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Abstract

Introduction

In Indonesia, the processing of construction raw materials from industrial activity, particularly terracotta, is 
one of the largest contributors to climate change. This study reviews the terracotta industry in the context 
of their impact on climate change towards more environmentally friendly processes. The study involved 
the concept of material circularity as a response to prevent increases in global temperature and reduce 
atmospheric pollution. Terracotta, a clay-based material in the form of bricks and roof tiles, is the most 
commonly used building material for housing in Indonesia. Logede Village in Kebumen, Central Java, is a 
terracotta-producing village that has been active since the Dutch colonial era (1910-1949), and its production 
continues to grow until now. The purpose of this study is to review the terracotta industry process in the 
context of their impact on climate change towards more environmentally friendly processes. The analysis 
was conducted through field observation and interviews, followed by Material Reutilization Score (MRS) 
calculation and analysis. The result indicated some practices are considered environmentally friendly, as 
they use recyclable raw materials on-site and consume low electricity. However, the extraction of the raw 
material and the disposal of waste were not properly managed. This study recommends finding alternative 
aggregates to replace sand, using fly ash in the terracotta mixture to reduce the clay composition, and 
involving government and environmental experts to enable widespread waste management. 

Keywords: climate change; environmental friendly; material circularity; terracotta industry; village. 

In recent years, the environmental impact of the construction industry has gained significant at-
tention due to its substantial contribution to global emissions. The buildings and the construction 
sector contributed up to 39% of energy and process-related carbon dioxide (CO2) emissions in 
2018 (IEA, 2019). In this sector, 11% of the emission was caused by the manufacturing of building 
construction materials. This data underscores the role of sectors in global emissions, and it is 
important to explore the limitations of addressing the emissions from a smaller-scale indus-
try. Nowadays, the manufacturing industry is one of the largest contributors to greenhouse gas 
emissions (United Nations, 2022). For instance, Indonesia was the 6th largest terracotta produc-
er in the world in 2012 (Global Business Guide Indonesia, 2014), making a significant case for 
understanding the environmental impact of the sector. Terracotta is a commonly used building 
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material in Indonesia (Umam & Astuti, 2022). Until Mei 2024, the need for houses in Indonesia will 
increase in line with the increase in the population growth rate of 1.11% (Badan Pusat Statistik, 
2024). This causes the demand for terracotta products as a material for roofs and walls of houses 
in Indonesia to increase.

The circular economy (CE) concept promoted by Annie Leopard (2011) and Ellen MacArthur (2019) 
has been proposed as a solution to reduce waste in material processing industries like terracotta. 
Although these studies highlight the potential for efficiency, further research is needed to critically 
evaluate the effectiveness of CE in traditional industries with limited technological access, such 
as terracotta production in Indonesia. In the terracotta industry sector, this concept can be studied 
from the extraction to production stages (Leonard, 2011). The terracotta industry helps industrial 
activities use natural resources efficiently and reduces production waste (MacArthur, 2019a).

Apart from reducing economic expenses in industrial processes, this concept also directs industry 
stakeholders to recycle waste wisely (MacArthur, 2019b). The flow density in the material circular-
ity model can be seen from the value of the Material Reutilization Score (MRS), which calculates 
how much waste is reused from the first processing of a product (Niero & Kalbar, 2019).

Based on Kemenperin.go.id (2016), the terracotta generally used in homes comes from the 
three largest terracotta-producing regions in Indonesia, namely North Sumatra, West Java, and 
Central Java. Logede Village, Kebumen, Central Java, is one of the oldest terracotta producers in 
Indonesia (Kemdikbud, 2014) . The tile and brick industry is one of the main sectors supporting the 
community’s economy, with a significant increase noted until 2022.

The purpose of this study is to review the terracotta industry process in the context of their impact 
on climate change towards more environmentally friendly processes. This study recommends 
alternative aggregates to reduce the environmental impact of climate change and to make the 
terracotta industry processes in Logede Village, Kebumen, more environmentally friendly.

An Impact of Industrial Activities on Climate Change
Climate change can be caused by human activities such as burning fossil fuels, burning forests, 
transportation activities, activities in factories, etc. (Miller & Spoolman, 2008). These activities pro-
duce greenhouse gasses, leading to global warming and climate change. Climate change is a 
long-term phenomenon that poses global challenges to the environmental, socio-political, and 
socio-economic sectors (Abbas et al., 2022) .

Although factory and transportation activities are often found in urban areas, the impacts of cli-
mate change are also common in rural areas (Borras Jr. et al., 2022) . A village with natural wealth 
that should be protected has now been exploited for industrial purposes. Borras Jr. et al. argue 
that the use of natural resources on a large scale reduces the quality of ecosystems in rural areas. 
In addition, industrial activities carried out directly in the rural context will cause air pollution and 
reduce the quality of agriculture, which is in line with the reduced welfare of the villagers.

Material Economy and Circular Economy (CE) in Facing Climate Change
The material economy concept was developed by Annie Leonard in 2011 in a book entitled “Story Of 
Stuff, Referenced and Annotated Script.” The material economy describes a linear process where 
materials are extracted, produced, distributed, consumed, and disposed of (Leonard, 2011). In the 
process chain, the actors involved include suppliers, industry, distributors, and buyers (Shambu, 
2019).  With the limited availability of natural resources, humans have consumed 30% of natural 
resources and produced 30% of waste (Leonard, 2011). All natural resources obtained from the 
extraction process have become input for the production process.

A circular economic model can replace the linear process in the material economy through the 
circular economy (CE) concept (Kirchherr, 2022). This concept was first promoted by the Ellen 
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MacArthur Foundation in 2019 and is considered a good response to climate change issues. The 
CE approach has a goal of reducing CO2 emissions from the industrial sector by 40% or 3.7 billion 
tonnes by 2050 (MacArthur, 2019b).

According to MacArthur, the CE concept can be applied in the industrial process of an item or the 
process of using it until the end of its useful life. Reusing products or components and recycling 
raw materials can create a regenerative process. The CE process attempts to maintain the selling 
value of each industrial component and does not allow waste to enter the environment (Sikdar, 
2019). The final model resulting from the concept of CE has a circular cyclical nature to remove 
waste from industrial processes and the use of an item (MacArthur, 2019a). 

Material Circularity as Solutions for Responding to Climate Change
Material circularity is a principle that was developed based on two ideas, namely the materi-
al economy developed by Annie Leonard in 2011 in the book “Story Of Stuff, Referenced and 
Annotated Script” and the CE principle promoted by the Ellen MacArthur Foundation in 2019. Both 
concepts aim to reduce waste pollution that is wasted into the atmosphere to reduce the impact 
of the greenhouse gas effect and climate change.

In material economics, Annie Leonard questions where an object goes after the disposal stage 
within a linear consumption system (Leonard, 2011). This inquiry was addressed by the con-
cept of the CE developed by Ellen MacArthur, which recommends a circular lifecycle for objects 
(MacArthur, 2019b). To achieve circularity, Ellen MacArthur proposes the practices of recycling and 
reusing waste materials. Given that this writing pertains to the field of architecture, the focus is 
placed on the concept of circular materials and not on the economic aspects of a material.

Issues in Terracotta Industry
Bricks are made of clay, which has plastic properties when mixed with water (Widodo & Artiningsih, 
2021). Widodo & Artiningsih (2021) added that a mixture of soil and water is also mixed with salt 
content and other organic matter in the manufacturing process. Furthermore, the mixture will be 
burned at 450-750°C to reduce the water content in it so that the water evaporates and the mix-
ture becomes hard (Musa & Kadir, 2021). After that, the product was fired again at 950- 1250°C to 
remove the CO2 content (Rahman et al., 2021) . Meanwhile, roof tile is molded in the same way as 
bricks, but the tile is molded more thinly and lightly (Duggal, 2009).

The terracotta industry can be carried out in two ways: by handmade and mechanically (Prieto et 
al., 2022) . The handmade industry is done manually with human power from excavation, mixing 
materials, and molding. With this, the product density is 40% lower than the mechanical process 
because human pressure in the handmade process is not as intense as machine power. Generally, 
the handmade terracotta industry uses a burning system by drying it in the sun (Dabaieh et al., 
2020). Drying the product in the sun with the condition that the product has a low density allows 
air to flow through the pores of the terracotta so that the product is not easily moldy. Dabaieh et 
al. argue that drying in the sun is considered energy efficient, produces low toxicity, and does not 
produce polluting waste for the environment. Meanwhile, burning with fire will produce pollutants 
released into the atmosphere and increase the amount of CO2 in the air, resulting in global warm-
ing (Huovila et al., 2019).

In practice, the terracotta industrial process can harm the environment. The extraction process in 
terracotta industrial activities can reduce the raw materials available in nature, such as clay, sand, 
and firewood (Bhoopathy & Subramanian, 2022; UNEP, 2019; Biswas et al., 2018; Azevedo et al., 
2020; Schmid et al., 2020).

In addition to reducing sand as a raw material for terracotta, the habitat of living things around the 
sea will also be lost due to sand extraction activities (Bhoopathy & Subramanian, 2022). To face 
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the sand crisis, the material construction industry should raise awareness and seek alternative 
raw materials such as aggregates (UNEP, 2019). According to several journals, an alternative to 
sand can be glass waste, which is crushed first and recycled into aggregate (Costa et al., 2009) In 
addition, sawdust also has the potential to be an aggregate for brick (Shafiquzzaman et al., 2022). 
Currently, granite and eggshells are also being developed as terracotta aggregates (Ngayakamo 
et al., 2020).

The terracotta burning process has the potential to higher the ambient temperature (Saha et al., 
2021). This process also produces harmful emissions (Kulatunga et al., 2020). The gas from burn-
ing also produces greenhouse gasses in the atmosphere, which causes air pollution. Specifically, 
each final terracotta product produces 0.5 kg CO2 per product (Schmid et al., 2020). However, ef-
forts can be made to reuse industrial waste for input in the following production process. These 
efforts can reduce 56% - 64% of CO2 during the industrial process.  Thus, the process of the ter-
racotta industry can be assessed for its circularity using the concept of circular material as a 
response to climate change. The concept of material economy and CE respond to climate change, 
resulting from waste accumulation and pollution. 

Moreover, The terracotta industry in 
Logede Village, Kebumen, located in 
Indonesia, has operated since 1910. 
At that time, the tile molding process 
was still manual, using human la-
bor, and the mixture of roof tiles and 
bricks still used pure clay without any 
aggregate. In the early 2000s, the clay 
was mixed with sand for roof tiles and 
bran for bricks. This happens because 
the texture of the clay is getting softer, 
and it needs to be mixed with aggre-
gate to make it easy to mold. Around 

2017, hydraulic machines began to appear among the roof tile industry players in Logede Village. 
Hydraulic Machine is a machine with electric power to assist in molding roof tiles (Fig.1). Although 
the use of hydraulic machines in the terracotta industrial process speeds up the duration of work 
for industrial players, the use of these machines results in increased use of electricity and con-
sumption of fossil fuels which hurt the environment.  This study discusses the industrial process 
of terracotta material produced in Logede Village, Kebumen. The study involves a circular material 
concept as a response to the issue of climate change, which causes an increase in CO2 and am-
bient temperature.

Fig. 1
Hydraulic Machine for 

Molding Tiles

Case Study Location: Logede Village, Kebumen, Central Java 

Logede Village has an area of 116 hectares in the Pejagoan sub-district, which is one of 3 roof tile 
and brick-producing sub-districts in the Sokka region, Kebumen Regency. This village has 57 Ha 
of settlements and 59 Ha of rice fields. In the Dutch colonial era (around 1910), the Dutch began to 
produce bricks and roof tiles in the Sokka area to build stations and houses in the village.

The main industry in Logede Village is roof tiles, while bricks are a secondary industry needed at 
the tile-burning stage. However, the bricks produced directly in Logede Village are also used as 
construction materials for houses in Logede Village, and their distribution has spread to Central 
Java. The distribution of roof tiles produced in Logede Village has a larger reach because they 
have been sent overseas.

Material and 
Methods
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Terracotta Industrial Process in Logede Village
The process of the brick and tile industry starts from extraction, mixing or milling, molding, drying, 
and burning. However, there are some differences in the blending process, production duration, 
and production location (e.g. Fig.2). For the brick industry, clay is taken from the fields. Next, mix 
the clay with dry rice bran in a ratio of 4:1 with sufficient water until the soil reaches a plastic 
texture. The mixing of raw materials is still done manually using a gejik, which is a wire that is 
attached to a bent iron pole and functions to smooth the clay. Next, molding is done using a wood-
en board. After that, the bricks were dried in the sun for two days. The whole series of processes 
takes place in the rice fields. For the burning process, the results of molding the sun-dried bricks 
are brought by truck to the topbong or kiln located 1-2 km from the rice fields. Then, the bricks are 
burned together with the tiles that are ready to be burned. 

Meanwhile, in the roof tile industry, the entire series of processes, from mixing, molding, drying, 
and burning, are carried out in one place. Initially, raw clay materials were brought from the fields 
to the factory using trucks with a distance of 1-2 km, and beach sand raw materials were brought 
from the beach, which was 11 km away, using trucks. Next, a grinding process is carried out with 
a machine to mix clay and sand with a ratio of 6:1. The milling process will produce a solid block 
called “koeh”. There are 3 types of roof tiles produced in Logede Village, Kebumen, namely ma-
rando, plentong, and magas (e.g. Fig.3). 

Fig. 2
Terracotta Industrial 
Process and Material 
Locations

Fig. 3
The Three Types of Roof 
Tile in Logede Village:  
(A) Marando,  
(B) Plentong,  
(C) Magas  
(Source: Personal 
Documentation)

The three types of roof tile have different 
weights. Therefore, the koeh weight used 
for each type of tile is also different. For 
making one piece of marando type, 4 kg of 
koeh is needed, plentong requires 3 kg of 
koeh per piece, and magas requires 3.5 kg (A) (B) (C)

of koeh per piece. After the koeh is produced from the mixing process, it is first dried in the sun for 
10 days to reduce the water content in the mixture. After that, the koeh is molded according to the 
type of roof tile. After molding, the weight of each type of tile is reduced. For marando, the weight 
is 3 kg, plentong is 2 kg, and magas is 2.5 kg. So, after the drying and molding process, the weight 
of the tile mixture is reduced by around one kilogram. After the tile is molded, it is dried for 3 days 
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if it is in the dry season and 1 week during the rainy season. Next, combustion is carried out in the 
topbong. There are 2 types of topbong, one with a capacity of 18,000 tiles and another capacity of 
25,000 tiles.

The roof tiles are fired together with the bricks in the topbong. Burning in the topbong requires 
3 firewood trucks to burn in the topbong with a capacity of 18,000. Firewood is obtained from 
Wonosobo, which is 71 km from Kebumen, and West Java which is 300 km from Kebumen. The 
burning process begins with a small fire that burns for 4 hours. Next, the firewood produces a big 
fire, and after 3 days, the process of burning the tiles and bricks is complete.

Research Framework 
Methods in achieving the purpose of writing include interviews and MRS calculations. The flow of 
the study framework can be seen in the Fig.4.

Interviews and MRS calculations will be used to identify environmental issues in the Logede Village 
terracotta industry and recommend solutions. The output is in the form of recommendations re-
garding the environmentally friendly terracotta industry in dealing with climate change issues.

Interview with Terracotta Craftsmen in Logede Village, Kebumen
This study uses a field study method in the form of interviews with workers in a terracotta factory 
in Logede Village, Kebumen. The field study was conducted for two consecutive days on April 2023 
in five terracotta factories (Table 1). Interviews were conducted with two workers per factory.

In Logede village, there are around 100 terracotta home factories. The scope of this interview 
includes raw materials, terracotta industrial processes, and the amount of waste from industrial 
processes. This information is extracted to serve as input for MRS calculations and problem anal-
ysis in the terracotta industrial process in Logede Village, Kebumen.

Fig. 4
Study Framework
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(1)

Material Circularity Flow using Material Reutilization Score (MRS)
Material Reutilization Score (MRS) to calculate circularity based on how much recycling has been 
carried out by the terracotta industry in Logede Village, Kebumen (Eq. 1). This methodology has 
the intention to increase the material reutilization potential of a product (De Pascale et al., 2021). 
The calculation of MRS considers the technical cycle of a product (Lindgreen et al., 2021). MRS 
has a final value ranging from 0 to 100% (Cradle to Cradle Products Innovation Institute, 2016). 
The MRS standard requirement level: 1) Bronze - the product has an MRS of 35%; 2) Silver - the 
product has an MRS of 50%; 3) Gold - the product has an MRS of 65%; 4) Platinum - the product 
has an MRS of 100%.

Industry Factory Founding Year
Product Capacity/ 
Production Phase 
(about 2 weeks)

Industry Process 
(Manually/ Mechanically)

Roof Tiles

A 1920 18000 pieces Mechanically

B 1970 5000 pieces Mix

C 1995 5000 pieces Mix

Bricks
D 1980 1000 pieces Manually

E 1990 1000 pieces Manually

Table 1
Specifications of the 
Terracotta Factory Visited

Table 2
Koeh Reduction From 
Process to Make One Clay 
Roof Tile

MRS calculates the recyclability potential of a product considering two variables: the intrinsic re-
cyclability (IR) of the product, which is the percentage of the product that can be recycled at least 
once after its initial use stage, and the percentage of recycled content (RC) (Niero & Kalbar, 2019). 
IR can also be defined as a product’s recyclability, biodegradability, or compostability (Cradle to 
Cradle Products Innovation Institute, 2016). Meanwhile, RC refers to a recycled or rapidly renew-
able product content.

(Niero & Kalbar, 2019)

Interview Result with Terracotta Craftsmen
From the interview, the study found that after the koeh molding process, the mass of the clay 
and sand mixture on the tile is reduced by around 25% -33.3% of the initial koeh mass (Table 2.). 
Because the mixture has not gone through the combustion process, it can be ground back into 
koeh for the next tile-making process. The remaining koeh is usually reused by terracotta crafts-
men for the next roof tile-making process.

Result & 
Discussion

Type of 
Roof 
Tiles

Raw 
Materials

Koeh needs at each stage (kg) Koeh 
reduction 

after molding 
process (%)

Extraction Miling
Koeh 

Drying
Molding Drying Burning Result

Marando
Clay 3.42 3.42

4 4 3 3 2.5 25
Sand 0.57 0.57

Plentong
Clay 2.57 2.57

3 3 2 2 1.5 33.33
Sand 0.43 0.43

Magas
Clay 3 3

3.5 3.5 2.5 2.5 2 28.57
Sand 0.5 0.5
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The remnants of the failed tiles and ash waste from burning are often found around the factory. In 
addition, after the tiles have been fired, usually in topbong with a capacity of 18,000 roof tiles, there 
is often a failure in producing 100-1500 tiles. The failed and destroyed roof tiles were irregularly 
dumped on the ground at the factory terrace and mixed with other wastes. Most of the waste can-
not be recycled, which causes industrial waste disposal problems (Gol et al., 2023).

The combustion process itself produces waste in the form of ash from burning firewood, which 
has not been carried out by waste management. The ashes from the burning are also directly 
dumped on the ground at the factory terrace. In a more serious manner, ash disposal adversely 
affects substantial risk to health and the environment (Coutinho et al., 2022; Etchie et al., 2020).

Terracotta industrial activities have a series of processes that have begun to be directed towards 
environmentally friendly principles, although several stages still have the potential to be made 
more environmentally friendly through increased circularity (Dabaieh et al., 2020). Special atten-
tion is needed to make the terracotta industrial process more environmentally friendly. This is 
done so that architectural products such as houses and other types of buildings can still use bricks 
and roof tiles. 

The process of making bricks from extraction to drying and the process of making tiles from mill-
ing to burning are carried out on-site, thereby reducing transportation energy. In addition, all pro-
cesses are conducted on-site and practiced traditionally without the help of machines. (Suryantini 
et al., 2021). This also applies to the process of making roof tiles. Based on the interview, in the 
process of making roof tiles, the raw material for the clay mixture obtained from molding has 
been reused, and the rest is reprocessed into koeh for the next roof tile-making process.

On the other hand, the terracotta industrial process produces several negative impacts on the 
environment. The clay extraction process changes the soil contour and impacts cultivating or 
gardening activities (Anwar et al., 2019). Sand extraction on the beach causes seawater to rise, in-
creasing the potential for flooding; based on interviews with terracotta industry players in Logede 
Village, Kebumen, they often move beach locations if the sand on a beach starts to decrease and 
starts to run out. Terracotta burning activities require firewood, and if forests are continuously cut 
down for firewood extraction, then the earth will lack sources of clean air, and many creatures will 
lose their habitat (Huovila et al., 2019). Following the burning process, the roof tile manufacturing 
procedure will generate the remaining roof tiles that were not successfully produced. According 
to interview results, for topbong with a capacity of 18,000 roof tiles, there is generally a failure in 
roof tile production with a total of 100-1500 roof tiles. Roof tiles that fail to produce and break are 
thrown onto the ground, becoming waste that can contaminate the soil.

Result of MRS in the Terracotta Industrial Process in Logede Village, Kebumen
The MRS calculation process requires Intrinsic Recyclability (IR) and Recycle Content (RC). IR re-
fers to the amount of recyclable, compostable, or biodegradable materials contained in a product, 
whereas RC refers to the amount of recycled material that is contained in a product (Cradle to 
Cradle Products Innovation Institute, 2016). Transportation from the rice field to the factory covers 
a distance of two kilometers, while from the beach to the factory covers a distance of 11 kilome-
ters. The average fuel consumption is 58 L/100 km (Tejada et al., 2022). Meanwhile, 1000 liters 
are equivalent to one cubic meter. To convert the figures to kilograms, the theory that diesel has 
a density of 830-930 kg/m³ can be applied (Sarikoc, 2020). Therefore, transportation from the rice 
field to the factory consumes 0.96 kg of diesel, and transportation from the beach to the factory 
consumes 15.7 kg of diesel.

From the percentage table of IR and RC, it is found that recycled materials are not used in the 
entire process of the clay tile and brick industry (Table 3.). On the other hand, recyclable materials 
have been utilized. In the brick industry process, all stages are carried out in the same location, 
namely in the field. Therefore, diesel transportation from the rice field to the factory is not required.
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Due to the non-utilization of recycled materials in the terracotta manufacturing process in Logede 
Village, the MRS (Material Recycle Score) for roof tiles is 57.33, while for bricks, it is higher at 
66.66. The higher MRS for bricks is attributed to the use of biodegradable aggregates. This value 
can result in higher scores if waste recycling is implemented throughout the process. Based on 
the results of the MRS calculation, the terracotta industrial process got a score of 57.33-66.66 be-
cause of the use of recyclable materials. If these scores were to be certified in the Cradle to Cradle 
Products Innovation Institute, each product could receive a rank of Silver and Gold. 

Using recyclable and recycled materials can promote the implementation of CE (Oliveira et al., 
2022). The MRS score does not achieve 100 because it does not use recycled materials in the pro-
cess. However, the terracotta industry in Desa Logede has an attempt to achieve an environmen-
tally friendly process. This can be seen from using a mixture of clay and sand (koeh) to be reused 
to continue the next roof tile process, followed by bran and clay reuse in the process of making 
bricks. However, the entire terracotta industrial process that occurs in Logede Village, Kebumen, 
has the potential to increase its circularity with recommendations to industry stakeholders in the 
form of management of waste ash from burning firewood and tile fragments that fail to produce, 
which are thrown onto the ground. 

Raw Material IR RC

Component Mass (kg) Yes/no Yes/no

Clay 30780 Yes(1) No

Natural Sand 5130 No(2) No

Firewood 2400 Yes(3) No

Diesel for transportation from ricefield to factory 0.96 Yes(4) No

Diesel for transportation from beach to factory 15.7 Yes(4) No

Total 38326.66

Percentage (%) 86.6% 0%

Raw Material IR RC

Component Mass (kg) Yes/no Yes/no

Clay 21600 Yes(1) No

Rice Bran 5400.00 Yes(2) No

Firewood 2400 Yes(3) No

Diesel for transportation from ricefield to factory 0.96 Yes(4) No

Total 29400.96

Percentage (%) 100% 0%

(1) Samsudin et al., 2016; (2) Dassanayaka et al., 2020; (3) Gunatilake, 2021; (4) Pasqualino & Salvado, 2006

(1) Samsudin et al., 2016; (2) Singh et al., 2023; (3) Gunatilake, 2021; (4) Pasqualino & Salvado, 2006

(A)

(B)

Table 3
Percentage of IR and RC 
in the (A) Clay Roof Tile 
Industry Process and 
(B) Clay Brick Industry 
Process to Fulfill the 
Topbong (9000 Roof Tiles 
and 9000 Bricks)



Journal of Sustainable Architecture and Civil Engineering 2025/1/37
136

With this, industry stakeholders must think about alternatives to raw materials as early as possi-
ble so that actors in the construction sector can still obtain terracotta material, which is the most 
widely used material in Indonesia. As alternatives to recycled terracotta aggregates, waste glass 
powder, granite, eggshell, and sawdust can be recommended (Costa et al., 2019; Ngayakamo 
et al., 2020; Shafiquzzaman et al., 2022). If the terracotta industrial process in Logede Village, 
Kebumen has managed waste properly and considered alternative recycled raw materials, then 
there is a possibility that the circularity value of each material processing will increase, which cur-
rently has an existing value of 57.33- 66.66, which can become 100. The environmentally friendly 
terracotta industrial process will create reciprocity for the industrial, architectural, and environ-
mental fields. The availability of terracotta raw materials in nature makes the field of architecture 
not lose one of the materials that are widely used, especially in Indonesia.

While no research has quantified the correlation between MRS and environmental impact, theo-
retically, a higher MRS also relates with reductions in CO2 emissions. A higher RC score suggests 
that the product incorporated recycled materials, indicating that the production process mini-
mizes raw material extraction, thereby decreasing negative environmental impacts. Additionally, 
a higher IR score suggests that the product can be recycled after its initial use (Niero & Kalbar, 
2019), indicating efforts to enhance material circularity through encouraging the reuse or recy-
cling of product contents. 

Based on the literature study, the problem arises that the terracotta burning process can poten-
tially increase the ambient temperature (Saha et al., 2021). In addition, the extraction of firewood 
causes an ecosystem imbalance, and the extraction of clay can damage the character of the land 
(Purba et al., 2021) . After analyzing the problems from the results of interviews and MRS calcu-
lations, some of the problems that arise are in accordance with those discussed in the literature 
study. However, there are some additional problems, including burning ash and tile chip waste 
that is directly dumped on the ground and the uncontrolled extraction of raw materials.

This study assesses the environmental impact of the terracotta industry in Logede Village, 
Kebumen, focusing on mitigating climate change effects. Currently, the industry’s circularity val-
ues range from 57.33 to 66.66, indicating room for improvement, particularly in utilizing recycled 
materials throughout production. The firing process generates wood ash waste, and discarded 
tile fragments contribute to environmental pollution. Additionally, the extraction of beach sand 
raises concerns about habitat loss and reduced sand availability. Alternative recycled aggre-
gates, such as glass and wood waste and artificial sand, are proposed to address these issues. 
Recommendations include using fly ash in the mixture to reduce clay composition, reforestation 
for wood fuel extraction, and the utilization of compost fertilizers from recycled roof tile fragments. 

Collaboration among terracotta industry stakeholders and other material sectors, supported by 
government and environmental experts, is essential for effective waste management and sus-
tainable practices. The government’s role would include regulating the environment and policies 
to promote the usage of recycled materials. Wheres, environmental experts would contribute by 
advising on the best practices in material use and resource conservation. The implementation 
of these results might come with potential challenges. For instance, the use of alternative ag-
gregates like fly ash faces barriers, such as the limited availability of high-quality ones in certain 
regions. This study suggests a supply chain for fly ash and other related materials to overcome 
this limitation. By enhancing the industry’s environmental friendliness, the architectural field can 
access building materials while minimizing the negative impacts associated with construction 
activities.

The MRS calculation conducted in this study was able to assess the circularity of the terracotta 
products, but is unable to quantify its environmental impact values. To further support material 
circularity, using a Life Cycle Assessment (LCA) for future research is suggested to provide a 

Conclusions 
and Recom-
mendations 
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comprehensive environmental impact evaluation of terracotta products, including the emission 
caused by the production process. Adopting a Life Cycle Cost Assessment (LCCA) to evaluate 
the economic costs could also benefit the research and encourage more sustainable practices in 
architectural products.

The authors would like to acknowledge Prof. Nasruddin, Prof. Dr. Payam Shafigh and Dr. Loh for 
pre-reviewing this study. The authors would also like to thank Kwarista Dharma Smitha, Nisrina 
Dewi Salsabila, and Kartika Rahmasari from Universitas Indonesia for contributing to and giving 
feedback on this study.

Acknowl-
edgment

ReferencesAbbass, K., Qasim, M. Z., Song, H., Murshed, M., Mah-
mood, H., & Younis, I. (2022). A review of the global 
climate change impacts, adaptation, and sustainable 
mitigation measures. Environmental Science and 
Pollution Research, 29(28), 42539-42559. https://doi.
org/10.1007/s11356-022-19718-6

Alejandro Cabeza-Prieto, María Soledad Camino-Olea, 
María Paz Sáez-Pérez, Alfredo Llorente-Álvarez, Ana 
Belén Ramos Gavilán, & María Ascensión Rodrí-
guez-Esteban. (2022). Comparative Analysis of the 
Thermal Conductivity of Handmade and Mechanical 
Bricks Used in the Cultural Heritage. Construction and 
Building Materials, 15(11). https://doi.org/10.3390/
ma15114001

Annie Leonard. (2011). Story Of Stuff, Referenced and 
Annotated Script. Free Press.

Anwar, R. K., Rusmana, A., Rizal, E., & Khadijah, U. L. 
S. (2019). Utilization of rice fields for brick industries 
and farmers environmental awareness. In IOP Con-
ference Series: Earth and Environmental Science (Vol. 
311, No. 1, p. 012007). IOP Publishing. https://doi.
org/10.1088/1755-1315/311/1/012007

Azevedo, A. R. G., Vieira, C. M. F., Ferreira, W. M., Faria, 
K. C. P., Pedroti, L. G., & Mendes, B. C. (2020). Potential 
use of ceramic waste as precursor in the geopolymer-
ization reaction for the production of ceramic roof tiles. 
Journal of Building Engineering, 29, 101156. https://
doi.org/10.1016/j.jobe.2019.101156

Badan Pusat Statistik. (2022). Laju Pertumbuhan Pen-
duduk (Persen), 2020-2022. https://www.bps.go.id/
indicator/12/1976/1/laju-pertumbuhan-penduduk.
html

Bhoopathy, V., & Subramanian, S. S. (2022). The way 
forward to sustain environmental quality through sus-
tainable sand mining and the use of manufactured 
sand as an alternative to natural sand. Environmental 
Science and Pollution Research, 29(21), 30793-30801. 
https://doi.org/10.1007/s11356-022-19633-w

Biswas, D., Gurley, E. S., Rutherford, S., & Luby, S. 
P. (2018). The Drivers and Impacts of Selling Soil for 
Brick Making in Bangladesh. Environmental Man-
agement, 62(4), 792-802. https://doi.org/10.1007/
s00267-018-1072-z

Borras Jr., S. M., Scoones, I., Baviskar, A., Edelman, M., 
Peluso, N. L., & Wolford, W. (2022). Climate change and 
agrarian struggles: an invitation to contribute to a JPS 
Forum. The Journal of Peasant Studies, 49(1), 1-28. 
https://doi.org/10.1080/03066150.2021.1956473

Costa, F. B., Teixeira, S. R., Souza, A. E., & Santos, G. 
T. A. (2009). Recycling of glass cullet as aggregate for 
clays used to produce roof tiles. Matéria (Rio de Ja-
neiro), 1146-1153. https://doi.org/10.1590/S1517-
70762009000400007

Coutinho, N. C., Paes Jr, H. R., & Holanda, J. N. F. (2022). 
Effect of Firewood Ash Waste on the Densification Be-
havior of Electrical Siliceous Porcelain Formulations. 
Silicon, 14(16), 10591-10601. https://doi.org/10.1007/
s12633-022-01799-0

Cradle to Cradle Products Innovation Institute. (2016). 
Material reutilization. In McDonough Braungart De-
sign Chemistry. Cradle to Cradle Certified Product 
Standard (Version 3.1, pp. 46e54). Retrieved from 
https://s3.amazonaws.com/c2c-website/resources/
certification/standard/C2CCertified_ProductStan-
dard_V3.1_160107_final.pdf

Dabaieh, M., Heinonen, J., El-Mahdy, D., & Hassan, 
D. M. (2020). A comparative study of life cycle carbon 
emissions and embodied energy between sun-dried 
bricks and fired clay bricks. Journal of Cleaner Pro-
duction, 275, 122998. https://doi.org/10.1016/j.jcle-
pro.2020.122998

Dassanayaka, D., Hedigalla, D., & Gunasekera, U. 
(2020). Biodegradable Composite for Temporary Par-
titioning Materials. In 2020 Moratuwa Engineering 
Research Conference (MERCon) (pp. 453-458). Mor-
atuwa, Sri Lanka. IEEE. https://doi.org/10.1109/MER-
Con50084.2020.9185232

De Pascale, A., Arbolino, R., Szopik-Depczyńska, K., 
Limosani, M., & Ioppolo, G. (2021). A systematic review 
for measuring circular economy: The 61 indicators. 
Journal of cleaner production, 281, 124942. https://
doi.org/10.1016/j.jclepro.2020.124942

Ellen MacArthur. (2019a). How to Build a Circular 
Economy. The Circular Economy in Detail. https://el-
lenmacarthurfoundation.org/the-circular-economy-
in-detail-deep-dive



Journal of Sustainable Architecture and Civil Engineering 2025/1/37
138

Ellen MacArthur. (2019b). Towards a circular econo-
my: Business rationale for an accelerated transition. 
https://emf.thirdlight.com/file/24/_A-BkCs_ h7gfln_
Am1g_JKe2t9/Towards%20a%20circular%20econo-
my%3A%20Business%20rationale%20for%20an%20
accelerated%20transition.pdf

Etchie, A. T., Etchie, T. O., Elemile, O. O., Boladale, O., 
Oni, T., Akanno, I., ... & Swaminathan, N. (2020). Burn 
to kill: Wood ash a silent killer in Africa. Science of 
the Total Environment, 748, 141316. https://doi.
org/10.1016/j.scitotenv.2020.141316

G. Tyler Miller, & Scott Spoolman. (2008). Living in the 
environment. Cengage Learning.

Gallego-Schmid, A., Chen, H.-M., Sharmina, M., & 
Mendoza, J. M. F. (2020). Links between circular econ-
omy and climate change mitigation in the built envi-
ronment. Journal of Cleaner Production, 260, 121115. 
https://doi.org/10.1016/j.jclepro.2020.121115

Gol, F., Yilmaz, A., Kacar, E., Saritas, Z. G., Ture, C., 
Arslan, M., & Sen, F. (2023). Sustainable technology: 
Recycling roof tile waste in the ceramics industry. Ce-
ramics International, 49(21), 33773-33779. https://doi.
org/10.1016/j.ceramint.2023.08.069

Global Business Guide Indonesia. (2014). Indonesia's 
Building & Construction Materials Sector.https://
www.gbgindonesia.com/en/property/article/2014/
indonesia_s_buildingandamp_construction_materi-
als_sector.php

Gunatilake, S. K. (2021). Production of quality organ-
ic fertilizer using firewood ash and tea residues pro-
duced from tea factories in Sri Lanka.

Huovila, P., Iyer-Raniga, U., & Maity, S. (2019). Circu-
lar Economy in the Built Environment: Supporting 
Emerging Concepts. IOP Conference Series: Earth and 
Environmental Science, 297(1), 012003. https://doi.
org/10.1088/1755-1315/297/1/012003

IEA. (2019). Global Status Report for Buildings and 
Construction 2019. IEA, Paris. https://www.iea.org/
reports/global-status-report-for-buildings-and-con-
struction-2019

Kemdikbud. (2014). Genteng Sokka. Warisan Bu-
daya Takbenda. https://warisanbudaya.kemdikbud.
go.id/?newdetail&detailCatat=4608

Kementerian Perindustrian. (2016). Direktori Perusa-
haan Industri. https://kemenperin.go.id/direktori-pe-
rusahaan?what=genteng&prov=33

Kirchherr, J. (2022). Circular economy and growth: A 
critical review of "post-growth" circularity and a plea for 
a circular economy that grows. Resources, Conserva-
tion and Recycling, 179, 1-2. https://doi.org/10.1016/j.
resconrec.2021.106033

Kulatunga, A. K., Peiris, R. L., & Kamalakkannan, S. 
(2020). Evaluation of Environment Sustainability of 

Clay Roof Tiles Manufacturing Practices in Sri Lanka 
using LCA Technique. Engineer: Journal of the Insti-
tution of Engineers, Sri Lanka, 53(4), 21. https://doi.
org/10.4038/engineer.v53i4.7425

Musa, L. M., & Kadir, L. A. (2021). Batu Bata Ringan 
Dengan Filler Paduan Serat Ijuk Aren dan Sekam Padi 
Terkarbonasi. Jurnal Aplikasi Teknik Sipil, 19(3), 345-
350. https://doi.org/10.12962/j2579-891X.v19i3.7035

Niero, M., & Hauschild, M. Z. (2017). Which role for 
Life Cycle Thinking in the definition of meaningful in-
dicators for the circular economy?. In Proceedings of 
Italian LCA Network conference XI (pp. 11-19). https://
vbn.aau.dk/ws/files/286270464/Pages_from_
v2017_atti_lca_2.pdf

Niero, M., & Kalbar, P. P. (2019). Coupling material 
circularity indicators and life cycle based indicators: 
A proposal to advance the assessment of circular 
economy strategies at the product level. Resources, 
Conservation and Recycling, 140, 305-312. https://doi.
org/10.1016/j.resconrec.2018.10.002

Ngayakamo, B. H., Bello, A., & Onwualu, A. P. (2020). 
Development of eco-friendly fired clay bricks i

ncorporated with granite and eggshell wastes. Envi-
ronmental Challenges, 1, 100006.

Oliveira, P. R., May, M., Panzera, T. H., & Hiermaier, S. 
(2022). Bio-based/green sandwich structures: A re-
view. Thin-Walled Structures, 177, 109426. https://doi.
org/10.1016/j.tws.2022.109426

Osorio-Tejada, J. L., Llera-Sastresa, E., & Scarpellini, 
S. (2022). Environmental assessment of road freight 
transport services beyond the tank-to-wheels anal-
ysis based on LCA. Environment, Development and 
Sustainability, 1-31. https://doi.org/10.1007/s10668-
022-02715-7

Pasqualino, J. C., Montane, D., & Salvado, J. (2006). 
Synergic effects of biodiesel in the biodegradabili-
ty of fossil-derived fuels. Biomass and bioenergy, 
30(10), 874-879. https://doi.org/10.1016/j.biombi-
oe.2006.03.002

Purba, T., Ningsih, H., Purwaningsih, P., Junaedi, A. 
S., Gunawan, B., Junairiah, J., Firgiyanto, R., & Arsi, 
A. (2021). Tanah dan Nutrisi Tanaman. Yayasan Kita 
Menulis.

Rahman, Z. A., Othman, A. M., Razi Idris, W. M., & Lihan, 
T. (2021). Kesan Suhu dan Bahan Tambah Abu Ter-
bang terhadap Pencirian Mekanik Bata daripada Sisa 
Rawatan Air Mentah. Sains Malaysiana, 50(6), 1563-
1575. https://doi.org/10.17576/jsm-2021-5006-05

Roos Lindgreen, E., Mondello, G., Salomone, R., 
Lanuzza, F., & Saija, G. (2021). Exploring the effective-
ness of grey literature indicators and life cycle assess-
ment in assessing circular economy at the micro level: 
a comparative analysis. The International Journal of 
Life Cycle Assessment, 26, 2171-2191. https://doi.
org/10.1007/s11367-021-01972-4



139
Journal of Sustainable Architecture and Civil Engineering 2025/1/37

Saha, M. K., Ahmed, S. J., Sheikh, A. H., & Mostafa, 
M. G. (2021). Impacts of Brick Kilns on Environment 
around Kiln areas of Bangladesh. Jordan Journal of 
Earth & Environmental Sciences, 12(3).

Samsudin, E. M., Ismail, L. H., & Kadir, A. A. (2016). A 
review on physical factors influencing absorption per-
formance of fibrous sound absorption material from 
natural fibers. ARPN Journal of Engineering and Ap-
plied Sciences, 11(6), 3703-11.

Sarıkoç, S. (2020). Fuels of the diesel-gasoline engines 
and their properties. Diesel and Gasoline Engines, 31. 
https://doi.org/10.5772/intechopen.89044

Shafiquzzaman, M., Alqarawi, S. M. A., Haider, H., 
Rafiquzzaman, M., Almoshaogeh, M., Alharbi, F., & 
EL-Ghoul, Y. (2022). Sawdust Recycling in the Devel-
opment of Permeable Clay Paving Bricks: Optimizing 
Mixing Ratio and Particle Size. Sustainability, 14(18), 
11115. https://doi.org/10.3390/su141811115

Shambu, G. (2019). Using Documentary Films to Teach 
Sustainability Within a Supply Chain Management 
Framework. Business Education Innovation Journal, 
11(2), 30-36. https://search.ebscohost.com/login.
aspx?direct=true&db=bth&AN=143730837&site=e-
host-live

Sikdar, S. (2019). Circular economy: Is there any-
thing new in this concept? Clean Technologies and 
Environmental Policy, 21(6), 1173-1175. https://doi.
org/10.1007/s10098-019-01722-z

Singh, S. P., Dutt, A., Hirwani, C. K., & Chitrakar, S. (2023). 
Mechanical and Thermal Behaviour of Rice Bran Green 
Composite Using RSM and Design of Experiment 

Techniques. Advances in Materials Science and Engi-
neering, 2023. https://doi.org/10.1155/2023/6388120

S. K. Duggal. (2009). Building Material (3 ed.).

Suryantini, R., Atmodiwirjo, P., Yatmol, Y. A., & Hara-
hap, M. M. Y. (2021, July). Landscape Transforma-
tion: Exploring Operations in The Traditional Practice 
of Brickmaking. In IOP Conference Series: Earth and 
Environmental Science (Vol. 794, No. 1, p. 012190). 
IOP Publishing. https://doi.org/10.1088/1755-
1315/794/1/012190

Umam, K., & Astuti, F. (2022). The embodiment of 
global governance through Hexahelix in preserving 
terracotta architecture. In Iapa Proceedings Confer-
ence (pp. 74-94). https://doi.org/10.30589/proceed-
ings.2022.684

United Nations. (2022). Penyebab Dan Dampak 
Perubahan Iklim. https://indonesia.un.org/
id/175273-penyebab-dan-dampak-perubahan-iklim

United Nations Environment Programme (UNEP). 
(2019). Sand and Sustainability: Finding new solutions 
for environmental governance of global sand resourc-
es. https://unepgrid.ch/storage/app/media/docu-
ments/Sand_and_sustainability_UNEP_2019.pdf

Widodo, B., & Artiningsih, N. K. A. (2021). Optimasi 
Semen Pada Pembuatan Batu Bata Tanpa Bakar. Di-
namika Teknik Sipil: Majalah Ilmiah Teknik Sipil, 14(1), 
32-40. https://doi.org/10.23917/dts.v14i1.15277

WWF. (2020). Living Planet Report 2020. Bending the 
curve of biodiversity loss. https://www.worldwildlife.
org/publications/living-planet-report-2020

About the 
authors

GINA KHAIRUNNISA

Bachelor Student
Department of Architecture, Faculty of Engineering

Main research area
Material and Sustainability

Address
Kampus Baru UI Depok
E-mail:  ginaknisa@gmail.com

OVA CANDRA DEWI 

Lecturer, thesis supervisor
Department of Architecture, Faculty of Engineering

Main research area
Sustainable Built Environment

Address
Kampus Baru UI Depok
E-mail:  ova.candewi@ui.ac.id

This article is an Open Access article distributed under the terms and conditions of the Creative 
Commons Attribution 4.0 (CC BY 4.0) License (http://creativecommons.org/licenses/by/4.0/).




