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ABSTRACT  

 

The first step in sustainable construction works is the recycling of excavation waste. The reuse of 

excavation wastes on an ecological scale contributes to the environment and circular economy. 

Among the earthen building materials, there are compressed earth bricks as products with high 

durability and low energy consumption in production. With the use of secondary raw materials, 

compressed earth bricks can be produced, and it is sustainable as the production of the material is 

economical and there is no environmental damage. The aim of the study is to evaluate the amount 

and reuse of excavation wastes in the developed countries of the world and to research the process 

of transforming the excavation earth into a building material in a sustainable way. For this study, 

which was prepared on the recycling and use of excavation wastes, national and international 

studies were examined as a literature research. Since the re-use of excavation wastes with 

compressed earth brick/block transformation is a new field of study for Turkey, its applications 

have been investigated due to the lack of national basis. The sustainable reuse process of 

excavation wastes in architecture was modeled and the production stages were determined. By 

converting the clay material found in the excavation wastes into bricks, it is both energy and cost 

efficient, and it can be reused in existing construction sites with the compressed earth brick 

material produced. 

 

Keywords: excavation waste; reuse; earth material; compressed earth brick; compressed earth 

block 
 

 

 

1 INTRODUCTION  

 

As a result of the increasing population and construction demands with the 20th century, there is an 

irreversible consumption of resources in the natural environment. With the decrease in natural 

resources, its sustainability in the life cycle seems to be weakening. With the inclusion of the 

concept of sustainability in the Stockholm Declaration in 1972, awareness of the consumption of 

environmental resources began to emerge. This declaration, which consists of 26 principles, formed 

the basis of international sustainable development in order to prevent the unconscious use of 

resources that cause the destruction of the ecological balance [1]. In the process of sustainable 

development, the United Nations (UN) Rio Conference, the UN Millennium Declaration, the 

World Sustainable Development Summit were held, and in addition to the Millennium 

Development Goals, "Agenda 2030: UN Sustainable Development Goals" was prepared in 2015 

[2]. There are policies to reduce the harmful effects of waste on the environment through recycling, 

which are related to sustainable development goals 
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According to studies in EU countries, the most waste generation in terms of solid wastes is 

construction, mining, industrial and domestic waste types. The construction industry accounts for 

approximately 34% of solid waste. With the recycling of these wastes, 10% can be reused and raw 

materials are saved. It is known that construction and demolition wastes in Turkey have an amount 

of approximately 4-5 million tons per year [3]. 

 

The 2 cm high part of the fertile vegetative earth layer is formed in an average of 500 years. 

Vegetative earth can reach a depth of about 30 cm from the surface [4]. Excavations, which are 

revealed as a result of excavation works in construction areas, are dumped in officially designated 

areas outside the relevant site or illegally. This situation causes both loss of vegetative earth layer 

and environmental pollution. There are various recycling policies in order to minimize the 

environmental impact of excavation waste, which has a solid waste class. In the regulation on the 

recycling of excavation wastes in Turkey, it is stated that vegetative earth should be reserved for 

use in green areas. For the excavated earth in the lower layer of the vegetative earth, there are 

regulations regarding its use for filling purposes and its use as a clay raw material for cement 

production according to its chemical and firing properties [5]. 

 

Earth building materials [6] include building elements produced from earth without firing. 

Ecological structures can be produced from earth building materials, which are developed 

according to adobe material in terms of quality, save energy compared to other products, do not 

need cooking, provide thermal performance and bioclimatic comfort throughout their use, reduce 

the cooling and heating energies of the interior [7]. 

 

The first structures with high thermal properties that meet the comfort conditions were built 

centuries ago with earth material in different typologies. Natural materials such as earth have been 

replaced by modern materials such as concrete and its derivatives, regardless of the differences in 

their thermal behavior over time. While earth bricks (adobe bricks) were dried in the sun using 

hand tools, as faster production techniques became a necessity, manual or mechanical pressing 

methods were developed by pouring into molds and compressed earth brick / block building 

material was started to be used. The production phase begins to form the idea of integrating it into 

modern architecture as a sustainable material, with the advantages of earth, which has low energy 

needs for heating and cooling and has high energy efficiency. In the context of environment and 

architecture, studies aimed at converting excavation waste into building materials as a result of 

reuse are gaining importance when combining the concepts of recycling and ecology. It is 

estimated that 700 million tons of excavation waste will be generated as a result of existing projects 

and construction works that are in the feasibility stage [8]. 

 

For this study, which was prepared on the recycling and use of excavation wastes, national and 

international studies were examined as a literature research. In this study, a literature search was 

conducted on the examples of the World and Turkey regarding the conversion of the clay found in 

the excavation wastes, which is an ecological material, into compressed earth block [9] and brick 

[10]. Since the conversion of excavation wastes into bricks and their re-use is a new field of study 

for Turkey, the applications made due to the lack of national basis were examined. 

 

Although the conversion of excavation wastes into earth brick material has become an increasingly 

important field of study, this awareness at the national level has not yet developed in practice. For 

this reason, application examples have been examined from international studies. Information on 

legal regulations has been examined from national-scale studies. For the first time in Turkey, 

information on the application process related to the production of earth bricks/blocks compressed 

under high pressure by hydraulic press was searched. 

 

 

2 APPROACHES TO THE REUSE OF EXCAVATION WASTE 
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The scenarios were first included in 1953 due to the negative effects of excavation materials on the 

reuse of excavation wastes on the environment. The European Soil Data Center (ESDAC) was 

established by the European Commission and the European Environment Agency [16] to conduct 

research on the recycling / reuse of excavation wastes as a matter of combating earth pollution [8]. 

 

With the demand for natural aggregate use of aggregate obtained from tunnel excavations in the 

1990s, the effects of re-use for raw material needs began to increase. Since the 2000s, it has been 

accepted as a potential source for excavation materials obtained from infrastructure constructions in 

Europe [11]. 

 

It is known that construction practices are not an environmentally friendly action. However, it is 

known that environmental damage can be reduced by making ecological or sustainable 

productions. The largest amount of waste generated by construction production is excavation / 

excavation waste. Components of the excavation earth; vegetative earth consists of earth, sand, 

gravel, stone and clay layers. Landscaping of vegetative earth etc. reuse is possible. Other earth 

layers are; It can be used as a top cover or for filling purposes in solid waste landfills. 

In many studies in the literature, excavation wastes are included within the construction and 

demolition wastes. There is a classification of the sources of waste types generated during the 

construction process [12]. 

 

- Wastes resulting from the complete or partial destruction of superstructures or infrastructures, 

- Wastes from the construction of superstructures or infrastructures, 

- Earth, rock and topsoil resulting from clearing, earthworks, construction works or foundation 

excavations, 

- Wastes from road construction / maintenance works. 

 

In the rural architecture parts of the constructions made with traditional methods, the excavation 

earth can be transformed into mudbrick and its derivatives and used on site. The part of the clay, 

which is included in the recycling of the remaining earth layers in the constructions where 

ecological production is not carried out, is used in cement production. As a result of cement 

production, CO2 emissions in nature increase. There is a cost of energy spent during the 

transportation of excavation wastes from the construction site to the storage areas, and it also 

creates a carbon footprint. Since the amount of excavation that occurs during the construction of 

infrastructure and superstructure such as tunnels, canals, dams, high-rise buildings is higher than 

the excavation of other building types, excavation wastes that need to be recycled / converted are 

important for environmental impact. Compressed earth and brick, which is an example of 

ecological material in terms of sustainability and contains clay in its composition, can be produced 

from excavation wastes. By transforming the clay material found in excavation wastes into bricks, 

both energy and cost savings can be achieved. With the compressed earth brick material produced, 

it can be reused in existing construction sites. Brick building material and masonry etc. While it is 

possible to use it on surfaces, it is possible to use different types of bricks in industrial production 

areas. 

 

2.1 World and Turkey Examples of Excavation Waste Quantities 

In countries with a high level of development such as the USA, the United Kingdom, and Japan, 

forward-recycling techniques are applied. The steps of reusing solid wastes generated in the 

construction sector consist of storage - sorting, collection - transportation and recycling processes. 

Reducing environmental damage by recycling related wastes, reducing exploitation for natural 

resource consumption, reducing transportation costs, etc. it has many beneficial effects [13]. 

 

With the Waste Environment Directive (WFD), the EU has set a target of recycling approximately 

70% of excavation, construction and demolition waste. In Turkey, studies on the reuse of 

approximately 125 million tons of excavated earth per year are evaluated within this scope. 
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Construction - demolition waste is 5 million tons, it is estimated that this amount will reach 10 

million tons with urban transformations [14]. 

 

Table 1. Amounts of construction and demolition wastes with solid waste type in European Union 

(EU) and other world countries [15]. 

 

Country 

Total waste 

amount 

(million tons) 

Construction 

& demolition 

waste 

(million tons) 

Construction 

and 

demolition 

waste rate 

Source 

EU - 28 2,514 821 %33 EU (2015) 

Germany 368 197 %54 EU (2015) 

Spain 118 26 %22 EU (2015) 

France 344 246 %72 EU (2015) 

Italy 162 52 %33 EU (2015) 

United 

Kingdom 

241 100 %42 EU (2015) 

Australia 48 18 %38 Australian Government 

(2013) 

Japan 380 75 %20 - 

South Korea 382 186 %49 Korea Statistics (2014) 

 

In Table 1, information on the total solid waste amounts of 28 countries within the EU and some 

countries with a level of development, and the amount and rates of waste from the construction 

sector for this waste are given. The most Construction - demolition waste is in France. The 

European Union has determined a hierarchy to reduce the amount of waste, and it consists of five 

stages as prevention, reuse, recycling, energy recovery and disposal. According to these stages, the 

primary aim is to prevent the formation of waste amounts, and in the last step, there is the stage 

where the processes for the disposal of wastes that do not provide any use despite their reuse and 

recycling are implemented [22]. 

 

The use of primary raw materials can be reduced by imposing sanctions in the context of economy 

regarding the promotion of the reuse of excavation wastes. The reuse of rock and earth from 

excavations for underground tunnels in Europe has been made mandatory in infrastructure 

construction projects with legal factors. While Austria, Switzerland and France provide national-

based solutions for the reuse of excavation waste, there are limited national regulations in Italy [8]. 

In the United Kingdom, Sweden and Denmark there are some taxes on the use of primary raw 

material sources in the construction industry. In Sweden, natural pebbles are taxed for the use of 

crushed rock and recycling materials. In Denmark, there is a demand for recycled materials as a 

result of the tax applied to primary raw materials such as stone, gravel, sand, limestone and clay. In 

the United Kingdom, the use of recycled aggregates has increased as a result of taxation on 

aggregate material [15]. 

 

According to the data of the European Environment Agency, there is an opinion that excavation 

wastes used for filling purposes without recycling in 2016 are not environmentally beneficial waste 

treatment. By calculating the material compositions, a prediction was made in terms of potential 

efficiency for the collection of each material composition separately. Collection rates were 

determined for each material and it was calculated that recycling could be efficient for 96% of 

approximately 250 million tons of waste [16]. 

 

The acceptance of rock and earth uncovered during excavations as waste weakens the incentive for 

the use of potentially productive resources and raw materials. There are tunnel boring machines 

that allow analysis, separation and reuse / recycling of excavated materials in order to determine 
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the chemical and physical characterization of the materials considered as excavation waste. Since 

the reuse of excavation wastes creates a low cost compared to new materials, in addition to 

environmental effects, it creates a reduction of up to 85% in the cost of material management. 

Depending on the geological composition of the excavated materials, up to 100% reuse is possible 

[8]. 

 

 

3 STUDIES ON THE CONVERSION OF EXCAVATOR WASTE TO EARTH 

CONSTRUCTION MATERIALS 

  

Earth is one of the first building materials. The first communities that started to live as settled built 

their shelters with natural materials in their surroundings. It is seen that especially earth material is 

used in hot climatic regions. In the history of architecture, it is known that economic productions 

are widely carried out due to the fact that earth is an easily accessible and abundant material. 

Approximately 30% of the UNESCO heritage list consists of earthen structures [17]. Building 

types built as earthen structures can be produced with different techniques. There are different 

production techniques such as bulk earth, light earth, compacted earth brick, adobe, cast-in-situ 

earth, vertebrate adobe, compressed earth techniques [3]. 

 

At the beginning of the 19th century, the first studies on compacted earth were made in France. It 

was produced by the architect François Cointeraux by pressing with hand hammers in wooden 

molds in the form of small earthen blocks. In the middle of the 20th century, blocks that were 

denser than adobe and more resistant to water and pressure began to be produced with steel manual 

presses. With the advancement of technology, compressed earth bricks have been produced as a 

result of fabrication production techniques [18]. Compressed earth can be produced with different 

techniques in the molds of earth that has certain chemical and physical properties. Production 

method; ramming with human power - pumping into molds with pressure - spraying or 

compression technique [6]. It is possible to produce in different geometric shapes and sizes in the 

industrial environment through digital design as well as in-situ casting [7]. 

 

Compressed earth is a type of material with high eco-productivity. Although the production cost is 

low, it can be easily recycled to nature. It can be used as both carrier and non-carrier material in 

buildings with different structural systems. Compressed earth blocks, on the other hand, are 

produced as bricks by pouring the mixture of compressed earth into molds of different sizes and 

applying pressure with a manual or press machine. Compared to other earthen building materials, a 

small amount of water is used in the production of compressed bricks. It does not create 

greenhouse gas effect and environmentally harmful waste like firebricks in the production process. 

In addition, the high energies spent in the firing process of fire bricks and the use of fossil fuels are 

not needed in the production of compressed earth bricks. Recyclable compressed earth building 

materials have strong insulation properties when produced with high thermal mass in hot climates. 

With industrialization, the production of cement-containing building materials has been seen as 

advantageous and its use has accelerated, and the interest in earth building materials has decreased. 

However, the use of earth building materials has started to come to the fore again due to the 

positive effects in terms of health and climate in the use of natural building materials. It can 

contribute to the production of contemporary space with the creation of industrial production 

possibilities of earth building materials [7]. 

 

3.1 Conversion of Excavation Waste into Compressed Earth Blocks 

As long as the earth building material is used with the right techniques in the building, its life span 

is the longest. At the same time, all of the earth materials used can be recycled and reused as 

building materials. It also shows that earth, which is excavation waste, can also be reused. With this 

method, environmental pollution can also be reduced. The thermal conductivity of the earth is 0.64 

- 0.93 W/mK, and with its high insulation feature compared to concrete, it creates an opportunity to 

reduce energy loss when used in buildings. In terms of the amount of energy required for the 
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production of concrete, stone, timber and compacted earth blocks [19], the material with the lowest 

requirement is earth with approximately 15 Gj cement etc. There is no harmful emission to the 

environment when compared to materials such as while adobe bricks produced under normal 

conditions have an average strength of 2 - 2.4 MPa compressed earth bricks have a strength of 3 - 4 

MPa without stabilizer, and bricks with stabilizers show a compressive strength of 5 - 8 MPa and 

above. Hydraulic lime as stabilizer, cement, lime, gypsum etc. materials can be used at a rate of 

approximately 3-5%. The use of stabilizers increases the water and pressure resistance of the 

material. Compressed earth bricks also have properties in terms of sound insulation [20]. In 

addition, earth bricks are fire resistant materials. It reduces the need for structurally costly material 

support and reduces the cost in building production. 

 

Clay minerals found in earth as a binder can have different properties. Clay minerals vary 

according to the structure of the earth and the region where it is located. Clay minerals, which are 

lamellar silicates, range in size from 0.1 to 4 micrometers. These minerals with different types are 

found in nature as two-three-layered and four-octagonal structures. Earth building materials can be 

produced with clay raw material obtained from excavation wastes. As a result of geotechnical 

investigations, while producing with suitable clay minerals, raw material mixtures can be created 

by adding aggregates to clay minerals with close compatibility values [9].  

 

Ceramic brick and compacted earth brick materials have less impact on climate change than 

concrete bricks and cast-in-situ reinforced concrete. At the same time, water use impacts are less in 

terms of resource consumption [10]. When the bricks produced by compression, drying and 

combustion techniques are compared, coal etc. used in industrial production and combustion 

technique. cause harmful emissions. The energy efficiency of sun-dried bricks and compacted earth 

blocks is higher. When the water evaporates, the building material reaches thermodynamic 

equilibrium. There are interlocking compressed earth brick types that are interlocked in order to 

reduce the cost of using traditional bricks and speed up the building production process. It can also 

provide additional savings in terms of energy efficiency and resource use both in the production 

and construction process. Since it is produced from moist earth, the drying time will be fast, and it 

also saves time [9]. 

 

 

(a) 

    

(b) 
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Figure 1. (a) Examples of excavation wastes used in the production of compacted earth blocks; (b) 

Compressed earth bricks produced from excavation waste in Turkey 

 

In fabrication supported productions, earth and water measurements are made to increase the earth 

quality of the material (Fig 1). Hydraulic pressure system is used for compressed earth bricks. 

In the compacted earth brick / block production process, the particles larger than 20 mm in the 

remaining moist layers are also sieved and the optimum water content is added to the obtained 

material after the separation of an average of 30-50 cm of vegetative earth on the surface of the 

excavated earth. It is compressed in layers in wooden or metal molds by hand or by pneumatic 

hammers or mechanical pressing techniques. The wall construction element is completed without 

the cooking process. Each brick has a minimum thickness of 5-10 cm [21]. 

 

 

4 CONCLUSION AND RECOMMENDATIONS 

 

It is seen that in the majority of the studies, excavation wastes are not classified separately, but are 

included within the construction and demolition wastes. Excavation wastes and construction - 

demolition residues are mixed. This situation makes it difficult to determine recycling rates by 

making raw material formation or vegetable earth separation. Ensuring the control of excavation 

wastes is the responsibility of local administrations, municipalities and the producers that generate 

the wastes. Data records regarding the amount and earth quality of the excavations should be 

created. Management plans for the use of excavation wastes should be established. Recycling, both 

in terms of cost and use of natural resources, should be done at the site where the excavation is 

removed or in an area close to it. 

 

In Turkey, there is no regulation on the basis of any technique, except for adobe, which is one of 

the earth construction techniques. This situation weakens the control mechanism regarding the 

production and quality of compressed earth brick / block. The energy loss of the compressed earth 

brick / block production is low and includes low cost. Being an ecological material, the possibility 

of using excavation wastes as raw materials reduces pollution and ensures the reuse of wastes by 

providing recycling on an environmental scale. Although the usage area in the world is new in 

terms of excavation wastes, it creates a new usage / production area in Turkey. The research area 

needs to be expanded in order to expand the production of compressed earth bricks / blocks, which 

can be a type of recycling of excavation wastes, and to encourage their use. 
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