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ABSTRACT
This project intends to give the infou iation of the Clean Technology to the
industry in Thailand. Since the industrial sector is a main business that important for
Thailand's economic and at present, the competition in the Thai industrial sector is also
increasing rapidly (after the economic breakdown in1997). The Clean Technology can
be used for industrial development in order to increase the competitiveness of the
industry and to conserve the environment..
The Clean Technology is a measure to increase higher production for the industry.
The Clean Technology will help the industry use fewer raw materials, that means saving
of the production expenses and minimizes the burden of clean up and treatment of the
pollution. Moreover, the Clean Technology also reduces the environmental impacts by
using less energy, fewer raw materials and natural resources, but at the same time, can
produce the same or more products. In this project, the Clean Technology can reduce
lost of products in the amount of 46,096 metric tons per month in the packaging process
and reduce dust rock in the amount of 480 metric tons per month in the production
process.
This project has contained the information that conducted by the Environmental
Industry Institution, the Federation of Thai Industries. The Clean Technology has
implemented in the factory, which located in Saraburi province. Therefore, all
information and data has come from the practical in the factory. The implementation of
the Clean Technology in the factory has been evaluated by a specialist team of the
Environmental Industry Institution, the Federation of Thai Industries, therefore, all
information is accurate and trusted.
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. INTRODUCTION
Thailand faces serious challenges in reducing pollution and protection of natural
resources. Recent studies show that industrial and urban pollution is increasing, directly
impacting the physical and economic health of Thai citizens, especially in poorer
communities.
In addition, Thailand is faced with challenges in infrastructure development. Over
seventy percent of all hazardous waste is untreated; over fifty wastewater treatment
facilities do not operate; and the country's first sanitary landfill has only just begun to
operate. Moreover, conflicts between project developers and communities over
proposed industrial and infrastructure projects have become increasingly serious and are
now a national issue. Clean technology is one option that can be applied to industries in
order to reduce waste and maximize efficiency in production.
Clean technology is a process-orientated and preventative approach to
environmental management. Clean Technology focuses on reducing resource
consumption and avoiding the generation of wastes and pollutants. Clean technology
not only provides improved environmental performance but also, efficiency, financial
savings and increase competitiveness in a market where consumers are more
environmentally aware. Clean technology is to review work practices and processes
throughout the entire operation to identify ways to reduce waste at the source rather than
trying to control the pollution.
Clean technology is a continuous application of an integrated preventive
environmental strategy to processes, products, and services to increase overall
efficiency, and reduce risks to humans and the environment. Clean technology can be
applied to the processes used in any industry, to products themselves and to various
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1.1 Objectives
The study of clean technology has the following objectives:
(1)

To study and understand the concept of clean technology.

(2)

To study the major benefits from clean technology.

(3)

To reduce waste from the manufacturing process.

(4)

To survey and collect major problems in production of cement industry in
order to solve the problem by using clean technology.

1.2

Scope
This project is a study of clean technology applied to cement industry, which

would provide manufacturing efficiency and environmental concern.

2

II. LITERATURE REVIEW
2.1 Concept of Clean Technology
Clean Technology is defined as a measure to improve or adjust production
processes or products, so that consumption of raw materials, energy and natural
resources is accomplished efficiently, with minimum waste or none at all. It is pollution
reduction at source, including substitution of raw materials, recycling and re-using,
which will help conserve the environment and simultaneously reduce production costs.
This definition emphasizes the reduction of environmental impacts at the source.
It considers the inputs rather than the outputs in the search to produce more goods with
less waste and emission. Optimizing the use of all inputs in production i.e., raw
materials, energy, natural and human resources, is the Clean Technology approach.
Clean Technology in this policy incorporates the concepts of.
(1)

Pollution Prevention

The term used in the USA for CleanTechnology

(2)

Cleaner Production

Clean Technology in production processes

(3)

Waste Minimization

An integrated part of Clean Technology

Environmental Management Hierarchy

Waste
Minimisation
1
.., iSe - 0
A\7.............
mt
ntityCte

I

- Clean Technology

Treatment
Disposal

V

Figure 2.1. Environmental Management Hierarchy.
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Clean Technology is not only related to environmental aspects of production
processes but also looks at the raw materials used in production, the use of products and
the provision of services.
2.2 Clean Technology Policy Statement for the Thai Industry
The policy of the project is to develop competitiveness in industry by
implementing Clean Technology and thus reduce production costs and environmental
impacts simultaneously and to create sound mechanisms to prepare for and support
practical Clean Technology implementation in the industrial sectors.

Before Cleaner Technology Implement
Emission

Products

II

1 0,.......0
1-1

is
Waste

After Cleaner Technology Implementation
Emission

Products

Waste

Figure 2.2. Before & After Clean Technology Implementation.
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2.3 Clean Technology Principle
The following are fundamental issues in Clean Technology principles:
Cost Saving
Clean Technology reduces emissions and waste, at source, by using natural
resources (raw material and energy) more efficiently. Clean Technology is also better
housekeeping with minimal investment. Cost saving can also be achieved by
introducing new technology with a short pay back period.
Technological Development and Competitiveness
The Clean Technology approach enables companies to optimize production
processes and plans for investments in key areas i.e., strengthening their
competitiveness in the market.
Market Demands
Environmental issues and product quality are becoming increasingly more
important in Thailand and abroad. Clean Technology will help the industry fulfil a
growing market demand.
Self Regulation
Department of Industrial Works (DIW) sees active participation of the industry in
determining the criteria for Clean Technology as crucial. This means focusing on
dialogue instead of control. Implementation of Clean Technology and the basic
elements of an Environmental Management System will help the industry to selfregulate and improve its environmental performance.
Information
All Clean Technology information will be readily available and easily accessible
whether it is international regulations or technological solutions for a specific industrial
process.
5

Clean Technology and Existing Environmental Policies
Clean Technology is in line with existing policies, which emphasize promotion of
industrial development.
These are:
(a)

8th National Economic and Social Development Plan (1997-2001)

(b)

5 year Industrial Restructuring Plan (1998-2002)

(c)

The draft Master Plan for Small and Medium size Enterprises, by
Department of Industrial Promotion, Ministry of Industry

(d)

The Energy Conservation (ENCON) Program enacted by the Energy
Conservation and Promotion Act (1992)

In addition Clean Technology is in line with the Thailand National Pollution
Prevention Master Plan prepared by the Ministry of Science, Technology and
Environment.
This Master Plan covers activities in areas of:
(a)

Central, Local Public and Private Organizations

(b)

Industry - Financing and Banking - Marketing

(c)

Education - Research and Development - Information Networking

(d)

Agriculture and Agricultural Industry

(e)

Tourism

So far the emphasis of regulation in the industry by the government has been on
measurement of pollution emitted from production plants to the environment through
different media such as water, air and soil. It has been the responsibility of the industry
to arrange for treatment or disposal by end-of-pipe solutions, to be in compliance with
Emission Standards set by the government. Such regulations have not been sufficiently
effective, because they rely mainly on measurement and monitoring. This requires

6
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personnel, measuring devices, equipment and a large budget allocation. Significantly,
such pollution emission regulations are based on the fact that different types of waste
are allowed to occur for further treatment prior to release into the environment. The key
issue is a "pollution treatment/disposal system", which is an unnecessary investment
from the production point of view.

Table 2.1. Clean Technology Strategy.
Before

After

Focus on output and emission

Focus on input and process

DIW focus on control of industry

DIW focus on support to industry

DIW and industry have

DIW and industry have

different interests

the same interests
Clean Technology Policy

2.3.1 The Industrial Sector Approach and Participation of Industry
Industrial Sector Committees
Objectives
One of the most important objectives of the Clean Technology Policy is the
setting up of Industrial Sector Committees for every industrial sector and some subsectors. Each Committee will have members from the industry, Department of Industrial
Work (DIW), experts from the public sector and other relevant parties with special
knowledge of that particular industrial sector. The committee will design and implement
Clean Technology (CT) Criteria for the sector to improve the industrial development
and environmental performance. Companies in a sector share similar production
processes, markets, technological outlook and environmental problems. Thus the Sector
7

Committees will follow the organizing principle of the existing industrial associations.
The advantages of this approach are:
(a)

Actions will address the specific environmental and technical aspects of that
particular sector taking into account the economic and technological
situation in the sector, and

(b)

Active participation of the industry will be ensured
Through Clean Technology audits in the sector industry, the Industrial
Sector Committees devise and decide on CT Criteria for the sector. The
Clean Technology Unit (CTU), set up by DIW, will act as Secretariat for the
committees. CT Criteria will be based on inputs and key data from
production processes.
In future DIW factory inspectors will follow up on the implementation of
such CT Criteria, as well as controlling outputs according to emission
standards.
Industrial Sector Committees
dent Sec.ar Committee 3
"

Industry
and Industrial
Associations

2

r Committees
Outcome:
Sector CT Criteria..
Indicate Funding.
Implementation of CT Criteria.
Sector Cl Information.

Continuo

s work.

Figure 2.3. Industrial Sector Committees Set Up and Functioning.
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Technology Verification Committee
Objectives
Technology Verification Committee set up and functioning.
A Technology Verification Committee will be set up with participation of key
stakeholders to screen Clean Technology solutions in assisting institutions, when
considering financial support and privileges. DIW will establish a Technology
Verification Committee. The Committee will determine whether the technology or
solutions applied by the industry can be labeled as Clean Technology.
The Committee will also advise:
(a)

Financial institutions in assessing loan/grant applications from the industry,

(b)

Industrial Sector Committees on particular CT solutions, and

(c)

Board of Investment, donor organizations and other institutions that may
lack the expertise to judge whether a project is considered Clean
Technology or not.

The Technology Verification Committee will consider technology or solutions
based on CT Criteria. Companies in all industrial sectors can apply for funding.
These institutions in return can ask the Technology Verification Committee for
appraisal of the technology or solutions applied.
For those industrial sectors with Sector CT Criteria set up by the Industrial Sector
Committees, such criteria will be used in the consideration.
2.3.2 Financing Clean Technology Projects
Objective
Clean Technology Incentives are available to give CT incentives to companies by
using CT Criteria for consideration when approving loans, funding and privileges i.e.,
waiving of operation permit fees and exemption of income tax and/or import duty on
9

CT equipment. Experience has shown that change to a Clean Technology approach will
increase the efficiency and save money for the industry. In some cases investments will
have to be made, but typically the pay back periods will be reasonably short. However,
for these Clean Technology projects there can be a demand for funding, loans or other
incentives. Existing grants, funds, loans and other incentives available for Clean
Technology projects can be summarized in the following manner.

Table 2.2. Incentives for Clean Technology Projects.
Incentives for Clean Technology Projects
■ Waiving of operation fee (DIW, MOD
■ Access to funding from the Environmental Fund (OEPP, MOS I E)
■ Access to loans (Industrial Finance Corporation of Thailand (IFCT)
and other financing institutions)
■ Access to exemptions for income tax and/or duty for imported
CT equipment (Board of Investment, B01)
■ Access to funding from Small and Medium Size Enterprises (SME's)
Promotion Fund (Department of Industrial Promotion, DIP)
■ Access to Fund for Promotion of Energy Conservation (Fund Committee)
■ Foreign Donor Organizations

DIW is responsible for waiving the fee for factory operation permits, by issuing
notifications as per Article 6 of the Factory Act (1992). The Board of Investment (BOD
is responsible for exemption of income tax and import duty on equip tent, which can be
considered as Clean Technology. DIW will request BOI to design such incentives for
any company regardless of geographical zone (factory location).
10
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Department of Industrial Promotion (DIP) has put forward a master plan
regarding promotion of Small and Medium Enteipiises. DIW will request DIP to use
Clean Technology as a criterion for funding. The Environmental Fund currently focuses
on funding "End of Pipe" solutions, such as wastewater and hazardous waste treatment
projects. DIW will request the Office of Environmental Policy and Planning (OEPP) to
use Clean Technology as a criterion for access to the Environmental Fund.
Fund for Promotion of Energy Conservation is managed by the Fund Committee
and the National Energy Policy Council is a member and the secretary of the committee.
This Fund can support Clean Technology projects related to energy. Energy is a
significant environmental aspect for most sectors. This fund can be used directly for
some Clean Technology projects involving energy i.e., factories under compulsory
programs. The fmancial sector should be advised how to use CT Criteria when giving
loans to industry, as CT is an important and practical element for reducing production
costs and improving competitiveness.
DIW will request the Industrial Finance Corporation of Thailand (IFCT) to
incorporate CT Criteria when giving loans to companies. Foreign donor organizations
are another source of financing Clean Technology projects, especially pilot projects,
where new technology or processes are being tested.
For donor organizations and financial institutions mentioned above, the
Technology Verification Committee can screen projects on items related to Clean
Technology and advise the institutions whether the items are in accordance with the CT
Criteria. Where an Industrial Sector Committee is functioning, projects will be screened
and prioritized within the sector by this committee.
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Application
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Figure 2.4. How to Get Incentives.

2.3.3 Human Resource Development in Clean Technology
Register of CT Auditors and CT Advisors
Objective
Registration of CT Auditors and CT Advisors set up and functioning. By means of
registration, it assures qualified industrial and public personnel on two levels: to carry
out CT audits and to advise on the implementation of CT practice.
The CT Auditor and the CT Advisor
To support the need of qualified personnel to carry out Clean Technology work in
the industry and the public sector, two key job functions for Clean Technology
personnel need to be set up: the CT Auditor and the CT Advisor.

12

CT Auditors will carry out Clean Technology audits in at least one industrial sector.
They will investigate and analyze Clean Technology options and set Clean
Technology practice.
CT Auditors will have an in depth knowledge of a specific industrial sector. This
covers all aspects of the processes, technology, product development, human resources,
environmental impacts and environmental regulations for the sector. Knowledge is also
required in basic elements of Environmental Management Systems used in Clean
Technology practice.
CT Advisors will carry out basic environmental monitoring, data collection and
process control connected with their field of work e.g., production, design, maintenance
or procurement. CT Advisors will have a general knowledge of the technology and the
environmental aspects of the sector.
The requirements for registration of CT Auditors and Advisors will be course
certificates and job experience. CT Auditors recruited from the public institutions will
within their specific sector:
(a)

Form an audit team

(b)

Conduct audits

(c)

Assist in preparing a plan for CT practice

Training in Clean Technology
Objective
Continuous Clean Technology education and training. A continuous course
structure will be available in line with the need for Clean Technology qualified
personnel in key jobs. A continuous training structure will be set up to fulfil the need for
education/ training of personnel to become CT Auditors and CT Advisors. DIW will

13

suggest to educational institutions that they offer training to meet the demand of
industry and the public sector.
Support for personnel from industry will be emphasized to ensure their
participation in the training.
The training should:
(a)

Be in line with requirements from the industry

(b)

Be a combination of lectures and practical work

(c)

Comprise updated knowledge and technology applicable to a specific sector

(d)

Provide for a dialogue between industry and the public sector

(e)

Lead to certification by success in a written examination and a practical CT
audit of an industrial project.

Training of the DIW Staff
Objective
DIW personnel trained in Clean Technology.
All DIW factory inspectors will gain knowledge of Clean Technology options and
environmental aspects in at least one industrial sector and carry out inspections
according to a Clean Technology approach. Key inspectors will be able to carry out
Clean Technology audits.
All personnel in DIW will be introduced to Clean Technology.
The emphasis of the training will be directed at the Bureau of Industrial
Environmental Technology and the four Factory Control and Inspection Bureaus, as
they will be responsible for implementing Clean Technology Policy. The qualifications
of DIW personnel should be in line with the job descriptions for CT Auditors and
Advisors.

14

2.4 Clean Technology Information Activities
Objective
CT information readily available.
General information on Clean Technology production, production processes,
environmental regulations and related issues will be available. Specific Clean
Technology information on sector-related industries will be available.
An easily accessible Clean Technology database/Information Center will be
established to provide updated information on:
(a)

CT legislation and related issues in Thailand

(b)

CT legislation and related issues from various sources, with special focus on
those from the European Union

(c)

General CT information

(d)

Names of educational institutions with knowledge of Clean Technology

(e)

Data on CT Criteria and solutions from the Technology Verification
Committee

(f)

Specific CT data from each industrial sector

(g)

Names of associations and educational institutions in the sector

(h)

Names of companies in the sector

The Information Center will periodically inform on:
(a)

Decisions made by the Technology Verification Committee

(b)

CT Criteria and other decisions made by the Industrial Sector Committees

(c)

CT and related environmental issues in Thailand and abroad

These key points will make it easier for civil servants, industrialists, staff of
NGO's and others alike to obtain information on CT issues. Key data for an industrial
sector is essential to enable options for industrial development and environmental

15
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improvement to be found. Experience indicates that these data tend to be inaccurate and
take considerable time to validate if too much data is recorded. The content of the CT
database will come from data (parameters) that are easy to obtain and monitor e.g.,
procurement, production processes and input/output data.
CT Communicator will be attached to each Industrial Sector Committee, as many
production processes are unique to specific industries. Knowledge about these processes
will be collected at the Sector Committee level and disseminated from there. A CT
Communicator will liaise with industrial associations and educational institutions in
each sector. He should have knowledge of CT options and an in-depth understanding of
the specific sector.
The CT Communicator will also keep up to date on events, exhibitions,
expositions, meetings, etc. taking place in the sector and use them as platforms for
further disseminating infoi illation about Clean Technology.

Information Activities

tndusttiol Sector
Committees

Industry
industrial Associations

Inlet-motion Center
Database

Educational
Institutions

Technology Verification .
Committee

Figure 2.5. Information Activities.
Data in this chapter is collected from the Web site http://www.diwgo.th period March —
July 2003.
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III. A CASE STUDY
3.1 Company's Profile
Siam Mortar Co., Ltd., has a registered capital of Bht 100 Million, and can be
classified as a small industrial factory. The Company produces high quality compact
cement, which is used in the construction industry, which can produce a capacity of
350,000 metric ton per year. At present, the Company produces compact cement at a
capacity of 144,000 metric ton per year and has 50 employees.
Since September 1999, the evaluation team and specialists from the
Environmental Industry Institution, the Federation of Thai Industries has begun to work
with the Clean Technology Unit of the factory.
Type of Business:

Compact Cement. Producer

Shareholders' Ratio:

100% Thai owned

Capital Registered:

Bht 100 Million

Number of Employees:

50 employees

Working Hours:

16 hours per day, 5 days per week

Production Capacity:

350,000 metric tons per year

Year of Starting Production

1996

Present Production Capacity:

144,000 metric tons per year

Type of Customer:

98% domestic, 2% export

Main Product:

Stucco

Main Raw Materials:

Limestone and Cement

17
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Table 3.1. The Amount of Raw Materials Used in the Production Process.
Main raw materials

Quantity per month

Limestone

10,000 metric tons

Cement

2,000 metric tons

Methyl cellulose

3 metric tons

Air entraining

200 kg

Retarded

500 kg

Re dispersible Polymer

300 kg

Packaging Bag size 50 kg

240,000 bags

Quantity of resource and facility: Due to the fact that there is no need of water in
the production process water is only used for consumption in the factory. Diesel is used
for fuel in drying the raw materials and electricity for the machinery in the production
process.

Table 3.2. Quantity of Facility That Used in the Production Process.
Type

Quantity per moth

Diesel

8,532 Liters

Electricity

194,000 kWh

18

3.1.1 Principle
Objective and Natural Resources Related to Valuation
The Objective is to study and evaluate the possibility of adapting Clean
Technology in the production process in the factory in order to reduce capital
investment and loss in the production process. Moreover, it is for developing the
employees in the factory in order to adapt to the Clean Technology for use in other parts
of the factory. The evaluation team has collected preliminary information from the
questionnaire that the Institution has sent to the factory before hand. On the date of
evaluation, the team evaluates the general condition of the factory, the production
process, and the environmental management system in the factory.
All information has been collected by; referring to the available factory
information, walking around the factory, questioning the factory employees, and also by
using some mechanics such as sound parameter, dust parameter, temperature parameter,
etc. The evaluation points at the appropriate resources that are used in the process,
reducing the waste that comes from the production process, including Health and Safety
for the employees in the factory.
3.1.2 Geographical, Geology and Hydrology
The factory is located in the Industrial area, which is far from the community. It is
located on the hill near the source of limestone which is the raw material for the factory.
There is no water source nearby.
3.1.3 General Information of the Factory
The factory of Siam Mortar Co., Ltd. is the factory that produces compact cement
which is ready for use by mixing only water without sand and rock. This is for the
convenience in the mixing process and the process of preparing the place for mixing.
The ratio will be stable when grinding rock is used but when sand is used the mixing
19

ratio is not stable. All production processes in the factory is controlled by computer,
which is modal and accurate. All quality of raw materials and products have been
checked and controlled by using high-technology equipment in the factory's laboratory.
The main product of the factory is Stucco.
The factory began production 3 years ago. There is a very good plan regarding the
use of space in the factory. All machinery and technology which are used in the factory
came from German. All machinery are in good condition and are modern. The
production process is mostly physical, not involving in any chemical process and not
using water or boiler or any steaming machine. The production process starts from
drying the limestone and grinding, then mixing with cement and some chemical
substances, whose ratio is specified by each product. After that, the last process is
packaging for selling.
The factory is concerned about the quality of the products, and environmental
management in and around the factory. The Factory has also received ISO 9002.
3.2 Overview of the Environmental Management System
3.2.1 Structure of the Environmental Management System
The factory uses a standard procedure to manage therefore, the factory looks in
order and clean. Moreover, the Company is also supports TQC activities for
encouraging the employees to improve work efficiency in the factory. All documentary
and recording information system is in order and the factory has received ISO 9002
since April 1999. The factory is in the process of applying for ISO 14000 and ISO/IEC
25 for the laboratory of the factory. The Company also issues the quality policy and
environmental policy for applying at the factory. Both health and safety of the
employees are also taken good care of there are many officers that specially have the
duty to only take care of safety in the factory. There are training programs for the

20
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employees to follow the safety policy and safety gears have been provided to all
employees.
Moreover, the Company is also applying to be a member of IN group, which has
an intention to apply Clean Technology for reducing the cost of production and raw
materials, and also developing the environment. In conclusion, the Structure of the
Environmental Management System can be summarized as in Table 3.3.

Table 3.3. Summary Structure of the Environmental Management System.
Management inside the
factory
5s
Quality Policy
Environmental Policy
Clean Technology Policy
ISO 9000
ISO 14000
ISO/IEC 25
TQM
Health and Safety Policy

Before
joining the
Project

While joining
the project

4
4

On
processes

Not
applicable

4
4

4

4
4

4

3.2.2 Laws, Regulations and Conditions Relating to the Environmental. Management.
System
In order to manage the environment in the factory, there are many laws,
regulations and conditions that must be concerned such as the Factory Act B.E. 2535,
Public health Act B.E. 2535, Energy Preservation Act B.E. 2535 and Laws relating to
Safety in Workplace. There are shown in Table 3.4.
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Table 3.4. Laws, Regulations and Conditions Relating to the Environmental
Management System.
No
1
2
3
4
5
6
7
8

9

10
11
12
13
14
15
16

Laws, Regulations, and Notifications
The Factory Act B.E. 2535
The Environmental Act B.E. 2535
Ministerial regulation Re: Safety regarding dangerous chemical
isterial regulation Re: Safety in relation with working environment
Ministerial Regulation No. 2 (RE. 2536) under the Factory Act B.E. 2535 Re:
limiting of pollution in the air which comes from the factory
Ministerial Regulation No. 9 Re: limiting of pollution in the air which comes
from the factory
Ministerial Regulation No. 6 (B.E. 2540) under the Factory Act. B.E. 2535 Re:
elimination of waste and non-use materials (dangerous waste)
Ministerial Regulation No. 1 (B.E. 2541) under the Factory Act. B.E. 2535 Re:
elimination of waste and non-use materials (non-dangerous waste)
Laws relating to safety in workplace
• Ministry of Interior Regulation Re: Safety in working with machinery
• Ministry of Interior Regulation Re: Safety in working under some condition
• Ministry of Interior Regulation Re: Safety in working under some condition
(chemical)
• Ministry of Interior Regulation Re: Safety in working with electricity
• Ministry of Interior Regulation Re: Safety of employees
• Ministry of Interior Regulation Re: Safety in working with chemical
Energy Preservation Act B.E. 2535
Public Health Act B.E. 2535
• elimination of waste
• Annoying
Oil and Fuel storage Act B.E. 2535
Labour Protection Act B.E. 2541
Labour Relationship Act
National Environment Committee Notification No. 10 B.E. 2538 Re: Standard
of air in normal condition
National Environment Committee Notification No. 15 B.E. 2540 Re: Standard
of sound in normal condition

3.2.3 Production Process and Balancing of Material and Energy
Mass and Energy in the Process
The factory of Siam Mortar Co., Ltd. produces Compact Cement, presently producing
approximately 11,524 metric tons per month. Raw material s which are used in the
factory are limestone (11,524 metric tons/month), cement (2,000 metric tons/month)
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and producing waste, after the production process of approximately 480 metric
tons/month) as shown in Figure 3.1.

Output

Input
Limestone 10,000 tons/month —►
Cement
2,000 tons/month
►
Chemical
4 tons/month
Electricity, Heat Power

Siam Mortar
Factory

Compact Cement 11,524 tons/Month
Waste: Over Size 480 tons/Month
loss of Heat

Figure 3.1. Mass and Energy in the Process.

Process of Production
The production of compact cement in the factory can be separated into 2 main
processes:
(1)

Preparation of raw materials:
Limestone, which has the size of 22 mm. is put into the drying
machine at the temperature of 60-80 degree. The limestone, after the drying
process, will have moisture of less than 0.5%. This will be put into the
grinding machine, after which it will be separated by the machine into 6
sizes. Then it will be kept in the silo for further processing. Another raw
material is cement, which will be transported by truck to the silo. The
chemical substances will also be kept in the silo.

(2)

Mixing:
The grounded limestone, cement, and chemical substances in the silo
will be weighed by the machine, which is controlled by computer, for
specific ingredients. Then, all of them will be put into the mixing machine.
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The finished product will go to the packaging process.

limestone

Diesel

Loss of heat

Electricity

Electricity

Lost of dust stone

Cement, Chemical, Electricity

Electricity

Bags. Electricity

Dust

Product

Figure 3.2. Process of Production.

3.2.4 Point or Area of Loss
In the primary survey, there are 3 points or area of loss in the production process
as follows:
(a)

Drying process, those losses heat by radiation.

(b)

Grinding machine, loss of dust rock

(c)

Packaging machine, loss of product from over weight packaging.

This is shown in Table 3.5.
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Table 3.5. Point or Area of Loss.
Area

Losing

Note
Loss of heat by radiation. However, the

Drying process

Heat

factory tries to

use

nonconductor

for

protection
There are a lot of dust and dust rock which is
Grinding machine

Raw materials

more than needed and have to be returned to
the cement factory.
-Loss of product from diffuse
-Damage of the bags

Packaging machine

Products

-Over weight packaging
-Products do not meet the standard
and quality

3.2.5 Index of Measuring
The information of natural resources and the quantity of product can be used for
calculation of the index in the factory as follows:
(1)

Use of electricity

16.83 kWh/metric ton of the product

(2)

Use of fuel oil

0.74 liter/metric ton of the product

There is no need to calculate the index of using water since this factory dose not
use water in the production process and there is no other factory that produces the same
product in this project.
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3.2.6 Evaluation of the Causes of Loss.

Disel
1%
Bag

Cement
53%
Electricity
4%
Chemical
10%

Limestone
1%

Figure 3.3. Ratio of Main Expenses in the Production Process of the Factory.

From Figure 3.3 it shows that the main expenses in the production process in the
factory, which is 94% of the total, are the expenses of cement, chemical substances and
packaging bags. The factory has managed these expenses in an efficient way. The loss
in the storage process is very little, and most of it occurs in the production process.
Therefore, the interesting point in evaluation is in the part of using electricity, diesel,
and limestone in the production process.
The production process is mainly physical, and there is no water or steam used in
the process. The loss in the factory is usually the loss in electricity and raw materials;
for example, running the machine without raw materials, loss of cement and rock from
the machine and equipment, loss of dust rock which cannot be reused, over weight
packaging, loss from the bags while transporting, etc.
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3.3.7 Crucial Environmental Issue
The production process will cause the environment impacts such as air pollution,
sound pollution, waste water and industrial waste, which the factory will give priorities
as shown in Table 3.6.

Table 3.6. Priority of the Environmental Factors.
Environmental
Impact

Standard
Environmental
Law

Relating to
The
Company'
s
Total Policy

1

3

1

1

3

3

Total

Position

1

6

1

2

1

7

2

3

1

1

8

3

3

3

1

1

8

3

3

3

1

1

8

3

3
2
3

3
3
3

1
3
3

1
3
3

8
11
12

3
4
5

3

3

3

3

12

5

Environment Quanti
Factors
ty
Health,
Sanitation
and Safety in
workplace
Energy
-Diesel
-Electricity
Air Pollution
Sound
Pollution
Industrial
Waste
Waste Water
Water Use
Vibration
Offensive
Smell

From the above Table 3.6, Priority of the Environmental Factors, shows that the
factory concerned about health, sanitation and safety in the factory as the first primary
concern. The main problem is the quantity of dust in the factory that might be an impact
to the employees' health. Next to that, energy use is the second concern.
3.3.8 Present Clean Technology Activity
(a)

Reducing the usage of energy in the drying process during the season when
raw materials are dry.

(b)

Reducing the problem of breaking bags by adjusting the parameter.
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Gab

Leary, 1.

(c)

Installing vibration reducing overflows and diffuses

(d)

Start ISO 14000

3.2.9 Environmental Controlling Measurement
Due to the fact that the factory is located far from the community, there is no
problem with the community. Furthermore, the factory is still a new one (just started
operation 3 years ago); hence there are few problems on environmental impacts.
However, the factory also has waste protection and treatment measurements as
follows:
(a)

Installing dust trapping in every production point that creates dust.

(b)

Inspecting and measuring the quantity of dust around the factory.

(c)

Garbage in the factory will be brought to the same spot for eliminating.

(d)

Dust from limestone that cannot be used will be sent to the company where
producing cement.

(e)

All employees, who work with noise-making machine, will wear ear plugs.

(f)

All employees will wear mask for protecting dust when working in the
production area.

(g)

Set up environmental committee in the factory for taking care of the ISO
project and Clean Technology project.

(h)

Setting up environmental policy.

(i)

Purpose of doing Clean Technology.
(1)

Reducing waste and pollution by using raw materials and production
process efficiently.

(2)

For good health and safety of the employees and community

(g) There is no water in the production process; therefore, there is no waste
water in the factory.
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3.3 Choice or Opportunity for Making Clean Technology
From the primary survey and information, the team has suggested the opportunity
of making Clean Technology in 2 terms, which are technical term and management
term, as shown in Tables 3.7 and 3.8.
3.3.1 Factory's Opportunity for Making Clean Technology

Table 3.7. Clean Technology in Technical Terms.
CT
1)

tion

Benefits

Controlling the quantity of products, which is packed in bags,

Increasing

for reducing the amount that is over the limit for selling

products for selling

2) Using hot air, which comes from drying machine, for pre
heating all limestone before putting them into the drying

the

quantity

of

Reducing the energy that is used
for drying limestone

machine
3)

Adjusting grinding technique in the grinding machine, which

Reducing

suitable for the production plan, to reduce dust

production process and reducing

dust

from

the

dust rock that has to be dumped
outside the factory.
4) Choosing dry raw materials.

Reducing the process of drying
and reducing the amount of diesel
that is used for drying limestone.

5)

Finding market that can use dust rock that comes from the

Adding value to dust rock that

production process e.g. mirror factory, cement factory or

presently cannot be used it.

using it for waste water treatment for suspended solid.
6)

Putting up clear plastic in the area of packaging

Protecting dust or reducing the
loss of products
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Table 3.7. Clean Technology in Technical Terms. (Continued)
CTOption

BOtfits

) Adding a hose in the air hose in the factory Reducing the amount of dust, reducing time of
for vacuuming dust in the factory

employees for vacuuming, and reducing the loss
of products.

Table 3.8. Clean Technology in the Management Terms.
Benefits

CT Option
1)

Fixing all leaking points in the production processes

Reducing the loss of raw materials 1
and products from leaking

2) Installing an automatic shutdown of the production

3)

Reducing

unnecessary

use

of

machine when there is no raw material in the process.

energy

Using colors or signs to separate the type of hose

For order, safety, and ease in
maintenance

4) Making sign of notification, suggestion on operation such

The employees can follow the

as, the correct process of operation sign, emergency exit

company policy so that they can

sign

work safely and conveniently

Regularly checking the fire protection system

Protection of loss that can be

5)

caused by fire and for safety
6) Managing the system of storage by separating it into size,

from expiration

date of buying, or amount categories, etc
7) Managing lay out for keeping the sample from the testing

8)

Reducing the lost of the product

Providing case in bringing the

process

sample back for use.

Encouraging the employees to save cost such as turning off

Reducing the

the light or water when not in use.

resources

9) Checking and maintaining the filter of the sprinkler on the
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of

natural

Extending the period of using the
sprinkler

roof

use

Table 3.8. Clean Technology in the Management Terms. (Continued)
CT Option

. Benofits

10) Regularly checking up all machines such as checking seal,

Protecting the machines from out of

bag filter and cleaning discharge belt and having preventive

order so that it can prevent loss of

maintenance continually.

time and cost

11) Using raw material valuably such as collecting all raw

Reducing the loss of raw materials

materials that leak from the production process.
12) Training the employees regarding driving folk lift and

Reducing the loss of product that is
caused by transportation

moving the product carefully

3.3.2 Feasibility of Making Clean Technology under the Project.
According to the meeting held with the factory team in order to estimate the
feasibility of applying CT in the factory, the followings conclusions have been made:

Table 3.9. Feasibility of Making Clean Technology under the Project.
CT Option

Status of the Project 7

(a) Area of drying machine
1)

Using hot air, which comes from drying machine, for pre heat all

Must have additional study

limestone before putting them into the drying machine in order to
reducing the energy that used for drying limestone
2) Choosing dry raw materials

The factory does not have
the power to negotiate since
it is a minor customer

(b) Area of grinding machine
1) Adjusting grinding technique in the grinding machine, which is
suitable for the production plan, to reduce dust.
(c) Area of packaging.
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Must have additional study

Table 3.9. Feasibility of Making Clean Technology under the Project. (Continued)
:CT C)ption-

'Stahl§ of the Projept

1) Controlling the quantity of products packed in the bag, for Must have additional study
reducing the amount that over that is limit for selling.
(d) General Work
1) Fixing all leaking points in the production processes

In process

2) Installing an automatic shutdown of the production machine when

Must have additional study.

there is no raw material in the process
3) Using colors or signs to separate the type of hose for order, safety, In process
and ease in maintenance.
4) Making sign of notification, suggestion on operation such as the In process
correct process of operation sign, emergency exit sign
5) Regularly checking the fire protection system

In process

6) Managing the system of the products bag storage by separating it

Already done.

to size, date of buying, or amount categories, etc
7) Finding market that can use dust rock that came from the Must have additional study.
production process e.g. mirror factory, cement factory or using it
for waste water treatment for suspended solid
8) Managing lay out for keeping the sample from the testing process

In process

9) Encourage the employees the save cost such as turn off the light or In process
water that not in used
10) Checking and maintenance the filter of the springier on the roof.

In process

11) Regularly checking up all machines such as checking seal, bag In process
filter, and cleaning discharge belt and having preventive
maintenance continually
12) Using raw material valuably such as collecting all raw materials In process
that leak from the production process.
13) Training the employees regarding driving Folk Lift and moving
product carefully
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Already done

3.4 Study of Feasibility
After the working team evaluated the feasibility of applying Clean Technology in
the factory, the team studied the feasibility in technical aspect and economic value in
order to invest in Clean Technology. The study shows 2 fusibilities whose details are as
follows:
3.4.1 Controlling the Quantity of Products Packed in the Bag for Reducing the Amount
That is Over the Limit for Selling.
The mixing cement section will automatically pack the mixed the products
(cement, limestone and chemical substances) from the mixing machine into the bag. The
packaging machine consists of 8 loading hoses and control the limit of product by an
electronic load cell. It will weigh automatically by setting the target weight and over
filling the product at the machine. These two settings are the main factors that control
the weight of cement in the packages.
According to the information since February to October of 1999 (as shown in the
annex number 5), the average weight of the product was 50.65 kg. per bag. The lowest
setting is 50.2 kg and has a Standard Deviation (S.D.) of approximately 0.17. This
shows that the weight of cement in the package is over the set quantity. (Therefore, the
factory has an idea to set down the average weight of 0.2 kg. or the average weight of
the products was 50.65 kg. per bag). This idea will be studied for feasibility for
applying.
Moreover, there is another feasibility in controlling the weight of the products,
which will be installed in the load cell in the production process for weighing the
product again after the packaging process. If the weight is over the set limit, the load
cell will alarm the machine to adjust the weight for packaging.
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However, this feasibility is a second choice because it costs more for investment,
and the approximate expense for installing this machine is about bht 700,000.
(a)

The development process without investment.
Technical Feasibility Evaluation
The packaging machine consists of 8 loading hoses and controls the
limit of product by an electronic load cell. It will weight automatically by
setting a target weight and over filling of the product at the machine. The
setting can be adjusted at each loading hose and the outcome of the products
will be different. Therefore, the factory needs more study on the details of
the result from adjusting the set target weight and over filling. The factory
has a plan, which is presented in Table 3.11.
Economic Feasibility Evaluation
If the process can reduce the over limit of 0.2 kg. per bag and the total
production is 11,524 metric tons per month or equal to 230,480 bags per
month, it means that the reduction of loss in the packaging process will be
46,096 metric tons per month, totaling Bht 1,950 per metric ton. It increases
the sale for the company by Bht 90,000 per month, totaling Bht 1,080,000
per year.

(b)

The development process with investment
Technical Feasibility Evaluation
From Figure 3.4, it shows that the weight controlling machine with the
load cell in the production process will weigh the products again after the
packaging process. If the weight is over the set limit, the load cell will alaitii
the machine to adjust the weight for packaging.
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Weight
controlling
machine
Line of controlling
weight
Additional
weight
controlling
machine
Bag eliminating machine

Present,Screw Conveyer

Figure 3.4. The Weight Controlling Machine.

Economic Feasibility Evaluation
From (a), it will save Bht 1,080,000 per year for the Company. The expense for
installing the additional weight machine will be Bht 700,000, which
will be the price of load cell and installation cost. Since the factory
already has a Screw Conveyer that will bring back cement to the
Packer, the period to get back the investment will be approximately 7
months.
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3.4.2 Finding a Market That Can Use Dust Rock That Comes from the Production
Process.
Dust rock or limestone that comes out from the grinding machine wi11 has a size
of 0.075 mm., will be produced in the amount of 480 metric tons per month. This dust
rock cannot be used for compact cement. However, the value of this dust rock will be
equal to Bht 33,600 per month. At present, the factory returns all dust rock to the mine,
which is a subsidiary company. The said mine will to re-sell it to other cement factories
that use this kind of dust rock and, this is a loss to the company. Moreover, it also
creates pollution because dust rock is very small in size and light Therefore, the factory
considers to use this dust rock by selling it to other ceramic factory, mirror factory, lime
factory, etc.
Moreover, the factory also considers for using this dust rock in the process of
water treatment for reducing Total Dissolved Solid in the wastewater. This idea is in the
process of researching. If the factory can find a market that uses this dust rock and sell
it, the factory will have an increase in income of Bht 403,200 per year. The summary is
shown in Table 3.10.
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Table 3.10. Conclusion Chart of the Study.

CT

ti on

Investment

Saving

(Baht)

(Bahtlyear)

Period of
regaining the

Benefit

investment

1) Controlling Quantity

Reducing the over

in the packages

limit of

■

Without investment

■

With investment

700,000

1,080,000

Immediately

1,080,000

7

2) Finding a market

production

Adding value of

that can use dust

the dust rock

rock

which the factory
-

403,200

Immediately

cannot use at
present and
reducing the air
pollution

(Adding value of the dust rock which nowadays the factory cannot use and
reducing the air pollution).
3.5 Procedure of Making Clean Technology in the Factory
After studying the Technical Possibility of Clean Technology, Environmental
Impacts and Economic Value, the team plans to have an additional study on the
procedure of making Clean Technology in the factory for other possibilities, which are
as follows:
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3.5.1 Procedure of making Clean Technology in the Factory

Table 3.11. Plan of Controlling the Quantity of Packaging (without investment).

1

.

ae

'rag

nt

Ftroad(lvtith)

ittsrn in Ow

1. cdlecting infctuution

Infonruticn

Dore

Producer &OrtrakT 0'

2.Anabzing ielevart factor

Par-antler

Done

Ftoclucer &CI3erd.or 4-*

3. Testing and Collecting
iricaratice

Inforrration

Dar

Rockicer &Oceratcr

4. Evaluation

Evaluation data Done
fixing Fitt

The

Plociacer&Operatcr

6. Cotrlusion

condusicn

The

Roducer &Cperatcr

7. Processing

Milintim

The

Procker &OcerakT

Conclusion

Dare Clean Techilo& Team

8. Carlusion by canyariscn cf

i
410-

Bucker &Opera.

5. Must*

the rime%

4

4-10

4*
4—*
Ai

At present, procedure No. 4 has taken into effect, the conclusion of Procedure No. 1-3 I

Table 3.12. Plan of Controlling Dust in the Factory.

Anoaduce

.

•

%id(NFaflr)
Tarim

IlaszninChage

1. Called* irtimaticn

Irfamtim

Die Fincinzr&COnta- 4*

2 Aralyzigcaustaniszumeof
dust ailmatsutemat

Parantter

Dar Flortrer&Q:cratar

3. Test*arikdkaitg
itfamtticn

Infanntion

are liairer&Cretatcr

4 Evaluation
5.Njustirg
6.Carlusicn

Evalnationdita ate Fincirer&Ctvaticr
faingpcirt
earkticn

are Finixer&Ctazta
Die Flairer&Cpr2akr

4

►
4
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4)
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At present, procedure No. 1-2 have taken into effect by analyzing the quantity of
dust in the area of Packer machine, having a result of 12 mg.
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The Grinding machine, which operates since the factory started operation, is
distributing limestone of the following sizes:

Table 3.13. Adjusting Technical Aspect of Grinding Machine (Production Plan).
Percentage of
mixing (%)
5.96
1.41
4.80
9.82
24.19
9.40
19.78
9.48
5.32
9.84

Size (mm.)
< 0.075
0.075 - 0.15
0.15 - 0.30
0.30 - 0.60
0.60 - 1.18
1.18 - 1.60
1.60 - 3.15
3.15 - 4.75
4.75 - 6.30
> 6.30

% of mixing limestone that comes out from the grinding
machine
30

25

20

15

10

5

0
<0.075

0.075-

0.15 -0.30 0.30 -0.60 0.60 - 1.18 1.18 - 1.60 1.60 - 3.15 3.15 -4.75 4.75 - 6.30

>6.30

0.15

Figure 3.5. Size of Limestone the Comes Out from the Grinding Machine.

The Factory has planned to research on the effect of the grinding machine and the
size distribution that comes out from the grinding machine.
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3.5.2 Conclusion of the Clean Technology Project
The conclusion of the Clean Technology Project is as follows:
(a)

Problems
The factory is processing under a new management system; however,
there is still lack of personnel. All projects are taken care of by the same
group of persons; therefore, there is not enough time for studying and
analyzing. All working time is used to concentrate on production process.

(b)

Resolution
The factory's executive should consider the above-said activities by
priority, and assign the most important task to the team. Therefore, the team
will have more time and can work more efficiently.

(c)

Factory Cooperation
The project team has been given very good cooperation from the
factory in providing information, coordinating work, and giving attention to
the project. Regarding the valuation part and training employees for the
Clean Technology project, all Employees will be trained for the Clean
Technology.

(d)

Suggestion for Clean Technology
Clean Technology project must have cooperation from everyone in the
factory, and Support from the executive. A report on the fmished project of
Clean Technology should be made, in order to report to the executive on the
saving of made and reduction of pollution in the factory. All employees
should be notified the successful project so that it will encourage them to
join other projects.
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IV. CONCLUSIONS AND RECOMMENDATIONS
4.1 Conclusions
Clean Technology is defined as a measure to improve or adjust production
processes or products, so that consumption of raw materials, energy and natural
resources is accomplished efficiently, with minimum waste or none at all. It is pollution
reduction at source, including substitution of raw materials, recycling and re-using,
which will help conserve the environment and simultaneously reduce production costs.
This definition emphasizes the reduction of environmental impacts at the source.
It considers the inputs rather than the outputs in the search to produce more goods with
less waste and emission and optimizing the use of all inputs in production i.e., raw
materials, energy, natural and human resources.
The most important environmental factor for the factory is the dust from the
production process and loss of raw materials. In this case benefits from the Clean
Technology is (reducing the cement with the production) and adding value to the dust
rock.
From Table 3.10 Conclusion Chart of the study total saving can be calculated as
approximately Bht 1,483,200 per year. However, this total saving does not include other
technical and management opportunities, which cannot be calculated as an amount of
money but that could possibly make a better environment in and around the factory.
Regarding the reduction of waste from the manufacturing process, an over limit of
0.2 kg. per bag can be reduced and the total production is 11,524 metric tons per month
or equal to 230,480 bag per month. This means that the reduction of loss in packaging
process will be 46, 096 metric tons per month, totaling Bht 1,950 per metric ton. Dust
rock or limestone that comes out from the grinding machine will have a size of 0.075
mm., will be produced in the amount of 480 metric tons per month.
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(To survey and collect major problems in production of cement industrial in order
to finalize the problem by using clean technology to solve the problem.)
Problem in production and over packaging can solved by setting down average of
the weight by 0.2 kg. or setting the average weight to be 50.65 kg. per bag. This idea
will be studied for possible application.
(And limestone that come out from the grinding machine will having size of 0.075
mm., which the factory called "dust rock", in the amount of 480 metric tons per month)
can be solved by finding a market that can use the dust rock.
4.2 Recommendations
4.2.1 Additional Study
Referring to the case study of Clean Technology the following needs to have
additional study as.
(a)

Using hot air, which came from drying machine, for pre heat all limestone
before put them into the drying machine in order to reducing the energy that
used for drying limestone

(b)

Adjusting grinding technique in the grinding machine, which suit for the
production plan, to reduce dust.

(c)

Controlling the quantity of products, which pack in the bag, for reducing the
amount that over the limit for selling.

(d)

Installing an automatic shutdown of the production machine when there is
no raw material in the process

(e)

Finding market that can use dust rock that came from the production process
e.g. mirror factory, cement factory or using it for waste water treatment for
suspended solid
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(1) Adding a hose in the air hose in the factory for vacuuming dust in the
factory
4.2.2 In Order to Apply CT in the Factory, the following should be considered.
(a)

A accuracy of the information analysis is important, especially the amount
of raw materials that are used and the products that come out from the
process.

(b)

The period that is used for collecting information should be real time when
the factory is producing the products.

(c)

Use the most accurate information on balancing raw materials process; if
not possible use the best information.

(d)

People skills.

The following lists the types of skills or knowledge that are needed to complete
this module.
(1)

Knowledge of the process under review, including the types and amounts of
chemicals used in the process; the sources, nature and quantity of waste
streams; and process optimization techniques.

(2)

Knowledge of waste tracking for the process under review, including access
to records of rates of materials purchases and associated costs.

(3)

Knowledge of federal, state, and local waste stream release reporting and
historical waste disposal practices.

4.2.3 Further Related Project Topic
For anyone who is interested in CT should do further research on the Web Sites
that are shown in bibliography
Even though Clean Technology has the best effect to the environment and also
save energy, moral and ethics of the producer are also factors that will effect the
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decision they make whether to will apply it to their factory or not. Since applying Clean
Technology will cost in the investment and some change will have to be made in the
production process, most producers do not want to change the process.
Moreover, laws and regulations in Thailand can not be enforced much on the
producers who cause the environmental impacts. The fine is cheaper than the cost of
investment for Clean Technology; therefore, punishment to the producer is not serious.
The consumers can also help to preserve the environment by using products that
do not cause environmental impacts (Clean Products) and those which are produced by
the factory which applies Clean Technology. All of these facts will help us to preserve
the environment and prevent pollution in the world.
It is hoped that the feature of this project could be beneficial to all whom are
interested in CT, which will become more and more important to the organization's
competitive advantage in the 21st century.
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APPENDIX A
LIST OF ABBREVIATIONS
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List of Abbreviation
BIET Bureau of Industrial Environmental Technology
BOI Board of Investment
BOT Bank of Thailand
CT Clean Technology
CTU Clean Technology Unit
DANCED Danish Cooperation for Environment and Development
DEDP Department of Energy Development and Promotion
DIP Department of Industrial Promotion, Ministry of Industry
DIW Department of Industrial Works, Ministry of Industry
EEAT Environmental Engineers Association of Thailand
FTI The Federation of Thai Industries
HRD Human Resource Development
IEAT Industrial Estate Authority of Thailand
ISO International Standards Organization
IFCT Industrial Finance Corporation of Thailand
MOI Ministry of Industry
MOSTE Ministry of Science, Technology and Environment
NGO Non-Governmental Organization
NSTDA National Science and Technology Development Agency
OEPP Office of Environmental Policy and Planning
PCD Pollution Control Department
SME Small and Medium Enterprises
TEI Thailand Environment Institute
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