the concrete 

together.  

4. Portland cement is added to the mixture and is the most important part in the mixture since it 

gives the concrete its strength.  

5. The concrete blend is then mixed in a rotating container. (Cemex-, Constuyendo el futuro, 2014) 

The concrete mix is probably then shaped into blocks by using preformed forms.  

Concrete can be used for several different purposes and are because of that used in enormous quantities 

over the world yearly. This means that the carbon dioxide emissions from concrete are very high, 

approximately 5 % of the annual anthropogenic emissions. (Crow, 2008) 

Concrete can be used in buildings; as foundations, walls, ceilings or inner-roofs, and floors for example, 

but also for infrastructure, dams, bridges, pipes, etc.  

3.2.1 Studied concrete building  

The concrete building studied in this case was a 116 m2 building with one floor. The house was still in the 

building process and was planned to be finished in the end of May 2014.  

The materials used in the concrete building are selected carefully to have high quality and long lifetime. 

The cement to the building was specifically chosen and bought from Costa Rica to get a high quality.  

The house is resting on a foundation on gravel to reduce the risk of collapse in case of an earthquake. The 

walls are constructed of concrete blocks put together with cement and covered with a sealer for exterior 

walls. The roof is made of corrugated zinc. See Figure 8. 
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Figure 8: The outside wall of the studied concrete building in Matagalpa, Nicaragua. Photo by author 

The inner wall was covered with a sealer to make it more even and give it a white colour. The inner floor 

was made of ceramic tiles to make it even and easy to clean. 8 aluminium bronze windows are installed in 

the house, see Figure 9. For more information about the concrete building see Appendix. 

 

Figure 9: The inside walls and some parts of the ceramic tile floor. Photo by author 

The owner, Rosalio Antonio Hernandez Montenegro, recommends other to build with concrete because 

he claims it is the best construction material. He and the head of construction, Luis Armando Sánchez, say 

that concrete is fitting for the climate in Matagalpa, and this particular building is particularly adjusted to 

the area since it is earth-quake secured. At the same time they think that the technique of building with 

concrete is hard and takes a lot of time and work.  
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3.3 External costs 
External costs are costs that occur when a production or a consumption of a service or a product give an 

impact in form of a cost on a third party (Economics help, ?). This means that costs that not are for the 

owner or person living in a house can occur. An example of an external cost could be social costs from the 

global warming from Carbon dioxide emissions in buildings; from construction phase, use phase and the 

end of life.  

The climate change caused by the greenhouse gases will affect the fundamental living conditions for a 

great part of the world’s population. Risk of flooding, lack of resources, food products and fresh water are 

problems that earth is facing, and this means that the health and the condition of both the environment 

and humans are at stake. All these scenarios will have a cost, both in real money and for the society. 

(Naturvårdsverket, 2007) 

The building sector has a quite large impact on emissions of greenhouse gases, especially from usage of 

energy (Naturvårdsverket, 2007). The two buildings in this case study will also generate external costs.   
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4 Results  
Chapter 4.1 and its subchapters present the results from the economy part, with construction costs, origin 

of the material and lifespan. Chapter 4.2 and its subchapters contain the results from the environmental 

impact assessment, and chapter 4.3 describes the external costs.  

4.1 Economy 

4.1.1 Labour force  

The studied cob house was built during 2008 and 2010 by a Spanish couple, Rubén Meiro and Marta 

Salvany, and hired help. The active building phase was for about 2 years as a whole, see Table 1. During 

this time the foundation, floor, walls, roof and furniture was built in cob and some in wood. This means 

there is more done than in the concrete house which does not have any furniture or similar when 

finished.  

There were on average 6 people, excluding Meiro and Salvany, working with the construction during the 

two years. No one had experience from building with cob before thus, the process was quite slow. The 

employees were working 48 hours per week with 4 weeks’ vacation each year.  

 Approximately 48 weeks/year for 2 years  96 weeks 

 96 weeks with 48/week  4 608 hours 

 6 employees + Meiro and Salvany = 8 persons  

8 x 4608 = 36 864 hours of work  

Table 1: Labour force and work hours for the cob building 

Persons working Hours of 
work/person 

Total work time (hours) Time/m² 

8 4 608 36 864 614 

The concrete house was built in 2011 for 1 month and finished during 3,5 months in 2014, by a hired 

building firm. There were 7 people working 7 days a week, 12 hours a day during the active process, see 

Table 2. The only vacation was for 2 days during Easter. During this time the foundation, walls, floors and 

roof were constructed.  

7 persons that has been working for 12 hours/day, 7 days/week for 3,5 months with a 2 days stop: 

 Approximately 130 days of work.  

 12 x 131 = 1 572 hours/person 

 1 572 x 7 = 11 004 hours of work 
Table 2: Labour force and work hours for the concrete building 

Persons working  Hours of 
work/person 

Total work time (hours) Time/m² 

7 1 572 11 004 95 
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 The active building phase was 520 hours more in the cob building than building with concrete, see Table 

3. This means that the concrete house was built in approximately 15 % of the time it took to build the cob 

house.  

Table 3: The different time needed for construction with cob and concrete. 

Time to build cob in m2 
(hours) 

Time to build concrete in 
m2 (hours)  

Time difference  
(hours) 

614 95 520 

 Full information about labour force can be seen in the Appendix.  

To put the labour force into a cost, the minimum wages agreed upon the Nicaraguan national assembly 

was used. The number was from 2014, but since it was used for both constructions it has worked to give 

an overview for the labour force.  

The minimum salary for someone working with construction is approximately 1,2 U.S Dollar per hour 

(Ministerio del Trabajo, 2014). This salary is for people that have an education or previous experience in 

constructing. The minimum salary has been used to give an overview of the costs for labour force. The 

labour costs for cob were 764 USD per m2 and for concrete 114 per m2, see Table 4. It is important to 

notice that the workers in the cob building process could be hired for a smaller amount of money because 

of the inexperience but Meiro and Salvany chose to pay their worker more than the minimum, so in this 

case the hourly pay are the same for both buildings.  

Table 4: Costs labour force cob and concrete 

 Labour force, costs in USD  

Construction type Cob  Concrete 

Costs total hours of work 44 237  13 205 

Cost per m2 $ 764 $ 114  

The actual amount of money spent on the building has been apart from the calculation since the time 

Meiro and Salvany put down by them self was not included in that sum. This gives the cob house a higher 

labour force cost than what money actual was spent which is important to consider.  

4.1.2 Materials and their origins  

The costs for the materials used in the two buildings are presented in Table 5. The origin of the materials 

is also presented, to give an overview if the national Nicaraguan economy or import economy is 

supported.   

Approximately 90 % of the materials used in the cob house were bought or fetched within 30 kilometres 

from building site, chosen after careful consideration according to Meiro. He wanted to use local material 

as far as possible without risk the quality or environmental performance.   
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Table 5: Material cost and origin for cob and concrete divided in 6 groups. Explanation: - means not used and ✓ means used 

but exact number is unknown 

Materials Cost in U.S 
dollars 

Supports 
National(N) 

or 
Import (I) 
economy 

Cost in U.S 
dollars 

Supports 
National(N) 

or 
Import (I) 
economy  

 Cob Cob Concrete Concrete  

Group 1: Cooked earth 
(total cost of group) 

    

Bricks  35 N - - 

Clay tiles 737 N - - 

Sum group 1 772 N: 772:- 
I: 0:- 

- - 

Group 2: Wood (total cost 
of group) 

    

Bamboo 30 N - - 

Large wood for structure 817 N - - 

Pochote wood 666 N - - 

Castilla canes  237 N - - 

 Guayabo wood 268 N - - 

Sum group 2 2 018 N: 2 018:- 
I: 0:- 

- - 

Group 3: Solvents/paints 
(total cost of group) 

    

Sealer  ✓ I 600 ? 

Oil ✓ I - - 

Anti-termite  ✓ I - - 

Solvent  ✓ I - - 

Sum group 3 423 N: 0:- 
I: 423:- 

600 N/I? 

Group 4: Metals (total cost 
of group) 

    

Nails ✓ I 21 I 

Fastening wire ✓ I 35 I 

Galvanized wire ✓ I - - 

Flat Zinc sheet  ✓ I - - 

Corrugated Zinc - - 1 046 I 

Iron - - 2 900 I 

Perlines (Iron) - - 766 I 

Aluminium  ✓ I - - 

Sum group 4 306 N: 0:- 
I: 306:- 

4 768 N: 0:- 
I: 4 768:- 

Group 5: Glass (total cost 
of group) 

    

Windows crystal 188 N - - 

Aluminium bronze 
windows  

- - 900 I 
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Wine bottles  0 N - - 

Fibre glass 54 ? - - 

Sum group 5 242 N: 188:- 
I: 0:- 

900 N: 0:- 
I: 900:- 

Group 6: Building material 
(total cost of group) 

    

Concrete blocks - - 1 870 N 

Stones for foundation 57 N - - 

River stones 196 N - - 

Quarry stones  - - 960 N 

Gravel 325 N 500 N 

Beach sand  19 N - - 

Sand 14 N 756 N 

River sand 439 N - - 

Filling materials  10 N - - 

Cement  336 N 2 115  I 

Ceramics  142 ? 912 I 

Expansive cement  Included in 
ceramics 

? 375 ? 

Sealing for the ceramics - - 250 ? 

Straw bales from rice 56 N - ? 

Clay 10 N - - 

Plastic pipes for plumbing - - 90 ? 

Sum group 6 1 604 N: 1 462 :- 
I: O:-  

? 

7 828 N: 4 086:-  
I: 3 027:-  

? 

Sum materials USD 5 356  Sum 
National:  
4 440:- 

Sum import:  
729:-  
(187:- 

unknown) 

14 096 Sum National:  
4 086:- 

Sum import:  
8 695:- 

(1 315 :- 
unknown) 

Sum materials/m2 89 Sum 
National/m2: 

74:-  
Sum 

import/m2: 
12:- 

122 Sum 
National/m2: 

35:-  
Sum 

import/m2: 
75:- 
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4.1.3 Total investment cost 

The cost of labour force and materials are compiled as a total cost in Table 6. The investment cost for cob 

is 617 U.S dollars more than the investment cost for concrete. The main different is in labour force. The 

construction with cob would be approximately half the time with experience of building with cob, 

according to Meiro. He claims that if a similar house was built today with the experience he has from 

building his house he would only need one year, this is an important factor to consider.  

Table 6: The total investment cost for the two buildings; cob and concrete 

 Total costs USD/m2  

 Cob Concrete  

Labour force 764 114 

Materials 89 122 

Sum $ 853 $ 236 

The costs in the two different construction techniques support different economies. In this case study 

these economies have been limited to national and import (the national meaning money stays within 

Nicaragua and import meaning the money going out of Nicaragua), see Table 7 and Table 8. The cob is 

according to these calculations supporting the local economy mostly both in labour force and materials, 

whilst the costs for concrete supports the national economy mostly in labour force and mostly import 

economy in materials.  

Table 7: The costs for cob and concrete supporting the national economy of Nicaragua 

 National USD/m2  

 Cob Concrete  

Labour force 764 114 

Materials 74 35 

Sum $ 838 $ 149 

Table 8: The costs for cob and concrete supporting the import economy 

 Import USD/m2  

 Cob Concrete  

Labour force 0 0 

Materials 12 75 

Sum $ 12 $ 75 

4.1.4 Lifespan  

The technique of building with unbaked earth has been around for centuries, and it is estimated that one-

third of the world’s population lives in earthen homes, but the cob technique was introduced about 800 

years ago, in Europe. There are houses since the 16th and 17th century still standing in useable condition. 

This means that the houses are approximately 400-500 years. (Bee, 1997)  

There are no cob buildings in Matagalpa that are as old as in England, but both places have a high 

humidity level in the air and the cob is seldom affected by any other weather condition than rain and 

moist. Hence, it is possible to assume that the cob house in this case study can have a lifespan for more 

than 400 years. According to Meiro the cob house would probably not be in need of any other 



 

18 

 

maintenance than a regular house, meaning paint and similar, during the lifetime. If the house would be 

in need of reparation it would be quite simple, that would be done with a clay mixture or a plaster.  

According to the head of construction Luis Armando Sánchez, the studied concrete building would 

probably stand without any need of reparation, and other maintenance than painting and similar, be 

needed for at least 50-60 years. He guessed this number of years from earlier experience and because the 

materials in the house had a high quality (according to himself).  

To be able to get an overview of the costs over the lifespan of the two buildings a calculation has been 

done. The calculation is hypothetical and could look totally different, but it helps putting the buildings in a 

lifetime perspective. If the lifespan and maintenance of these two buildings would be estimated to be 400 

years for cob and 50 years for concrete the cost could be regarded differently see Table 9.  

Table 9: The cost per m
2
 per year of estimated lifetime for cob and concrete 

Building technique  Cost/m2 (USD) Expected lifespan 
(years) 

Cost/m2 per year 
(USD) 

Cob  $ 853 400 $ 2,13 

Concrete  $ 236 50 $ 4,72 

4.2 Local environmental impact from extraction of raw material and 

production  
The chapter 4.2.1 contains the local environmental impact assessment for cob and chapter 4.2.2 for 

concrete.  

4.2.1 Cob 

The raw materials needed for cob are; clay, sand, straw and water (Evans, et al., 2002). Most of the 

materials are possible to claim from the building site when making the foundation. In this case study the 

materials used for the cob mix came from the area of Matagalpa.  

The clay used in the studied building came from Matagalpa. The sand and most of the clay was extracted 

from the building site by hand with shovels and picks. The rest of the clay same from two different places; 

one about 80 meters from the building site transported with wheelbarrows, and the last part came along 

with stones for the foundation transported by truck from the area of Matagalpa.  

Since there the house is built on the place where most of the clay came from there is no visible impact on 

the vegetation and land (other than the house, but that is the same case as for the concrete house). The 

clay transported with wheelbarrows did not cause any particular impact either. The last part of the clay 

was transported by a truck which causes noise and some air pollution on the local area.  

The straw came from a rice plantation outside the city of Matagalpa. The straw is a rest product from the 

rice cultivation and would not be used for anything other than animal food if there would be a lack of 

better alternative, since the straw is not a high nutrition source. According to a local woman in Matagalpa 

the farmers set fire to the dry weed before the rainy season to improve the conditions of the ground. The 

firing is forbidden by the local government but is still done. The straw was transported from the 

cultivation point to the building site causing noise pollution and some air pollution.  
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The manufacturing of cob is made by hand with help of a tarpaulin. By pulling and turning the tarpaulin 

the materials are mixed together. When the mixture is ready they are formed to lumps by hand. (Smith, 

1998) 

The effects on the local area for the studied cob building from extraction and production of cob can be 

seen in Table 10. 

Table 10: Effects on the local area from the extraction and production of cob 

Activity Effects on the local area 

Extraction of straw  Less food reserve for livestock  

Transportation of clay and straw Noise 
Air pollution 

Extraction of clay  Visible transformation of the land  

The noise affects the wildlife and humans and can cause stress and discomfort, a more detailed 

presentation of effects from noise can be seen in Table 12 where the impacts of concrete are presented.  

4.2.2 Concrete  

The exact origin of the concrete blocks used in the studied concrete building is unknown. In Nicaragua 

there are two major producers of cement and concrete one called Cemex and the other Holcim. In this 

case it is assumed that the concrete blocks came from the company of Cemex to be able to estimate the 

local impact.  

The different steps in the extraction and production generate effects and impacts. In this case study the 

activities that affect the local area are presented to give an overview of the possible impacts on 

environment and human health, see Table 11 and Table 12. 

Table 11: The different effects of the extraction and production of concrete blocks 

Activity  Effects on the local area 

Quarrying 
Including: usage of explosives, heavy 
machinery, traffic etc. 

Dust (The RMA Quality Planning Resource, ?) 
(Langer, 2001) 
Noise (Langer, 2001) 
Vibration 
Emissions to air and water (The RMA Quality 
Planning Resource, ?) 
Destruction of land and vegetation (The RMA 
Quality Planning Resource, ?) (Langer, 2001) 
 

Transportation Noise 
Air pollution 

Grinding  Dust (The RMA Quality Planning Resource, ?) 

Cooking of limestone and marl Cement kiln dust classified as PM10 (Van den 
Heede & De Belie, 2012) 
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Table 12: The environmental and health impacts caused by the effects from extraction and production of concrete blocks 

Effect  Impact on local environment  Possible impacts on human 
health  

Dust May impact the photosynthesis, 
respiration and transpiration on vegetation 
(Farmer, 1993) 
Decreased productivity of vegetation 
(Farmer, 1993) 

 Respiratory symptoms  

 Coughing phlegm 

 Chronic bronchitis  (Yang, 
et al., 1996) 
 

Cement Kiln Dust 
- PM10 

Same as dust but depending on what type 
of particles e.g. heavy metals they can have 
a higher impact on the surrounding 
environment.   

 Effects on breathing and 
respiratory system 

 Damage to lung tissue 

 Cancer 

 Increasing of illness for 
people whom are already 
sick, such as asthma or 
COPD  

 Premature death (U.S. 
Environmental Protection 
Agency, 2012) 

Noise Wildlife: 
Stress 
Change in behaviour and physiology 
Can disturb the reproductive success 
Decrease of long-term survival (Radie, 
2007) 
 

 Hearing loss 

 Stress 

 Sleep disturbance  

 Increased blood pressure 

 Increased heart rate 

 Decreased performance 
(Stansfeld & Matheson, 
2003) 

 Etc. 

Vibration   Discomfort  

 Stress (Rock Tech Centre, 
2010) 

Whole body 
vibration (the 
machine 
workers) 

  Discomfort, decreased 
performance 

 Health problems: 
cardiovascular, 
respiratory, endocrine and 
metabolic changes, 
digestive problems, 
impairment of vision and 
balance etc. (Safe work 
Australia , 2012) 

Destruction of 
land and 
vegetation  

Scarring the earth’s crust 
Destroying the natural ecosystem 
Disruption of habitat (The RMA Quality 
Planning Resource, ?) 
Erosion 
May interfere the natural flow of the 
ground water (Langer, 2001)  

 Impact on cultural and 
historic heritage value 
might cause discomfort 
for people in the area (The 
RMA Quality Planning 
Resource, ?) 

Emissions to air 
and water 

Might be leakage of polluted water to 
water sources near (Langer, 2001) 
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4.3 External costs 3 
Environmental and health impacts from the two different materials can generate external costs for the 

society.  

4.3.1 External costs from cob  

The extraction of the raw material and the production of cob do not have any major impact on the local 

environment and are only generating carbon dioxide emissions due to the transportation. The material is 

not treated mechanically or releases any emissions in the production phase. 

This means that the cob will not generate low external costs.  

4.3.2  External costs from concrete  

The different stages of the construction part generate different external costs. The extraction of raw 

material phase and production phase has impact on the environment and on human health.  

The quarries for concrete leaves scar on the land and destroys the natural ecosystems. When the quarries 

are no longer in use they should be restored (Holl & Howarth, 2000). A restoration of land and 

ecosystems needs to be paid for and can be considered as an external cost for the concrete building. 

Since the concrete production have a potential impact on humans, from example dust, noise pollution 

and vibration, health problems might occur. More health problems will mean that more people are in 

need of healthcare and away from work due to illness. This is also a potential external cost of the 

concrete house since it might affect the society. 

The cement is the part of the concrete with the highest carbon dioxide emissions. The quarrying, grinding 

and heating together with the calcining process generates approximately 1,25 tonnes of CO2-emissions 

per tonne cement (Babor, et al., 2009). The aggregates also demands energy in form of quarrying and 

grinding processes so even though the cement is only a part of the concrete the carbon dioxide emissions 

will be quite high for a concrete house. 

An increase of carbon dioxide in the atmosphere will contribute to an increasing of the global warming. 

The global warming has many effects upon the society. The increased temperature will melt the glaciers 

and increase the sea level, this might cause flooding of cities which forces people to move. The weather 

might also change, with more or less precipitation causing floods and drought, with more storms and 

extreme weather. This can cause effects such devastation of houses and cropland and smaller yields. This 

means that people might be forced to move and that less food is possible to grow (U.S Environmental 

Protection Agency, 2014). These are example of effects from the climate change and these will have a 

consequence and a cost for the society. 

  

                                                           
3 As in the environmental impact the materials cob and concrete are in focus when looking at external 

costs the since material in for example the roof could be the same in both houses.  
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4.3.3 Other potential external costs 

The external costs for the material concrete will be larger than for the material cob because of the higher 

impact on the local environment and more carbon dioxide emissions.   

Overall are environmental impacts of a materials lifecycle a potential external costs since ultimately they 

might have an impact on the society and economy. 

Other external costs that might occur are in the end-of-life of the buildings. When the buildings will no 

longer be in use and will be demolished the materials within should be taken care of. The materials in cob 

are a natural – clay, straw, sand and water – and will be easy to return to the ground or reuse in another 

building. This could be counted as an opposite to an external cost or a positive external cost, since it does 

not burden the society but rather the opposite. The reuse of a material decreases the need of extraction 

of new raw material.  

When a concrete building is demolished the concrete often ends up on landfills even though it has a 

potential of recyclability (Svensk Betong, ?). The old concrete can be used as aggregate for another 

concrete mixture but might have poorer quality than desired (MPA - The Concrete Centre, ?). This means 

that much of the concrete will have to be put on landfills and this will be a cost for the society.  
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5 Discussion  

5.1 Construction costs  
The cost for the studied cob house and the concrete house are different, both in sum and in what they 

stand for. The main cost for this studied cob building was the labour force whilst it was the material in the 

studied concrete house. The cob house was more expensive in terms of investment money, but there are 

some factors that need to be considered.  

The thesis shows the economically sustainability of two specific houses, not in general, the materials and 

ways of constructing can vary and look different in other cases.  

The studied cob house was built by inexperienced people that had no education in constructing. The 

active building phase of the house was during two years and needed a lot of labour force. The reason for 

that was that the owners wanted to take it slow and not rush anything just to finish it fast. They felt that 

they needed time to build and did not want to risk the quality of the building since they were beginners in 

the cob technique. If the house would be built today by experienced people the time would halved, 

meaning that the house would be finished in one year instead. This would decrease the cost for the 

labour force rapidly.  

During the building phase a lot of people got hired and paid, even though they did not have any education 

in building with cob. Many of these people were unemployed. In addition to that there were not only a 

house -of floor, walls and roof- built during this time, there were furniture and decorations made also in 

both cob and wood. The house is adjusted to fit the residents’ requirements and needs, with a personal 

design and a lot of afterthought. The cost for labour force also includes the time that Meiro and Salvany 

put down themselves even though they were not paid for it. This means that the cost could be less if they 

were excluded. For this case study the whole time was included to give a full picture of what the cost 

might be. The cost could be much less if a family decides to build a house by themselves without hiring 

any external help the cost would be more in time. The time cost is basically the fact that time is spent on 

building a house and not on a job earning money.   

The concrete house was built in a rapid tempo with people working 7 days a week. It was built by 

experienced people from a building firm in Matagalpa. During the building phase there was nothing else 

built than the basics; floor, walls and roof.  

Since the two houses are of different size the calculation is based on a cost per square meter to be able to 

compare them, this will give a margin of error, especially in number of working hours. When constructing 

a bigger building, as the concrete house, the time needed will probably be less per square meter in 

comparison to a smaller house built with the same techniques ones all the materials are at building site.  

Taking these different factors under consideration the cob house may be seen a little less expensive. Since 

the cob house is made by unemployed people in great need of a job, in cheap materials and are already 

furnished in some extent, the money spent can have a greater value. 

The cob building supports the local economy primarily, using local materials from Nicaragua and mainly 

from the area around Matagalpa. The solvents and similar bought from Costa Rica was chosen from 

quality and performance perspective and the materials were bought after careful consideration to get as 

local material without having too much impact on the environment.  
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The materials used for constructing the concrete building were chosen from quality perspective according 

to Sánchez. The environment or similar impacts were not taken into consideration.  

One might say that the cob technique supports the society of Nicaragua in greater extent compared with 

the concrete technique. The money used for the cob stays within the country with the people and this can 

be considered more sustainable both for the economy and the society. 

The investment cost for the cob could also be different if the building would be made by experienced 

people (experienced meaning that someone helping in the construction phase has built with cob before) 

it would take approximately half the time, this would also mean it could be cheaper, if money is the 

priority. 

The cob is also estimated to have a very long lifetime, up to 400-500 years, and will not be in need of any 

big renovation or maintenance. This means that the cob building will be cheap to own and that the 

investment cost will be paid back over time. The concrete house is estimated to be in need of renovation 

or maintenance within 60 years from building point. Of course can the concrete house have a longer 

lifespan than what Sánchez estimates but it is still a good guess after having several years of working 

experience.  

5.2 Impacts on local environment and human health 
The material cob has a low environmental impact on the local scale. The effects on land and vegetation 

are small as are the effects on human health. The cob is a natural building material without any 

mechanical processes and since it is unbaked it does not require a high amount of energy or causing 

emissions to the air in a burning phase. The biggest impact on local scale is the house itself, since the 

natural land is changed. This type of impact will come from building any house though.  

The concrete on the other hand has a bigger impact on the local environment and human health even 

though it is basically a natural material of stones. The process of quarrying, grinding, heating and 

transporting make the effects on the local area quite high. The extraction and production of cement and 

concrete is of large scale since both is used so vastly. Because of that, the quarries are very big and scare 

the land.  

It is not only the environment that is affected by the extraction and production phase of concrete. The 

people (and animals) around the processes, mainly the workers, are also affected by health issues. A 

technique that generates this much impacts on such a small scale is not what would be considered 

sustainable from an environmental point of view.  

The cob technique is a more sustainable alternative for the local environment to build residential houses 

in Matagalpa according to this case study. 

5.3 External costs  
The cob house is made out of unbaked-earth, stones and baked earth basically. The materials used are 

local and are in that way not transported for a long distance. According to these factors and the earlier 

LCA-study there is less carbon dioxide emissions generated then in a similar concrete house. In this case 

the materials used for the concrete come from imported materials, with greater distances and heavier 

impact on the climate, especially in the production. The concrete house will in this context generate a 

higher external cost from carbon dioxide emissions.  
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Concrete has a higher impact on the environment and on the human health as a whole. Impacts may in 

turn cause effects that need to be taken care of and this generates costs. Theses external costs cannot be 

seen in the investment costs or in the maintenance costs but they must be taken into consideration when 

talking about sustainability, because it affects the society, economy and the environment in different 

extent.  

The external costs will be higher for the concrete house than for the cob house. This is important when 

looking from a system point of view. For the society the concrete will be more expensive as a whole. Even 

if this is the case it can be hard to use this as a factor for the investor of a new house. The fact that the 

cob house is more expensive in investment cost will probably impact the one buying a house more. It 

might be possible that the higher external cost for concrete could be used to tell decision makers (or 

similar) to recommend people building in other materials than concrete, because it will affect everyone 

when society needs to pay.   

6 Conclusions  
Two building techniques have been studied in the context of Matagalpa, Nicaragua; cob and concrete 

buildings. The cob technique is labour intensive and has a higher labour cost during the construction 

phase if the same labour cost per hour is assumed for the two building techniques. The concrete building 

technique is more expensive in materials. Under these assumptions the final investment to construct a 

house is lower for the concrete building than for the cob building of the same size. The expected service 

life span of the two buildings is different. 

The cob technique is using materials from the local area, chosen consciously to make as small impact on 

the environment as possible. The cob technique also supports the national Nicaraguan economy and by 

that it lets the invested money go to the people within Nicaragua. In comparison with concrete is the cob 

technique easier to build with for the people of Nicaragua. It is possible to build without previous 

experience and anyone can help. The cob house can be custom made and look exactly as the owner wants 

regardless if the one building is rich or poor. 

The expected lifetime of cob is also very long, if the house is built properly it can last up to 400-500 years 

without any great maintenance or renovation. The concrete on the other hand is expected to be in need 

of renovation within 60 years after construction point, which makes a concrete building more expensive 

to own.  

Concrete has a higher impact on the local environment and affects the human health more with the many 

steps in the production phase. The cement part has the highest emissions of carbon dioxide in the 

concrete mixture. This means that the external costs from of the cob house are expected to be smaller 

than for the concrete house. This is an important factor to consider because this puts the two buildings in 

a wider perspective and shows the effects on the economy in the whole society.  
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Appendix  
 

Appendix 1 – Interviews 

Currency exchange  

 2014: 1 USD = 25,69 Cordobas (C$) (Banco Central de Nicaragua, 2014) 

 2011: 1 USD = 22,22 Cordobas (C$) (Exchange Rates UK, 2011) 

Concrete house 

The interview took place the 15th of April 2014 in the concrete house in Matagalpa, Nicaragua. There were 

four people participating; the student Malin Laestander, the guide and interpreter Gisselle Garcia and the 

house owner and the head of the construction.  

Owner (O): Rosalio Antonio Hernandez Montenegro  

Head of construction (HC): Luis Armando Sánchez 

Questions about costs and building process 

 

1. Which year was the house built?  

 

O: The first building 7 x 8m2 was built during one month in 2011, and then my aunt moved in and 

lived here until the second process started in 15 of February 2014. 

 

2. How long was the active building process?  (How long time did it take from building start until 

the house was finished?) 

 

HC:  The first process was 1 month and the second and finishing building phase are still ongoing 

between 15 of February and the 31 of May, so approximately four and a half months as a whole.  

 

3. Did you hire any building firm to do the job? If yes, how much did it cost? 

 

O: Yes, and the cost was 6 000 USD. 

 

4. (and 5) How much material did you use and what did it cost in USD at the time they were 

bought? 

Group 1 Cooked earth: Bricks and clay tiles 

None from group 1 

Group 2 Wood: Bamboo, Beams and cross beams, Wooden posts, Castilla/wild canes, Pochote wood  

The only wood used was used during the building process, it is not in the constriction itself, it was used as 

templates and support.  
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Group 3 Solvents/adhesives paints from Grupo Sur Company: Used oil, Anti-termite, Sealer (coat), 

Solvent, Paint 

No paints from the Grupo Sur Company.  

Two different kinds of sealers were used for the concrete walls, one fitting for the interior wall and one 

fitting for the exterior wall. In total there were 14 containers of sealer used.  

Each container holds 28 kilograms of sealer and the cost for one is 1 100 C$, in 2014.  

 28 x 14 = 392 kg of sealer  

 1 100 x 14= 15 400 C$  600 USD 

Group 4 Metals:  Nails, Fastening wire, Galvnized wire, Flat zinc sheet, Aluminium, (Iron) 

 Iron  

o Reinforcing bars (rebars) in two different sizes were used to stabilize the walls.  

o 42 rebars of 3 octavos bars and 22 rebars of 1 octavo were used.  64 reinforcing bars  

o Each rebar cost 1 200 C$, in 2014.  

o 64 x 1 200 = 76 800 C$  2 900 USD 

 Corrugated Zinc  

o There were 56 sheets of corrugated zinc used as material for the roof 

o Each sheet was 12 feet x 80 cm, that is an area of approximately 2,9 m2 per sheet. 164 

m2 of corrugated zinc 

o Each sheet was 480 C$ in 2014 

o 56 x 480 = 26 880 C$  1046 USD 

 Nails (type of metal unknown)  

o 25 pounds ≈11 kg of nails 

o 1 pound of nails cost 22 C$  

o 25 x 22= 550 C$  21 USD 

 Fastening wire (type of metal unknown) 

o 50 pounds of fastening wire was used in the construction, that is approximately  22,7 kg 

of fastening wire 

o 1 pound of wire was 18 C$ in 2014 

o 50 x 18 = 900 C$  35 USD 

 Perlines (Iron) 

o There were 41 perlines were used as the structure for the roof 

o Each perlin was 480 C$ in 2014  

o 41 x 480 = 19 680 C$  766 USD 

 

Group 5 Glass: Crystal, Wine bottles 

 Windows 

HC: There are 8 aluminum bronze windows installed in the house.  The area of the windows is 

approximately 12 m2 in total. The price of the windows includes the montage of them too so it was quite 

expensive.  
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o 12 m2 of windows  

o 900 USD for 8 windows and montage of them 

Group 6 Other building materials: Quarry stone, Cobble stone, Fine stone, Selected material, River sand, 

Beach sand, Straw, Clay, Cement, (Concrete blocks) 

 

 Concrete blocks  

o 2 400 blocks of concrete were used in the construction and they were mostly bought in 

2014.  

o Each block was 20 C$ 

o 2 400 x 20 = 48 000 C$  1 870 USD 

 Cement  

o 210 bags of cement were used in the construction. Each bag weighs 50 kg and had a price 

of 240 C$ during 2011 and 2014.  

o 210 x 50 = 10 500 kg of cement 

o 210 x 240 = 50 400 C$  estimated that half of the cement were bought in 2011 and half 

2014: 1 134 + 980,9 = 2 115 USD 

 Motastepe Sand ( a kind of sand)  

o 30 m3 of Motastepe sand was used in the construction.  

o The cost of 1 m3 sand was 560 C$ in 2011. 

o 30 x 560 = 16 800  756 USD 

 

 

 Gravel 

 

HC: To stabilize the foundation and even out the ground 17 m3 of gravel was used. The gravel also works 

as anti-seismic to prevent the house from crack and break during earthquakes, which is important in this 

country and area, people feel safer. This kind of gravel is a little more expensive but it is adjusted to work 

as anti-seismic and has a higher quality than other types of gravel.  

o 17 m3 of gravel was used 

o The cost of 1 m3 gravel was 650 C$ in 2011. 

o 17 x 650 = 11 050 C$  500 USD 

 Quarry stones (piedra cantera)  

o 600 quarry stones were used in the construction of the house.  

o Each stone was 38 C$ in both 2011 and 2014  

o Estimating that half were bought in 2011 and half in 2014: 600 x 38 = 22 800   

11 400/22,22 = 513, 11 400/25,69 = 444  ≈ 960 USD 

 Ceramics  

o 114 m2 of ceramics were used for the floor.  

o The price for 1 m2 was 8 USD in 2014 

o 114 x 8  912 USD 

 Expansive cement  

o 62 bags of expansive cement were used to put the ceramics together. 

o Each bag weighs 20 kg and cost 155 C$ in 2014. 
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o 62 x 20 = 1 240 kg of expansive cement 

o 62 x 155 = 9 610  375 USD 

 Sealing for the ceramics  

o To prevent water or dirt leaking in between the ceramics a type of sealing was used. As a 

whole there were used 42 bags of 2 kg each used. 

o 42 x 2 = 84 kg of sealing  

o The price for each bag was 155 C$ in 2014. 

o 42 x 155 = 6 510 C$  250 USD 

 Plastic pipes for the plumbing system 

O: There are 2 toilets in the house so there are 9 tubes installed in the building. 

o 6 tubes with a diameter of 4 inches and 3 tubes with a diameter of 2 inches.  

o The price of each 4 inches tube was 280 C$ and for each 2 inches tube was 210 C$. 

o (6 x 280) + (3 x 210) = 1 680 + 630 = 2 310  90 USD 

 

5. How much did the material cost in U.S dollars at the time they were bought?  

According to the 6 groups  

(And also if you know the transport costs of these, according to the 6 groups) 

Answered in question 4-5 

 

6. How many people helped in each building process and for how long time were they actively 

helping?  

O: There have always been 7 people working with construction. During the first process: 1 month, 

and the second process 3,5 months. They are working 7 days a week with a two days break during 

Easter.  

 

7. Did you pay anyone during the building process?  

O: Yes, the building firm and the ones whom installed the windows. 

 

8. If you could estimate, how many hours, weeks or months of work are behind the whole active 

building process? Including the time you and your eventual help put down. 

 

(If it is easier to estimate how much time per person/day and for how many days have each one 

worked) 

HC: 7 persons that has been working for 12 hours/day, 7 days/week for 3,5 months with a 2 days 

stop during Easter.  

 Approximately 130 days of work.  

 12 x 131 = 1 560 hours/person 

 1 572 x 7 = 11 004 hours of work  

 

 

9. Will any reparation or other maintenance be necessary soon?  

The house is not finished yet so instead the question was reformulated as: 
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How long lifetime would you estimate that the house has, from previous experience of similar 

houses?  

HC: The materials in this house are carefully selected to have high quality and long lifetime. I 

would guess that the house will not be in need of any renovation until about 50 or even 60 years 

in the future. Houses of worse quality would need maintenance and renovation much sooner.  

10. Or have you already done any reparation or maintenance since the house has been finished? 

 

11. How big is the living area in m2? 

O: 116 m2 

 

12. Would you recommend other to use this building material?  

O:  Yes, it is the best material! 

 

13. How came you chose this kind of building material?  

O: It is the best material! 

Questions about the house in general 

14. Do you feel comfortable and satisfied in your house?  

 

15. Does the indoor climate feel good?  

 

16. Does the indoor climate feel any different than other houses you have lived in? 

 

17. Do you experience that the house and building material are suitable for the local weather 

conditions?  

O: Yes 

HC: Yes, concrete is fitting for a tropical climate. It is also fitting for Nicaragua since it is 

earthquake secured.  

18. Do the humid climate and rain affect the house in any visible way? (from earlier experience) 

HC: No. There is no problem with the humid climate, it is made out of rock and non-organic 

material, it does not mould.  

 

19. Was it easy to build the house? 

O and HC: No, there are so many details and it takes a lot of time.  
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20. Was the material Nicaraguan or from import?  

 Most of the materials are thought to be from Nicaragua, besides for the following: 

Iron Imported  

Zinc  Imported 

Ceramics Imported 

Windows  Imported from Mexico 

Cement  Imported from Costa Rica to get high quality 

 

 

Additional question:  

According to your budget how much was the total construction cost for the concrete house? 

O: 35 000 USD including materials, labour force and some wood for the building phase. 
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Cob house 

Currency  

 2008: Average 1 USD = 19,37 C$ (Banco central de Nicaragua, 2009) 

 2009: Average 1 USD = 20,34 C$ (Banco Central de Nicaragua , 2010) 

 The average over 2008 and 2009 was: 1 USD = 19,86 C$ 

 2010: Average 1 USD = 21,36 C$ (Banco Central de Nicaragua, 2011) 

 The average over 2008, 2009 an 2010 was: 1USD = 20,36 C$ 

 2011: 1 USD = 22,22 C$ (Exchange Rates UK, 2011) 

 The average over 2010 and 2011 was 1 USD = 21,79 

 The average over 2008, 2009, 2010 and 2011 was 1 USD = 20,82 C$ 

 2012: Average 1 USD  = 23.55 C$ (Banco Central de Nicaragua, 2013) 

 

The interview took place in the cob house in Matagalpa, at the 14th of April 2014. There were five people 

present; the student Malin Laestander, the guide and interpreter Gisselle Garcia, and the two house 

owners. 

House owner 1 (O1): Rubén Meiro  

House owner 2 (O2): Marta Salvany  

O1: - There are three major materials used for building in Nicaragua; bricks, concrete blocks and quarry 

stone (called piedra cantera), and we had never built anything ever. We wanted to build with a natural 

material and it ended up with being cob. This resulted in that about 90 % of all material in the house is 

from the area around the house. We really tried to use materials that were no longer than 30 km from 

building site. Unfortunately there are only two places in Nicaragua that you can get hold of clay tiles for 

the roof, so those we had to buy from La Paz Centro, more than 100 km from site.  

- When we wanted to start building and explained to people what we wanted to do they just said we were 

crazy. Luckily we got in contact with a multi-tasking man (he plays several instruments, makes clothes and 

is involved with buildings) from Matagalpa. He had some experience with construction with other 

material.  

- We took it slow when started building the house, since we had no experience we did not want to rush it. 

It took about 2 years from building start until we could move in. I would guess we could do it in 1 year 

with the experience we have now.  

Questions about costs and building process 

 

1. Which year was the house built? 

O1: We stared in April 2008 and finished in 2010, so roughly 2 years. But I think we could finish a 

house like this in 1 year if we did it today. 

  

2. How long was the active building process?  (How long time did it take from building start until 

the house was finished?) 
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O1: The active process was during 2 years, but we were working slowly to not risk anything, we 

wanted to be careful and make it properly.   

 

3. Did you hire any building firm to do the job? If yes, how much did it cost? 

O1: No firm, but we hired help. We hired people that were in need of jobs.  

O2: The total cost of labour force, including building of furniture in wood and cob,  was: 25 497 

USD 

 

4. How much material did you use? + 5. How much did the material cost in U.S dollars at the time 

they were bought? 

Group 1 Cooked earth: Bricks and clay tiles 

 Bricks 

o Bricks were used to build drainage pipes in the foundation to lead away water during the 

rainy season.  

o 500 bricks were used, and the price was 650 C$ in 2008. The transport is not included in 

this price but is included in the price for the beams and cross beams. 

o 650 C$  (/ 19,37) 35 USD 

 Clay tiles  

o 5 000 clay tiles were used for the roof. They were bought in La Paz Centro in 2009 and the 

total price including transport was 15 000 C$  

o 15 000 C$ (/20,34) 737 USD 

Group 2 Wood: Bamboo, Beams and cross beams, Wooden posts, Castilla/ wild canes, Pochote wood  

 Bamboo 

o The bamboo was used in the stairs.  

o The price for the bamboo was 675 C$ in 2011 

o 675 C$ (/22,22)  30 USD 

 Wood for the structure e.g beams and cross beams  

o Wood for the beams and cross beams was bought in 2008.  

o The price for the wood was 15 820 C$ in 2008. This price includes the transport for both 

wood and bricks which was approximately 2 000 C$. 

o 15 829 C$ (/19,37) 817 USD 

 Pochote wood 

o Pochote wood was used for furniture, window shutters and frames, and for the door. 

o The pochete wood was bought in both 2008 and 2009 for a total price of 13 225 C$. 

o 13 225 C$ (/19,86) 666 USD 

 Castilla (Wild) canes  

o 1 600 castilla canes with a length of 3 meter each was used for the ceiling. 

o The price for the castilla canes was 4 800 C$ in 2009 (this includes a transport cost of 

approximately 1 480 C$). 

o 4 800 C$ (/20,24)  237 USD 

 Guayabo wood  

o Guayabo wood was used for the bedroom on the second floor.  
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o The price was 5 200 C$ in 2008. 

o 5 200 C$ (/19,37)  268 USD 

Group 3 Solvents/adhesives paints from Grupo Sur Company: Used oil, Anti-termite, Sealer (coat), 

Solvent, Paint 

 Oil, anti-termite, sealer and solvents were bought from the Grupo Sur Company in 2008 and 2009. 

The Grupo Sur Company is a Costa Rican company. O2: “They are a little more expensive than 

similar companies”.  

o The price for the lot was 8 200 C$ in 2008-2009. 

o 8 200 C$ (/19,86) 423 USD 

Group 4 Metals:  Nails, Fastening wire, Galvanized wire, Flat zinc sheet, Aluminium, (Iron) 

 Nails, fastening wire, galvanized wire, flat zinc sheet and hinges were bought between 2008 and 

2010 at the total price of 6 200 C$.  

 6 200 C$ (/20,36)  306 USD 

Group 5 Glass: Crystal, Wine bottles 

 Windows 

o The windows are made of crystal glass and were bought in 2010-2011 at the price of 

4 100 C$. (/21,70)  188 USD 

 Wine bottles 

o The big wine bottles work as design and natural lighting. They were donated for free from 

a local restaurant.  

 Fibre glass/ skylight 

o Fibre glass has been montage in the roof to let the natural light in during daytime.  

o The fibre glass also called skylight were bought in 2008-2010 at the price of 1 100 C$ 

(including transport). 

o 1 100 C$ (/20,36)  54 USD 

Group 6 Other building materials: Quarry stone, Cobble stone, Fine stone, Selected material, River sand, 

Beach sand, Straw, Clay, Cement, (Concrete blocks) 

 Stones for the foundation  

o Stones from the area were collected to be used for the foundation of the house.  

o The stones were transported and paid for in 2008, the price in total was 1 100 C$. 

o 1 100 (/19,37)  57 USD 

 River stones 

o  Round stones from the river were 3 790 C$ in 2008. 

o 3 790 C$ (/19,37)  196 USD 

 Gravel 

o Gravel was used for the foundation to level out the ground and it also works as anti-

seismic to decrease the risk of the house collapsing during earthquakes.   

o 12 m3 of gravel was used.  

o The price for the gravel was 5 100 C$ + a transport of 1 200 C$ in 2008.  
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o 6 300 C$ (/19,37)  325 USD 

 River sand 

o 34 m3 of river sand was used. 

o The price of the river sand was 8 720 C$ in 2008-2009.  

o 8 720 C$ (/19,86) 439 USD 

 Beach sand 

o 180 kg of beach sand was used. 

o The beach sand was 430 C$ in 2011.  

o 430 C$ (/22,22)  19 USD 

 Selected/Filling materials (kind of soil) 

o Selected materials from the area was bought and transported for 200 C$ in 2008-2009.  

o 200 C$ (/19,86)  10 USD 

 Cement 

o 41 bags of cement were used. Each bag was approximately 45 kg.  

o 41 x 45 = 1 845 kg of cement 

o The total price for the cement (no transport) was 7 000 C$ in 2008-2011. 

o 7 000 C$ (/20,82)  336 USD 

 Ceramics + expansive cement 

o The ceramics were used in the kitchen to prevent the risk of water damage of the cob.  

o It was bought and montage a little later, in 2012, the price was 3 333 C$ including the 

expansive cement (no transport).  

o 3 333 C$ (/23.55)  142 USD 

 Straw from rice 

o 67 straw bales from rice were used in the mud mix for the cob. They were from rice 

cultivations in Matagalpa. 

o The straw bales were 1 200 C$ in 2010.  

o 1 200 C$ (/21,36)  56 USD 

 Sand from San Isidro, Matagalpa 

o 1 m3 of sand from San Isidro was used (it is a finer type of sand). 

o The price of the sand was 330 C$ in 2012. 

o 330 C$ (/23,55)  14 USD 

 Clay 

o The clay (in addition to the clay from the building site) was free to fetch but need some 

transport.  

o The transport cost was 200 C$ in 2008-2010. 

o 200 C$ (/20,36)  10 USD 

 

5. How much did the material cost in U.S dollars at the time they were bought?  

According to the 6 groups  

(And also if you know the transport costs of these, according to the 6 groups) 

Answered in question 4. 

 

 

6. How many people helped in each building process and for how long time were they actively 

helping?  
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O1: On average there were 6 people working and 2 of them had experience from building 

anything before. We hired a man to be head of the construction, or building contractor, and he 

recommended different people whom were in need of a job. Most of the ones we hired were 

young people that did not have any other place to work.  

 

7. Did you pay anyone during the building process?  

O1: Yes we paid everyone that helped us. We paid a little more than the standard wage. It is a 

little more than the recommended minimal wage (according to the Nicaraguan standard). We 

think it is important that the people that need a job earn the money rather than big companies. 

O2: We paid 80 C$ per 8 hours workday in 2008-2010. If we hire anyone today we pay them 

between 150 C$ and 200 C$ per 8 hours workday.  

o 80 C$ per day in 2008-2009  4 USD per 8 hours workday 

 

 

8. If you could estimate, how many hours, weeks or months of work are behind the whole active 

building process? Including the time you and your eventual help put down. 

 

(If it is easier to estimate how much time per person/day and for how many days have each one 

worked) 

O1: It is very difficult to know. This technique is so different from conventional techniques, so the 

process is not the same. At first there is so much time in just thinking how we wanted our how 

our house would look like. The cob house is so personal, so much time for thinking, talking and 

choosing design were put down.  

O2: During the building phase there were on average 6 people hired for working 8 hours/day, 6 

days/week  48 hours/week, for 2 years, with approximately 4 weeks of vacation. In addition to 

that me and Rubén were working also.  

 Approximately 48 weeks/year for 2 years  96 weeks 

 96 weeks with 48/week  4 608 hours 

 6 hired people + the 2 owners = 8 persons  

 8 x 4608 = 36 864 hours of work 

 

9. Will any reparation or other maintenance be necessary soon?  

O1: The house is not fully finished yet. We have not put the final plaster on the inside wall and are 

not finished with the floor yet, so that is what we need to do. After that there will not be much 

maintenance necessary, maybe paint the walls inside if we want a different colour, but that is like 

any conventional house.  

 

10. Or have you already done any reparation or maintenance since the house has been finished? 

O1: No. 

Supplementary question: How long lifetime would you estimate this house will have? 

O1: Good question! Actually there are houses made of cob in Great Britain, that are located in 

quite rat and humid climate, which was built about 800 years ago. So maybe for that long… 

 

11. How big is the living area in m2? 

O1 and O2: Approximately 60 m2.  
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O2: If I remember correctly we had to have a permit from the municipality to build any larger 

than 60 m2, so we stayed beneath that limit.  

 

12. Would you recommend other to use this building material? 

O2: Yes, of course! But you need to know and understand that is it a different kind of material 

than concrete or bricks. The owners (or the ones who will live in the house) should be involved in 

the building process. The house is your own personal design.  

 

While designing you should adapt and choose the alternative that fits for your need. You have to 

think where you need the light and which time of the day you need it and what working patterns 

you have. In that way you can choose in which direction the different rooms should be to get your 

own custom-made design. Cob and concrete is not really comparable in that way. You need to put 

down a lot of energy in your building but if you do that, you will have a healthy, fresh and durable 

house.  

 

I also recommend the material because I think we need to shift what materials for construction. I 

do not mean that concrete is a bad material, it is actually great for building big constructions like 

bridges and so on, but we do not need it for family houses.  

Cob is also a good material for all people, not only for the rich ones. For instance, a family has a 

little land, lots of children and not so much money or resources, cob is the optimal building 

technique. The family can together build a beautiful and personal house, which improve their self-

esteem and make them feel good about themselves.  

 

I also believe that we need to change the system of today. At this point the money used for 

construction goes to expensive materials, I think we should change that to money going to the 

people, that is what this country need! 

 

13. How came you chose this kind of building material?  

O1: At first I learned that the original ancient building material. We decided we wanted to build 

with a natural building technique. We had not heard about cob before but then we met a woman 

(friend) who had some workshops about cob in Mexico. She showed me a book about building 

with cob. We were very interested and started doing a lot of research about cob, and we even 

took contact with Michael G. Smith, to ask him more about cob.  

 

Shortly “I read a book and it changed my life”. 

Questions about the house in general 

14. Do you feel comfortable and satisfied in your house?  

O1: Yes, of course! After putting so much time and passion in the house and finally finish it you 

feel a real satisfaction. I can still wake up in the mornings looking up at the ceiling and feel like 

“wow, we actually did it!”.  The only bad is that it was a lot of work, it might have been easier if 

we had started with something smaller (like a doghouse or similar). 

 

15. Does the indoor climate feel good?  

O1: It feels great. The air is fresh and the humidity level is stable, since cob absorbs the moist 
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when the air is humid and releases it when the air is dry. Cob is not the best material for 

insulation, but the climate in Matagalpa is seldom too hot or cold, so it is good here. Cob has a 

high thermal mass so it absorbs the heat slowly and releases it slowly. So the temperature is 

evened out during the whole day and night.  

 

The house is also very soundproof, in both directions, if we have a party the neighbours are not 

disturbed by any sounds and vice versa.  

 

16. Does the indoor climate feel any different than other houses you have lived in? 

O1: Yes. In the dry season, in the midday, other houses in this area feel like microwave ovens with 

their metal roofs. Unfortunately the production and use of clay tiles are decreasing.  

 

Sometimes when we have guests in the dry season and they come into the house they say “wow, 

it is so fresh and cool in here!” And I agree, we do not have a thermometer but if I would guess, 

the temperature differs with about 4 degrees between the inside and outdoor temperature.  

 

17. Do you experience that the house and building material are suitable for the local weather 

conditions?  

O1: Yes I think that for Matagalpa, being not too hot or cold, it is perfect. But if you build 

somewhere else you need to think about combining different materials (e.g. straw bales for 

insulation) to adjust the building for the local climate. Cob is also better here in Matagalpa than 

the more commonly known adobe, because it is less sensitive to earthquakes.  

 

18. Do the humid climate and rain affect the house in any visible way?   

O1: No. The most important thing about a cob house is the hat and boots; the roof and 

foundation. The roof needs to keep the rain away from the wall, which often means that it needs 

a wide roof overhang. The wall made of cob must also be unconnected from the ground. 

Otherwise the wall will work as a sugar cube in water, during the rainy season, absorbing the 

moist from the ground and slowly dissolve. The foundation and drainage system is very important 

because of that. But if the hat and boots are made properly, the house can stand much weather 

and for a long time.  

  

19. Was it easy to build the house? 

O1: Yes it is easy. No skills or especial tools are needed. Women (of course), children and old 

people can help in different processes. The technique is simple but time and energy consuming. 

 

20. Was the material Nicaraguan or from import?  

Group 3 Solvents/adhesives paints from Grupo Sur Company was imported from Costa Rica. 

Otherwise is most of the material from the local area.   

  

Comment from the author: Most of the metals are from import, both for concrete and cob.  

  



 

43 

 

Appendix 2  

Concrete  

 Price 
USD 

Weight 
(kg) 

Area 
(m²) 

Volume 
(m³) 

Quantity 
(units) 

Nicaraguan import 

Building 
firm 

6000     x  

        

Sealers 600 392    x  

        

Iron 2900    64  x 

Corrugated 
Zinc  

1046  164    x 

Nails 21 11     x 

Fastening 
wire 

35 22,7     x 

Perlines 
(Iron) 

766    41  x 

        

Aluminium 
bronze 
windows 

900  12    x 

        

Concrete 
blocks 

1870    2400 x  

Cement  2115 10500     x 

Motastepe 
Sand  

756   30  x  

Gravel  500   17    

Quarry 
stone 
(piedra 
cantera) 

960    600 x  

Ceramincs 912  114   ?  

Expansive 
cement  

375 1240    ?  

Sealing for 
the 
ceramics  

250 84    ?  

        

Plastic 
pipes 
(total) 

90    9   

4" pipes     6   

2" pipes     3   

Sum 20 096       
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Cob 

 Price 
USD 

Weight 
(kg) 

Area 
(m²) 

Volume 
(m³) 

Quantity 
(units) 

Length 
(m) 

Nicaraguan import 

         

Labour force 25497      x  

         

Bricks  35 1500   500  x  

Clay tiles  737 10000   5000  x  

         

Bamboo 30 540   27  x  

Wood for 
structure   

817 2475     x  

Pochete wood 666 1575     x  

Wild (castilla) 
canes 

237 960   1600 4800 x  

Guayabo wood  268      x  

         

Group 3 
Solvent/adhesives 
paints  

423        

Oil  11      x 

Anti-termite   14      x 

Sealer (Coat)  11      x 

Solvent  15      x 

         

Group 4 metals  306        

Nails  35      x 

Fastening wire   27      x 

Galvanized wire  32      x 

Flat zinc sheet   3      x 

Aluminium  3      x 

         

Windows  188      x  

Wine bottles        x  

Fibre 
glass/skylight 

54      ?  

         

Stones for 
foundation  

57      x  
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River stones 196      x  

Gravel 325   12   x  

River sand  439   34   x  

Beach sand  19 180     x  

Filling materials  10      x  

Cement 336 1845     x  

Ceramics + 
expansive cement  

142      ?  

Straw bales from 
rice 

56    67  x  

Sand  14   1   x  

Clay 10      x  

         

Sum 30862        

Sum without 
labour force  5365 

       

 


