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ABSTRACT- The main objective of this study is to analyze the break-even point, the point at which total production costs equal income. The 
break-even point shows that the level of production has generated revenue equal to the production costs incurred, a case study of transporting 
clay as a raw material for small brick industries using Grandong. Grandong is a small truck, made from scrap metal waste, made by researchers 
and the community in Onembute District, Konawe Regency. The research method does break-even point analysis, the point at which the total 
production cost equals income. The break-even point shows that the level of production has generated income equal to the production costs 
incurred. Based on the results of the study, to transport clay raw materials to small brick industries using alternative transportation equipment 
in rural or inland areas, it is strongly recommended, especially equipment based on Appropriate Technology and local assemblies, this is due 
to spare parts, waste of scrap metal is quite a lot and human resources for operators and technicians are quite available and able to handle 
them, this type of equipment is still very much needed for small industry activists in rural areas. 
Keywords: Grandong, Appropriate Technology, Break Even Point, alternative transportation, equipment . 
 
 

——————————   ◆   —————————— 

 

1 INTRODUCTION 

ince the days of ancient human civilization, clay brick from 

the combustion process, to this day is still an infrastructure 

building material that dominates the market [1]. To produce 

good and quality bricks, a mixture of various types of clay must 

come from other regions, thus a cheap and simple transportation 

tool and based on Appropriate Technology is needed. The use of 

Dump Trucks is very inefficient which results in losses and greatly 

affects the sustainability of small brick industry businesses, 

besides that it can influence expensive selling prices and affect 

market share and public purchasing power. Furthermore, it will 

affect the growth of development in a region or region within a 

country. 

It is very clear that the use of bricks and ancient brick crafts 

has been around for thousands of years. The oldest shaped mud 

brick, found near Damascus in Syria, is estimated to have existed 

since 7500 BC. Not only that, mud bricks are widely used by 

Ancient Egyptian civilization and even the first dry clay bricks 

estimated in 4000 BC, were found in Mesopotamia (now Iraq) [2]. 

Not only that the Chinese nation is very clever in the field of brick 

and not only bricks but also includes ceramics or vessels made of 

clay and the result is very monumental in the form of the Great 

Wall of China, this is evident that since the 5th century BC and it 

claims to be the only man-made object visible from space. For a 

long time, the Romans have used bricks for a long time and 

became the main ingredient in building their kingdom's 

infrastructure, even reaching Europe some 2000 years ago. 

Scientists in Rome developed the manufacture of bricks as a craft, 

including the use of mortars that function as adhesives during 

installation or spacing, this was evidenced by the influence of 

orders from the kingdom, due to the decline of the Roman Empire 

which finally occurred, the expertise in the field of brick also 

declined. In the second half of the seventeenth century, after the 

Great Fire of London in 1666, in fact, there began modern 

civilization where the British developed innovations using bricks 

in building and it took nearly 200 years to study them, and in the 

nineteenth century, the beginning of manufacturing bricks are 

produced mechanically using modern machines at that time and 

leave the old method or manual manufacturing method. However, 

the emergence of mechanical production bricks, growth in the 

brick industry is relatively slow because clay bricks that have 

been printed still use very old models of stoves that are very 

inefficient. And since 1930 the introduction of Hoffmann's stoves 

in the brick industry has made great progress, at that time brick 
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production in the UK doubled to the start of the Second World 

War. 

Rice-Husk-Ash (RHA) is also an agricultural waste that is not 

left behind used as a mixture of bricks adding RHA which is useful 

for reducing the weight of bricks and adding strength [3], all of 

which are supported by Appropriate Technology that is very 

helpful in the process of making bricks starting from local 

transporters, stirrers that can mix until homogeneous and do not 

miss the gauges of various characteristics of the modified red 

stone. 

In the current era Appropriate Technology seems to have died 

and abandoned people and turned to modern technology [4], but 

in fact Appropriate Technology will also grow and develop with 

the times, only Appropriate Technology is not produced in bulk at 

the factory and only produced independently or individually in a 

village, for that economic activist and small industries in rural 

areas will still look for opportunities to create needs to support 

their businesses. Thus business people and scientists will work 

together to create innovations based on Appropriate Technology, 

the reason being that Appropriate Technology can use old iron 

waste materials and is based on simple technology using spare 

parts not owned by them (usually using car and motorcycle parts) 

and not using imported spare parts. 

In addition to clay bricks, there are also many alternative 

bricks made from cement and are equipped with lime grooves as 

interlocking [5], are becoming more competitors and becoming a 

choice for consumers of the choices that will be used between 

bricks clay or alternative bricks made of cement, whatever 

production is produced will still run out and even experience 

shortages so that a project often experiences delays. 

It turns out that the application of Appropriate Technology will 

provide the best results for small industries, therefore the 

involvement of scientists and practitioners of technology is not 

only talking about theory but more important is how the 

application of applications at the field level even to remote areas 

[1]. Thus it is not mistaken from a Onembute Subdistrict in 

Konawe Regency, in the process of transporting clay material 

rows the main material for making red stones must be taken from 

the mountain and transported to Bangsal using researchers' 

assemblies with the name Grandong (local name), a four-wheeled 

haul carrier with a 22 HP diesel engine made from diesel fuel. 

Axles, transmission, and steering are made from scrap metal. The 

legality of the driver does not require a license, because the 

conveyance is only through a village road, and the road is made by 

the local community. Of course, the use of this transportation 

equipment is very profitable compared to using a Dump Truck 

and other modern carriers. 

Human Factors and Ergonomics Society became a new name 

after Europe gradually experienced traditional binding to the 

basic sciences or application fields that put forward human 

factors and ergonomics that work must be made according to the 

size of the human body [6]. It is highly prioritized for scientists 

and activists, tool designers who can help human tasks according 

to the size requirements of the human body so that they always 

return to humans as subjects. 

2 LITERATURE REVIEW 

Appropriate Technology rarely explains it, the word is not purely 
from the technology itself, it is true that Appropriate Technology 
means that the technology used is very simple, but the word comes 
from economics that has nothing to do with technology, the word 
came from an economist from Germany named EF Schumacher. 
This German writer has written the book "Small is Beautiful", 
believes that "small businesses will increasingly contribute 
strongly in the future for the prosperity of a nation"[7] [7]. That 
Appropriate Technology starts from the small can be useful and 
contribute in the future to the prosperity of a nation. On the other 
hand, Appropriate Technology is also growing rapidly in addition 
to the use of high technology. Appropriate Technology by (Mc 
Grow Glencoe, 2001) in his book entitled "Appropriate 
Technology for Sustainable Living" says what is Appropriate 
Technology but still Schumacher's book is used to explain and 
summarize the philosophy of Appropriate Technology in his book, 
Small Is Beautiful (1978 ) where he describes the central doctrine 
of Appropriate Technology as (a) simple, (b) small scale, (c) low 
cost, and (d) without violence. The US Office of Technology 
Assessment has perfected these principles by describing 
Appropriate Technology as (a) small scale, (b) saving energy, (c) 
environmentally friendly, (d) labor intensive, (e) controlled by the 
local community, and (f) sustainable at the local level. [8] also says 
about the definition of Appropriate Technology that can be 
defined as "intentional formation of matter, energy, and processes 
to meet needs". Technology and design processes are closely 
interrelated, for the creation of all artifacts, environments, and 
man-made systems is the result of deliberate activity by the 
designer, whether he is an architect, a farmer, a housewife, or a 
child. The design, whether we choose to call it or not, is around us. 
Actually what is the purpose of Appropriate Technology, still in his 
book [8] says that "Designers work in a variety of obstacles, and 
trade-offs are always involved. First, there are broad goals 
determined by society or by business plans: increased 
productivity; greater market share; higher level of employment; 
more interesting community; etc". And the next goal is to be more 
clear and detailed then; "In its most basic sense, the right 
technological goals represent the basic human and social values 
that we hope for everyone." 

The clay brick industry works and methods from time to time 
have been very different, for now, it has been very advanced but it 
is still dominated by Appropriate Technology, but even so what is 
important is the factor of worker safety and ergonomic equipment 
which are the main requirements must be fulfilled [9]. For the role 
of scientists and technicians, it is very important to provide 
innovation and understanding so that in a process work can be 
done easily. Fast and correct. 

Many people argue that designing for technology in a process 
of work is a natural and ordinary thing, and is always guided by 
ergonomic rules. And if something is designed properly it can 
maximize the results of work using equipment that has met 
ergonomic principles or rules [10]. Likewise, with the small brick 
industry that used to transport soil from the quarry using cattle-
drawn carts, it has now turned into a diesel-driven cart that can all 
be adapted to the conditions of the human body so it is very 
ergonomic. Such conditions can increase people's income because 
the work process does not experience extreme fatigue and can 
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save energy for the following days. 
Likewise according to [11]that: "In each equipment use and 

equipment selection in project development, it must be 
considered, namely the location and condition of the project, the 
project development plan including time and cost as well as the 
working method of the equipment" the condition of the magnitude 
of the project being worked on. 

Before the development of science, monumental artifacts or 
sites were built without having to think about how much money 
was used, and after civilization and the emergence of philosophies 
of science and science developed, then monumental and present 
artifacts or sites were called infrastructure, the development 
process must use or adhere to the principles economics and the 
most famous is called cost estimation or engineering estimation  
[12]. 

In project activities, construction equipment is the main factor 
that is of particular concern in budgeting, every detail must be 
measured in designing a budget, whether it is rented or bought, if 
it is rented, the user will be adjusted to the needs and if purchased, 
the project does not buy at full price except in multi-year project 
[13]. 

But the machine productivity model can be solved using 
mathematical equations, but it must be seen the characteristics 
and uses, of course, all will be controlled by humans or operators, 
so that sometimes the productivity can be in accordance with the 
speed and skills of the users. operator, but in this mathematical 
equation has been calculated, including natural factors, material 
factors and conditions of equipment that will work or work [14] 
[15] [16]. 

Break-even analysis is an instrument that will measure or 
determine the value of a variable or parameter of the project or 
alternative that makes two elements the same [17] [18] [19], the 
volume of production that will equalize income and costs. Break-
even analysis is carried out for two alternatives to determine 
when one alternative is equally acceptable. Break-even analysis is 
generally applied in making-or-buying decisions when decisions 
are needed about sources for components, services, etc. Return 
analysis determines the minimum age required for an asset, 
process, or system to restore the initial investment. There are two 
types of returns: returns (i> 0%) and no returns (i = 0%) occur. 
Return analysis must not be considered the final decision maker; 
this is used as a filter tool or to provide information from break-
even analysis or return on capital. In mathematical equations can 
be explained as follows: 

When the costs of the two alternatives are influenced by a 
variable (variable), then a value can arise from an irregular factor 
where the alternative will bring the same cost. The costs of each 
alternative can be expressed as a function of non-ordinary factors 
that are free and will take the form of: 

TC1 = f1(x) and TC2 = f2 (x)     (1) 

Where : 

Solving values for "x" is solved by equating functions: 

TC1=TC2 dan f1 (x) = f2 (x)     (2) 

The "x" value gives the same cost for the alternatives considered 
and therefore shows a break-event point. 

Formula used: 

TC(1)   =  CR (i)1 + M + C(1) . t   (3) 

CR (i)1  = (P - S) x D + S(1)    (4) 

D = 
i(1+i)n

(1+i)n-1
        (5) 

Where : 

3 RESEARCH OBJECTIVES 

The main objective of this study is to analyze the break-even point, 

the point at which total production costs equal income. The break-

even point shows that the level of production has generated 

revenue equal to the production costs incurred, a case study of 

transporting clay as a raw material for small brick industries using 

Grandong. Grandong is a small truck, made from scrap metal 

waste, made by researchers and the community in Onembute 

District, Konawe Regency. 

4 RESEARCH METHODS 

Analyze break-even points, the point at which total production 

costs equal income. The break-even point shows that the level of 

production has generated an income equal to the production costs 

incurred.  In this analysis, it is illustrated that there are 2 types of 

transportation of raw materials for small brick industries using 

transportation equipment made by researchers and the 

community, the first being Grandong (local name), a small truck 

produced and assembled, and the second is Dump truck. 

The location of the study was in Onembute District, Konawe 

Regency, complete location map in Figure 1 and 2.  

 

 

 

 

 

TC1 & TC2 = a total amount set per time period, per 
project or per unit is used for each 
alternative 1 and alternative 2 

x = an ordinary non-permanent factor that 
affects alternative 1 and alternative 2 

CR (i)1 = Annual cost (IDR) 

M = Annual tax value (IDR) 

C(1) = Unit price value 

D = Depreciation 

t = Total production per year 

P = Annual cash outflows (IDR) 

S = Resale value (IDR) 

n = Total number of periods 

i = Discount Rate (%) 
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5 RESULTS 

In the break-even analysis on the transportation of raw materials 

for clay in small industries, bricks in Onembute Subdistrict will 

analyze two types of equipment between Grandong based on 

Appropriate Technology and Dump Truck, with this in detail, as 

follows: 

5.1. Rent Equipment Analysis. 

This analysis will look for how much the rent value of each of the 
two tools, with the description in table 1 as follows: 

  

 

 
Fig.1. Research Map 

 

 
Fig. 2. Map Details of the small brick industrial area of Onembute District 
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Based on the calculation results in table 1, it can be seen that 

the value of rental of Grandong equipment is IDR 
109,217.19/hours and Dump Truck is IDR 358,611.94/hours. 

 

5.2. Productivity and coefficient analysis 

This analysis is going to look for the value of productivity and 
coefficients of each of the two tools, with the description in table 
2 as follows: 

Based on table 2, the coefficient for Grandong is 1.3542 hours 
and for the Dump Truck the value is less than 0.3719 hours, this 
means that the Dump Truck in the process of transporting clay 
raw material works faster than Grandong, but then we will 
describe in more detail. 

5.3. Unit Price Value Analysis 

The unit price analysis referred to is the unit price of transporting 
clay materials for small brick industries, how much is the unit 
price of m3 from the quarry up to the working ward where the 
bricks are processed, as shown on map image 2. And will be 
explained in detail in table 3 as follows: 

TABLE 3 
Unit Price Value Analysis 

 
Based on table 3, it can be explained that the value in column 

4 is taken from the Co value of 1.3542, the value in column 6 is 
taken from the Total value of IDR147,898.28 and column 6 is the 
product of clause 4 and column 5 so that the unit price is obtained 
with a value of IDR133,358.82, as well as the value of the Dump 
Truck. 

TABLE 1 
Equipment Rent Analysis

 

TABLE 2 
Productivity and coefficient analysis
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5.4. Break Even Point Analysis 

To analyze Break Even Point, we will use the manual or by hand  
 

method, but will still be assisted with Spreadsheets, why is that, 
because Spreadsheets will also directly create the graph. 
Next in detail and detail will be explained in table 4 as follows: 

 

Based on table 4, the break-even point is obtained at the value 
of 4,287.32, this means that the break-even point is worth 
4,287.32 m3 of raw material, and to make a graph using data as 
shown in figure 3, as follows: 

 

 

Fig. 3. Break Even Point with the help of Spreadsheets 
 

Based on the content of the spreadsheets in figure 3, the value 
of Depreciation or D in cell D8 is formulatext = 
(C7/100*(1+C7/100)^D6)/(((1+C7/ 100)^D6)-1), the value of 
CR (i) A in cell B10 is formulatext=(($C$2-
$C$3)*$C$8)+($C$3*$C$7 /100), TCA value in cell 
C10=$B$10+$C$4+ ($C$5*A11), CR (i) B in cell D10 =(($D$2-
$D$3)*$C$8)+($D$3*$C$7/100) and TCB in cell 
E10=$D$10+$D$4+($D$5*A10). This mathematical  model will 
form a graph as in Figure 4, as follows: 

 

Fig. 4. Break Even Analysis 
 
Based on Figure 4, the Break Even Analysis graph occurs 
intersection of 2 (two) lines. 

5.5. Grandong Types and Specifications 

Grandong is a carrier of clay raw materials for small brick 
industries as in figure 6, made by researchers and the community, 
all materials use old iron waste as in figure 7 to 9 with the 
principle of using Appropriate Technology. This carrier is very 
suitable for use in rural and inland areas either in groups or 
individually, which will be useful to help humans and participate 
in infrastructure development in a region. 
 

TABLE 4 
Break Even Point Analysis 
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Fig. 5. Dump Truk 
 

 
Fig. 6. Grandang 
 

 
Fig. 7.  Scrap metal waste (pick up) 
 

 
Fig. 8.  Scrap metal waste (Truck) 
 

 
Fig. 9.  Scrap metal waste 
 
The principle of Appropriate Technology in modern times like 
today is still very relevant and very desirable because it is simpler 
and cheaper and does not require high technology and spare parts 
do not depend on imported products. 

Grandong specifications as follows: 
a) Frames and chassis are made from waste car trucks or other 

types of Pick Up cars. 
c) Tubs made of wood. 
d) The main driving machine uses a 22 HP Diesel engine. 
e) Diesel fuel. 

Besides being able to lift clay raw materials, it can also use 
other materials such as wood and other needs in brick production. 

5.6. Summary of Break Even Analysis 

Based on the results of the Break Even Analysis using Drandong 
in Onembute District, Konawe Regency. A full summary will be 
explained in table 4. The following: 

TABLE 4 
Summary of analysis results 
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Based on the 4 table in number 2 Drandong the transport capacity 
is only 2 m3 and the Dump Truck is 4 m3, conditions in the field 
like that, for number 3 the number of working days per month is 
all the same, using 22 working days per month, number 4 also, the 
number of working months per year both use 12 months of work 
per year. The final result is the number of trips per day for 
Grandong 8.12 and the Dump Truck 4.06 trips/day rounded up to 
8 and 4 trips/day. 
 

 
Fig. 10.   Load capacity chart  

 
Fig. 11.    Total trip chart  

5.7. Research limitations and suggestions for further 
research. 

Further research suggestions and creative ideas: 
a) Design and analysis of material transport of rows using cable-

way in mountainous areas. 
b) Design and analysis of transportation of construction materials 

using cable-way in weir and dam projects. 
c) Design and analysis of transportation of construction materials 

using an offshore cable-way building project. 
d) Design and analysis of transportation of agricultural products 

using rural cable-way and plantations. 
e) Design and analysis of row transport of small industrial 

material using rail-way. 

6 CONCLUSION 

The conclusion that based on the results obtained is as follows: 
Break Even Point analysis results in real use of alternative row 
material transporters (Grandong) in rural areas or in this case 
Onembute District, it is strongly recommended to use Grandong. 

Based on the results of the study, to transport clay raw 
materials to small brick industries using alternative 
transportation equipment in rural or inland areas, it is strongly 
recommended, especially equipment based on Appropriate 
Technology and local assemblies, this is due to spare parts, waste 
of scrap metal is quite a lot and human resources for operators 
and technicians are quite available and able to handle them, this 
type of equipment is still very much needed for small industry 
activists in rural areas. 
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