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EXECUTIVE SUMMARY
This report presents a study to the opportunities, problems and constraints for the
establishment of a calcium-silicate unit industry in the Indonesian provinces Jakarta and westJava. Special attention was paid to the appropriateness of calcium-silicate unit technology in
the Indonesian context. It includes a study into the technical- and financial feasibility of the
establishment of a calcium-silicate unit factory and an evaluation of the major socio-economic
impacts on the society. A central issue in the research was the determination of appropriate
product- and process technology for calcium-silicate units under the circumstances in the
provinces mentioned above. Appropriate technology was defined as the technology mix
which contribute most to economical and social objectives in relation to the resource
endowment and conditions of application in each country
Calcium-silicate unit 1 is one of the most used material for interior and exterior masonry in
developed countries and in some less developed countries. It can be regarded as a "proven
technology". In an UNIDO publication in 1980 was mentioned that calcium-silicate units can
be regarded as a potential new building material in developing countries for which the
possibility of scaling down the size of the factory and simplification of process technology
was recommended. Small-scale calcium-silicate unit production has been successfully applied
in India. Although the required raw materials are abundant available and the potential market
size is considerable, a calcium-silicate unit industry has not been established yet in Indonesia.
About 2.9 million houses are needed in 2000 to satisfy the current needs of the Indonesian
population. In west-Java and Jakarta is a short term need of 430.000 new housing units.
Indonesia needs yearly about 880.000 new houses due to population growth.
Two basic raw materials are required to produce calcium-silicate units, lime and quartz sand.
An investigation of several quartz sand deposits showed that the quartz sands in most deposits
contain high contents of silica (75%-99%) and low contents of contaminants. It can be
concluded that most Indonesian quartz sands are very suitable for the production of calciumsilicate units. Quartz sand is rather coarse in the surroundings of Jakarta and west-Java. This
brings on that coarse fractions need to be crushed first in order to produce calcium-silicate
units of good quality. The reserves of quartz sand are immense and basically enough for
hundreds years of large-scale calcium-silicate unit production. Lime is also abundant
available and of consist of sufficient quality.
Under the current socio-economic circumstances in Jakarta and west-Java, calcium-silicate
unit production in SMEs (using low-cost technologies) is more appropriate than high-tech
(large-scale) technologies. Labour-intensive calcium-silicate unit production methods will
create more jobs than capital-intensive production techniques while it requires relatively less
investment. One of the main objectives of the Indonesian government is the creation of
employment. In 2000 there were more than 15 million openly un- and underemployed
workers.
Without relying on foreign technologies, the establishment of a modem calcium-silicate
industry is not practicable in Indonesia. Acquisition of modem foreign calcium-silicate units
production systems requires the utilisation of the scarcely foreign exchange. Indonesia is
capable to develop intermediate technologies for small-scale calcium-silicate unit factories
indigenous, without being dependent on foreign technologies
In order to determine the commercial profitability of a small-scale calcium-silicate unit
factory, three standard profitability indicators where calculated, namely the NPV (net present
1

Synonym: sand-lime bricks, calcium-silicate bricks. In Dutch: kalkzandsteen
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value), IRR (internal rate of return and the pay back period. The NPV of a project is defined
as the difference between the present values of its future cash inflows and outflows. The IRR
is that discount rate at which the present value of cash inflows is equal to the present value of
cash outflows. If the IRR is higher than the bank rates for a saving account, than the
investment project yields higher profits. The payback period is the period required recovering
the original investment outlay through the accumulated net cash flow earned by the project.
Approximate assessments showed that a factory with a minimal annual capacity of I2.000 m3
is in theory financial viable. Discounted at a rate of 7%, the NPV on total capital invested
turned out to be Rp. I828 million (project life-time I 0 year). Accompanying real IRR (30.9%)
turned out to exceed the assumed real interest rate (9% ). The investment costs can be paid
back in 4 years. Based on the above mentioned indicators, is the project certainly viable. In
the pessimistic scenario (investment costs I 0% higher and capacity utilisation 5% lower than
in the normal scenario) remained the project financial viable. A decrease in the incomes or an
increase in investment costs however, would bring the project apparent in liquidity problems.
Mainly because of the estimations of investment costs, interest- and tax rates and projected
sales program, provides the cost-benefit analysis only a rough indication about the viability of
the prospective project.
The financial CBA showed that the minimum retail price of calcium-silicate blocks amounted
to be Rp. I850 and the retail price of calcium-silicate bricks amounted to be Rp. 450. The
price per m2 (one side finished) wall made of bricks will than amount to Rp. 45.000 and the
price per m2 wall (one side finished) made of blocks will than amount to Rp. Rp. 41.800.
Calcium-silicate units are a good supplement to the existing building materials for masonry.
Their appearance and dimensional stability is equal or superior to other, already available
materials for masonry. From a technically as well as from an aesthetically point of view,
plastering of exterior walls is not necessary. This brings along considerable cost savings in the
total price per m2 finished wall. The price of one m2 finished calcium-silicate unit wall (block
or brick dimension, exterior wall not-plastered) will be comparable or even cheaper than most
other types of masonry. In the modern national construction sector are calcium-silicate blocks
and bricks desired.
There are no objections against the establishment of a calcium-silicate unit industry in
Indonesia from a socio-economic point of view. Indicators for national profitability, NNV A
and Absolute Efficiency, showed a positive result. The sum total of discounted value added
for the whole life of the project appeared to be larger than the sum total of discounted wages.
The value added produced by this project not only covers the wages needed for its operation,
but also generates a social surplus which is a source of increasing present consumption and
for the further expansion of the economy. Estimations showed that ten small-scale calciumsilicate factories could generate 460 direct jobs and I 50 indirect jobs, which only marginally
contributes to a reduction of the unemployment in Indonesia.
Based on above mentioned findings it is concluded that small-scale calcium-silicate unit
production is suitable for application in Jakarta and west-Java.
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1.1.

Introduction

1.1.1

Background of the study

""""'"'<·-~'-,~··.:.·.:

' ,:0~<">?~~''

' . ·"''

In order to obtain a M.Sc. degree for Technology and Development Sciences at the faculty of
Technology Management at the Eindhoven University of Technology, the author did his
research in co-operation with the Centre for Research on Technology (CRTech) in Indonesia.
This centre, also known as the Development Technology Centre (DTC), is part of the Institut
Teknologi Bandung (ITB), the most prominent Indonesian technological institution of higher
education in Bandung, west-Java. CRTech focuses its activities on several strategic
technologies. The orientation and mission of CRTech is centred on and directed toward
fulfilling the needs for technology of small and medium scale industries and their linkages
with large industries. The objectives and policies of CRTech are amongst others to stimulate
the transfer of modern "proved" technologies to Indonesia and, if necessary, to accelerate
these technologies through disseminators and transfer agents.
One of the subjects in the field of technology development, on which special attention
is given at the CRTech, is the development of new and appropriate building materials.
Although lime is abundant available in Indonesia, it has not been fully utilised at present for
the production of building materials. Lime can be used as a binder in masonry in stead of
more expensive and scarce cement. After mutually consultation between the author,
supervisors at the Eindhoven University of Technology and the staff of the CRTech, was
decided to do research on the possibilities of introducing calcium-silicate technology in
Indonesia. The idea was to adapt the modern technology to the local circumstances in
Indonesia. Further, special attention should be given to the difficult socio-economical
situation in Indonesia, concerning investment and employment.
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1.1.2

Relevance of the study

The construction industry
The construction industry is responsible for providing the main physical investments in
human settlements, i.e., civil-engineering works and buildings such as industries, schools and
dwellings. The construction industry can be seen as a primary tool for raising the low level of
development of most countries. A poor performance of the construction sector affects the
entire population and the most disadvantaged is the low-income population. The significance
of construction is measured first by the product that it provides, such as shelter and
infrastructure, and then by the economic benefits that are accrued through the multiple
activities undertaken in the construction process. Low- income shelter construction generates
economic benefits, in terms of the output from production units or the employment of
labourers 2• Construction is a labour-intensive activity. As such, assuming a given fixed capital
outlay, it employs comparatively more workers than other economic sectors. A well-balanced
increase of the output of construction contributes to the satisfaction of the population, because
it improves the housing situation, creates new jobs in the new factories, and reduces
unemploymen{ Indonesia experiences high population growth rates. Large numbers of new
housing are needed. Besides this, many existing shelters have to be improved. The low-cost
housing sector is one of the largest sub sectors in the Indonesian construction industry in
terms of quantity and people involved.
The building materials industry
The building materials industry is essentially a complement of the construction
industry. Its development follows the pattern of the construction industry. A shortage in
building materials restrict the development of the construction industry and puts strains on a
countries resources by necessitating import of building materials. Therefore, an adequate
development in the building materials industry is needed in each country with aspirations of
economic development. The objective of the development of a building material industry is to
meet the basic needs ofthe majority ofthe population. The improvement of building materials
by modification of traditional production process and construction techniques, enable them to
build structurally more durable and functionally more adequate housing2•
Building materials constitute the single largest input in the construction of shelter.
Particular for low-cost housing, building materials count for as much as 80 percent of the total
value of construction4 • For this reason, it is important that building materials are being made
available in sufficient quantities and at affordable costs. In 1996, 11.3% (22.5 million) of the
Indonesian population lived in poverty. Due to the economic crisis, this number increased to
39.1% (79.4 million) in June 19985• New building materials should be adapted to the current
situation in Indonesia. These materials are appropriate in the Indonesian context if they
contribute to the economic and social objectives in relation to the resource endowments and
condition of application.
Despite family planning- and transmigration programs, the gab between housing
needs and housing supply in Indonesia has remained alarmingly large. This is mainly due to
the poor performance of the housing sector and resource constraints in Indonesia. The State
Ministry of Housing estimated in 1995 that the total housing need amounts to 1.300.000 units
per year for whole Indonesia. Besides this, old and damaged houses must be improved or
rebuild. This indicates the enormous need for building materials.
2

UNCHS (Habitat). Development of the construction industry for low-income shelter and infrastructure, Nairobi, 1988.
Unido (1980). Appropriate Industrial Technology for Construction and Building Materials.
4
UNCHS (Habitat). Development of the construction industry for low-income shelter and infrastructure, Nairobi, 1988.
s Central Bureau of Statistics ( 1997). Statistical Yearbook of Indonesia 1997
3
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Calcium-silicate units
Cement is a strategic building material in Indonesia and the rest of the world. This material
fulfils the basic functional requirements in construction as a binder for high strength
applications. However, cement is sometimes the only binder on the market. Therefore, this
binder is rather costly or insufficient available. Further, for a broad rage of construction,
alternative binders, like lime, are suitable enough to replace cement. Lime is an example of a
low-strength (and low-cost) binder. Lime has a slower setting rate than cement, and its final
strength is lower, but lime is perfectly adequate for constructions that require lower strength.
It is well-know in the developed countries and some less developed countries (for example
China and India) that cheap, durable building materials can be produced with the simple
components: lime, sand and water. These raw materials are abundant available in Indonesia.

In the UNIDO publication6 "Appropriate Industrial Technology for Construction
and Building Materials", calcium-silicate units are mentioned as a potential new
building material in developing countries. Research on the possibilities of scaling down
the size of a modern calcium-silicate factory and simplification of some of the processes
involved with the production was recommended.
The use of calcium-silicate bricks has grown considerable over the last decades thanks to the
bricks of high quality. The need for calcium-silicate units grows stronger when brick clay is
unavailable or unsuitable, or when clay bricks are of low quality. An added attraction, which
is the main reason for its use, is that calcium-silicate bricks can be used directly as a facing
brick and its white colour increases its appeal and demand.
A large number of developing countries suffer from shortages of local capital funds
as exemplified by the high interest rates that prevailing in these countries. Consequently,
technologies, which minimise the use of capital investments, should be favoured. Scaling
down the size of a modern plant and the simplification of some of the processes involved with
the production could limit the investment costs. Some efforts in this field have been made in
China and India with production of calcium-silicate units in small- and medium scale
factories. The Building Materials and Technology Promotion Council in New Delhi, India,
made efforts in the development of small-scale calcium-silicate unit factories by designing
low-cost equipment.
Expert opinion
An essential and basic part of this research comprised verbal interviews with experts7 in the
field of construction and building materials in Indonesia. The initially formulated research
questions and aims of this thesis where thoroughly discussed. During those interviews, which
were held shortly after arriving in Indonesia, most suppositions about the building material
industry in Indonesia and the possibilities to produce calcium-silicate units where affirmed.
The general opinion of the experts was that the establishment of a factory that will produce
calcium-silicate units not only for low-cost housing, but for building constructions in general,
is likely more feasible. Also was indicated that due to the economic situation and lack of
capital, the production of bricks should be realised with a minimum of investment. Opinions
of experts about the intended research formed a base for further research.
6

Unido ( \980). Appropriate Industrial Technology for Construction and Building Materials. Vienna: Unido.
Construction experts arranged alphabetically:
Mr. Harianto, Director P.T. Hebel Indonesia
Mr. Randing, staf sector development, Research Institute for Human Settlements, Bandung.
Mr. J. Widodo, Chairman of Architecture Department, Parahyangan Catholic University, Bandung
Experts of the Centre for Research on Technology, Bandung Institute of Technology

7
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1.1.3

Objectives

The main objective of this study is to
DETERMINE THE OPPORTUNITIES, PROBLEMS, AND CONSTRAINTS OF THE ESTABLISHMENT OF
CALCIUM-SILICATE UNIT INDUSTRY IN THE INDONESIAN PROVINCES JAKARTA AND WESTJAVA THAT BENEFITS SOCIO-ECONOMIC DEVELOPMENT IN THESE AREAS.

Sub-aims ofthis study:
I.

Determination of the appropriateness of calcium-silicate units for low-cost urban housing
and for the national modem construction sector in west-Java and Jakarta.

2. Determination of the technical- and financial feasibility of appropriate calcium-silicate
unit factories in Jakarta and west-Java.
3. Determination of the major socio-economic impacts on the society, and in particular on
low- and middle-income groups, that could be generated though the establishment of
appropriate calcium-silicate unit factories in Jakarta and west-Java.
4. To present a report that can be used as a basis for comparable research to the
opportunities, problems and constraints of the establishment of a calcium-silicate industry
in other parts of Indonesia.

Ifthe poorer sections ofthe community can be supported to build structurally durable
and functionally adequate houses, the focus must be on the provision of appropriate building
materials to them at a cost they will be able to bear. It is a fact that low-income families tend
to choose traditional building materials because of the familiarity with those materials. In this
study, it is assumed that if the national modem building sector starts to use the introduced
calcium-silicate units, it will positively affect the attitude of the lower-income groups against
the product. Calcium-silicate units have to prove their suitability on the market before lowincome groups are convinced of the advantages of this building material. If there is support
from various other actors within the construction sector, then the smoother acceptation will
facilitate the establishment of calcium-silicate factories. From pragmatic point of view, it is
wise to produce calcium-silicate units not exclusively for the low-cost housing market, but
also for the building market in general. Especially architects can play an important role in
introducing calcium-silicate units on the Indonesian construction market. They are involved in
the design of buildings and houses and they often choose the building materials to be used.
The choice to focus on urban low-cost housing in stead of low-cost housing in rural areas was
made because the housing shortage in urban areas is larger compared to rural areas in
Indonesia.
The choice to focus on west-Java and Jakarta follows from several considerations.
The Crtech is located in Bandung, the capital of west-Java. Java is the political, geographic
and economic centre of the Indonesian archipelago. It has a population of 112 million,
accounting for 55% of the country's total population. Java is divided in five provinces: Capital
Jakarta, West-Java, Central-Java, Yogyakarta and East-Java. West-Java and Jakarta count
together for about 51 % of the total population on Java and about 26 % of Indonesian total
population. The shortage of housing construction is considerable in these areas.
Second argument is the expected high cost of transportation to provinces outside
west-Java and Jakarta. Even from Bandung to East-Java takes more than 10 hours by train.
This could cause difficulties in gathering data.
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Employment contributes to the socio-economic development of the population. Employment
generation constitutes one of the major objectives of national plans of developing countries.
Thus, technologies that requires more labour per unit of output than other technologies should
be favoured as long as labour is used in an efficient manner. Consequently, small-scale
production techniques should be favoured (from an employment viewpoint) over those used
in large-scale turnkey factories as they do generate substantially more employment.
This research only focuses on the western part of Java and the Indonesian capital Jakarta. If
the establishment of a calcium-silicate unit industry appears to be inappropriate or not
economical feasible in these areas, it does not obviously mean that this is also the case in
other parts of Indonesia. This research can form the basis for comparative research in other,
maybe more suitable locations in Indonesia.

TDS research at the Eindhoven University of Technology focuses on industrialisation
and technological development in developing countries. This is in line with the aim of this
research. Industrialisation and technological development does not directly mean that it also
contributes to the lower-income groups. It is possible to determine the impact of
industrialisation on low-income groups if these groups are clearly and unambiguously
defined.
This report is written to inform (I) policy makers, (2) private investors about the
possibilities of calcium-silicate units as alternative building material. In general, the actors
involved in the construction sector can be divided into different groups, see Table 1.1:
Table 1.1: Groups of actors in the construction sector

Actors directly involved in the
building_process
• Building contractors
-formal
-informal
• Consultants
• Architects
• Clients
• Suppliers of building- and
raw materials

Development and financial
Institutions
• Financial institutions
• United Nations Industrial
Development Organisation
• World bank
• Research Centres

Regulators

•
•

Government
Branch organisations
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1.1.4

Research Questions

The major research question in this research is:

WHAT ARE THE OPPORTUNITIES, PROBLEMS AND CONSTRAINTS FOR THE ESTABLISMENT
OF A CALCIUM-SILICATE UNIT INDUSTRY IN JAKARTA AND WEST-JAVA THAT BENEFITS
THE SOCIO-ECONOMIC DEVELOPMENT IN THESE AREAS?

This research question leads to several sub-questions:

1.

Which range of calcium-silicate unit product and process technologies is available for the
building sector on the world market?

2.

What is the appropriate product and process technology for calcium-silicate units in westJava and Jakarta?
2.1. What are the characteristics of the national environment oflndonesia?
2.2. What is the base-line situation of the construction sector in Indonesia?
2.3. What are the characteristics of available building materials for masonry in west-Java and
Indonesia compared with calcium-silicate units?
2.4. What are the desired technical- and socio-economical requirements of calcium-silicate units
for masonry of low-cost urban housing in west-Java and Jakarta?
2.5 What are the desired technical- and economical requirements of calcium-silicate units for
masonry for buildings in the national modem construction sector?
2.6. What is the estimated market size of calcium-silicate units in west-Java and Jakarta?
2.7. For which phases of the production process are labour-intensive alternatives technical
feasible?

3.

Is calcium-silicate unit production with appropriate product- and process technology
technical and financial feasible in Jakarta and west-Java?
3.1. Are the raw materials in Jakarta and west-Java of sufficient quality and quantity for the
production of calcium-silicate units?
3.2. Which locations are suitable for the production of calcium-silicate units?
3.3. What are the investment costs of such an appropriate calcium-silicate unit factory?
3.4. What are the production costs of such an appropriate calcium-silicate unit factory?

4. What are the major socio-economic impacts of the establishment of appropriate calciumsilicate unit factories in Jakarta and west-Java?
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1.2

Research Methodology

1.2.1

Definition main-concepts

The key-concepts used in this research project are defined and clarified below8•
Calcium-silicate unit (brick) industry
All enterprises, institutions and persons that are engaged in the manufacturing of calciumsilicate units (bricks). These products are classified by the International Standard Industrial
Classification (ISIC) with an ISIC code 3692.

Calcium-silicate units
Building material essentially made from a mixture of reacting siliceous sand, hydrated lime,
and water which is moulded under pressure and hardened by the action of steam pressure of
8 to 16 atmosphere of 180-200 °C in an autoclave. After a chemical reaction a new material
is formed, named calcium-hydro-silicate. Chemical name:

Ca( OH)2 + Si02

= CaSi02 • H 20

The term calcium-silicate bricks is often used in the literature in stead of calcium-silicate
units. Calcium-silicate bricks, blocks and elements, also come under the term calcium-silicate
units9 •

Product technology
The complex of characteristics of the various components of the production output, which in
their coherence determine the technological characteristics of the production output in its
. 10
total 1ty .
Process technology
Process technology refers to the complex of components which in their coherence function as
a transformer of the inputs into the outputs of a production proces/.
Appropriate technology
The technology mix which contribute most to economic and social objectives in relation to the
resource endowment and conditions of application in each country.
World market
International setting where transactions take place between supplying to receiving parties of
technology in different embodiments
The building sector
The building sector11 consists of all enterprises, institutions, and persons who are involved in
the building process. The building process consists of all activities necessary to produce a
building object.

8

Definitions are printed italic
The Dutch term for calcium-silicate units is "kalkzandsteen". They are available in the dimensions brick, block and element.
Egmond, E. van. (1998). Technology development and international technology transfer. Eindhoven University of
Technology.
11
In the available literature, the term "construction sector" is also often found instead of"building sector".
9

10
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Table 1.2 presents a categorisation of edifices or market segments. This research focused on
the possible applications of calcium-silicate units for public and industrial buildings and
residential buildings in urban areas. Special attention is given to low-cost urban housing as
mentioned in the objectives ofthis study.
Table 1.2: Categorisation of building objects with examples

Cate orisation building
objects
Examples
~~~~~-r~~~~~~~----~----~~~~--~----~~1
Civil works
Land, planning, landscape in general, civil engineering works,
transport
Transport, industrial buildings, administrative, commercial
Public and industrial buildings
buildings, health and welfare buildings, etc
Urban residential buildings, rural residential buildings,
Residential buildings
low-cost urban housing, low-cost rural housing

Feasibility study
The evaluation of the technical feasibility and the economic viability of a project in relation of
3pecific location. Technical feasibility study is a determination of the technical feasibility
under Indonesian circumstances with attention on specific facilities for technology, raw
materials and product.
Low- and middle income groups
Inhabitants of Indonesia, classified according to their annual salary of the head of household.
The classification of low-income groups is based on the so-called "poverty line". The poverty
line is the minimum value of expenditure needed for fulfilling the basic minimum requirement
including food and non-food12•
West-Java and Jakarta
Jakarta and west-Java are both provinces of the Democratic Republic Indonesia.
Besides Jakarta is one of the 27 government provinces in Indonesia, Jakarta is the capital city
oflndonesia. West-Java is one of the five provinces of Java and is bordering Jakarta.

Socio-economic development
Development is generally used to indicate the phenomena of change in a society. The
principal national development goal in countries is in general the achievement of a high and
rising standard of living for their inhabitants. (Goulet 1977, Porter 1990). Development from
one stage to the other should have been induced by economic growth, thanks to injections of
capital and technology or in other words "mobilization of domestic and foreign saving to
generate sufficient investment to increase economic growth". (Rostow 1960).

Societal development is different from economic growth, although this is not always
explained and understood as such. Most economic policies after World War II were based on
the conventional economic theories - focussed in one way or the other on the capital - labour
production function - emphasizing economic growth and the interaction of this with the state
policies. Evidence in industrialized countries have justified these approaches: there is a
common experience that can be drawn from the industrial history of countries as divers as the
European, United States in the nineteenth century, Japan after world war II and South Korea
since in the last decades of the twentieth century. The industrial growth of USA and Japan
followed the economic wealth which was rested in just a few European countries some 90
years ago.(Rosenberg 1990). These nations prospered from the industrial revolution of the

12

Central Bureau of Statistics ( 1997). Statistical Yearbook of Indonesia 1997
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Victorian age and its technological changes. However, economic growth does not necessarily
lead to qualitative improvements in life on a sustainable basis.
Sustainable societal development implies the achievement of better living conditions in a
nation to ensure the improvement of the quality if life for both present and future generations.
This requires economic growth and at the same times the efficient and effective deployment
of resources too (WCED 1987). The statements above imply the preservation of available
resources, which is in contradiction with the sole objective of reaching economic growth. It is
endorsed that it is undeniable that economic growth is needed. It is also recognized that
capital (natural resources, intermediate products and technologies!) is needed for the
productive activities that lead towards the economic growth. This relations are indicated in
Figure 1.1.
Figure 1.1: Production. economic growth & sustainable societal development

Deployment of
Resources

r---.

Production

~

Economicic
Growth

[---.

Sustainable
Societal
Developrrent

r--.

Rising
Well-fare & well
being

The process of societal development from this point of view envisages the optimal
deployment of resources, without harming the opportunities for future generations, for the
upward mobility of all groups of society, which results may be perceived in the attainment of
a higher level of capabilities and opportunities of people, institutions and production activities
(UNESCAP 1989) 13 •
Economic development
The national income per capita can be used to indicate the degree of economic development
of a country. National income can be calculated as follow:
• Earned sum of all incomes (wages, profits, interest, dividend and rent) in a country during
one year.
• The national product (the sum of all value added in an economy during one year)
• The sum of all expenditures of a country (consumer spending, investment, government
expenditures, exports minus expenditures on imports).
Other economic and social indicators can be used along with GNP to measure the rate of
development, for example health indicators, education profile, and number of people who are
living in poverty 14 •

13

Based on: Egmond, van E. (1999) Doctoral thesis
"Szirmai, A. (1997). Economic and Social Development
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Classification of technology
Technology can be classified along various criteria in order to indicate the kind of technology
which one has in mind. Criteria are: goals (construction industry), field of application
(construction technology) and size in which it is utilised, transferred, developed (upon scale,
capital-intensity, and complexity) 15 • The objective of this study is to get insight in the
opportunities, problems, and constraints for the establishment of small- and medium scale
calcium-silicate brick factories, therefore the technology is classified upon scale:
•
•
•

Modem sophisticated or large scale (MLS) technologies
Intermediate, alternative, low-cost technologies (LC)
Primitive, traditional technologies (TR)

In this research emphasis the development of intermediate, alternative, low-cost
technologies. Primitive, traditional technologies are not suitable for the production of
calcium-silicate units because some advanced equipment is required. It is also assumed that
modem calcium-silicate factories generally require fewer employees, which is not favourable
for employment generation in a country with many jobless people. Further, due to the current
difficult economic situation, there is a lack of investment capital. The establishment of smalland medium scale factories requires Jess initial investment than large-scale industries.

Intermediate technology
A level of technology requiring neither unnecessarily high capital investment, sophistication
and back-up services nor on the other hand, an unnecessarily high degree of manual labour.

Classification of industrial production
Small- and medium-scale industries (SMis) can play an important role in the progress of a
country's industrial and economical development. In particular, SMis can make significant
contributions to achieving social and economic objectives such as labour absorption, income
distribution, rural development, poverty eradication, and balanced economic growth.
In this study, employment size is the most practical criterion since it is a real number
and lends itself readily to international criteria. Moreover, it is not subject to drastic
fluctuations as assets or sales are. The classification of industries by employment size is as
follows 16 :
a.

b.
c.
d.

15
16

Large scale manufacturing
Medium scale manufacturing
Small scale manufacturing
Household and cottage industry

> 100 employees
20 - 99 employees
5 - 19 employees
1 - 4 employees

Galtung, J. Development, environment and technology: towards a technology for self-reliance, UNCTAD, 1979, New York.
Central Bureau of Statistics ( 1995). Statistical Yearbook of Indonesia 1995. Jakarta: Central Bureau of Statisctics.
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1.2.2

Theoretical framework

To be able to gather, interpret and analyse data, a theoretical framework is needed. The
theoretic model should be general so that it provides a guide for the systematic comparative
study and evaluation of similar research. The theoretical model should also be comprehensive
and contain the major variables, which are assumed to important. It should be possible to
make the model operational, meaning that one should be able to translate the variables
included in the model into measurable indicators. Each variable in the model should be
unambiguously and the theoretic model should be problem generating as well as problem
solving.
The theoretical framework is designed to pay attention to all points, which are
mentioned in the research questions. The framework in this research is partly based on the
model of the Atlas research group under the auspices of the United Nations Economic and
Social Commission for Asia and Pacific from which the relevant issues are incorporated. The
basic Atlas-ESCAP socio-technical framework is seen as an open system. This means that new
elements may be produced within the system or introduced from outside the system 17 •
In the model, conventional economic-based development planning and the sociotechnological approaches towards planning are associated. The method as proposed by the
Atlas team focuses explicitly on technological aspects of a transformation facility. This
enhances the opportunities to make use of technologies in a more efficient and effective way
and thus from economic point of view the most optimal deployment of available recourses
can be made. Technological development in the Atlas technology project's conceptual views
emphasised the needs for effective enterprises, which transform an optimal combination of
the necessary inputs into desired marketable products. The influences of the national and
international environment are included in this framework. The applicability of the approach is
meant to be general for technology based development policies and strategies.
An essential feature of the Atlas methodology is that it divides process technology into four
embodiments:
•
•
•
•

Technoware
Humanware
Infoware
Orgaware

Physical facilities (equipment, machinery, etc.)
Human abilities (skills, knowledge, etc.)
Documented facts (information about processes, blue prints)
Organisational frameworks (management, institutions)

The interpretation of a production system with technology as a major component and the view
of technology consisting of four components has been adopted and used in the model for this
study. The production system in this research concerns the production of calcium-silicate
units at micro level and is considered as the centre of attention. In order to feed the
transformation process, input of raw materials are required. The outputs of the transformation
process at firm level are in this study the calcium-silicate units.
This theoretic framework is in line with the theories on appropriate and sustainable
production as put forward by Francis Stewart. Views in literature concerning the
appropriateness of technology are often divergent and contradictory. The use of modem
Western technology in developing countries is a point of discussion for many years. The
results of many technology transfers based on the different views are mostly disappointing
because they often fail to function satisfactory. Major views regarding to the determination of

17

ATLAS, (1989). A framework for technology based development, UN/ESCAP, Bangalore, India.
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appropriate technology are the Neo-classical point of view, view of the technological
determinists and the view of Francis Stewart.

The Neo-classical point of view
This approach assumes that a technology consists of a combination of a certain amount of
capital and labour, which are mutually replaceable. Through the operation of the marketmechanism, appropriate technology is chosen by a certain combination of the production
factors. In a developing country where labour is abundant and capital scarce it means that,
given a certain amount of output, capital will be substituted by labour. However, the choice of
technology appears to be more complex in reality. Factor-prices often do not reflect real
market relations.
The technological determinists
According to technological determinist is there no range of combinations of labour and capital
at all. There is only one best method of production and that is the method applied in the
Western countries. In other words, once the product has been chosen, the technology to be
used is fixed. The determination of appropriate technology for developing countries appears
to be more complex than the views of the technological determinists and the Neo-classics.
Some factors limit the choice oftechnology (experience in the past, direction of technological
development, scale of production), while other broaden the choice (product-oriented approach
and the notion of production-steps). The production process of calcium-silicate units can be
considered as rather "technologically rigid" due to the use of high temperatures and fluidpressure. Labour and capital are not always mutually replaceable 18 •

The view o{Francis Stewart
The view of Francis Stewart and the view of technological-determinists are oppositely.
According to Francis Stewart, the choice of technology is less limited than suggested by the
technological determinists because the choice increases when one accepts that choice refers
also to the product itself, both with quality and with type. Products and matching production
processes that are appropriate in well-developed countries can be unnecessary, undesirable
and not suitable in developing countries. The choice of product should be done based on
prevailing needs, thus it is significant and necessary to make an inventory of the demands of
the users of the product. The simplification put forward by the Neo-Classics is that a point on
the iso-product curve can represent each technology. This is inaccurate because (1) none of
the production factors capital and labour is homogeneous, and (2) the production method does
not consist of one piece of equipment with a fixed amount of labour19 • The production of
goods can be considered as several steps whereby each step represents a specific activity. The
factor proportions of labour and capital can differ of every separate step. The production of
calcium-silicate units can be considered as series of steps with various labour-capital
proportions. There is an opportunity for scaling down the size modern calcium-silicate
product and to simplify the production process. Based on above-mentioned motives, the view
of Francis Stewart is followed in this research to determine appropriate calcium-silicate units
and accompanying production process in the Indonesian context.

18 Gaillard. H. The e"aluat10n of tedmical development projects. EUT. 1995

19 Gaillard, H. The evaluation of technical development projects. Etrr. 1995
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The criteria, which are used to determine the suitability of the product- and process
technology, are the terms of reference. The terms of reference are defined by the needs of the
country, the means and the government policy in Indonesia. The needs can be divided in
material and non-material needs. Material needs result from the demand of the building
market by contractors, consultants, architects and clients like the low- and middle-income
groups who need building materials for their shelters. The major non-material needs that are
considered are income, employment and economic development. These needs are reflected in
Figure 1.2. The needs for building materials, income, employment and economic
development depend on the state of the art the national environment.

Material needs
-

Non-material needs

Income
1+------i Employment
Economic development

c

Q)

~ E

:8§
ro .._
z ·::;;
c
Q)

Figure 1.2: Material- and non-material needs

The means available for the production of building materials also affect the terms of
reference. One important aspect is the availability of raw materials. Sand, lime and water are
the only three ingredients for calcium-silicate products. Technological capabilities are the
second aspect of the means. This refers among other things to the technological stock
available in Indonesia and the capability to develop and master new technologies. Third
means are the financial means. Especially the technological capabilities and financial means
are dependent on the national environment (Figure 1.3).

Raw materials

Means

Financial means

Figure 1.3: Means for the production of building materials.

To establish a well-developed and widespread calcium-silicate unit industry in
Indonesia, the support and involvement of the government is indispensable. The government
can influence the terms of reference, however in broader perspective, the terms of reference
can also influence the government policy. An example how the government can influence the
terms of references is the introduction of standardisation and regulations for building
materials.
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The trade of building technologies available on the world-market also has influence on the
determination of appropriate technology. Existing building products and accompanying
production processes can be transferred to Indonesia and adapted to the local circumstances.
The transformation at micro-level from inputs into outputs realises a certain production
performance. This production performance cause socio-economic effects on the society.
Consequently, these effects can exert influence on the means, needs and terms of reference.
Figure 1.4 shows the theoretical framework.

National Environment

Government Policy
Socio-economic situation

Building
J-==:::=::::===~==:::;:========:=l technologies
on worldmarket

socio-economical effects on the Society

Figure 1.4: Theoretical framework
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Figure 1.5 presents the "ideal" sequence according to F. Stewart to determine appropriate
product and process technology for developing countries20 •

/'

National
Environment
Indonesia

Basic Needs
Food (production)
Health

Shelter
Transport
Energy

me=>

Technological Needs
.....................
Building materials (Industry)
·······················

Construction
Sector
Indonesia

Water (supply)

Calcium-silicate units
Analysis Existing Product Technology and Process Technology

[

Social-Economic Requirements
Calcium-silicate units

-L

j

-l

J

Technological Requirements
Calcium-silicate units

J

Comparison with Existing Alternatives
~

Testing Proto-Type & Modifications/Corrections

"Optimal Appropriate Product"'

+

[

Determination of Market-size
Determination labour-intensive steps of the
Production Process

)

--~
Process Technology Choice
Selection of machinery and equipment
"Appropriate Production Technology"

Figure 1.5: Sequence when designing and producing products appropriate for developing countries (F. Stewart).

The study to the feasibility of calcium-silicate brick factories in Jakarta and west-Java is a
key-aspect in this research. An assessment is made of relevant technological options in order
to come to an economical viable project, which is in line with macro-economic, and national
development goals 21 • The objective of this research is to draw conclusions for the general
suitability of the building material calcium-silicate units in Jakarta and west-Java. It is not the
objective to use the research for a direct investment decision .. The approach promoted by
UNIDO in "The manual for the preparation of industrial feasibility studies" has been applied
in this study. This manual of UNIDO can be considered as the standard instrument when
determining the feasibility of industrial projects in developing countries. A full feasibility
study that enables a definite investment decision is costly and time-consuming. Before
assigning larger funds for such a study, a pre-feasibility study can be executed. A prefeasibility study should be viewed as an intermediate stage between a project opportunity
study and a detailed feasibility study, the difference being in the degree of the information
obtained and the intensity with which project alternatives are discussed. The structure of a
pre-feasibility study should be the same as that of a detailed feasibility stud/2•
20 Gaillard. H. The evaluation of technical de\.·elopment projects, EUT, 1995
2llemmens.. L. (1993). Feasibility studies. Lecture notes nr. 1638 Eindhoven University of Technology
22 Behrens, W.. Hawranek. P.M. ( 1991 ). Manual For the Preparation of Industrial Feasibility Studies, Unido, Vienna.
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Commercial profitability analysis is the first step in the economic appraisal of a project. It is
concerned with assessing the feasibility of a new project from the point of view of its
financial results. Commercial profitability may not give a good idea of the contribution of a
project to the economy of a country. For measuring the project's contribution to the national
economy, a national profitability analysis should be applied. Commercial profitability
analysis is a stepping stone to national profitability analysis. The overall effects of a project
on the economy of a country are measured by value added, efficiency tests, employment
effects, distribution effects, net foreign-exchange effect, supplementary considerations and
national parameters. The macro-economic analysis in this study was based on the UNIDO
methodology of the "manual for the evaluation of industrial projects".
Figure 1.6 shows the sequence of activities according to the UNIDO manual for the
determination of the financial feasibility of an industrial project. The dotted parts were less
extensive discussed in this research.

'\

,

I

:
Assessment
: Demand (calcium:
silicate bricks)

:

I

I

'

,--------------------------,
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~

:

1
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'
Investment Costs
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Occurences Raw
Materials

:

/-----------------,

Production Costs

I
1

l

Commercial Analysis

I

Sources of
:
Finance
:
, ________________
/

I

Sequence feasibility study
(UN/00-approach)

Macro-Economic Analysis

Figure 1.6: Unido-approach of a financial feasibility study

Finally, the socio-economic impacts of the establishment of calcium-silicate unit production
plants on the society are determined.
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1.2.3

Research set-up

The previous paragraph presented the theoretical framework and sequence of activities of the
research, which contain the several steps in order to answer the research questions. This
paragraph explains the approach of the research and way of data collection. Several parts of
the study required different data collection methods. Table 1.3 reflects the approach to
analyse the range of available calcium-silicate unit product- and process technologies on the
world market.
Table 1.3: Approach to analyse the range of available calcium-silicate unit technologies on the world market

Research question

Approach

Data collection

1. Which range of calcium-silicate unit product
and process technologies is available for the
building sector on the world market?

Analysing available technologies on
the world market to produce calciumsilicate units.

Desk-study

Chapter 2:
TECHNOLOGY OF CALCIUM-SILICATE UNITS

..
•

Product technology
Necessary raw material
Process technology

Table 1.4 displays the approach to determine appropriate product and process technology with
accompanying data collection method. The sub-questions 2.1 to 2.7 are corresponding with
the "ideal" sequence to determine appropriate product and process technology for developing
countries as proposed by F. Stewart.
Table 1.4: Approach to determine appropriate technology with accompanying data collection method

Approach

Research question
2. What is the appropriate product and process
technology for calcium-silicate units in westJava and Jakarta?
Chapter 3:
APPROPRIATE TECHNOLOGY

.9

2.1. What are the characteristics of the
national environment oflndonesia?

<Jl

c
0

-~
~

::I

oI

.0
::I
[/J

Elaborated in:
Part II , Support Study I
Indonesia; National Environment
2.2. What is the base-line situation of
the construction sector in Indonesia?

Elaborated in:
Part II , Support Study I I
The Construction Industry in Indonesia

Data collection

The appropriate product- and process
technology will be determined by
answering the sub-questions mentioned
below.
Assessment of the socio-economic
situation in Indonesia .
Analyses of:

..
..
..
.

History, Geography, Demography
Educational profile & Employment
Technological capabilities
Human development & Poverty
Health care
Economic profile
Government policy

Assessing the base-line situation of the
construction sector in Indonesia.
Assessment of:

.
..
..
..

Desk-study

Desk-study

Problems with demand and supply oflowcost urban housing
Standardisation oflow-cost housing
Government policy concerning the
construction sector.
Demand and supply building materials
Market size for calcium-silicate units
Existing building materials
Pricing of building materials
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2.3. What are the characteristics of
available building materials for
masonry in west-Java and Indonesia
compared with calcium-silicate units?

Comparison of product characteristics
of available building materials for
masonry with calcium-silicate units on
the basis of:

Elaborated in:
Part II , Support Study II
The Construction Industry in Indonesia

..
..•
..
.

2.4. What are the desired technical- and
socio-economical requirements of
calcium-silicate units for masonry of
low-cost urban housing in west-Java
and Jakarta?

An inventory of the socio-economic
requirements for calcium-silicate units
leading to a product-specification.
Determination of product-specification
on the basis of required:

Elaborated in:
Part II , Support Study III
Appropriate product technology

...
..
..
...
•

2.5. What are the desired technical- and
socio-economical requirements of
calcium-silicate units for masonry of
buildings in the modem construction
sector in Indonesia.
Elaborated in:
Part II , Support Study III
Appropriate product technology

2.6. What is the estimated market size
of calcium-silicate units in west-Java
and Jakarta?
Elaborated in:
Part II , Support Study II
The Construction Industry in Indonesia
2.7. For which phases of the production
process are labour intensive
alternatives technical feasible?
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Strength
Density
Thermal conductivity
Water absorption
Water penetration
Fire resistance
Price per unit
Price per m2 finished wall

Size
Appearance
Shape
Colour
Strength
Product characteristics
Purchasing costs
Cost of laying
Transportation costs
Maintenance
Cost of training workers

Rough estimation of the market
opportunities for calcium-silicate units
in west-Java and Jakarta. Used
forecasting methods:

..
•

Interviews with
experts in the field
of low-cost housing
and building
materials.

Size
Appearance
Shape
Colour
Strength
Product characteristics
Purchasing costs
Cost of laying
Transportation costs
Maintenance
Cost of training workers

An inventory ofthe socio-economic
requirements for calcium-silicate units
leading to a product-specification.
Determination of product-specification
on the basis of required:

...
.•
..
..
..

Desk study,
interviews with
manufacturers of
building materials
in Indonesia and
experts in this field

Interviews
(questionnaire) among
architect and
contractors west-Java
and Jakarta in
combination with
desk study. Architects
are considered to be
the first decider
regarding the choice
of building materials .

Desk-study

Consumption level method
Trend extrapolation method
End-use method

Evaluation of above mentioned sub-questions
and chapter 2 "Technology of Calcium-silicate
units".
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Table 1.5 reflects the UNIDO-approach for calculating the financial feasibility (financial CBA)
of a industrial project with accompanying data collection method.
Table 1.5: UNIDO-methodology for calculating financial feasibility.

Research question

Approach

Data collection

3. Is calcium-silicate unit production with
appropriate product- and process technology
financial feasible in Jakarta- and west-Java?

Unido approach of a financial CBAanalyse. Financial evaluation is based
on estimated values of:

Desk-study

Chapter 4:
FINANCIAL COST-BENEFIT ANALYSES

3.1. Are the raw materials in Jakarta and
west-Java of sufficient quality and
quantity for the production of calciumsilicate units?

.£

Elaborated in:
Part II , Support Study IV
Suitability Raw materials

:.0
·;;;
CIS

§

=

3.2. Which locations are suitable for the
production of calcium-silicate units?

t.;::;

(I)

..=
.....
(I)

'§=
(I)
.....
(I)

"'0
0
.....

"'
=

Elaborated in:
Part II , Support Study IV
Suitability Raw materials

Profits
Net present value
Payback period
Simple rate of return
Break-even point
Internal rate of return
Sensitivity analysis

Assessment of occurrences and quality
of required raw materials

..

Field work,
Literature study,
Research in laboratory

Quartz sand:

•

..

Location of quartz sand deposits
Quantities
Qualities

Lime:

•

<2
"@
';:)

..
..•
..

Location of lime deposits
Quantities
Qualities

Determination of suitable locations for
calcium-silicate unit factories by the
evaluation of:

..
•

Desk-study

occurrences of raw materials
infrastructure and transportation
market place, etc.

..

3.3. What are the investment costs of Calculation of:
working capital
such an appropriate calcium-silicate unit
fixed assets, etc .
factory?

Desk-study

.~
.....

Elaborated in:
Part
II , Support Study V
r:::r
I
~
Pre-feasibility study
::s
r/)
3.4. What are the production costs of Cost items classified by:
materials
such an appropriate calcium-silicate unit
personnel
factory?
overhead costs

"'
::s
(I)

..
.
•

Desk-study

fixed and variable costs, etc .

Elaborated in:
Part II , Support Study V
Pre-feasibility study
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Table 1.6: Approach to detennine the major socio-economic impacts of a calcium-silicate factory

Research question

Approach

4. What are major impacts of the
establishment of appropriate calciumsilicate unit factories in Jakarta and
west-Java?

Data collection

Effects of the production performance of a
calcium-silicate factory on:
NNVA
Employment effects
Fulfillment of basic needs

..
.

Chapter 5:
MAJOR SOCIO-ECONOMIC IMPACTS

1.2.4

Structure of the report

This M.Sc. thesis was realised in three phases. First phase comprehend literature research in
the Netherlands and the writing of a research proposal. After the approving of the research
proposal, the author stayed six months in Indonesia to gather data at the Centre for research of
technology at the Bandung Institute of Technology (ITB). Analysis of data and the finally
writing of the M.Sc. thesis took place in the Netherlands.
This research report consists of two volumes, PART I and PART II. The first volume, PART I,
contains the main text and the second volume, PART II, contains comprehensive support
studies and appendixes.

PART I:

MAIN TEXT

Chapter 1
Chapter 2
Chapter3
Chapter4
Chapter5
Chapter6

INTRODUCTION AND RESEARCH METHODOLOGY
TECHNOLOGY OF CALCIUM-SILICATE UNITS
APPROPRIATE TECHNOLOGY
FINANCIAL COST-BENEFIT ANALYSES
MAJOR SOCIO-ECONOMIC IMPACTS
CONCLUSIONS AND RECOMMENDATIONS

PART II:

SUPPORT STUDIES AND APPENDICES

Support study I
Support study II
Support study III
Support study IV
Support study IV

NATIONAL ENVIRONMENT OF INDONESIA
CONSTRUCTION INDUSTRY IN INDONESIA
DETERMINING APPROPRIATE PRODUCT TECHNOLOGY
SUITABILITY RAW MATERIALS
PRE-FEASIBILITY STUDY
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2

TECHNOLOGY OF CALCIUM-SILICATE UNITS

2.1
2. 1.1

2.1.2
2.1.3

Producttechnology
Introduction
Basic product quality
Applications

2.2 Requirements ofraw materials
2.2.1 Quartszand
2.2.2 Lime
2.2.3 Water
2.3 Process technology
2.3.1 Proportioning, mixing and
hydration
Pressing
Autoclaving of the bricks

2.3.2
2.3.3

2.4 Conclusions

2.1

Product technology

2.1.1

Introduction

Calcium-silicate units can be defined as:

Building units essentially made from a mixture of siliceous sand, hydrated lime, and water.
The units are moulded under pressure and hardened by steam (pressure of 8 to 16
atmospheres at 180-200 °C) in an autoclave. After a chemical reaction a new material is
formed, named calcium-hydro-silicate.
In chemical expression:

Ca( OH)2 + Si02

= CaSi02 • H 20

By mentioning calcium-silicate units in this thesis, not only bricks are meant but also blocks
and elements.

History
The oldest application of using lime as a building material, is the one where lime reacts with
carbon dioxide in the air. This principle was known 4000 years ago in Mesopotamia. In
Roman times, it was discovered that lime would react with fine silica powder of volcanic
origin. This product was first used in the village of Pozzuoli. Later, the materials that react
with lime at ambient temperature were called Pozzolana. In 1881 obtained the German Prof.
Michaelis a patent on the hardening process of sand-lime mixtures with use of high-pressure
steam and special designed equipment. In the Netherlands, calcium-silicate units have been
used for over 100 years. In the Netherlands is the average production of a calcium-silicate unit
factory 185.000 m3 per year. The 11 factories in the Netherlands produce currently 1700
million bricks of214*102*55mm per year23 • Together they consume 3.5 million ton sand and
250.000 ton lime per year.
23

Research Centrum Kalkzandsteenindustrie: www.rck.nl
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2.1.2

Basic product quality

Calcium-silicate units posses some typical product characteristics. Positive and negative
aspects of the quality of calcium-silicate units are presented in Table 2.1.
Table 2.1: Product qualities of calcium-silicate units

Advantages calcium-silicate units

Appearance
In their natural state, calcium-silicate units are white. The whiteness remains after years of weathering

Economy
Their uniform size and shape enable easy and fast bricklaying, low mortar requirements and planar wall
surfaces. This enables savings in terms of material, labour, time, and cost.
±17, 1 litre mortar required for 1 m2 (brick format 214x102x72mm)

Compressive strength
Standard Calcium-silicate units possess relatively high compressive strength (15-30 N/mm 2)

Heat-accumulation
Calcium-silicate units have a good heat-accumulation capacity. This ensures a rather cool climate in
buildings because the calcium-silicate unit walls are able to absorb a part of the heat of the sun. This
warmth levelling effect the influences the comfortability of a room possitively.

Vapour regulating capacit/.J
Calcium-silicate units have a vapour regulating capacity. It absorbs liquid when the humidity increases
in a room and gives off liquid when the humidity decreases. This prevents the risk of mould and
bacterium. A house with 170 m2 inner walls of 100 mm for example, can absorb 300-litre liquid.
Calcium-silicate masonry ensures a reduction in both internal heat and humidity levels.

Durability
Calcium-silicate units do not contain soluble salts and so they do not effloresce-a common cause of
deterioration in other building materials.

Environment
Calcium-silicate units are made of sand, lime and water. Those raw materials occur naturally. During
the production process, no chemical additives are added.

Sound Insulation
Calcium-silicate units exhibit high sound absorption properties
l1u·lab value= -8 dB, Rw value = 44 dB

Fire resistance
Calcium-silicate is a non-flammable building material. The fire resistance period of a 100-mm thick
wall of 3m is 2 90 minutes 25 •
Disadvantages calcium-silicate units

Tearing
Calcium-silicate units are susceptible for tearing, especially when large fluctuations of temperature
occur. During the warming up and cooling-down of the autoclave are the calcium-silicate units most
susceptible for tearing. Tears originate from tensions between the already hardened outside of the units
and the not yet hardened core. Gradually warming up and cooling down of the steam in the autoclave
is the best remedy.

Crumbling
Edges of calcium-silicate units are susceptible for crumbling. Crumbling occurs in particular during
the handling process and transport.

2
'

25

In Dutch: waterdampregulerend vermogen
Dutch Association of Calcium-Silicate manufacturer (VNK)
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2.1.3

Applications

Calcium-silicate units are used for a wide range of applications: public and industrial
buildings, residential buildings, load bearing and non-load bearing walls, inner- and exterior
walls. According to the Dutch Association of Calcium-Silicate manufacturers (VNK), products
are classified in three categories; bricks, blocks and elements. Bricks are commonly only used
in small-scale buildings. Because saving of time during the building process, blocks and
elements are used for larger-scale buildings. Elements are bonded with the use of special glue
and most blocks too. Bricks are bonded with mortar. Calcium-silicate bricks and blocks
require a mortar with the following mixture: Portland cement, hydrated lime and sand with a
mix ratio of I: I: 6. In the Netherlands, three qualities are distinguishable (Table 2.2), based
on their compressive strength.
Table 2.2: Available qualities of calcium-silicate bricks in The Netherlands

Quality

Compressive
strene:th

Normal

15 N!mmL

Application

Used if there are no special visual requirements on the construction, for
example, foundations, inner walls, and separation walls that are out of
sight.
Used if there are no special visual requirements on the construction and
25 NlmmL
higher compressive strengths are required. Floor bearing walls, highrise buildings and buildings with large floor-spans.
Applied at fa~ades, outside walls. The bricks are available in several
30 N!mmL
types, profiles, and colours.
Dutch Association of Calcium-Silicate manufacturer (VNK)

Brick

Fa9ade
Source:

Table 2.3 presents common dimensions of bricks, blocks and elements in the Netherlands.
Table 2.3: Standard dimensions of calcium-silicate bricks, blocks and elements in the Netherlands

Type

Dimension

Bricks

Width (mm)

Height(mm)

"Waal formaat"

214

102

55

"Amste1 formaat"

214

102

72

"Maas formaat"

214

102

82

Length (mm)

Width (mm)

Height (mm)

Blocks
Metsel blocks

327

100

150

214

157

Glue blocks

437

100
214
120

120

298

437

67
150
100

327

150

198

327

214

148

437
437

67
214
100

437

150

Rim blocks

Length (mm)

Elements
Standard

Source:

Length (mm)

897

100

198

150

198
148
Height (mm)

Width (mm)

IOO
2I4

298

I20

I 50

598

Dutch Association of Calcium-Silicate manufacturers (VNK)
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2.2

Requ irements of raw materials

The definition s of constituents of required raw materials for the production of calcium-silicate
units and matching chemical formulae are presented in Table 2.4.
Table 2.4: Defin itions of constituents of raw materials for the nroduction nrocess of calcium-silicate units
Material

Chemical formula

Calcium-sili cate
Limestone
Quicklime

CaSi02 *H 20
CaC03
CaO

H drated lime
Water
Silica

Ca(OH)2
HzO
SiOz

Quartz

2.2.1

Definitions
Calcium-hydro-silicate
The raw material in its lump /()rm
The material that remains after burning of
limestone
Formed after slacking the quicklime with water
Silicon dioxide, occurring as quartz etc. and as
principal constituent of sandstone and other rocks
Mineral form ofsilica, massive or crystallised
hexagonal prisms

Quartzsand

For the manu facturing of calcium-silicate units, sand or crushed rock with reasonable high
silica content is required. Second important requirement is the particle size distribution. The
hardening effiect depends on the chemical reaction of the lime with free silica (quartz)
surfaces. In most Western European countries, sand essentially consisting of grains of quartz
is used. However, in other areas, sand of much lower quartz content has been used
successfully. It is difficult to state rigid limits for the acceptability of local sand. The
acceptability depends on the available equipment for the production and the desired quality of
the product. Table 2.5 gives an indication of sand types, which are likely to be suitable.
Table 2.5: Suitabilit): of sand for the manufacturing of calcium-silicate units
Constituent Sand

Chemical
formula

Likely to be
suitable

Silica
Feldspar
Expansive mat erial
(cia , stones)
Soluble salts

Si02

>90%
< 10%
< 1%

Alkali

K20,
Na20

Practical trail of suitability &
consideration of circumstances
required
Between 75 and 90%
Between 10 and 20 %
Between 1 and 5 %

Unlikely to be
suitable
<75%
>20%
> 5%

<0,05%

Between 0,05 and 0,20 %

> 0,20%

< 1%

Between 1 and 3 %

> 3%

Soluble sulphate
> 0,10%
<0,02%
Between 0,02 and 0, 10 %
so4
Clay and fine silt
> 10%
<4%
Between 4 and 10 %
(material finer than 20 J.Lm)
Source:
Bessey, G.E. (1974). Calcium Silicate bricks. Overseas Building Notes, no 154.
The most im portant criteria of the suitability of sand is the total silica content. Sands with a
silicate content of more than 90 % are likely to be suitable. The particle size distribution of
the quartz sand is also of major importance. It affects the potential strength, texture, porosity,
and drying sh rinkage of the bricks, blocks or elements.
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Important criteria are:
• Maximum size of grain
• Percentage coarse fraction
• Percentage fine fraction
In support study III is the particle size distribution presented of suitable quartz sand for the
production of calcium-silicate units.

2.2.2

Lime

Either quicklime (CaO) or dry hydrated lime (Ca (OH)z} can be used for the production of
calcium-silicate units. The proportion of lime ranges from 5% to 9% of quicklime and 8% to
12% of hydrated lime 26 • The quality of quicklime must be such that it hydrates quick and
completely during that part of the production process preceding the pressing of the bricks.
This requirement is essential because of the expansion that occurs when quicklime is brought
into contact with water. If the hydration is not completed before the bricks are pressed,
expansion occurs, which will lower the strength of the bricks and cause cracks.
Chemical process hydration of quicklime:

Quicklime +Water= Hydrated lime
CaO

+ H20

=

Ca(OH)2

The possibility of unduly slow or incomplete hydration of the lime arises, either from the
composition of the limestone from which it is made, or from the manner of burning. If one
burns the lime at a too high temperature or for too long, the lime hydrates slowly. This is not
desirable because it extends the production time.
The calcium oxide content of the lime is not so important as long as there is sufficient active
lime (quicklime) in the mixture. For example, 10 kg quicklime with 100% calcium oxide in a
mixture is corresponding with 20 kg quicklime with 50% calcium oxide. In practice, the
quicklime content of the mixture is approximately 6 %. Good quicklime has a CaO content of
more than 90%. Good hydrated lime has a CaO content of more than 60%. Magnesia is
detrimental in lime for this use, since it is liable to hydrate and gives expansion in the
autoclave. The maximum recommended Magnesium content of a mortar is 1,5% 27 •
There is no strict requirement for the particle size distribution of quicklime. Generally, one
uses quicklime of between 90-97 micron. Fly ash is a possible additive if it contains sufficient
silicates. Coal fired thermal power stations are generating fly ash in huge amounts.

26
27

Bessey, G.E. Calcium Silicate bricks, Overseas Building Notes, 1974
Mr. Schuur, Research Centrum kalkzandsteenindustrie (RCK), Hilversum, the Netherlands
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2.2.3

Water

Besides sand and lime, water is the third material necessary for the production of calciumsilicate units.
Water is necessary for four different parts of the production process:
•
For the hydration of quicklime
•
For cooling of the brick presses
•
For the production of steam in the autoclave
•
For sawing of blocks and elements
A steamboiler provides high-pressure steam, which is necessary for the autoclave.
The steamboiler brings preliminary treated ground- or tap water to its boiling point. The
pressure of the high-pressure steam is around 16 bar with a temperature of 200 °C. During the
preliminary treatment of water, the constituents of calcium, magnesium, oxygen and carbon
dioxide are reduced. This reduces the oxidation of the boiler and autoclave.

2.3

Process technology

2.3.1

Proportioning, mixing and hydration

Sand and lime are stored in large silos. From the silos, sand and lime are transported to a
mixer. Usually, the sand and lime are proportioned by weight. The dry raw materials are
mixed intensely before water is added. The amount of the added water must be sufficient to
hydrate the lime and to press the products properly. The necessary amount of water depends
also on the moisture content of the sand. Mixture can take place with continuous or batch
processes with respectively a worm-mixer or batch mixer.
The wet mixture of sand and lime is called mortar. This mortar is stored for about 2
hours in a reactor so that the fully hydration of the lime can take place. The calcium oxide
(CaO) is transformed into calcium hydroxide ((Ca (OH) 2). A reactor is nothing else than a large
silo. The topside is open and the bottom is equipped with a drainpipe. When the mortar (fully
hydrated lime) leaves the reactor it has a temperature of± 70° C. The mortar is mixed again to
avoid lumps. Figure 2.1 presents the process scheme of calcium-silicate building units.

TU/e=
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water

sand

lime

Figure 2.1: Process scheme of calcium-silicate technology
Source: Dutch Association of Calcium-Silicate manufacturer (VNK)

2.3.2

Pressing

A press moulds the units in the desired dimensions. Presses are generally divided in
mechanical and hydraulic driven presses. All modern presses are hydraulic presses. The
pressure on small units has to be at least 8 tot 10 N/mm 2 during the moulding. Large
dimensions require a pressure on the element of at least 20 N/ mm 2•
Example pressure on calcium-silicate block:
Required pressure:± 15 N/mm2 (=15 Mn/m 2 =150 bar)
(I bar= 100.000 n/m 2)

~

L_j)~

Jl{ 100

..._ 400 ---.
Surface block: 400* 100=40.000 mm 2
Total load on block: 15*40.000= 600.000 N (6000 kg= 6,0 ton)

There are two basic methods of forming calcium-silicate units:
• Forming at constant pressure
• Forming at constant volume
When pressing at constant pressure, all units have the same density. Their volume however,
may be unequal. Units, which are pressed at constant volume, are uniform in size, but nonuniform in density. The overall dimensions of a brick, block, or element should suit the
appropriate system of modular co-ordination in order to reduce the need for excessive cutting
or the provision of special-sized infill blocks. Forming at constant volume is therefore
preferable when uniformity in size is required. After the bricks, blocks, or elements are
formed, they are placed on wagons. The wagons are transported via rails to an autoclave.
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2.3.3

Autoclaving of the bricks

Once pressed, the calcium-silicate products are conveyed to the autoclave. An autoclave is a
high-pressure vessel (large pressure cooker) which contain high-pressure steam. To avoid
tearing of the bricks, blocks, or element, the autoclave must bring slowly on pressure. For
bricks, this is approximately 1 hour, for elements this can take 4 to 8 hours. Minimum
requirements are a pressure of 8 bar for 8 hours or during 4 hours at 16 bar. As a "rule of
thumb" the "pressure-time surface" can be used which is 64 (Bar*hour). Figure 2.2 shows the
relation between the pressure and time (8*8=64, 4*16=64 etc). After the curing process, the
product is ready for storage and use.
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Figure 2.2: Relation between pressure and time during hardening process in autoclave
Source:

2.4

Dutch Association of Calcium-Silicate manufacturer (VNK)

Conclusions

Calcium-silicate units can be considered as a building material with a number of favourable
characteristics. In particularly, their appearance and dimensional accuracy is remarkable.
These qualities enable to use calcium-silicate bricks in facing walls. Calcium-silicate units are
also suitable for the application in load-bearing walls. During the production process are
calcium-silicate units susceptible to crack formation and with handling susceptible to
crumbling.
Without suitable quartz sand is it not possible to manufacture calcium-silicate units of good
quality. A thorough support study to the quality of quartz sand deposits is recommended
before one wants to start production on a certain location in a certain country. Size
distribution and constituents are the most important parameters.
The manufacturing of calcium-silicate units is not very complicated. However, it requires
technologies that are rather rigid in the substitution of labour and capital (steam boiler, press,
and autoclave). It is an option to operate this machinery as much as possible by hand. Modern
sophisticated or large-scale (MLS) technologies as well as intermediate, alternative, low-cost
technologies (LC) are suitable for the production of calcium-silicate units. To a certain extent,
it is possible to substitute capital by labour in LC calcium-silicate unit production. This aspect
is further elaborated in chapter 3.
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APPROPRIATE TECHNOLOGY

-

3 .1. Introduction

Enviton!Mnt

3.2 Appropriate product technology
3.2.1. National environment
3.2.2 Base-line situation construction sector
3.2.3 Available building materials
3.2.4. Product specification calcium-silicate
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3.3 Appropriate Process Technology
3.3 .l Estimation of the market size
3.3.2 Alternative labour-intensive steps
3.4. Conclusions
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3.1

Introduction

In chapter I, appropriate technology was defined as the technology mix which contribute most
to economic and social objectives in relation to the resource endowment and conditions of
application in a certain country. The criteria, which are used to determine the appropriateness
of the product- and process technology in the Indonesian context, are the terms of reference.
The terms of reference where defined as the needs and means, governmental policy, the
construction sector and the national environment of Indonesia. The paragraphs in this chapter
are classified according to the "ideal sequence" to determine appropriate product and process
in developing countries as mentioned in chapter I.
An assessment of the socio-economic situation in Indonesia (support study I) and a base-line
study to the state of the art of the Indonesian construction sector (support study II) are
enclosed as in PART II. The base-line study of the construction sector comprises an inventory
of available building materials for masonry and an estimation of the market size for calciumsilicate units. It is the intention of this research to adapt the modem technologies to local
circumstances in west-Java and Jakarta. In support study III are the desired technical- and
socio-economic requirements of calcium-silicate units in these areas elaborated.
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3.2

Appropriate Product Technology

3.2.1

Characteristics of the national environment

An assessment of the socio-economic situation in Indonesia is elaborated in support study I. It
covers an analyses ofthe Indonesian history, geography, demography, educational profile and
employment, technological capabilities, human development, poverty, health care, economic
profile and government policy. In Table 3.1 below are the main findings of support study I
summarised.
Table 3.1: Characteristics of national environment and it's effect on the choice of technology

Current situation

Choice of technolo2)'

Geography and demography
Jakarta and is the centre of government administration, political Employment creation is anyhow preferred
labour-saving
production
activities, business and economy. Jakarta exerts influence on above
neighbouring province west-Java, which makes west-Java the techniques.
second most influential province. Although they form together
only 2.5% of the total land surface of Indonesia, 24% of the
Indonesian population is resident of one of these two provinces.
These areas are the most densely populated areas of Indonesia.
The average growth of the population of 1.6% and growth of the
labour force (2.1% ). The unemployment is considerable.
Educational profile and employment
• Indonesia faces a shortage of qualified technical and skilled It 1s doubtful whether it 1s useful to
workers. This shortage restricts the ability of the industry to develop and design high-tech equipment
advance to higher value-added production activities. About 44% for the production of a relatively simple
of the labour force in the construction industry finished only building material. From an employment
primary school, 15,7% never completed primary school, I 0% viewpoint are labour-intensive production
finished vocational education (JHS and SHS) and 2, I% are techniques favoured over large-scale,
graduated university students. These percentages correspond labour saving techniques. There is a clear
new government policy going on in
roughly with the mean educational attainment of the industry.
•
The literacy level in Indonesia ranks among the highest in Indonesia which is aimed to support,
strengthen and develop SMEs enterprises.
the developing world.
• The creation of employment is one of Indonesian main
objectives. This is not amazing; in 2000 there where more than Considering the composition of the labour
15 million openly un- and underemployed workers. Due to the force, it is more plausible to employ many
crisis, real wages decreased 40% in urban and rural areas. The unskilled or vocational trained workers
Indonesian policy focuses on an employment friendly than height qualified workers. The limited
development of agriculture, manufacturing in SMEs and technical skills and level of education of
informal sector. Large scale, foreign investments are also workers incline to the use of less-advanced
welcome if they contribute to the socio-economic development production technologies.
of Indonesia.
Technological Capabilities
Although Indonesia is occasionally capable to realise high-tech Based on the prevailing technological
projects, the technological capabilities are generally rather capabilities in Indonesia, one can assume
limited. The inability to obtain financing due to very high that the use of intermediate, low-cost
interest rates in Indonesia has hampered investment in new technologies for the production of
equipment and sophisticated machinery. There are some large calcium-silicate units are more appropriate
high-tech
technologies.
LCestablishments with modem equipment, but this does not than
contribute much to the development of the capabilities amongst technologies are generally used in smallsmaller companies. To make the establishment of a modem and medium scale enterprises.
calcium-silicate unit factory possible, essential equipment
should definitely be imported. Importing equipment requires
foreign exchange, which is not abundant in Indonesia now.
Indonesia is thought to be capable to develop locally
intermediate, alternative, low-cost technologies for the
production of calcium-silicate units.
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Poverty
The incomes of the Indonesian people are low and unequally
distributed. More than 39% (79.4 million) of the Indonesian
population lived in poverty in 1998. The poverty line lay in
1998 on Rp. 52.470/month (± fl. 13, -/month) in urban areas.
Due to the economic crisis, the number of people living below
the poverty line trebled ( 1996 compared to 1998).

Labour-intensive production technologies
at several small- and medium-scale
factories will lead to new jobs and income.
Creation of jobs among the unskilled
labour force will contribute to the levelling
of income and poverty reduction.

Economic profile
The current economic, politic and security situation affects Industrialisation can be regarded as the
business in Indonesia heavily. Large investments in the building prime mover of economic development.
material industry are not expected. Local investors are saving Small- and medium-scale industries (SMis)
money. Interest rates for credit where high; 24-28% in 1998- play an important role in the progress of a
1999. Since the devaluation of the Rupiah in 1997, imports of country's industrial and economical
goods became expensive. The import of expensive equipment development. In particular, SMis can make
with need for spare parts and services are a burden on significant contributions to achieving
Indonesian foreign exchange reserves and undesirable if more social and economic objectives such as
labour absorption, income distribution,
appropriate alternatives are possible.
rural development, poverty reduction, and
balanced economic growth. Considering
the current economic and social situation,
small- and medium-scale industries (SMis)
seems to be more appropriate than largescale enterprises in the building materials
industry in Jakarta and west-Java.
The economic crisis of 1997 affected the performance of the
construction sector tremendously; prices of building materials
doubled and the construction of building stagnated.
The purchasing power of individual low-income households is
generally to less to buy or rent a low-cost dwelling as offered
from the government.

Large capital intensive investments in the
building material industry are not desirable
and not expected. In the current situation,
local developed equipment is preferred.
To be successful, the price of calciumsilicate units (or price per m2 finished wall)
have to be less than or equal with
comparable building materials.

Against the backdrop of the recent economic crisis, new policies are devised. The Indonesian
Science and Technology Strategic Policy 2000-2004 is intended to become a guideline for the
utilisation, development, and mastery of science and technology to support national
development. On of the focus areas is the empowerment and development of small and
medium scale enterprises. These small- and medium-scale industries are the locomotives and
backbone of socio-economic development. Important performance factors are the promotion
of the development of technological-based small and medium-scale enterprises and cooperatives at central and regional levels.
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3.2.2

Base-line situation of the construction sector

The base-line situation of the construction sector in Indonesia is elaborated in support study
II. Attention was given to the demand and supply of building materials for masonry,
standardisation and supply and demand of low-cost housing, government policy with regard
to the construction industry, potential market size for calcium-silicate units in Jakarta and
west-Java. Special attention has been given to low-cost housing and the qualities and prices of
existing building materials for masonry.
When discussing the current situation of the construction industry, one can not pass over the
impact of the economic crisis that Indonesia struck in 1997. The construction sector was most
stricken by the economic crises of all industrial sectors. It underwent a negative growth in
1998 of more than 40%. Remarkable is the fact that the weaker sectors in the Indonesian
economy now, where the driving forces in the beginning of the nineties; processing non-oil
and gas industry, financial services and construction. Table 3.2 presents the economic growth
per industrial sector between 1996 and 1999.
Table 3.2: Economic growth per sector in% per year, constant ( 1993) prices, 1996-1999

Sector
Agriculture
Industry
-Mining
-Processing industry
-Oil and gas industry
-Non-oil and gas industry
Construction
Services
Total National Product

1996
3.1
10.7
6.3
11.6
1l.l
11.7
12.8
6.8
7.8

1997
1.0
5.2
2.1
5.3

-2.0
6.1
7.4
5.6
4.7

1998
0.8
-15.1
-3.1
-11.9
1.6
-13.4
-40.5

-16.2
-13.2

1999
0.7
1.7
-0.1
2.2
6.1
1.7
l.l
-1.5
0.2

Source: Central Bureau of Statistic, Jakarta

In Table 3.3 are the main findings of support study IV summarised and the related effects on
the choice of technology for the production of calcium-silicate units.
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Table 3.3: Situation of the construction sector and it's effect on the choice of technology for calcium-silicate units

Choice of technology for the
production of calcium-silicate units

Current situation
Demand and supply housing
Indonesia faces a large housing shortage. About 2.9 million
houses are needed in 2000 to satisfy the current needs of the
population. West-Java and Jakarta need in short term 430.000
new housing units. Indonesia needs yearly 884.000 houses due
to population growth. It is expected that the Indonesian
economy will experience economic growth in the coming years
(about 4% per year) and that the government have the intention
to provide more people with adequate housing. The government
planned to improve the quality and quantity of housing.
Demand and supply building materials
There is currently no shortage of building materials in a
quantitative way in west-Java and Jakarta. This is partly due to
the economic crisis. However, there is a shortage of affordable
building materials with a good quality. It is expected that the
Indonesian economy will experience growth in the coming
years and that the government will improve building
regulations. This brings about an increasing demand for
building materials of good quality.

Standardisation
There are efforts of the government to improve the building
regulation and standardisation of low-cost housing (simple
housing, very sim_l)le housing_ and flats).

There is certainly a potential market for
calcium-silicate units in Jakarta and westJava. At this moment however, the demand
will be rather limited because the number
of building projects are limited. It is
possible that the real demand of houses
change radically within a few years. After
all, the indication of the housing needs in
Indonesia is clear.
The process technology used, should be of
such a level that the output (calciumsilicate units) have the same (or even
better) quality as existing materials for the
same purpose. Attractive characteristics of
calcium-silicate units are appearance,
dimensional stability, compressive strength
and these characteristics will determine its
competitiveness. In particular the quality
of the press, autoclave and quartz sand are
determinative for the achievement of
mentioned product characteristics.
The calcium-silicate units have to comply
with the standards.

Raw materials
Available quartz sand is of very good quality (Si0 2 content >
84%) and very suitable for the production of calcium-silicate
units. The quartz sand is rather coarse and has to be crushed
first. Quartz sand deposits are located in remote areas. The
distance between the nearest quartz sand deposit and
marketplace is more than I 00 km. Transport of quartz sand to
the production facilities near the market is preferred to transport
of finished calcium-silicate units from the production facility
near the quartz sand deposit to the market (near cities).

It is advisable to settle possible production

units in west-Java close to the market
(cities and areas of urban expansion) in
stead of close to quartz sand deposits.
Of major importance are the transport
costs of quartz sand because this
influences the commercial feasibility of
the project largely.

Lime is available all over Jakarta and west-Java and of A grinder is necessary to make the quartz
sufficient quality.
sand suitable for the production of
calcium-silicate units.
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3.2.3

Available building materials in west-Java and Jakarta

In west-Java and Jakarta are generally the following building materials available for the
construction of exterior masonry: redbrick, (hollow) concrete blocks, autoclaved aerated
concrete (Hebel blocks), lightweight aggregate concrete blocks (Indonesian Conblock) and
tras-lime blocks (Batako). These are main competitive products when calcium-silicate units
are being introduced at the above-mentioned market. A comprehensive comparison of the
price and quality is presented in support study II. This paragraph only mentions the main
points.
A comparison of the characteristics of existing building materials and calcium-silicate units
showed that the compressive strength of calcium-silicate units are comparable with redbrick
and dense concrete blocks (1 0-35 N/mm 2). Compressive strengths of lightweight aggregate
concrete blocks and autoclaved aerated blocks are generally less than I 0 N/mm 2• These two
materials have to advantage to be about two times as light than calcium-silicate units and
concrete blocks. Light materials are generally used in high-rise buildings. Cement is the
binding material in Hebel blocks and Celcon, while lime is the binding material in calciumsilicate units. Batako is a good example of cheap building material with a moderate quality. It
is generally used for low-cost housing. Of all mentioned building materials, redbrick is most
applied. Units prices of redbrick are very low. The quality problems with redbrick are the
variation in dimension and quality. Although the unit price ofredbrick is low, the price per m2
finished wall is rather height due to thick joints and thick layers of plaster. In contrast to
redbrick and Batako, calcium-silicate units have an stable dimension and fine appearance.
They can be used as facing bricks, which bring on savings in plastering. A summary of the
2
costs per m finished wall of available materials for masonry is presented in Table 3.4.
Table 3.4: Comparison of the costs per m2 finished wall of available masonry types

Type of masonry
Redbrick
(210*105*45 mm)
Hollow concrete block
(395*195*95 mm)
Hebel block
(600*200*100 mm)
Celcon block
(590* 190* I 00 mm)
Batako
(260*125*70 mm)
Calcium-silicate unit
(395* 195*95 mm)

Cost per unit
rRp.l
100

Costs per m 2 finished wall
rRp.J
44.000

2 sides plastered, t=1.5 em

1.100

47.000

2 sides plastered, t=1.5 em

2.070

35.840

2 sides plastered, t=I.5 em

2.185

48.830

2 sides plastered, t=I.5 em

1.000

45.700

2 sides plastered, t=I.5 em

2.000

41.800

I side plastered, t=l em.

Remarks

estimation, m chapter 4 "financial CBA" is the pnce more precise calculated.

Only wall made of the modern Hebel blocks turned out to be cheaper than calcium-silicate
units. Main reason ofthe low prices of modern materials are the savings in the used of mortar
for joints and plastering. One should not only be concentrated on unit prices. It turned out that
that the costs of finishing almost amount 50% of the total costs per m2 finished wall (see:
support study II). In chapter 4 "Financial CBA" are the selling prices of calcium-silicate units
precisely calculated.
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3.2.4

Product specification calcium-silicate units

The appropriateness of calcium-silicate units depends among others on the extent to which the
product meets the demands of the users of it. In this study, the demands where translated into
technological and socio-economic requirements. An inventory of these requirements resulted
in a product-specification for calcium-silicate building units. Because social requirements on
products are difficult to determine and even more difficult to measure, they are less
extensively discussed in this paper than the technological and economical requirements.
Besides this, local taboos, customs and attitudes of people against calcium-silicate units are
not expected.
In this study to appropriate product technology for calcium-silicate units, two applications are
distinguished:
•
•

Building units for masonry of urban low-cost housing
Building units for masonry of buildings in the national modern construction sector
(Public, industrial buildings, urban residential buildings)

Support study Ill presents the research instrument for the determination of appropriate
product technology and elaboration. The theoretical approach to both mentioned applications
corresponds with each other. However, there is a difference in the way of data collection.

Calcium-silicate units for low-cost urban housing
One of the central questions in this research is "what is the appropriate product technology for
calcium-silicate units for low-cost urban housing in west-Java and Jakarta?". With the help of
interviewing several experts and desk-study, the technology mix, which contributes most to
economic and social objectives in relation to the resource endowment and conditions of
application, was determined.
Extensive information about building materials for low-cost housing is available in many
libraries. However, the choice of technology also depends on the local needs and
circumstances. In addition to a study to low-cost housing, the author interviewed experts in
this field. When determining the specification of calcium-silicate units for low-cost housing, it
is clear that the most reliable and easiest way of gathering this specific data is interviewing
people who have specific knowledge in the field of low-cost housing and low-cost building
materials. Calcium-silicate building materials have never been produced yet in Jakarta and
west-Java. Besides this, basic research about the appropriateness of calcium-silicate units has
never been executed in Indonesia. Necessary data was mainly gathered via structured verbal
interviews among the experts28 in the field of low-cost housing and low-cost building
materials. It is assumed that even with a limited number of experts, reliable data could be
obtained. An important advantage of meeting experts in person is that they explained their
answers and adding important aspects. Expert interviews where held in accordance with the
formulated questionnaire that was spread among architects (see support study III). A brief
summary of the results of the expert interviews concerning the desired product specification
of calcium-silicate units for low-cost housing are presented in Table 3.5.

28

lr. Basuki Dursusanto. Architect Universitas Unpar. Specialist in the area oflow-cost housing
Drs. Randing; Department Manager, Research Institute For Human Settlements, Agency for Research and Development,
Ministery of Public Works, Bandung.
Pak Tripono; General Manager Technical Division Perum Perumnas, National Urban Development Corporation
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Table 3.5: Product snecification of calcium-silicate units for low cost housing

Product specification calcium-silicate units for low-cost housing '
Blocks: 395*195*95 mm
Size
Dimensional accuracy
±3mm
We ight
Blocks: 0,4*0,1 *0,2*1750=14 kg 2
App earance
Smooth, walls not plastered if possible
5 NlmmL
Com1pressive Strength
Ourability
>50 years
Fire resistance
~ 90 min (characteristic calcium-silicate 1OOmm *)
2
Sound insulation
a=0,03 (500-1 00 Hz), Llulab -8 dB, Rw 44 dB (characteristic 100 mm )
The rrnal conductivity
'A= 0,85 W/(m.K) •
3
1750 k_g/m 2
D r Densi!)r
Co lour
White, natural colour
1
Aceording to experts in the field oflow-cost housing and building materials
2
Depends on quality and material properties
Aceompanying argumentation ofthe interviewed experts in short:
Dimension
All interviewed experts mentioned that the dimension of a new building material should have
a standard size. The reasons are:
• Standardisation by the government
• Construction modules
• Comparable with existing building materials ofthis size
Bee ause blocks are more economically more efficient, all preferred blocks for low-cost
hou sing. The standard size of comparable building blocks in Indonesia is:
(or: 390* 190*90)
Length:395 mm
Height: 195 mm
Width: 95 mm
Colo ur
Wht"te calcium-silicate units are advisable. In their natural state, calcium-silicate units are
whi te. Using pigments to give units a certain colour brings on extra costs. White walls absorb
less heat than dark walls and white walls are associated with luxury housing.
Fini shing
Ifth e appearance of facing bricks or blocks is acceptable and there is no technical reason for
plastering (for example due to water penetration), plaster is not necessary. This result in a
con siderable cost reduction.
Costs
The experts expect that low-income groups will not build their own dwelling with calciumsilicate units at first. Low-income groups will initially choose for already tried and tested
buil ding materials, like redbrick. In Indonesia, there is a typical "redbrick culture". Besides
abo ve mentioned reason, low-income groups in urban areas will initially choose for a building
material with the lowest unit price without considering the price per m2 in the end. It is clear
that unit prices of calcium-silicate units, Conblock and comparable modern materials for
masonry are higher than unit prices of redbrick. However, a comparison of prices per m2
fini shed wall of common used building materials in west-Java and Jakarta, confirmed that a
fini shed wall of redbrick is not cheaper than a wall of a modern building material.

--
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Strength
The required strength of calcium-silicate units has to be considered in several phases:
1.
2.
3.
4.
5.

directly after moulding, the so called "green bricks"
during storage of autoclaved calcium-silicate units
at the transport of calcium-silicate units
during brick-laying
in the construction (permanent and variable load)

In phase I to 4, the necessary strength should be determined empirical during the production.
It depends how careful the units are handled during the production process and transport. The
desired strength of bricks in the construction depends on the type of wall. Load bearing walls
require higher strength than non-load-bearing walls. Figure 3 .I shows that standard low-cost
housing derive their load bearing capacity mainly from reinforced concrete columns and
beams. The minimum required compressive strength of calcium-silicate units in the
construction depend mainly on the height of the wall (proper weight), type of mortar and
wind-load. The strength and durability of autoclaved calcium-silicate units are controlled
mainly by the autoclave schedule, mix proportion and the properties of the constituting
materials. In theory, calcium-silicate units with a compressive strength of 5 N/mm 2 are amply
29
sufficient for application in low-cost housing as displayed in Figure 3.1 •
Practical column 100*100 mm
reinforced

Practical concrete
column 100* I 00 mm

Reinforced concrete
beam 150*100 mm

[

r.c. beam
150*100 mm
+3.80

Frame o f wood

n

n

II
+2.50
+2.00

I
I

'

I
I

..1..

_)_

+0.00

100mm

-0.15

'JV

-0.85

I 00 mm
II

r.c. beam
150*100 mm

Foundation of
stone and cement

I
. J_ -·

'

r

2700 mm

I
-__)

'JV\
100

r.c. beam
150*100 mm

II

I
I

~v
2700 mm
~
\____

There is a margin in the improvement of conventional construction techniques that would
minimise the use of costly materials without affecting the quality of construction. In many
conventional constructions are more building materials used than technical necessary. An
accurate technical calculation avoids the so-called "over engineering". The objective is to
deduce the cost of a construction, without detracting it from its durability.

According to Mr Schuur from the Research Centre Kalkzandsteen, Hilversum
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Calcium-silicate units for the modern construction sector
In order to determine the desired product-specification of calcium-silicate building units for
walls of buildings in the national modern construction sectors, a research among architects
was carried out. Architects are generally considered as the primary deciders concerning the
choice of building materials in a national modern construction sector. The opinion of these
architects where checked by interviewing a limited number of building contractors.
Support study III elaborates the population and sample size, written questionnaire, method of
data collection and statistical analysis for the determination of the product specification.
In Table 3.6 are the results of support study III briefly presented.

Table 3.6: Product specification calcium-silicate units for the modem construction sector

Product-specification calcium-silicate units 1• 2
for the modern construction sector in Jakarta and west-Java
1) Size
2) Dimensional accuracy
3) Weight
4) Appearance
5) Compressive Strength
6) Durabili_ty
7) Fire resistance
8) Sound insulation
9) Thermal conductivity
10) Density
11) Colour

Dimension [em]
1)Blocks: (35-40)*(1 0-15)*20
2)Bricks: (20-25)*(1 0-12)*(6-8)
±2mm
!)Blocks: 0,38*0,12*0,20*1750=16 kg
2)Bricks: 0,22*0, 11 *0,07* 1750= 3 kg
Smooth, walls not plastered
I) Load bearing: 20-25 N/mmL
2) Non-load bearing: 10 N/mm 2
>50 years
; : : 90 min (characteristic Calcium-silicate lOOmm)
a=0,03 (500-100 Hz), L1ulab -8 dB, Rw 44 dB (characteristic 100 mm)
'A= 0,85 W/(m.K)
1750 kg/mj
White

1accordmg to professwnallndonestan archttects who have affimty w1th the destgnmg ofbUtldmgs for the natwnal modem
construction sector and are supposed to have knowledge of building materials.
2
ranked according to importance

The desired dimensions of calcium-silicate blocks for the modern construction sector
correspond with the desired dimensions of calcium-silicate blocks for low-cost housing.
This is not illogical because the dimension of 39,5*19,5*9,5 em is common for comparable
modern building blocks for masonry on the Indonesian market and answers to standardisation
and building modules. Bricks are also desired, but to a less extent. The desired dimensions of
calcium-silicate bricks are 0,22*0,11 *0,07. Architects have the opinion that there are no needs
for calcium-silicate elements now.
Most of the interviewed architects explained that finishing (plastering) of exterior walls is not
necessary if the appearance of the unfinished wall is fine. This is an important fact because
plastering is expensive. White exterior walls are preferred.
Most architects have the opinion that the price of building materials is just as important as
their quality. Architects are conscious of the limited budgets for new projects in Jakarta and
west-Java. According to the architects is an acceptable purchase price (in the current
Indonesian situation) Rp. 400-600 for calcium-silicate bricks (21 *10,5*5cm) and
Rp. 1000-1400 for calcium-silicate blocks (40*20* 10 em).
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3.3

Appropriate Process Technology

3.3.1

Estimation of the market size for calcium-silicate units

A market analysis contributes to the determination of the scope of an investment, the possible
production programmes, technology required and choice of production location. Once the
present effective demand for the envisaged project output, the characteristics of the
corresponding markets (unsatisfied demand, competition, imports, exports, etc.) and possible
marketing concepts have been determined, the desired production programme (including the
required material inputs, technology and human resources, as well as suitable locations) can
be defined.
A marketing research is a systematic assessment of information on the market and market
environment. Marketing research consists mainly in the analysis of demand and competition,
customer behaviour and consumer needs, competitive products and marketing instruments,
taking into account the interdependencies between the individual subjects themselves, their
30
relation to the market as a whole, and the impact of social, ecological and economic factors •
Such a marketing research is a time-consuming part of an economical feasibility study. In
contrast with a full feasibility study, in a pre-feasibility study it justified to make rougher
estimations and assumptions. However, any errors made in the research phase (for example
wrong analysis of demand) may place the project in jeopardy.
The projection of future developments is the critical factor for determining both the
scope of the project and the resources required. Forecasting techniques are based on various
assumptions and probabilities. Uncertainties are for example: the rate of increase in national
and per capital income; discovery of new sources of raw materials; emergence of a substitute;
technological developments; inflationary price rises or price declines; economic crisis; social
unrest; etc.
There are several methods to determine the potential demand of building materials for
walls. It has to be mentioned that the methods used are global estimations. A detailed
marketing research is too much time-consuming and not a requirement of this study. Three
methods where used to estimate the possible demand of calcium-silicate units (based on brick
dimensions.
The size of a market in a given area for a building material will depend upon
• the size of the population,
• the climate,
• the rate of development in the area
• the amount of competitive materials already available that serve the same purpose.
An essential feature of demand projections is an estimate of the market penetration
that is possible for a particular product. This is related to the degree of competitiveness,
consumer response and the amount of substitution that would be possible. These aspects have
to be considered for the product to be manufactured, and an assessment made of which share
of the market can be assumed. The market penetration of the first calcium-silicate units
produced in Indonesia would depend on its competitiveness. Competitive elements are mainly
price considerations and quality. Forecasting the sales of a company is very difficult. The
market in Jakarta and west-Java for calcium-silicate units consists only of potential buyers.
There are no actual buyers because the product is not yet on the market. Potential buyers have
three characteristics: they are interested in the product, sufficient income and access to the
1
produce • The penetrated market consists of consumers and organisations that already bought
30
31

Behrens, W., Hawranek, P.M. (1991). Manual For the Preparation oflndustrial Feasibility Studies.
Kotler, P. (1994). Marketing Management. Englewoods-Ciiffs: Prentice-Hall
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the product. As point of departure to determine the size of the penetrated market, it was
assumed that calcium-silicate units have the potential to conquer I %of the market in Jakarta
and west-Java.
Non of the demand forecasting techniques used is accurate. The calculations are based on
several assumptions and the results are rough estimations of the market share for calciumsilicate units in west-Java and Jakarta. By using three different forecasting techniques, the
order of magnitude of the potential market for calcium-silicate units could be determined.
The size of the market to be penetrated, consists at least of 14 million calcium-silicate bricks
(Equivalent to 3.6 million calcium-silicate blocks). Support study II presents an elaboration of
three forecasting techniques.

3.3.2

Alternative labour-intensive steps of the production process

In chapter 2, "Technology of calcium-silicate units", the basic product- and process
technologies of calcium-silicate were described. The technology was considered independent
of the scale of production because there are no fundamental technological differences in the
production process (and product technology) of small- and large-scale calcium-silicate unit
factories. Large-scale factories are generally equipped with modern, sophisticated
technologies, while small-scale factories can be equipped with low-cost technologies.
As was put forward in chapter I, the production of calcium-silicate units can be considered as
several steps whereby each step represents a specific activity. The factor proportions oflabour
and capital can differ of every step. In Indonesia, where labour is abundant available and
capital scarce, particular production operations such as material handling and operation of
equipment are desirable. The variation in product technology is limited to quality and type.
Large-scale companies operate on only a few locations throughout the country. This induces
distribution problems of end products. With bad roads and bad infrastructure the chances of
damaging the product during transportation is large. Placing the factory near to deposits of
raw materials mostly reduces the distribution problem of raw materials. With a developed
production system and modern personal management, the production efficiency can be high
and the quality of the products good. The problem with a modern production system is the
lack of technical capabilities available to operate and maintain the systems.
The problems associated with large-scale plants are 32 :
• High capital costs per unit of output
• Difficulties in satisfYing infrastructure requirements
• High costs of the transportation to outlying areas
• Long time lag in construction
• Dependency on imported machinery
• Low capacity utilisation
• Limited number of locations where raw materials are adequate
• Difficulty in obtaining capital for new plants
Small-scale companies are mostly concentrated around new building areas. This minimises
the distribution problem of the finished product, but requires transport of raw materials over
larger distances. Medium-scale firms are mostly concentrated further away. If the demand of
building materials do not change, there are less medium scale firms needed to reach the same
32

.

Umdo (1980). Appropriate Industrial Technology for Construction and Building Materials.

TU/e=

ESTABLISHMENT OFA CALCIUM-SILICATE UNIT INDUSTRY IN INDONESIA

page: 40

level of production. These finns have some opportunities to export their products, especially
in the region. Small- and medium-scale industries (SMis) play an important role in the
progress of a country's industrial and economical development. In particular, SMis can make
significant contributions to achieving social and economic objectives such as labour
absorption, income distribution, rural development, poverty eradication, and balanced
economic growth.

Main problems with medium-scale finns:
•

Lack of commitment of employees for their work

•

Distribution problems; both raw materials as finished product

•

Maintenance of the machines is difficult due to a lack of spare parts

•

Less efficient than large-scale companies (Economies of Scale)

Small-scale production of calcium-silicate units is preferred considering the socio-economic
situation in Indonesia. Alternative labour intensive steps in the production of calcium-silicate
units are presented in Table 3.7.
Table 3.7: Alternative labour intensive steps in the production of calcium-silicate units

Production step
:::::J

Handling

D Grinding
:::::J

Handling

D Dosing
:::::J

Handling

D Mixing
:::::J

Handling

D Storage in reactors
:::::J

Handling

0 Moulding with press
:::::J

Handling

D Autoclaving

:::::J

Handling

~···

Machinery
Medium-scale production
LC-technologies: labour-intensive
possibilities
Full automatic conveyer belt
Manual I semi-automatic conveyor belts
Grinding in full automatic, large
Grinding in manually operated machine
crushing machines
with limited capacity
Manually in combination with semiFull automatic conveyer belt
automatic conveyor belts
Dosing with full automatic, large
Manually dosing
installations
Manually in combination with semiFull automatic conveyer belt
automatic conveyor belts
Mixing in full automatic screw or
batch mixers
Manually proportioning
(continuos or batch processes)
Manually in combination with semiFull automatic conveyer belt
automatic conveyor belt
Full automatic
Manually in combination with semiFull automatic conveyer belt
automatic conveyor belts
Full automatic hydraulic presses
Semi-automatic hydraulic rotary table
with bi-directional compaction,
press controlled through set of push
automatically table take-off
buttons
Manually in combination with semiFull automatic conveyer belt
automatic conveyor belts.
Large autoclaves (>20m) with full
Small autoclaves with manual
automatic regulation of steam
regulation of steam pressure. Manually
pressure and opening and closing
opening and closing of doors.
of the doors
Manually in combination with semiFull automatic conveyer belt
automatic conveyor belts
Large-scale production
Modem technologies
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3.4

Conclusions

In the surroundings of Jakarta and west-Java is calcium-silicate unit production in
SMEs preferred. Under the current socio-economic situation is the use of intermediate, lowcost technology in SMEs more appropriate than the use of high-tech technologies in largescale production. Labour-intensive production methods need less initial investment and create
generally more jobs than capital-intensive production techniques. A wide spread market,
faulty infrastructure, a shortage of capital, low wage regimes, lack of foreign exchange and
limited technological capabilities form the conditions under which calcium-silicate unit
production have to take place. An activity that creates employment among lower income
groups in combination with the production of useful building materials of good quality should
be supported. Main concern remains to secure the sales programme, because the purchase
power of people is still low.
Two applications of calcium-silicate units where distinguished; building units for
masonry of urban low-cost housing and building units for masonry of buildings in the national
modem construction sector. Extensive research proved that the desired product specification
for both applications practically correspond with each other. However, the desired
compressive strength for calcium-silicate units for the modem construction sector is higher
than the compressive strength that is technical necessary for simple low-cost housing.
According to respondents (professional architects from Jakarta and west-Java), the
size, dimensional accuracy, weight and appearance of calcium-silicate units are the most
important technical characteristics of calcium-silicate units in the modem construction sector.
Internal and external wall may leave unfinished because the appearance of calcium-silicate
units is acceptable. This is an important fact because plastering is expensive. Almost 50% of
the total costs per m2 finished wall (two side plastered) consist of costs for cement, sand and
labour for finishing. To be successful, the price of calcium-silicate units has to be less than or
equal with comparable building materials.
The production process of calcium-silicate consists of a chain of different production
activities. For every separately production step (grinding, dosing, mixing, storage, moulding,
autoclaving and handling), labour-intensive, low-cost solutions where considered. Especially
handling and operation of equipment offer labour-intensive alternatives. The variation in
product technology is limited to quality and type. According to experiences in India with
small-scale calcium-silicate unit production and consultation of Indonesian machinery
manufacturer, small-scale production of calcium-silicate units is technically certainly
practicable. Designing of the equipment was not part of this study.
These production facilities should be located close to cities and areas of urban expansion.
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4

FINANCIAL COST-BENEFIT ANALYSIS

Feasibility study (UNIDO-approach)

. .-------------,1
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!•
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c-s bricks

:-----------:.----------:

\
l Assessmentofsuit2ble :
locations
!~'
__________ :•

4.l.lntroduction
4.2. Investigated technology

Assessment
OCcurences Raw

Materials

4.3. Financial analysis

• ... ____________ ,1

4.4. Sensitivity analysis
4.5. Conclusions

4.1

Introduction

In this chapter are the results of the pre-feasibility study presented. In a feasibility study, an
assessment is made of relevant technological options in order to come to an economical viable
project that is in line with macro-economic and national development goals33 • The objective
of this research is to draw conclusions for the general suitability of calcium-silicate units on a
location in west-Java or Jakarta. It should be recalled that it was not the objective to use the
research for a direct investment decision. The idea of producing calcium-silicate units in
Indonesia should be therefore further elaborated in a more detailed study. A pre-feasibility
study should be viewed as an intermediate stage between a project opportunity study and a
detailed feasibility study, the difference being in the degree of the information obtained and
the intensity with which project alternatives are discussed. The structure of a pre-feasibility
study is the same as that of a detailed feasibility studl4 •
A detailed review of available alternatives has taken place at the stage of the prefeasibility study because it would be too costly and time consuming to have this done at the
feasibility stage. Aspects of the project, which are critical to its feasibility, necessitate in
depth investigation through support studies like market survey's, laboratory tests or pilotplants tests. A research to the availability and suitability of necessary raw material for the
production of calcium-silicate units is elaborated in support study IV. In that support study,
aspects like location and reserves of raw materials (quartz sand and lime) and their quality are
discussed.
A cost-benefit analysis has been carried out to appraise the expected performance a
proposed project. A financial CBA is used to assess the financial feasibility of a project, i.e.
the expected profitability and liquidity of a project for the investing organisation. The second
main type is an economic CBA, which is used to assess the economic feasibility of a project,
i.e., its economic value for the country (or region) in which the project will be executed35 • The
investment cost, production costs and worksheets of the financial analysis are elaborated in
support study V. This chapter only presents the results of the financial cost-benefit analysis.
33
34

35

Lemmens, L. (1993). Feasibility studies. Lecture notes nr. 1638, Eindhoven University of Technology
Behrens, W., Hawranek, P.M. (1991). Manual For the Preparation oflndustrial Feasibility Studies, Unido, Vienna.
Romijn, H. (2000). Cost-Benefit Analysis of Projects. Eindhoven University of Technology
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4.2

Investigated technology (equipment packages)

The characteristics of the calcium-silicate factory to be investigated, where determined in
chapter 3. It appeared that small- or medium scale calcium-silicate unit production with
intermediate technology is appropriate under the current circumstances in west-Java and
Jakarta. The minimal financial viable size (in terms of output) of such a factory was
determined after the analyses of several equipment packages with accompanying capacity.
The main difficulty was that there are no ready-made equipment packages on the (Indonesian)
market for the production of (small-scale) calcium-silicate unit production. Some rough
information was available about the equipment used in small-scale calcium-silicate unit
production in India (see appendix V of PART II).
In order to be able to study the financial feasibility of small-scale calcium-silicate unit
production, information about prices of equipment with a required capacity was obtained
from Indonesian machine manufactures. Because detailed designs of some essential
equipment (hydraulic press, autoclave and boiler) are not available, some price estimations
where rather rough.
As point of departure a calcium-silicate unit factory was considered with an annual output of
3
8.000 m . This is equal to an output of I million calcium-silicate blocks with a dimension of
395 * I95 *95 mm. By trial and error was determined that a factory with an output of 12.000 m3
per year (equivalent to 1.5 million blocks) is financially viable. About 50% of the annual
output of 12.000 m3 were allocated to the production of blocks (750.000 per year) and 50% to
bricks(± 7.6 million per year). Matching key equipment is presented in Table 4.1.
Table 4.1: Necessary key-equipment for an annual output of 12.000 m3 blocks

.

Equipment

Capacity

•

Grinder

2m /hour

•

2 Mixers

2*1m

3

•

4 Silos

4*4m

3

•

2 hydraulic presses

2*2800blocks (395*195*95mm) per /day

•
•

Boiler

750 kg/hour

2 Autoclaves

2*25m

3

..

3

Based on 2 shtfts and 280 workmg days a year
"It is assumed that this is equivalent to 2*11.200 bricks (214*102*72mm) per day (relation 1:4)

A calcium-silicate unit factory with an annual output of 12.000 m3 is rather small compared
with the modem factories in the developed countries. In the Netherlands is the average
production of a calcium-silicate unit factory 185.000 m3 per year. The II factories in the
Netherlands produce currently 1700 million bricks of 2I4 * 102 *55mm per year36 •

36

Research Centrum Kalkzandsteenindustrie: www.rck.nl
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4.3

Financial analysis

Commercial profitability analysis is carried out as the first step in the economic appraisal of a
project. It is concerned with assessing the feasibility of a new project from the point of view
of its financial results. Therefore, the project's direct benefits and costs are calculated in
pecuniary terms at the prevailing (expected) market prices. The most important parts of this
analysis are carried out and are presented in support study V.
The net present value (NPV) of a project is defined as the difference between the present
values of its future cash inflows and outflows. This means that annual cash flows should be
discounted to the zero point of time (the start of the implementation) at a predetermined
discount rate. By application of the discounting technique, the incomes and expenditures that
occur at different points during the lifetime of a project are made comparable at the staring
year of the project.
n

NPV=

LQ

1 (l+r)-

n

1

-

Lc

1 (l+r)-

1

t=O
t=O
This can be considered as the opposite of the calculation of interest on an amount of money.
Q =revenue

C =cost
r = discount rate
t =time
n = Lifetime of project

The discount rate reflects the likely return on alternative financial investment. If an investor
finances the project for I 00%, than the nominal discount rate "i" is equal to the prevailing
market rate of interest on a saving account. If a bank through a long-term loan finances a
project, than "i" is equal to the rate of interest on a long term. The intended project is financed
for 40% by equity capital and for 60% by a long-term loan. The calculation of all project
inputs and outputs, are conducted with constant prices. These are the prices that prevail in the
project base year (year 0). This has consequences for the discount rate "i" to be used for
calculating the NPV. Since the inflation rate has been removed from the project cash flows, it
should also be removed from the discount rate. The calculation to determine the real discount
rate (inflation free) "r" and the nominal discount rate "i" is presented in support study V. The
real discount rate "r" for the calculation of the NPV appeared to be 7%.
The decision rule concerning NPV and IRR to accept or reject a project is37 :
Net Present Value (NPV)
NPV
> 0
,project yields more than the market interest rate
NPV
0
,project yields the same as the market interest rate
NPV
< 0
,project yields less than the market interest rate
Internal Rate of Return (IRR)
IRR
> market
,project is expected to be more profitable
interest rate
than putting money on bank
IRR
market
, project is expected to yield the same as
interest rate a bank deposit.
IRR
market
,the project is estimated to yield less than
interest rate
putting the money on the bank.

37

:approved
: questioning continuation
: not approved

:approved
: questioning continuation
: not approved

Romijn, H. (2000). Cost-Benefit Analysis of Projects, Technische Universiteit Eindhoven
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The internal rate of return (IRR) is that discount rate at which the present value of cash
inflows is equal to the present value of cash outflows. It is the discount rate for which the
present value of the net receipts from the project is equal to the present value of the
investment, and the NPV is zero. The IRR gives an indication of the return of the investment.
If the IRR is higher than the bank rates for a saving account, than the investment project
yields higher profits. The IRR does not reflect the exact amount of profits, but it reflects the
profitability of the project.
If the IRR is calculated with cash flows in constant prices, then this IRR should be interpreted
as the real IRR. Inflation effects are not included in the real IRR, like the real discount rate.
Of importance is than that the real discount rate is compared with the real interest rate, in
stead of the nominal interest rate.
Another important indicator is the pay-off period, better known as payback period. The
payback period is the period required recovering the original investment outlay through the
accumulated net cash flow earned by the project. In other words, the payback period is the
number of years during which a project will accumulate sufficient net cash earnings to cover
the amount of its total investment. The payback period is a useful instrument for assessing
risk and liquidity in combination with profitability measures.
Table 4.2: Indicators of the financially viability of c-s unit factory with an annual output of 12.000 m3 •

Scenario

Pay-back
period
[years]
Normal
1828
30.9
32
4
~====~==~~====k===~~==~====~====k=========~
NPV
[in million Rp.]

IRR
[%]

IRR on equity
[%]

Schedule X-8 (Cash-flow table for financial planning) shows a positive cumulative cash
balance for the whole duration of the project, which means that there are no liquidity
problems.
Schedule X-9_1 (Discounted cash flow of total capital invested) shows that the net present
value (NPV) on total capital invested, discounted at a rate of 7% is Rp. 1828 million. The
accompanying internal rate of return (IRR) is 30.9 %. This IRR should be interpreted as the
real IRR and not the usual nominal IRR because the cash flows are calculated in constant
prices. The calculated real IRR rate has to be compared with the real interest rate. The real
interest rate is approximately the average nominal interest rate over a number of years,
deflated by the accompanying average inflation. Between 1992 and 1996 was the real interest
rate around 9%. The IRR is larger than the real interest rate (30,9%>9%). Based on the
indicators NPV and IRR is the project certainly viable.
Table X-10 (Net income statement from operations after bank overdraft) shows the annual net
profit. After dividends are paid to the investors, a retained profit remains.
The investment costs can be paid back in 4 years, starting year two of the production period.
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4.4

Sensitivity analysis

The outcome of the financial analyses depends on the different values assigned to the
variables needed for the calculation. As point of departure, these variables where determined
according to the circumstances that are most presumable to occur in reality. To reduce the
element of uncertainty, the optimistic and pessimistic alternatives where identified. In this
pre-feasibility study, only the most critical and uncertain variables where taken into account
in the sensitivity analysis. Critical variables are the investment costs and capacity utilisation
of production. Those machine manufacturers should design the equipment necessary for the
production of calcium-silicate units at first because calcium-silicate units have never been
produced in Indonesia. In this study, the costs of equipment where estimated based on
quotations (for the time being) by machinery suppliers in Indonesia. In a worst case scenario,
the initial investment costs could turn out considerable higher which necessitate a larger
money loan. This loan increase, as well as the extra interest, could jeopardise the financial
viability of the project.
The term production capacity are generally defined as the volume or number of units that can
be produced during a given period38 • The feasible normal capacity is the capacity that is
achievable under normal working conditions of the plant, such as normal stoppages, down
time, holiday's, maintenance, tool changes desired and desired shift patterns, but also the
management system applied. Under above-mentioned conditions, the feasible normal capacity
is the number of calcium-silicate units produced during one year. The nominal capacity is the
technically feasible capacity, which corresponds to the installed capacity as guaranteed by the
supplier of the equipment.
The necessary production capacity is related to economies of scale. After all, the production
costs decline with increased volumes of production. The concept of minimum economic size
is certainly applicable to calcium-silicate unit factories.
Three scenarios where used in the sensitivity analyses; optimistic scenario, normal scenario,
and scenario. In the optimistic scenario, the investment costs are 10% lower and the capacity
utilisation 5% higher than in the normal scenario. In the pessimistic scenario (worst case
scenario), the investment costs are 10% higher and the capacity utilisation ofthe factory is 5%
lower than in the normal scenario. The three scenarios with their variable capacity utilisation
and investment costs are presented in Table 4.3. The results of the sensitivity analyses are
reflected in Table 4.4.
Table 4.3: See narios used in the sensitivity analyses and accomQanying values.

Scenario
0 timistic
Normal
Pessimistic

38

Total
investment
costs
-10%
0
+10%

Capaci~

utilisation in year f% l

l

2

3

4

5

6

7

8

9

lO

65
60

75
70
65

85
80
75

85
80
75

85
80
75

85
80
75

85
80
75

85
80
75

85
80
75

85
80
75

55

Behrens, W., Hawranek, P.M. {1991). Manual For the Preparation of Industrial Feasibility Studies. Vienna: Unido.
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Table 4.4: Optimistic-, normal- and pessimistic scenario for the financially viability of a small-scale calciumsilicate unit factory with an annual output of 12.000 m 3 •

Scenario

NPV
[in million Rp.]

IRR
[%]

IRR on equity
[%]

Pay-back period
[years]

2180
1828
1392

36.6
30,9
24.7

43
32
21

3
4
4

Oj>timistic
Normal
Pessimistic

From Table 4.4 can be concluded that the perspectives of the project are promising. The NPV
of the pessimistic scenario is amply larger than zero and the accompanying IRR is larger than
the real interest rate of 9%.

4.5

Conclusions

Indonesia is capable to develop intermediate technologies for small-scale calcium-silicate unit
factories and necessary raw materials are abundant available.
If the economic circumstances improve in Indonesia, there are apparent local and
national needs for the proposed product. The potential size of the market for calcium-silicate
in Jakarta and west-Java is large enough for the establishment of at least three small-scale
factories with each an annual capacity of 12.000 m3 . Approximate assessments showed that a
factory with a minimal annual capacity of 12.000 m3 is in theory financial viable. Although
the outcome of the financial CBA gave a rosy picture of the financial feasibility, one should
be careful in drawing conclusion too quickly. Especially the prices of equipment are rough
estimations.
This uncertainty was partly overcome by the sensitivity analysis. In the calculated
worst case scenario were the investment costs 10% higher and the capacity utilisation 5%
lower than in the normal scenario. In the pessimistic scenario of the financial CBA, the main
indicators for financial viability (NPV, IRR and payback period) were positive. Higher
investment costs and/or lower capacity utilisation will result in liquidity problems. Under the
current unstable situation in Indonesia (with accompanying fluctuating interest rates and
inflation), the cost-benefit analysis only provide an indication about the viability of the
prospective project. The NPV for example, depends strongly on the assumed discount rate.
Fluctuations in current interest- or inflation rates or assumptions can bring about a doubling of
the NPV.
Another point of special interest is the assumed selling price of calcium-silicate bricks
and blocks. Because calcium-silicate units are currently not available on the market, it is
difficult to determine the price that customers are willing to pay. In practice are the prices
determined by the actual demand and supply. The viability of the proposed project depends so
strongly on the selling price, that a decrease in the selling price of Rp. 50 per block, already
would bring the project in liquidity problems. The lowest possible selling price of calciumsilicate blocks appeared to be Rp. 1850 and the lowest selling price ofbricks Rp. 450.
By using the calculations of support study II with regard to the calculation of the price per m2
finished wall, is it possible to approach the price of one m2 calcium-silicate unit wall more
accurate. Masonry made of calcium-silicate blocks will cost something less than Rp. 42.000
per m2 and masonry made of calcium-silicate bricks will cost about Rp. 45.000. It can be
concluded that calcium-silicate units are not more expensive than existing building materials
if one compares the total price per m2 finished wall.
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5

MAJOR SOCIO-ECONOMICAL IMPACTS

5.1

Limited macro-economic evaluation

5.2 Employment effect
5.3 Fulfilment ofbasic needs
5.4 Conclusions

In this chapter are the major socio-economical impacts of the establishment of a calciumsilicate unit industry inventoried and analysed. It enables decision makers to determine the
relevance of the project for the society. In the approach are only those effects on the society
envisaged that are considered to be of major importance by Indonesia itself.
It should be noticed that other methods to determine the impacts on the society more
accurately (Economic CBA, Social CBA and Environmental CBA) are very much timeconsuming and therefor not elaborated in this study.

5.1

Limited macro-economic evaluation

Commercial profitability as assessed in the previous chapter may not give a good idea of the
contribution of the project to the economy of Indonesia. Emphasis has been only on finding
the profits of a calcium-silicate unit factory in monetary terms and not on its real contribution
to welfare of the society.
Value added is the basic criteria for the overall effects of a project on the economy. It
represents in a most general way the difference between the output value and the value of
inputs purchased from other units. Investment projects are evaluated in terms of Net National
Value Added (NNV A). This value added is the most important index of the contribution of a
project to the national economy. It indicates the income, which is generated by a project and
stays within the country.
n

n

n

LNNVA= Lo- L<MI+I+RP)
t=O

t=O

t=O

=

0 expected value of normal annual output (annual sales revenue)
Ml = expected value of normal annual current material inputs and services purchased from
outside the project
I investments throughout the project's life
RP = repatriation payments
NNVA 0-MI-D-RP

=
=
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In the indicators that are used to evaluate projects on their national profitability, the costs and
revenues are discounted using the Social Rate of Return (SRD). The SRD is the discount rate
at which coming social benefits and costs are discounted to their present social value. SRD
helps to allocate scarce investment resources to the social most desired projects. It can be used
to decide on the allocation of public investment funds to different projects and should balance
the available supply of funds and demand. The SRD in a country depend on the prevailing
interest rate on the world capital market, and the role of the country on the international
capital market. Because of the capital shortage in Indonesia, the SRD is set at 30%. This is
12% higher than the current interest rate on commercial loans in Indonesia. It was assumed
that there are no price distortions with regard to prices of inputs and output.
The intended project generates a considerable NNV A of Rp. 2200 million over a
period of I 0 years. The NNVA comprises two major components: wages and salaries, W, and
social surplus, SS (NNV A=W+SS). Wages and salaries express the level of employment and
the average wages of the people employed. The social surplus expresses the earning caracity
of a project, which comprises taxes, dividends, interest, insurance, rent, royalties', etc. 3 • The
project will generate a Social Surplus of Rp. 230 million. It means that the project yields a
surplus of Rp. 230 million after meeting its wage obligations (absolute efficiency). However,
it should be kept in mind that the SRD was roughly estimated. Calculation showed that there
are no surpluses over wages at a higher discount rate than 34%. Choosing a Social Discount
Rate remains rather arbitrary.
A full evaluation should also take the forward- and backward linkages into account.
Alternative production techniques will have different multiplier effects on the national
economy depending on the scale of production and the origin of equipment and materials.
From a socio-economic viewpoint, technologies associated with the largest multiplier effect,
should, all other things being equal, be favoured over those with limited effects.
Backward linkages occur when an economic activity requires inputs that can be
supplied by other enterprises. Forward linkages occur when the availability of a product,
which is some input into another production process, calls for investment in this other line of
production. An assessment of the total value added of activities that would be brought on by a
calcium-silcate unit manufacturing, is a very time consuming activity and is therefore not
included in this research. Nevertheless, the designing and manufacturing of all (for the
intended project required) equipment could take place in Indonesia and can be regarded as
one of the most important backward linkages.

5.2

Employment effect

As mentioned in support study I, the creation of employment opportunities is one of the major
government policies. The Indonesian government is committed to empowering and
developing SMEs because these enterprises are generating a considerable number of new jobs
against a relatively small capital. When evaluating a calcium-silicate unit factory from an
employment point of view, its impact on both skilled and unskilled labour should be taken
into account. Not only direct employment, but also indirect employment should be
considered. It is worthwhile to estimate the indirect employment effects because it can just be
sufficient to convince decision makers of the benefits to the Indonesian society.
Keeping the mentioned calcium-silicate unit factory with an annual output of 12.000 m3
running, at least 24 people per shift are necessary. This means that there are 46 employees per
day active (1 manager and 1 bookkeeper per day). In the proposed project, 30 of the required
39

UNIDO 1986). Manual for the evaluation of industrial projects. Vienna
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46 employees can be regarded as unskilled labourers. There are 10 technician required to keep
the factory running. It is expected that these technicians should have at least a vocational
education on a senior high school level which enables them to operate the equipment that is
required for calcium-silicate unit production. The remaining jobs are mainly managerial and
supporting and can fulfilled by well-educated people. Table 5.1 presents a possible scenario
of direct and indirect employment creation in a short term and long term.
Table 5.1: Estimated number of new jobs through establishment of a calcium-silicate unit industry in Indonesia
Number of new jobs opportunities
in short term (1-2 year)
(1 factory west-Java)
unskilled
skilled
total

Location of effect
Small-scale calcium-silicate
unit factory with annual
output of 12.000 m3
Backward linkages
(input supplying)
Forward linkages
(output-using)
total

Number of new job opportunities
in long term (5-10 year)
(I 0 c-s factories in Indonesia)
unskilled
total
skilled

30

16

46

300

160

460

10

10

20

75

75

150

0

0

0

0

0

0

40

26

66

375

235

610

From other industries are services needed. In particular in the machine industry is it expected
that the designing and manufacturing of equipment brings on new jobs. On the other hand is it
not excepted that there will be forward linkages that are worth mentioning.
It is not expected that the establishment of a calcium-silicate unit industry will
contribute to the elimination of other building material factories in the short term and medium
term. Because of this industrial activity is rather labour-intensive, it is also not thinkable that
it will destroy more employment than it creates.

In comparison with the average number of employees (68 40 ) in a modem Dutch
calcium-silicate unit factory, calcium-silicate unit production in a small-scale factory is
considerable more labour-intensive. The L/0 ratio of the proposed small-scale calciumsilicate unit factory (46 people necessary for 12.000 m3) exceeds by a factor of 10 the L/0
ratio of a modem calcium-silicate unit factory (68 people per 185.000 m3). There is one
modem factory in west-Java that produces lightweight concrete blocks of which the
production process and required raw materials are to a large extent comparable with the
product process and required raw materials of a possible large scale-calcium-silicate factory
in Indonesia. There are 200 employees active in the above mentioned plant when it runs on
the full capacity of 330.000 m3 per year (not during the economic crisis).
The L/0 ratio of the proposed small-scale calcium-silicate unit factory (46 people
necessary for 12.000 m3) exceeds by a factor of 6 the L/0 ratio of the modem, large-scale
lightweight concrete block factory (200 people per 330.000 m3 ). Summarising, based on a
rough estimation it appears that small-scale calcium-silicate unit production is about 6 times
more labour-intensive than large-scale production in Indonesia. Labour is abundant in
Indonesia and capital is scarce. The use of labour intensive techniques of production in the
industrial sector in Indonesia seems to be logical. Nevertheless, in the choice of technology, a
conflict between objectives may arise. Developing countries have three broad objectives:
raising the level of present consumption; to raise the level of future consumption (by saving
now), and to raise the level of employment. A technique that maximises employment may
involve a sacrifice of output and may a involve a sacrifice of saving. One of the justifications
for the use of modem capital intensive technologies, is that labour-intensive techniques would
reduce output and the investable surplus. Production techniques that employ high labour40

Source: www.cvk.nl
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capical ratios may involve high capital-output ratios because the labour productivity is lower.
Capital-output ratio (K/0) can be expressed as the product of the capital-labour ratio and
labour requirements per unit of output (K/0 = K/L * L/0) 41 • This means that it is possible
that production techniques with a low capital-labour ratio may have a high K/0 ratio because
the productivity is low.

5.3

Fulfilment of basic needs: building materials

At this moment there is a sufficient supply of affordable building materials on the Indonesian
market. Redbrick is most used in low-cost housing because of its low price per unit. But these
red clay bricks are often of low quality. Cracks, holes and large deviation in sizes influences
the strength and durability of masonry negatively. Concrete blocks are the second most used
building material in Indonesia for walls of low-cost urban housing.
Cement is the binding component in concrete blocks. Cement is a rather costly and , and not
quite adequate for simple low-cost housing constructions, which do not required high
strength binders. Lime is abundant in Indonesia and everywhere available. Calcium-silicate
units are qua quality appropriate for low-cost as was concluded in chapter 3 of this rapport.
Walls made of calcium-silicate units also ensure a healthy climate in housing.

5.4

Conclusions

Both indicators for national profitability, NNVA and Absolute Efficiency showed a positive
result. The sum total of discounted value added for the whole life of the project, is larger than
the sum total of discounted wages. That means that the project is efficient from a national
point of view. The value added produced by this project not only recovers the wages needed
for its operation, but also generates a social surplus which is a source of increasing present
consumption and for the further expansion of the economy. This data can be helpful to
convince the Indonesian government of the positive influence of the establishment of a smallscale calcium-silicate industry on the national economy.
Small- and medium size factories using intermediate, low-cost technologies appeared to be
about 6 times more labour-intensive than large-scale production. In the proposed project, 30
of the required 46 employees can be regarded as unskilled labourers. The mentioned number
of employees might accrue in the long term if tens of small-scale calcium-silicate unit
factories are established in Indonesia. Estimations showed that ten factories could generate
460 direct jobs and ISO indirect jobs.
The conclusion can be drawn that the establishment of even ten calcium-silicate unit factories
only marginally contributes to a reduction of the unemployment in Indonesia. The intended
project has a negligible effect on the foreign exchange balance of Indonesia because most
equipment can be designed , build and bought in Indonesia. Because of the indigenous
technology development, the foreign dependency will be practically nil.
Calcium-silicate units are qua quality appropriate for low-cost as was concluded in chapter 3
of this rapport. Walls made of calcium-silicate units also ensure a healthy climate in housing.

41

Thirlwall, A.P. (1994). Growth and Development
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6

CONCLUSIONS AND RECOMMENDATIONS

6.1

Synthesis

Geographically, the study focused on the two most densely populated provinces of Indonesia,
namely Jakarta and west-Java. These two provinces together have a population of more than
53 million (in 2000) while they only cover 2.5% of the total land surface of Indonesia. Many
Indonesians are living in poverty and are suffering from the miserable economic, social and
political situation. The political situation in Indonesia is far from being satisfactory, which
also applies to the security in several parts of the Indonesian archipelago.
About 2.9 million new houses were needed in 2000 to satisfy the current needs of the
Indonesian population. West-Java and Jakarta need in the short term 430.000 new housing
units. Indonesia needs yearly about 880.000 new houses due to population growth. However,
the current purchasing power of a large part of the population is too limited to buy, or even
rent a dwelling. At least, affordable building materials are needed.
The construction sector was most hit by the economic crisis of all industrial sectors. In 1998,
it experienced a negative growth of more than 40%. Remarkably, the construction industry
was one of the sectors that contributed most to the economic prosperity in the beginning of
the nineties. At present, Indonesia is facing a large housing shortage.
There is currently no shortage of building materials in a quantitative way in west-Java and
Jakarta. This is partly due to the (temporary) decrease in demand for building materials, cause
by the economic crisis. However, there is a shortage of affordable building materials of good
quality. In west-Java and Jakarta are mainly the following building materials available for the
construction of exterior masonry: redbrick, (hollow) concrete blocks, autoclaved aerated
concrete (Hebel blocks), lightweight aggregate concrete blocks (Indonesian Conblock) and
tras-lime blocks (Batako). These are the main competitive products when calcium-silicate
units are being introduced at the above-mentioned market. A comprehensive comparison of
the price and quality was presented in support study II. A price comparison between existing
building materials for masonry and calcium-silicate units demonstrated that unit prices of
masonry blocks are not decisive for the total costs per m2 finished wall. It turned out that that
the material costs of bricklaying and finishing and labour cost is also important. Although the
unit price of calcium-silicate units will be higher than most existing building units, the price
per m2 finished wall will is be lower than most existing masonry. This is mainly attributed to
the fact that it is not necessary to plaster the exterior walls and saving on mortar with joints.
The quality of traditional masonry depends strongly on the production method. Mechanically
moulded redbrick is of good quality and used in the modem construction sector. The quality
of hand-moulded redbrick is generally moderate. Poor communities still prefer the use of
redbrick because the unit prices are considerably lower than alternative modem masonry
blocks. Unfinished walls of redbrick remain the cheapest option for low-cost housing, but
leaving redbrick walls unfinished is not desirable.
Two applications of calcium-silicate units where distinguished; building units for masonry of
urban low-cost housing and building units for masonry of buildings in the national modem
construction sector. The desired product specification for both applications is practically
corresponding with each other. Only the desired compressive strength for calcium-silicate
units for the modem construction sector is higher than the compressive strength that is
technical necessary for simple low-cost housing. Most interviewed professional architects
from Jakarta and west-Java) have the opinion that the size, dimensional accuracy, weight and
appearance of calcium-silicate units are the most important technical characteristics of
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masonry in the modem construction sector. An external wall may leave unfinished because
the look of calcium-silicate units is acceptable. There is a certain demand for calcium-silicate
blocks and bricks in the modem construction sector. For low-cost housing there are only
blocks desirable. Calcium-silicate blocks should have the standard size of395*I95*95 mm.
After showing a brought calcium-silicate unit, most interviewed architects reacted
enthusiastically. They stated that if the product is affordable (compared to existing materials)
and local available, it will be in demand.
If the economic circumstances improve in Indonesia, there are apparent local and national
needs for the proposed product. These production facilities should be located close to cities
and areas of urban expansion. The potential size of the market for calcium-silicate in Jakarta
and west-Java is large enough for the establishment of at least three small-scale factories with
each an annual capacity of I2.000 m3 • It was assumed that I% of the potential demand in
Jakarta and west-Java could be fulfilled by calcium-silicate units.
Approximate assessments showed that a factory with a minimal annual capacity of 12.000 m3
is in theory financial viable. Discounted at a rate of 7%, the NPV on the total capital invested
turned out to be Rp. 1828 million (project lifetime I 0 year). The accompanying real IRR
(30.9%) turned out to exceed the assumed real interest rate (9%). The investment costs can be
paid back in 4 years. Based on above-mentioned indicators, the project certainly viable. In the
pessimistic scenario (investment costs I 0% higher and capacity utilisation 5% lower than in
the normal scenario) remained the project financial viable. A decrease in the incomes or an
increase in investment costs however, would bring the project apparently in liquidity
problems. Mainly because of the estimations of investment costs, interest- and tax rates and
projected sales program, provides the cost-benefit analysis only a rough indication about the
viability of the prospective project.
Under the current socio-economic circumstances in Jakarta and west-Java is calcium-silicate
unit production in SMEs using low-cost technology more appropriate than high-tech, largescale technologies. Labour-intensive calcium-silicate unit production methods will create
more jobs than capital-intensive production techniques while it requires relatively less
investment. The creation of employment is one of Indonesian main objectives. In 2000 there
were more than 15 million openly un- and underemployed workers.
It appeared that the manufacturing of calcium-silicate units can technically take place in
small- and medium sized factories using intermediate, alternative, low-cost technologies.
Important to know is that some production steps (moulding and autoclaving) are rather rigid
in the substitution of labour and capital. In contrast to sophisticated calcium-silicate unit
factories, is manually operation of these key-machinery an option. Technically is small-scale
calcium-silicate unit production certainly possible. Calcium-silicate units have some
remarkable characteristics compared to other masonry, like their white appearance and
dimensional accuracy. These qualities enable to use calcium-silicate bricks in facing (load
bearing) walls. Negative aspects of calcium-silicate units are the susceptibility to crack
formation and crumbling. The quality of the product depends largely on the autoclave
schedule, moulding, mix proportion and the properties of the constituent materials.

Indonesia has immense amounts of quartz sand (>I 000 million tons), which is enough for a
hundred, or even a thousand years of large-scale calcium-silicate unit production. The total
Indonesian quartz sand consumption in I991 amounted I.3 million tons. This is a relative
small amount compared with the 3 million tons of quartz sand that are used annually in the
Netherlands to produce 1700 million bricks. High contents of silica (75%-99%) and low
contents of contaminants, makes the Indonesian quartz sand mainly very suitable for the
production of calcium-silicate units. Sieve analysis of two quartz sand deposits in the
neighbourhood of west-Java and Jakarta showed that the quartz sand is rather coarse.
Crushing of the large grains will improve the final quality of the calcium-silicate units
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considerable. Compared to other Indonesian provinces, Jakarta and west-Java have relatively
little amounts of quartz sand. The quartz sand deposits of west-Java are located in the
surroundings of Sukabumi. A transport of quartz sand from these remote deposits to Jakarta
or Bandung takes 4-6 hours by truck. Lime is everywhere available in large quantities on
west-Java and Jakarta. Its quality is sufficient for the production of calcium-silicate units.
Without relying on foreign technologies, the establishment of a modem calcium-silicate
industry is not practicable in Indonesia. Acquisition of modem foreign calcium-silicate units
production systems requires the utilisation of the scarcely foreign exchange.
Indonesia is capable to develop intermediate technologies for small-scale calcium-silicate unit
factories indigenous, without being dependent on foreign technologies
About 50% of the annual output of 12.000 m3 are allocated to the production of blocks
(750.000 per year) and 50% to bricks (± 7.6 million per year). Calcium-silicate blocks are
appropriate to low-cost housing and higher quality bricks and blocks are mainly allocated to
the modem construction sector. This product-mix will reduce uncertainties in the salesvolume. Despite there an immense need for affordable building materials of good quality for
the low-cost housing, the actual demand for these materials lags behind due to the limited
purchase power of low-income groups. On the other hand is expected that there are investors
and wealthy Indonesians who are willing to buy the elegant calcium-silicate units of good
quality to use it in the modem construction sector. According to the financial CBA, it
appeared that the minimum retail price of calcium-silicate blocks amounted to Rp. 1850 and
the retail price of calcium-silicate bricks amounted to Rp. 450. The price per m2 (one side
finished) wall, which is made of bricks, amount to Rp. 45.000 and the price per m2 wall (one
side finished), which is made of blocks, amount to Rp. 41.800.
There are no objections against the establishment of a calcium-silicate unit industry in
Indonesia from a socio-economic point of view. Indicators for national profitability, NNVA
and Absolute Efficiency, showed a positive result. The sum total of discounted value added
for the whole life of the project appeared to be larger than the sum total of discounted wages.
The value added produced by this project not only covers the wages needed for its operation,
but also generates a social surplus which is a source of increasing present consumption and
for the further expansion of the economy. Estimations showed that ten small-scale calciumsilicate factories could generate 460 direct jobs and 150 indirect jobs, which only marginally
contributes to a reduction of the unemployment in Indonesia.
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6.2

Main conclusions

This research was focused on the opportunities, problems and constraints for the
establishment of a calcium-silicate unit industry in the Indonesian provinces Jakarta and westJava that benefits the socio-economic development in these areas.
~

Conclusions regarding calcium-silicate unit product- and process technology
•

Product technology of calcium-silicate units
It can be concluded that calcium-silicate units are building units with mostly
favourable characteristics. In particularly, their appearance and dimensional
stability are remarkable compared with other building materials for the same
purpose. This quality enables the use of calcium-silicate units in facing (and loadbearing) walls. Well-known negative characteristics of calcium-silicate units are the
susceptibility to crack formation and crumbling. Cautious manufacturing and
handling & packaging will reduce crack formation and crumbling. Calcium-silicate
units can be regarded as a proven technology. The production of calcium-silicate
units requires lime, quartz sand and water. The quality of available quartz sand is of
major importance for an adequate manufacturing of calcium-silicate units.

•

Process technology of calcium-silicate units
The manufacturing of calcium-silicate units appeared to be rather uncomplicated.
Modem sophisticated or large-scale (MLS) technologies as well as intermediate,
alternative, low-cost technologies (LC) are suitable for the production of calciumsilicate units. The developed countries switched over to sophisticated technologies
while some developing countries (e.g. India) are using low-cost technologies. The
production steps, moulding (brick-press required) and hardening (an autoclave
required), are capital intensive and limits the substitution of labour and capital in
these phases.

~

Conclusions regarding appropriate technology for calcium-silicate units
•

Appropriate product technology in Jakarta and west-Java
Two applications of calcium-silicate units where distinguished; building units for
masonry of urban low-cost housing and building units for masonry of buildings in
the national modem construction sector. The desired product specifications for both
applications practically correspond with each other. The desired compressive
strength for calcium-silicate units for the modem construction sector is higher than
the compressive strength that is technical necessary for simple low-cost housing.
According to respondents (professional architects from Jakarta and west-Java), the
size, dimensional accuracy, weight and appearance of calcium-silicate units are the
most important technical characteristics of calcium-silicate units in the modem
construction sector. An internal and external wall may leave unfinished because the
appearance of calcium-silicate units is acceptable. This is an important fact because
plastering is expensive.
There is a certain demand for calcium-silicate blocks and bricks in the modem
construction sector. Architects in Jakarta and west-Java prefer a calcium-silicate
brick with a dimension of214*102*72mm. Calcium-silicate blocks to be applied in
the modem sector should have a dimension about 395* 195*95 mm. For low-cost
housing there are only blocks desirable with a standard size of395*195*95 mm.
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•

Appropriate process technology in Jakarta and west-Java
Under the current socio-economic circumstances in Jakarta and west-Java,
calcium-silicate unit production in SMEs (using low-cost technology), are more
appropriate than high-tech (large-scale) technologies. Labour-intensive calciumsilicate unit production methods will create more jobs than capital-intensive
production techniques, while it requires relatively less investment. The creation of
employment is one of Indonesian main objectives. Without relying on foreign
technologies, the establishment of a modem calcium-silicate industry is not
practicable in Indonesia. Acquisition of modem foreign calcium-silicate unit
production systems requires the utilisation of the scarcely foreign exchange.
Indonesia is capable to develop intermediate technologies for small-scale calciumsilicate unit factories indigenous, without being dependent on foreign technologies

~

Conclusions regarding the feasibility of calcium-silicate unit technology
•

Financial CBA
A calcium-silicate unit factory with a minimum annual output of 12.000 m3 is
commercial feasible. If the economical circumstances improve in Indonesia, there
are apparently needs for the proposed product. The potential size of the market for
calcium-silicate in Jakarta and west-Java is large enough for the establishment of at
least three small-scale factories with each an annual capacity of 12.000 m3 .
Although the outcome of the financial CBA gave a rosy picture of the financial
feasibility, one should be careful in drawing conclusion too quickly. Especially the
prices of equipment are rough estimations. In the pessimistic scenario of the
financial CBA, the main indicators for financial viability (NPV, IRR and payback
period) were positive. Higher investment costs and/or lower capacity utilisation will
result in liquidity problems. The total investment costs of the above mentioned
calcium-silicate unit factory amounted to 1239 million rupiah.

•

Retail price
The viability of the proposed project depends strongly on the selling price of its
produced products. Fluctuations in the selling price could bring the project in
liquidity problems. The lowest possible selling price of calcium-silicate blocks
appeared to be Rp. 1850 and the lowest selling price of bricks Rp. 450. Based on
the lowest possible retail rrice, masonry made of calcium-silicate blocks will cost
about Rp. 42.000 per m (only interior wall plastered) and masonry made of
calcium-silicate bricks will cost Rp. 45.000 per m2 (only interior wall plastered) It
can be concluded that calcium-silicate units are not more expensive than existing
building materials if one compares the total price per m2 finished wall

•

Raw materials
The price of quartz sand is very height because of the transport costs from remotely
deposits. Available quartz sand is of very good quality (S;02 content> 84%) and
very suitable for the production of calcium-silicate units. The quartz sand is rather
coarse and has to be crushed first. Lime is available all over Jakarta and west-Java
and of sufficient quality.
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Conclusions regarding the major socio-economic impacts

From a socio-economic view, it seems that there are no objections against the
establishment of a calcium-silicate unit industry in Indonesia. Used indicators for
national profitability, NNV A and Absolute Efficiency, showed a positive result. The
sum total of discounted value added for the whole life of the project appeared to be
larger than the sum total of discounted wages. The value added produced by this
project not only covers the wages needed for its operation, but also generates a
social surplus which is a source of increasing present consumption and for the
further expansion of the economy. Estimations showed that ten small-scale calciumsilicate factories could generate 460 direct jobs and 150 indirect jobs, which only
marginally contributes to a reduction of the unemployment in Indonesia.

Main conclusions
It can be concluded that calcium-silicate units are a very good supplement to allready
available building materials on the market in Jakarta and west-Java. This arises from the
unique characteristics of calcium-silicate units, like their snow-white appearance and
exceptional dimensional stability. Because of this quality is plastering of the exterior wall not
necessary. A reduction in the use of mortar (joints and plaster) brings on considerable costs
savings in the price per m2 finished wall, such that a wall made of calcium-silicate units is
cheaper than most other types of finished walls.
There are no major technical problems expected when small-scale calcium-silicate unit
factories are established in Jakarta and west-Java. The required raw materials are abundant
available and of sufficient quality. From a commercial point of view is the smallest viable
calcium-silicate unit factory a plant with an annual capacity of 12.000 m3 • Such a factory
generated a value added which not only covers the wages needed for its operation, but also
generates a social surplus which is a source of increasing present consumption and for the
further expansion of the economy.
Although calcium-silicate units seems to be very suitable for application in Jakarta and westJava, it remains uncertain or the projected sales programme could be achieved under the
current economic situation in Indonesia.
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6.3
•

Recommendations and further research
Presentation of report to policy makers

In short-term, it is important that some person or organisation takes the initiative to continue
the research to the establishment of a calcium-silicate unit industry in west-Java and Jakarta.
Therefore, it is important that the report is presented to persons or policy makers who can be
convinced to consider calcium-silicate units as an asset in the Indonesian construction
industry. Calcium-silicate unit is a proven technology with special qualities compared to
existing building materials for the same purpose. Production of calcium-silicate units in
small- and medium scale enterprice can be financially attractive for an investor, while it has a
possitive socio-economic impacts on low- and middle income groups.

•

Accumulation of financial means for a demonstration project

Research requires financial means. It should be possible to acuired funds from the Indonesian
government. A government agency as the Centre for Research and Development on Human
Settlements, Departement General Works in Bandung is able to submit a request for funds at
the Indonesian authorities. Perum Perumnas, the National Urban Development Corporation,
can play an important role at the introduction of calcium-silicate units in low-cost housing
projects. It may be possible to obtain funds for research in the framework of the memorandum
of understanding (MoU) between Indonesian- and Dutch government with regard to
environment and public housing. Dutch universities or relevant institutions can deliver the
knowledge in the field of product- and process technologies and development studies.
Although financial support is indispensable, all involved organisations should provide "in
kind" contributions.
To facilitate the introduction of calcium-silicate units to interested parties, a demonstration
project should be started in short term. As mentioned in the report, it is recommended that
calcium-silicate units should be used at first the modern construction sector. A real estate
project offers a good opportunity to demonstrate the product in a real building. Once calciumsilicate units are succesfuly applied in the modern construction sector, it facilitates the
introduction of the new material in the low-cost housing sector. Perum Perumnas and the
project owner can agree with the use of calcium-silicate units in a appointed low-cost housing
project.

•

Further research

To take the first step towards to full feasibility study, the initiator should bring several parties
together. Interested parties may be real estate developers, architect associations, research
institutes, universities and at least a government agency. It is recommendend to approach the
Building Materials and Technology Promotion Council in India to acquire information about
the designs of equipment. This could be benifitial because it will prevent the re-invention of
small-scale calcium-silicate unit production techniques. It is recommended to establish a cooperation between the involved organisations.
Between this study and the actual implementation of the calcium-silicate unit technology in
Indonesia there are a number of items which have to be more elaborated in detail. A more
elaborated study to the quality of quartz sand deposits in south-Sumatera (Bangka and
Belitung Island, Palembang) Sukabumi and its accessibility. Detailed information about the
composition (silica contents and contamination) and grain distribution need to be obtained
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before a production location can be appointed. In this stage, it is also not entirely clear if these
quartz sands can be acquired unconditional and inexhaustible.
The selection of appropriate technology depends on several factors which are changing in
time. For example, the prices of raw materials, labour, equipment and other input factors are
fluctuating in time. These aspects are important because they are critical to the feasibility of
the project and necessitate in depth investigation through support studies. Although the
outcome of the financial CBA gave a rosy picture of the financial feasibility, one should be
careful in drawing conclusion too quickly. In other words, a full-feasibility study is necessary
to underpin the serious possibilities of the establishment of a calcium-silicate unit factory in
Indonesia. A full feasibility study requires precise information about aspects like bankrates,
discount rates, income tax and the possibility of tax-holiday. Further more, an extensive
market analysis is essential in order to recommend a particular investment. Due to the
disastrous economic situation in Indonesia and a lack of time, a market analyses was
underexposed in this research. An accurate projection of the possible demand for calciumsilicate units in the different regions, in combination with the mapping of available quartz
sand deposits and infrastructure, will determine suitable production locations.
Final-year students from the Eindhoven University of Technology (faculty of Technology
Management) could execute closer research to determine appropriate production
methodologies for the production of calcium-silicate units, including the design of
intermediate, low-cost technology, in more detail. M.Sc. students also could be involved at
the full feasibility study that may lead towards a particular investment decision.
If the recommended full feasibility study demonstrates again that a calcium-silicate unit
factory is financial viable and that socio-economic impacts are possitive, it facilitates the
release of financial means from investors. The first calcium-silicate unit factory in west-Java
could be operational within a medium term of 4 years.
When the demonstration" project turns out to be succesfull, it gives cause for the
establishment of other calcium-silicate unit factories in other regions or other provinces. In
the long term (> 10 year) is it possible that there are tens of small-scale calcium-silicate unit
factories, spread over whole Indonesia.
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