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Abstract

Building materials have a major effect on the depletion of natural resources and energy in the world.
Local raw materials are some of the best building materials, which can be found in every location; for
example, compressed earth block and bamboo. This study adds to previous studies on compressed earth
blocks without using combustion in the same location. The study focused on how to obtain a rural
housing design by using compressed earth block walls and bamboo walls, which are adaptive to local
materials and climate. Moreover, the ratio of the use of the compressed earth block walls with the walls is
also examined to produce optimum embodied energy and heat energy buildings. The method used in this
study was to analyze the characteristics of the compressed earth block and bamboo materials used as wall
construction. While embodied energy and heat energy were calculated by using simulation model
building, the heat energy calculation was found using the Archipak program. The results of the study
shows that the optimum wall materials for the embodied energy and heat energy was compressed earth
block with an area of 11 m” and bamboo walls with an area of 19 m’.
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Introduction

The world's resources and building materials have a close relationship. The use of building
materials is one of the causes of depletion of the world’s natural resources. Similarly, the energy world
has a major effect on building materials. This is caused by building materials requiring energy to process
raw materials. Local building materials are made locally, and they save the energy of transportation from
one point to another. This is because the distance between the source of material and location is relatively
close. So, the use of fuel for transportation is relatively minimal. Therefore, local building materials are
highly recommended to save energy [2].

The amount of energy required for the production of building materials is called “embodied
energy”. Embodied energy is the energy used to manufacture building materials, passing through certain
processes, from raw materials to finished materials [8]. Local building materials meet the requirement for
low embodied energy, due to the low level of transport energy. So, a maximized use of local building
materials will make energy-efficient buildings.

The study was conducted in the Pandaan area. This is a mountainous area, with cooler weather
conditions during the day. The soil is not fertile, so it is not conducive for use as farms or fields. Bamboo
grows in this area, so soil and bamboo have the potential to be developed as building materials.

Red brick is widely used in this area. Red brick has a high embodied energy. A building material
like red brick, but with a lower embodied energy, is compressed earth block. The basic ingredients are
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local soil blocks, which are processed without using combustion methods, but by using a compaction
method. So, compressed earth block can be regarded as an environmentally friendly building material.

A mixture of compressed earth block and bamboo will produce a wall which uses the maximum of
local potential from the local area. Bamboo wall is very suitable for use during the day, while the walls of
compressed earth block are suitable for use at night. The use of both materials will generate comfortable
air conditions inside the building.

Comfort in buildings is affected by local weather conditions and the type of materials used. A major
factor for comfort in buildings is heat energy (overheating, or lack thereof). A building which has a low
overheated energy level yields comfortable conditions inside. The main problem for this study is of how
the compositions of compressed earth block walls and bamboo can produce the optimum level of
embodied energy and overheated energy. This study used a simulation model of a simple building, with a
size of 3x3 m?, and a height of 2.8 m. The end result of this research is that a simple building design has
the optimum level of embodied energy and overheated energy.

Materials and methodology

This study uses a research design, as shown in Figure 1. As a simulation model, it is the simplest
form of the existing buildings in a village. The design of the research activities are as follows:

1. To determine the characteristics of compressed earth block, bamboo, and local climatic
conditions in which these activities take place.

2. To determine the simulation model building, with walls of a compressed earth block and bamboo
combination.

3. To determine the area of alternative of compressed earth block and bamboo walls using the
model.

4. To calculate the embodied energy and overheat of each alternative wall, using the software.

5. To determine the wall alternative having an optimum levels of embodied energy and overheated
energy.

Walls with areas composed of compressed earth block and bamboo walls are investigated in this
research. Both materials will generate embodied energy and overheated energy in different buildings.
This study used a simulation program to calculate overheated and embodied energy. The calculation of
overheated energy is done with the use of the Archipack program.
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Figure 1 Schematic design of the study.
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Embodied energy per unit of compressed earth block and bamboo, thermal characteristic of
materials, and local climatic conditions are the data required to calculate embodied energy and overheat
in walls. The variable in this study is a comprehensive alternative to solid ground block walls and bamboo
that has embodied energy and a different overheat. The variables obtained from calculation for embodied
energy and overheated energy form each alternative composition of the building wall.

Embodied energy and overheated energy was balanced on all variables in the building wall
investigated with optimization methods in a graphical form of x-y. The x-axis is the value of the
embodied energy, while the y-axis is the value of the overheated energy. The selected alternative wall is a
wall that has embodied energy and relatively low overheated energy.

Results and discussion

Building models were studied, using compressed earth block and bamboo as a wall. Both of these
materials are materials that can be produced and easily obtained in a rural location.

Building materials

Compressed earth block is a wall building material which uses soil as a raw material. Materials are
produced using the process of compaction and without using combustion processes such as in the
production of red brick. This material has a compressive strength greater than the tensile strength.
Compressed earth block walls with a thickness of 11 cm are good for heat insulation, as was tested by
Nirwansyah & Noerwasito (2012). Therefore, this wall thickness is used as a reference in this study
(Figure 2).

A B

Figure 2 Layer arrangement types of compressed earth block wall.

Figure 2 describes how the 2 forms of the arrangement of the wall blocks were used, in an
arrangement of horizontal and vertical. Wall A, with a horizontal arrangement, is the standard
arrangement of walls in general. Wall B, with a vertical arrangement, has 2 layers of a vertical block
arrangement. The arrangements of the horizontal and vertical walls have the same thickness. Both of the
wall arrangements have the same heat resistance; they differ only in terms of the arrangement of the
blocks. The conditions of the horizontal and vertical arrangements can be seen in Table 1.

Tabel 1 Thermal properties of Wall A and B types.

Thermal properties A Wall type B Unit
U-Value 2.26 2.03 W/m’K
Admittance 4.26 4.20 W/m’K
Time-lag 6.23 6.66 jam
Decrement factor 041 041 -

Source: Archipak
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Bamboo is a building material that is widely used for building in villages; therefore, bamboo is a
local building material. Bamboo has a fiber that is very strong, so that the tensile strength is extremely
good. Also, bamboo has good compressive strength. Since both of these characteristics are present,
bamboo rods can be used as columns and as stiffeners in building construction. Bamboo has a variety of
types. Not all types of bamboo can be used for column functions. The bamboo species suitable for
building construction is called bamboo “petung” [13].

Application of materials for building

The study uses a model of the building. This model is taken from the most minimal building
dimensions, namely the bedroom. The model building has dimensions of 3 m length, 3 m wide, and 2.8 m
high. These dimensions are the minimum dimensions of a building in a village.

The main column, using bamboo type “petung”, is coated with compressed earth block. In addition,
bamboo is also used as a stiffener wall. The roof of the building uses clay tile. The frame of roof uses
bamboo material type “petung”. The rafters and batten use bamboo material type “Ori”.

The materials for the foundation include stone. It is a material commonly found in the area. The
foundation serves as a support and liaison system structure to the ground. The foundation also serves to
hold the groundwater from rising up the wall.

The walls of the building model use compressed earth blocks on the bottom wall, and the wall of
bamboo lies at the top. The wall type used is a type of vertical wall (see Figure 2). It is a wall that is not
plastered. The raw material of the compressed earth block walls is obtained from the soil around the area.
The content of the soil is 40 - 50 % sand. The compressive strength of the block reached 30 kg/cm®.

The roof used is saddle-shaped. The roofing materials use materials that are resistant to rain water,
and are a material that is readily available in the area. There are 2 alternative building materials that can
be used for the roof. These are bamboo and clay tile. The roofing materials are appropriate and in
accordance with the local climate.

Table 2 Characteristics of bamboo roofing materials and roof tile.

Roofing material

Criteria Bamboo Tile
Local material No Yes
Durability of material No Yes
Resistance to termites No Yes

Bamboo roof is a good roof in comparison to a tile roof, when viewed from the origin of the
material. However, the durability of bamboo roof is less resistant to the climate than bamboo roof tile.
Also, it is not resistant to termites. Therefore, clay tile is the right choice for roof coverings in a building
in this area (see Table 2).

Table 3 Variable wall building models.

o Compressed earth block wall Bamboo wall

Building models - 2 N 2
height (m) area (m°) height (m) area (m°)

I 1 11 1.8 19.8

II 1.5 16.5 1.3 143

I 2 22 0.8 8.8

v 2.5 27.5 0.3 33

v 2.8 30.8 0 0
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The composition of the wall area of compressed earth block and bamboo in this research will result
in levels embodied energy and heat energy of buildings that are varied. For the sought variable, the right
composition of variable was used to derive optimum results for embodied energy and heat energy levels.
The variables used the heights of the 2 types of walls. The heights of the walls of compressed earth block
are 1, 1.5, 2, 2.5, and 2.8 m (see Table 3), while the heights of the walls of bamboo are 1.8 m, 1.3 m, 0.8
m, and 0.3 m.

Building performance

The simple building model has dimensions of length 3 m, 3 m wide, and 2.8 m high. The walls of
the building consist of 2 types of material, that is, compressed earth block and bamboo, while the main
structure of the building uses bamboo. The appearance of the building can be seen in Figures 3 - 6. The
roof of the building uses clay tile. The foundation uses stone.
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Figure 3 Plan of model. Figure 4 Section of model.

Figure 4 Front of model. Figure 5 Side of model.

Embodied energy

Embodied energy is closely linked to the characteristics of building materials. Embodied energy is
the energy used for the production of building materials from the beginning of the process to the finished
material. Therefore, each embodied energy level of a building material possesses a different amount
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depending on the manufacturing process and the raw material. Compressed earth block uses local soil as a
raw material, and the manufacturing process does not require much energy, so this material has a low
embodied energy. Similar to bamboo, this material is obtained from plants around the area, and does not
require transportation energy, so this material has a low embodied energy. The following table, Table 4,

shows the embodied energy/unit of the building materials used in this study.

Table 4 Embodied energy/unit of the building materials of the model.

Material in model building Embodied energy/unit
Bamboo wall 2400 MJ/m’
Compressed earth block wall 6818 MJ/m’
Stone foundation 235 MJ/m
Clay tile 251 MIJ/m’
Plastered floor 5250 MJ/m’
Window 388 MJ/m’

In this study, there is a total embodied energy and embodied energy per unit area of the building.
The total embodied energy is a multiplication of the embodied energy per unit by area or volume of the
materials used in building the model. The average embodied energy is the total embodied energy divided
by the floor area of the building model. In this study, embodied energy is used as the average embodied
energy, because the floor areas of all the models are the same. The embodied energy of each model can be

seen in Figure 7.
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Figure 7 Embodied energy in each building model.
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Figure 7 shows that each model has a total embodied energy and an average embodied energy level
that is different. The increased total and the average embodied energy in the building model can be seen
as a result of differences in the area of wall building materials. Model I has the lowest embodied energy,
while higher embodied energy is possessed by Model V. Model V is a model without a bamboo wall.

Model I has a compressed earth block wall area of 11 m?, while Model V has a wall area of 30.8 m”.
Differences of area in the compressed earth block walls have led to differences in embodied energy in the
models. Differences of area in the bamboo walls did not affect the building embodied energy when
compared with the compressed earth block wall area. This is due to the value of embodied energy per unit
of compressed earth block walls being higher than bamboo (see Table 4).

250
NE 210
< 187
@ 200
& 150
@ 112
=
w
e
3
Q2
©
_g .92 0
£ T
Q

| Il \% \%

Building Models

B compressed earth block B bamboo

Figure 8 Comparison of embodied energy between the walls of each building.

Figure 8 shows the relationship between the uses of wall area in each model. Model I has an
embodied energy ratio between the compressed earth block and bamboo which is not too large, while the
IV and V models have an embodied energy ratio between them and the wall which is very large.
Embodied energy Model 1 is smaller than the IV and V models. This indicates that Model I is the most
optimum model in terms of embodied energy. Model I is a model of a building that has a height of wall
made of compressed earth block of 1m, and a 1.8 m high wall of bamboo.

Heat energy

All models have embodied energy buildings that are different from other buildings. The buildings
also have different heat energies. The calculation of thermal energy in the building is based on the
climatic conditions in the hottest areas in eastern Java. The selected building is a building that has a
relatively low embodied energy, of building models I, II and III.

Table 5 shows the conditions of temperature and overheated energy of buildings within a year. The
model building which has the highest heat energy is Building III. The building is suitable for building in
cold temperatures, while Building I, with low heat energy, corresponds to heat buildings in the region.
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Table 5 Heat energy in the building models.

Building Average of Average of Overheated energy per
models highest temperature (°C) lowest temperature (°C) year (K.h)
I 30,2 27,5 6887
11 30,7 28,1 10622
111 30,7 28 11787

Building I in Figure 9 is overheated, and the buildings that have the lowest average temperature are
Buildings II and III. This indicates that Building I has resistance to the local climate. The volume of wall
building materials greatly affects the condition of heat energy in the building.

Bamboo wall material usage greatly affects the low thermal energy in the building. Building III has
the greatest heat energy, this is caused by the volume or wider field of bamboo walls of the building, in

this case, very few of the buildings I or II. In this case the bamboo wall is a wall that is important in
saving heat energy.
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Figure 9 Comparison of overheated energy and the temperature inside the building.

Optimization of embodied energy with overheated energy

Figure 10 shows that Building I has the lowest embodied energy, while the building which has the
highest energy is Building type III. Building I can be used as a building model for the next stage, because
the building has the lowest energy among the 3 samples of buildings used. Building I has an area of
compressed earth blocks wall of 11 m”, while the bamboo wall has an area of 19.8 m”.
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Figure 10 Position of building models to the embodied energy and overheated energy.

Conclusions

Uses of local building materials for walls have a good potential for the local climate. In this study,
the types of local building materials are compressed earth block and bamboo. The exact composition of
the wall area between the 2 materials produces embodied energy and optimum heat energy. Walls of
compressed earth block without bamboo have heat energy, and embodied energy is greater than the wall
of the building made from a combination of compressed earth block and bamboo walls.

Therefore, to generate the energy optimization of the use of the types of wall materials in this study,
both types of wall are combined. The results of optimization heat energy and embodied energy for the
combination of a wall of compressed earth block and bamboo is a wall of compressed earth block with an
area of 11 m” and a wall with an area of 19.8 m” of bamboo. This shows that the composition of wall area
affects embodied energy and heat energy in the building. From the analysis above, there is a tendency that
the building has low embodied energy, which will have low heat energy.
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