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ABSTRACT

An expert system prototype, Compost Design Consultant (CDC), was developed
to aid the preliminary design of composting facilities for municipal solid
waste. The prototype development process for the cDC adopted a modular
approach, which covered the main design tasks for the selected composting
system. These covered; the reception facilities, the materials handling equipment,
the storage facilities, pre-treatment processes, feedstock conditioning,
composting process control, post-treatment processes, site requirements,
operational considerations, market planning and environmental
considerations. An expert system shell, Kappa-PC (version 2.1), was preferred
as the building tool for the development of the prototype because of its
object-oriented approach that combines the two main knowledge
representation techniques, i.e. production rules and objects. It was also
found to offer advantages with respect to ease of manipulation, increased
productivity and a true windowing capability to run on personal computers.
The main issues addressed in the expert system development were the
knowledge acquisition process and the building of the prototype. The major
steps involved were problem definition, implementation and testing. The
knowledge used in the system was acquired from many sources such as
textbooks, manuals and guidelines, journals, reports, case studies and
domain experts. In the CDC consultation process, the user can evaluate the
most suitable composting system for a particular site based on local
conditions, and other design requirements for the facility. A summary of the
system’s recommendations and additional information on the Composting
System Module was shown as an example to evaluate the performance of
CDC consultation process, which was considered satisfactory. The primary
end-users of the cDC would be consulting engineers, waste management
engineers, recycling coordinators, municipal managers and decisions-makers,
who would use it as an aid to their decision making process.

Keywords: Solid waste management, composting process, expert system,
knowledge-based systems

ABSTRAK

Sebuah prototaip sistem pakar, Compost Design Consultant (cDc), telah
dibangunkan untuk membantu reka bentuk awal kemudahan pengkomposan
bagi merawat sisa pepejal perbandaran. Proses membangunkan cDC adalah
menggunakan pendekatan modular, yang mana ianya merangkumi tugasan-
tugasan utama dalam mereka bentuk sistem pengkomposan yang dipilih.
Reka bentuk ini termasuklah; kemudahan penerimaan sisa, peralatan
pengendalian bahan, kemudahan storan, proses pra-rawatan, perapi bahan
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masukan, proses pengawalan kompos, proses pasca-rawatan, keperluan
tapak, pertimbangan operasi, perancangan pemasaran dan pertimbangan
sekitaran. Cangkerang sistem pakar, Kappa-pPc (versi 2.1) dipilih sebagai
alatan binaan untuk membangunkan prototaip tersebut kerana ianya
menggunakan pendekatan yang berorientasikan objek yang menggabungkan
dua teknik perwakilan ilmu iaitu aturan dan objek pengeluaran. Kaedah ini
didapati berupaya memberikan kebaikan berdasarkan kepada kesenangan
untuk memanipulasi, dapat meningkatkan produktiviti dan berkebolehan
menyediakan tetingkap sebenar yang berupaya untuk dijalankan melalui
komputer peribadi. [su utama yang berkaitan dengan pembangunan sistem
pakar adalah proses perolehan ilmu dan pembangunan prototaip. Peringkat-
peringkat utama adalah termasuk takrifan permasalahan, implimentasi dan
pengujian. Ilmu yang digunakan di dalam sistem yang dibangunkan ini
diperolehi dari pelbagai sumber seperti buku teks, manual dan garis panduan,
Jurnal, laporan, kajian kes dan pakar bidang. Di dalam proses perundingan
cDC, pengguna dibenarkan untuk menilai sistem pengkomposan yang paling
bersesuaian untuk tapak-tapak yang tertentu berdasarkan kepada keadaan
tempatan dan lain-lain keperluan reka bentuk untuk kemudahan tersebut.
Ringkasan cadangan yang diberikan oleh sistem dan maklumar rambahan
untuk Modul Sistem Pengkomposan diberikan sebagai contoh untuk penilaian
pelaksanaan proses perundingan oleh cpDC, dan keputusannya dianggap
memuaskan oleh pakar bidang. Antara pengguna-pengguna utama prototaip
€DC adalah jurutera perunding, jurutera pengurusan sisa, penyelaras program
kitar-semula, pengurus perbandaran dan para pembuat-keputusan yang
akan menggunakan prototaip untuk membantu proses membuat-keputusan.

Kata kunci: Pengurusan sisa pepejal, proses pengkomposan, sistem pakar,
sistem berasaskan ilmu

INTRODUCTION

Approximately 760,000 tons of solid waste is generated daily in Asia, and
is expected to increase to 1.8 million tons per day by the year 2025 (World
Bank 1999). Disposal of municipal solid waste has become more problematic
over recent years because of stricter environmental regulation that controls
the disposal of raw, untreated solid waste. The awareness of environmental
problems has forced governments, local authorities and utilities for
management to search for new technical and organisational solutions for
future waste management solutions. Although landfill and incineration are
currently the most widely used means of solid waste disposal throughout the
world, in recent years interest has grown in the methods based on an
integrated solid waste approach with resource recovery option (White et al.
1995). The concept of organic matter recovery for use in agriculture is
becoming more popular especially in developing countries where food
production is of great importance and fertiliser imports are limited by
foreign exchange constraints (Polprasert 1996).

Composting as a source of resource recovery has many positive
characteristics of a simple technology that could be modified to adapt the
local conditions. Composting can be defined as the aerobic biological
decomposition and stabilisation of organic waste, which gives a hygienically
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useful product mainly for agriculture (Stentiford 1992). Being a natural
process, composting is by far the most responsible technical solution
especially for many developing countries whereby cost is always the criterion
of choice.

Furthermore, composting is the most suitable method for treating solid
organic wastes with high moisture content. Solid waste generated particularly
from most developing countries, consist of a large organic fraction with high
moisture content. According to Kathirvale et al. (2003), major components
of Municipal Solid Waste (MSW) in Malaysia are food wastes, paper and
plastics, which represented almost 80% of the total weight of waste generated
daily. The average moisture content is 55%, which makes incineration
relatively unsuitable and composting becomes more viable option for solid
waste treatment. Composting is thus appropriate for the treatment of
household, commercial and institutional waste, garden and park waste, food
processing waste and agricultural waste. Although composting is considered
as a simple process, it is actually a combination of various distinct tasks in
vastly diverse subject areas. Due to its multidisciplinary nature that involves
specialised expertise in various fields such as chemistry, biology, engineering,
geology, sociology and economics, thus the application of a knowledge-
based expert system is much appropriate.

In order to demonstrate the potential applicability of the expert system
approach, a prototype has been developed in the preliminary design of a
composting facility. An expert system shell, Kappa-PC (Version 2.1) was
used as the building tool for the development of the prototype. It offers
advantages such as ease of manipulation, increased productivity and a true
windowing capability to run on personal computers.

PLANNING A COMPOSTING FACILITY

Various factors need to be considered before embarking on the planning of
a composting facility. The first step in the design process is to procure and
analyse basic information on local waste characteristics, socio-economic,
environmental and site location considerations. It is important that accurate
information be acquired to establish an effective plant design (EPA 1994).
Most modern composting operations consist of a three-part process, which
involve pre-treatment of the MSW (separation, size reduction, mixing and
conditioning of raw materials), decomposition of the organic fraction of
MSW (active stage and curing), and preparation to market the final compost
product (EPA 1995). The essential steps in pre-treatment are receiving,
removal of recoverable materials, size reduction, and the adjustment of the
waste properties (e.g. carbon-nitrogen ratio, addition of moisture and
nutrients). The degree of pre-treatment depends on the specific composting
process employed and the specifications for the final compost product.

The general purpose of all equipment in composting is to provide the
microbial agents with an optimum environment and to do so within the
constraint of financial feasibility. Some experience in composting is that
oxygen availability is the environmental factor of most concern. Consequently,
the emphasis in the equipment design for composting has been on the
development of effective aeration systems.
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The different types of aerobic composting technologies which are
marketed for composting of organic waste on an industrial scale can be
divided into four categories (Stentiford 1987): Turned Windrow, Aerated
Static Pile, Indore or Bangalore and In-Vessel composting system. The
supporting technologies include sorting, materials handling, size reduction,
screening and curing. Several composting technologies are proprietary which
may offer pre-treatment and post-treatment as a complete composting package.
The various types of composting processes differ depending on the method
of aeration, operational temperature regime and degree of control. Their
capital and operating costs may vary as well.

The composting technologies are divided between those that maintain
an agitated solids bed and those that employ a static bed for aeration.
Turned windrows employ an agitated solid bed which means that the
composting mixture is disturbed or broken up in some manner during the
composting cycle by periodic turning, tumbling or other methods of agitation
either by hand (on a very small scale) or more often mechanically.

The other type is the aerated static pile process that employs a static
bed. A large part of recent research and development has been in this field
because of its ability to exert close control over the process. The aerated
static pile is often confused with the windrow due to the physical appearance
of the piles in both systems. However, the similarity ends there since air is
supplied to the aerated static pile by using a fan. The rate of air supplied
enables an external control to be imposed on the process to maintain the
required pile temperature, and oxygen supply (Stentiford, 1987).

In-vessel systems being highly automated tend to employ forced aeration
and continuous or intermittent agitation. The growing concern for the
environment has caused difficulties for a number of open composting plants,
especially with respect to the odour problems and groundwater pollution.
Furthermore, the increasing demands on the quality of the compost product
and an increased desire for a better working environment have caused a
rising interest in in-vessel plants. Unlike non-reactor composting systems,
which are relatively low cost processes, the reactor system involves high
capital and operational costs and requires skilled staff for operation. The
latter need is a definite drawback for most developing countries.

EXPERT SYSTEM

Expert system technology is a branch of artificial intelligence research. It is
computer programme that manipulate knowledge to solve problems efficiently
and effectively in a problem domain which normally require the abilities of
human experts (Garrouch & Lababidi 2001). They are the result of many
years of attempting to simulate or reproduce intelligent problem-solving
behaviour in a computer program. Developing intelligent computer systems
began in the sixties but it was in early seventies that the first successful
expert systems began to appear; MYCIN was developed at Stanford University
for medical diagnosis and identify drug therapies for treating pulmonary
bacteria, and DENDRAL for determining the structure of complex molecules
from mass spectrograms. With so much experience gained since then, the
advancement of artificial intelligence is set to dominate the civil engineering
community.
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The key characteristics that differentiate expert system from conventional
programmes are separation of the knowledge base and procedural control;
transparency of dialogue; incremental growth capability of the knowledge
base; utilisation of a process which mimics human expert reasoning; and
manipulation of symbols instead of numbers (Fenves 1989). The goals
sought by expert system builders include helping human experts, assimilating
the knowledge and experience of several human experts, training new
experts, and providing requisite expertise to projects that cannot afford
scarce expertise on site.

Expert system technology is particularly suitable for the solid waste
management domain for the following reasons:

» Extensive use of approximate methods or heuristics, experience, and
“rules-of-thumb”. Expert systems use heuristics because the tasks these
systems undertake ill-defined concepts such as combinatorial explosion
of possibilities, limitations on time to make a decision, uncertainty/
unreliability of information, cost of gathering information, incompleteness
or too much data, inconsistency, and weak inferences.

*  Multidisciplinary nature of domain expertise ranging from geology,
chemistry, microbiology, etc.

*  Scarcity of human experts especially in developing countries.

*  Minimal need of rigorous mathematical analysis and modelling.

EXPERT SYSTEM ARCHITECTURE

The knowledge in an expert system is organised in such a way that separates

the knowledge about the problem domain from the system’s other knowledge.

The organisation is shown in Figure 1. There are three core components that

made up of an expert system architecture (Chau & Albermani 2002), namely:

*  Knowledge base in expert system contains facts (data) and rules (or
other representation) that use those facts as the basis or decision making
which represent expertise in the particular domain.

* Inference engine makes inferences by deciding which rules are satisfied
by facts, prioritises the satisfied rules, and executes the rules with the
highest priority. Inference engine contains an interpreter and a scheduler.

KNOWLEDGE INFERENCE WORKING
BASE —> ENGINE 4  MEMORY
(Rules) (Facts)
Agenda
EXPLANATION KNOWLEDGE
FACILITY ACQUISITION
FACILITY
User Expert

USER INTERFACE

FIGURE |, Structure of an expert system



An interpreter decides how to apply the rules to infer new knowledge
and a scheduler decides the order in which the rules should be applied.

*  Working memory is a global database of facts used by the rules. It holds
all information which represents the current state of the problem at
hand.

The separation of these components has provided great flexibility in the
application of these systems to different problem domains. This structure
also makes the system more understandable to the user and easier to modify.
It is an utmost important to know how the system uses its knowledge
because an expert system must have both the appropriate knowledge and the
means to use the knowledge effectively to be considered skilled at some
tasks.

Furthermore, in addition to the above core components, the following
are the support facilities components (Chau & Albermani 2002):

*  User interface allow the user to monitor the system performance, give
information, request explanations or control problem solving strategies.

*  Knowledge acquisition facility aids the process of knowledge elicitation
from the expert and codifies them into the knowledge base.

*  Working memory is a global database of facts used by the rules. It holds
all information, which represents the current state of the problem at
hand.

*  Explanation facility allows the system, when requested or programmed,
to explain its reasoning and the problem-solving process to the user.

EXPERT SYSTEM BUILDING TOOL

An expert system shell was preferred in the development over other types of
building tools since it offers the advantages of ease of manipulation and
increase productivity. In the absence of need for any new or special
knowledge representation or inference technique, most commercial shells
could adequately cater for the needs of the chosen domain such as Kappa-
PC that runs on Microsoft Windows, whereby Kappa-pC (Version 2.1 by
IntelliCorp, USA) has true windowing capabilities. The main advantage of
Windows application is their use of graphic packages, popular data files and
conventional programming languages to interface with the user, making
human-computer interaction more natural and easier.

One of the advantages of Kappa-PC is that it can well integrate the
object-oriented programming and production rules. The object-oriented
programming is used to represent the behavior of individual objects, while
rules are used to represent IF-THEN reasoning. which may or may not relate
to individual object. Hence, the facilities to be learned are the basics, and
then keep enriching the basic understanding with extensions and specialisation
of these ideas.

EXPERT SYSTEM DEVELOPMENT

The process of expert system development or knowledge engineering is the
extraction, articulation and computerisation of knowledge. The general steps
involve (Stefik 1995) are as follows : (1) task analysis, (2) knowledge
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acquisition, (3) prototype development, (4) expansion and refinement and
(5) verification and validation.

Knowledge engineering process began with an analysis of the domain
tasks. Task analysis is a methodological tool that can be used to describe the
functions of a human expert performs, and to determine the relation of each
task on a certain dimension to the overall job. There is no established rule
for the completion of a task analysis. The knowledge engineer examines the
problem. determines its task components, finds out the eventual users and
determines the required output. The results of the analysis were used to
determine the subsequent strategy, methodology and technigues employed
for prototype development.

Next is knowledge acquisition stage, which is the most important step
of the development process. This will be discussed later in detail in the next
section. A suitable subset of the task is then selected for the first prototype
development. It should be able to demonstrate the credibility of the whole
project. The performance of this prototype is then further expanded and
refined for user-friendliness of the system until sufficient satisfactory prototype
is achieved. Finally a suitable verification and validation process is carried
out using conventional techniques for software verification and validation,
an expert system verification tool, or qualitative techniques (Stunder 1990).

KNOWLEDGE ACQUISITION PROCESS

Knowledge acquisition is defined as a transfer and transformation of problem
solving expertise from some knowledge source to a program. The main
process involves the problem definition, implementation, and refinement.
The knowledge acquisition process is sometimes referred to as knowledge
elicitation or extraction. It is defined as the process of transferring problem-
solving expertise from a knowledge source (e.g. human experts or documents)
and transforming it into some convenient form of subsequent representation
as a computer-compatible base. This stage is considered the most important
and difficult phase of expert system development (Mohamed & Celik 2002).

The task of a knowledge engineer is to extract, articulate and computerise
knowledge. Figure 2 indicates the tasks for a knowledge engineer. These
constitute a demanding blend of skills for effective knowledge from the
average engineer.

Knowledge in expert system may originate from many sources, such as
textbooks, reports, databases, case studies, empirical data and personal
experiences, but the dominant one in today’s expert system is a domain
expert. However, there are major problems to be acknowledged in the
knowledge acquisition process which are mainly due to lack of knowledge
traceability; redundancy of knowledge; escalation of man-hours and costs;
diversion from the domain; knowledge at the wrong level; lack of appropriate
documentation; and disgruntled experts (McGraw & Harbison-Briggs 1989;
Bloom & Choong 2001).

PROTOTYPE DEVELOPMENT FOR COMPOST DESIGN CONSULTANT

The knowledge base of the system represents expertise for the domain of
composting technology. The expertise was acquired and codified in the form
of production rules, object entities in a specified hierarchy, and the various
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FIGURE 2. Task for a knowledge engineer

methods attached to the objects. The Object Browser window of Kappa-pc
represents the hierarchy for the object model developed for Composite
Design Consultant (CDC). The overall CDC prototype consists of four major
subclasses, i.e. Facility Design, Project Planning, Data Input and Accessories
as shown in Figure 3.

The subclasses of Facility Design and Project Planning objects constitute
the component modules of twelve knowledge bases for the prototype as
shown in Figure 4 and Figure 5. Detailed design of refuse receiving area,
materials handling equipments, process controlling factors, technology of
composting system and post treatment of compost are presented in Facility
Design submodule. The component of Project Planning subclass includes
the site requirement, operational consideration, marketing plan and
environmental impacts.

ol el

FIGURE 3. Top level object hierarchy of Compost Design Consultant




FIGURE 5. Object hierarchy for Project Planning module

93

A

Nl
E

e —

The Data Input object represents the facility for data entry that is
required before commencing the €DC design process, while the Accessories
object represents the support facilities for the system.

The design of a composting facility is comprised of many distinct tasks
in vastly different subject areas. Each of these tasks formed the basis for the
development of knowledge base modules that made up the components of
the system. Knowledge that was extracted during the acquisition process
was grouped together into twelve modules for simplicity and ease of
knowledge organisation. The knowledge base modules for cbC are as

follows:
Module 1
Module 2
Module 3
Module 4
Module 5

Refuse Receiving
Materials Handling
Refuse Storage
Pre-treatment

Mixing and Conditioning



Module 6 Process Control

Module 7 Composting System
Module 8 Post-treatment

Module 9 Site Requirement

Module 10  Operational Considerations
Module 11  Marketing Plan

Module 12  Environment Monitoring

For the development of distinct knowledge modules, each module
solves a specific problem aspect within the domain even though there are
some inter-dependency existed between the component tasks. The modular
approach enables the building process to be suitably phased to match the
available resources such as time, manpower, finance, etc.. during the
development stages.

According to Hart (1986), it is suggested that incremental rapid
prototyping methodology should be followed in a modular approach. The
first prototype will be one of the many would-be prototype modules that
eventually constituted the whole expert system. The prototype was developed
based on data acquired during the domain familiarisation stage, which is an
initial text analysis from the textual sources. A pilot prototype was first built
rapidly to solve one of the domain tasks with the objective of exploring and
testing the ideas of problem definition, scooping and representation for the
domain. The task for checking and recommending on composting process
control was selected for the initial prototype because its knowledge is
relatively easy and straight forward to deal with. The processes for other
tasks are then to be repeated for the other modules incrementally

RESULTS

The objective of the case study was to evaluate the performance of cpc
consultation process and the results when it was applied to a developing
country. Taiping Municipality in Malaysia was chosen for the evaluation.
This was carried out by the author as a user, based on her own knowledge
and experience of the subject.

The consultation process started off by clicking a new file in the file
menu. The user then needed to gather the information required for the design
by entering the key information into the system using the Darta Input menu.
Data that is typical for an urban area in a developing country would include
several following elements:

The municipality served a population of 150,000, which is a moderate
region of urban community. There is relatively large area of flat land
available for a resource recovery facility. The solid waste generated is mixed
Msw at 0.99 kg per person per day, with a bulk density of 180 kg/m’ and
an incoming density of about 500 kg/m’. The rate of disposal is 150 tons/
day. There is an intermediate level of technology support available in the
community and the financial resources for the project are rather low, but
there is support from the agricultural ministry. The labour cost is low and the
product is thought to be suitable for a non food-chain application. The
climate is hot and humid all year round with a three-month wet season at the
end of year. The average annual precipitation is 7 mm per day, and 12 mm
per day in the wettest months.
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From the main screen, each knowledge base was looked at in turn.
However, if the user needs further information about the program procedure,
the General Information or the User Guide menu could be opened at any
stage during the consultation process, which provides the introduction and
description on how to proceed with the program. When the user has
completed the data input process, the recommendations and specifications
made by the system could be viewed. The description and explanations for
its results are described in the next paragraphs for the Composting System
Module as an example for the twelve modules.

The Composting System Module helps the user with the selection and
design of the composting technology. It covers the most common techniques
that are currently in use, i.e. the turned windrow, the aerated static pile, the

TABLE 1. Design Specifications recommended by CDC

Design Recommendations
Parameters

System The turned windrow method is the one traditionally and
Description conventionally associated with composting. It is a method

that has been used for composting organic waste on an
industrial scale for many years, and the simplest composting
system with respect to the amount of mechanical plant used
and the low level of process control required. The term
“turned” applies to the method used for aeration, which
involves manual or mechanical periodic turning of compost
piles, Moist and easily degradable waste may need to be
mixed with drier materials as a bulking agent. Retention time
in turned windrows is normally 40 days or more.

Construction A windrow is constructed by stacking the prepared feedstock
of Piles in the form of an elongated pile. The procedure involved
stacking the material is influenced by the volume and nature

of the feedstock, the design and capacity of the available

materials handling equipment, and the physical layout of the

windrow pad. If more than one feedstock is involved (e.g.

co-composting sewage sludge and MSW), or an additive is to

be employed, the incorporation will take place at this time. If

co-composting or additives are not involved, the windrows

are set up directly after pre-treatment is completed. One

approach is to build up the windrow by alternating layers of

one of the feedstock with layers of the other feedstock or

doses of the additive. The first and subsequent turnings

accomplish the necessary mixing of the components.

Conventional materials handling equipment such as the front-

end loader or a bucket loader are employed for windrow

construction because the labour cost rate is relatively low in

the region.
Windrow Roughly an initial windrow set-up contains about 2-4 tonnes
Geometry of material per meter length. For this case, a trapezoidal

configuration is appropriate because heat loss is less and
windrow volume per unit area is the greatest.




TABLE 2. Design Specifications recommended by CDC

Design
Parameters

Recommendations

Arrangement
of Windrows

Windrow
Dimensions

Total Pad Area

Method of Turning

Equipment for
Turning

The arrangement of the windrows depends on the access
required by the equipment such that during the course of each
day of input it can be followed until it is completely composted.
It is an important requirement that space is needed to
accomplish the turning of a single day’s input.

Length: It is indeterminate, a quasi-continuous system may
also be adopted which is established by adding fresh material
to one end of the windrow and removing from the other as it
reaches stability.

Height: The height should be roughly the average height of
the labourer or at most, it should be no higher than that easily
reached with the normal pitch of the equipment used for
turning. The height for mechanical turning is the function of
the design of the turning equipment which is generally 2 m.
Width: Other than determining the ratio of surface area to
mass exposed to inward diffusion of air, width has little effect
on aeration. However, the amount of inward air diffusion
usually is negligible. Hence, the width of pile is determined
by its convenience and expediency. With manual turning, the
width about 2.4 to 2.7m is suitable, while the width for
mechanical turning depends on the type of machine, usually
3 to 4m.

The following parameters were calculated by the system:
Total volume of feedstock is 7000 m’. The volume of each
windrow is 300m’. Number of windrows are 24, The
manoeuvring area for each space with manual turning is
60m’. Total length of composting area is 56 m. Total width of
composting area is 130 m. The total composting area for
trapezoidal cross-section using manual turning is 0.7 ha.

Manual turning was recommended because labour costs are
low and the most convenient tool is four or five-tined pitchfork
or spades and rakes.

In rebuilding the pile, when a four-or five-tined pitchfork is
employed, the material from the outside layers of the original
windrow should become the interior of the rebuilt windrow.
It is also accepted that during the compost cycle every
particle of material should be at one time or another in the
interior of the pile. However, if this ideal is unattainable, the
deficiency can be compensated for by increasing the frequency
of turning. [t is also important not to compact the material
when constructing the original windrow.
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Indore or Bangalore system, and the in-vessel composting. Proprietary
composting technology is generally the in-vessel type, and the specifications
are available from the manufacturer. The technologies for composting vary
in the method of air supply, temperature control, mixing/tuming of the
material, and the time required for composting. Various factors are considered
in selecting the most appropriate composting technology, such as the land
availability, financial constraints, and level of technology supportable in the
community. The most suitable technology is then recommended by this
module, which is based on the criteria mentioned previously. A detail design
outline of the selected compost system is then shown in the module. The
specifications of the design include the dimensions of the piles, the method
of pile construction, the method of aeration (frequency and equipment for
turning), the arrangement of the piles and the calculation of the total
composting area. Examples of design specifications summary as system
output are set out in Table 1 and 2.

Generally, the performance of the modules was comprehensive and
satisfactory to the author’s judgement, based on her own knowledge and
advice from domain experts. The recommendation given by the CDC was
also approved by experts and practitioners on solid waste management in
Malaysia. They are Azman bin Omar (an engineer at Majlis Perbandaran
Port Dickson, Negeri Sembilan with 6 years experince), Latif Nordin (health
inspector at Majlis Daerah Tanjong Malim, Perak with 22 years experience)
and Yazid Ansilin (managing director at Bayu Hebat Sdn. Bhd., with 20
years experience). The results of the case study covered several aspects of
the CDC'’s performance. The general quality of the results was examined
and each knowledge base was scrutinised. The user-friendliness of the CDC
was then assessed to be satisfactory as a working prototype. As a whole, the
preceding evaluation and discussion suggested that the overall performance
of the CDC was satisfactory and acceptable as a working prototype.

CONCLUSIONS

Present-day situation of municipal solid waste management and planning
reveals a growing complexity and challenge for a waste management
engineer or planner to decide on the collection, processing, treatment and
disposal systems that best serve the present and future needs of a particular
community. With the development of global computer technology, expert
systems become potentially beneficial to engineering design, specifically
solid waste management domain. The goals for developing an expert system
include helping human experts, assimilating the knowledge and experience
of several human experts, training new experts and providing requisite
expertise to projects that cannot afford scarce expertise on site.

Composting as a resource recovery option is an emerging technology
that can provide communities with an effective means for solid waste
management. The technology incorporates a wide diversity of systems
designed to recover useful products from waste. The primary interests are
those systems designed to process the solid waste from municipal sector of
the community. These systems are capable of processing solid waste from
the residential, commercial and institutional sectors, as well as handling the
non-toxic waste from industries.
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As a means of demonstrating the validity of the suggested knowledge-based
expert system, a working prototype was developed to assist with the
preliminary design of a composting facility, which adopted an object-
oriented approach. The prototype decision support has been designed to
identify the activities and decisions required to conducts preliminary planning
studies for MSW management systems. The system contains components
related to major design and planning of resource recovery activities:
technology evaluation, waste processing facility, constructional requirement,
marketing strategies, environmental issues, facility sizing, and location.

GLOSSARY
Domain An area of problem-solving expertise.
Expert system ‘A computer software used to develop expert system with a
shell built-in expert inference-engine. It can also be considered

as an expert system with an empty knowledge base.
TRcremental Rapid prototyping where the first prototype is one of the

rapid many modular prototypes which make up of the whole
prototyping expert system.

Knowledge A means of organising knowledge into a format that can be
representation systematically computerised.

Object-oriented Object orientation involves thinking about the world as a

programming ¢t of entities or objects that are related to and communicate
with one another.

Produdiion A technique of knowledge representation resembling written

bl text. It consists of a “condition” part, IF, followed by a
“consequent” part, THEN.
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