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FOREWORD. 

Generally, about 5 to 20 percent 01 the budget 01 municipal governments 
are allocated for the solid waste management sector. Some studies indicate 
that the budget share of the sector could be as high as 40 percent in some 
cases. Desp~e the large amount of funds, ~ is not uncommon to find that solid 
waste management services are provided to only 50 to 70 percent of the 
population, and solid wastes generated are frequently left uncollected on the 
streets, in open areas and drains. 

AHhough the human resources, equipment and facilities available for 
solid waste management are often limited and need to be increased, they are 
frequently underused or inefficiently used owing to a lack of, or inadequate, 
planning and operational management. Proper planning and operational 
management require the collection, analysis and interpretation of information 
on the physical environment and socioeconomic aspects of commun~ies 
served, characteristics of solid wastes generated, and physical and human 
resources available for solid waste management. It is, therefore, vital to 
establish a good inlormation management system to support decisions made 
in planning and operational management 01 solid waste collection and 
disposal in each municipality. Such systems have not been established or are 
inadequate to support the planning and operational management in most 
municipalities in the WHO Western Pacific Region, particularly in developing 
countries. 

In view 01 the need to develop or improve information management 
systems for municipal solid waste collection and disposal services, PEPAS 
awarded a contractual services agreement to the Institute of Public Health, 
Japan, which is also a WHO Collaborating Centre for solid waste manage
ment, to prepare a guide for use by Member States in the Western Pacffic 
Region. The document was subsequently revised and edited by PEPAS. 

This document has six chapters. addressing two main issues: the type 
of information required lor the planning. monitoring and operational manage
ment of municipal solid waste collection and disposal services, and the 
development of appropriate systems to collect and process such information. 
The annexes provide guidance on the collection of data on municipal solid 
waste management services. 

A number of people contributed to the preparation of this document. We 
gratefully acknowledge the valuable services rendered by Dr T. Furuichi and 
his colleagues at the Institute 01 Public Health. Japan. who prepared the draft 
from which the present document evolved. Thanks are also due to Mr Lim 
Cheng Tatl. Director-General. and his staff at the Division of Local Govern
ment. Ministry of Housing and Local Government. Malaysia. and Mr Loh Ah 



Tuan. Head of Pollution Control Department. Ministry of the Environment. 
Singapore tor their input to the information systems tor solid waste manage
ment used in their countries. 

II is hoped that readers will find this document useful. We welcome 
constructive comments with a view to improving the document in its subse
quent printing. Correspondence should be addressed to: 

The Director 
WHO Western Pac~ic Regional Centre for the Promotion 
of Environmental Planning and Applied Studies (PEPAS) 
P.O. Box 12550 
50782 Kuala Lumpur 
Malaysia. 
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1. INTRODUCTION 

Drastic socioeconomic; and physical development. and'rapid population 
growth in many urban areas of the Western Pacific Region have been 
overtaxing the municipal solid waste management services, The problem is 
not merely associated with insufficient funds and equipment to cope w~h an 
increased level of service demands. but also stems from lack of proper 
planning and operational management by municipal solid waste management 
authorities, The planning and operational management of solid waste 
collection and disposal services require reliable information which must be 
provided in a timely manner to the relevant officials. 

This document is intended to serve as a guide to municipal author~ies 
responsible for solid waste management in developing their information 
management systems, The document is directed towards those municipal 
officials who formulate solid waste management plans and supervise opera
tion of solid waste collection and disposal services. but have I~tle experience 
in developing information management systems, It is not specifically written 
for designers of computer-based information management system as the 
emphasis is placed on what information should be collected and how it should 
be processed and utilized. rather than how computers can be used for the 
management of such information, 

In this document. the importance of information management for plan
ning. designing and operating municipal solid waste management systems is 
first presented. This is followed by adiscourse on the framework for evaluation 
of solid waste management services. from which the categorization of infor
mation required is derived. A list of indicators useful for evaluating solid waste 
management services. according to functional eiliments of solid waste man
agement. follows. Finally. the various considerations required when designing 
an information management system are presented. 



2. ROLE OF INFORMATION MANAGEMENT 

Information plays a v~a1 role in planning, llesi9ning and operating solid 
waste management services. However, in developing countries, the impor' 
tance of information and its management has not received adequate attention 
from most municipal authorities responsible for solid waste management. In 
many instances, solid waste management is considered to be merely an 
activ~ in which collection vehicles and equipment are purchased and workers 
are employed to coliect solid wastes from generation points and transport 
them to dump s~es. Vehicles and equipment are purchased and manpower 
recruited as and when funds are available. The performance of the solid waste 
management services is evaluated only by visual observations of streets and 
disposal s~es. The lack of equipment and human resources, ratherthan better 
utilization of these resources, is often considered to be responsible for the 
unsightliness and obnoxious odour of uncollected solid waste in streets and 
disposal sites. The shortage of funds is almost always regarded as the most 
serious problem. 

However, this type of piecemeal approach does not lead to efficient 
utilization of available resources. Solid waste management under such 
circumstances is usually suboptimal. In order to develop more efficient solid 
waste management systems, the efficacy of systems which are currently in 
operation must be assessed and improved systems be devised through 
planning and operational management processes. 

These planning and operational management activ~ies require informa
tion to be collected and processed. In order to facilitate systematic collection, 
processing, storage and dissemination/utilization of information for planning 
and operational managem'ent, an information management system needs to 
be established. 

Such an information system for solid waste management gets its data 
from actual solid waste collection and disposal services and various other 
sources such as socioeconomic and land use statistics. The information 
collected is categorized and stored in a manner that will lead to its prompt 
retrieval for use in planning and operational management. The relationships 
between information management, planning and operational management 
are depicted in Figure 1, where the flow of information and action is shown. 

In the planning process, information is used to establish solid waste 
management goals and targets for the planning period, evaluate the fu1ure 
resource requirements and make decisions on resource investment for solid 
waste collection and disposal services. The information on popUlation, 
commercial and industrial development, quant~ of solid waste generated, 
land use, etc. is used to predict the future levels of demand for solid waste 

2 



Management 
targets 

---.. ~~ : Action 

===~>~ Information 

Figure 1 Flow of action and information in municipal solid waste management 
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collection and disposal services and to set target levels of solid waste 
management. Various alternative scenarios are then developed to meet the 
targets. An alternative scenario is chosen based on certain cr~eria such as 
cost effectiveness, and resource requirements are then determined and an 
investment schedule is made. 

In operational management, information is used to assess the efficacy 
of solid waste collection and disposal services and improve the performance 
of the solid waste management systems. Information will be required on 
operation and maintenance of vehicles and equipment, productivity of work
ers, performance of collection and disposal services, and expenditures. 

Figure 2 shows the general flow of information from collection to 
processing, storage, dissemination and to utilization of information in planning 
and operational management. In this diagram, microcomputer usage is 
assumed. The information generated from actual operation of solid waste 
management services is collected regularly (preferably daily) and stored in a 
microcomputer. Socioeconomic information relevant to solid waste manage
ment is also collected and stored. These data are then processed to provide 
information in a useful form for subsequent use. The processed information 
is stored in a floppy disk or printed on paper for use in planning and operational 
management. The diagram also shows on-line access to the processed 
information by the operational manager for hislher daily work. 

In addition to the aforementioned operational data on solid waste 
management and socioeconomic statistics, information from technical publi
cations, legal documents and environmental data such as those required for 
environmental impact assessment of solid waste processing and disposal 
facilities are also used in planning, designing and operating solid waste 
management systems. However, these types of information do not easily fit 
into the information management scheme mentioned above, but they can be 
managed by a system similar to that used for library operation. Therefore, the 
system for the management of literature information should be developed 
separately, and as it is relatively well-known to most readers, this type of 
information management system will not be described further in this document. 
In the following sections, a framework to evaluate solid waste management 
services is presented, which will provide a basis for selecting indicators useful 
for analysis and decision-making in planning and operational management. 
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3. FRAMEWORK FOR EVALUATION OF SOLID WASTE 
MANAGEMENT SERVICES 

The output or performance of a solid waste management system 
depends on the socioeoonomic development and physical characteristics of 
the municipality, as well as on the amount of resources allocated to carry out 
the services. The relationship can be expressed in a mathematical equation 
as follows: 

A = f (B, C) (1) 

where A is the output or performance of solid waste management services, B 
the resource input to the services and C the socioeconomic development and 
physical characteristics of the municipality. 

The factors or variables relating to the socioeconomic development and 
physical characteristics of the municipality are normally external to the solid 
waste management authority and cannot be controlled by the authority. For 
instance, the control of population growth does not come under the jurisdiction 
of the solid waste management authority. The width of a street could not be 
changed to allow passage of solid waste collection vehicles. Instead. the solid 
waste management authority needs to adjust its collection fleet to the width of 
streets to perform the service required. 

The factors or variables relating to the resource input, on the other hand, 
can be controlled by the solid waste management authority, even though the 
total resources available to the authority may be limited. In fact, success or 
failure of asolid waste management system depends largely on how wisely the 
available resources are used. 

Therefore, the solid waste management authority should allocate avail
able resources optimally to improve the perforl1'lance or output of its services, 
taking into consideration the ever-changing service demands and constraints 
due to socioeconomic development and physical characteristics of the munici
pality. 

Decisions on operational management are made, usually based on the 
level of socioeconomic development, physical characteristics of the mu"ici
pality, and a predetermined total resource input. Under these conditions, the 
authority must operate the solid waste management system to achieve 
maximum performance. Referring to Equation (1), this means that with Band 
C fixed, A is to be maximized. Therefore, the authority should select a set of 
collection and disposal methods, among various alternatives, which maxi
mizes A, and the maximization of A becomes a decision criterion. 
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In the planning process, however, the desired performance or output is 
fixed as a goal of the plan at a certain time in the future w~h the predicted level 
of socioeconomic development and physical characteristics of the municipal
~. and the resources required to achieve the goal at minimum cost determined. 
In Equation (1), B is to be minimized w~h A and C fixed at a certain time in the 
future. The minimization of B is, therefore, a decision cr~erion used in the 
planning process. 

In addition to these decision or evaluation criteria. a ratio of the service 
performance to the resource input or vice versa (i.e .• AlB or B/A) serves as 
another cr~erion for evaluating the efficiency of solid waste management 
systems. 

In orderto make these evaluation processes possible and analytical. the 
factors or variables in Equation (1) must be determined and me~ured. In this 
document, these factors or variables are called indicators which are divided 
into service performance indicators (A); resource input indicators (B); effi
ciency indicators (AlB or B/A) and socioeconomic and physical condition 
indicators (C). 
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4. INDICATORS OF SOLID WASTE MANAGEMENT 

The previous section classified information required for solid waste 
collection and disposal services into four categories, namely socioeconomic 
and physical condition indicators; service performance indicators; resource 
input indicators and efficiency indicators. The classification was based on 
evaluation and decision·making processes employed in planning and op· 
erational management. However, the information required for operational 
management is not always the same as that required for planning. Particu· 
larly, day-to-day operational instructions require timely information with respect 
to specific location, personnel and equipment involved. Furthermore, the 
instructions do not necessarily conform with the evaluation framework discussed 
in the previous section. Also, the design of solid waste processing and 
disposal facilities requires site-specific information and does not fit into the 
evaluation framework. The information required for these activities is not 
discussed in this document. The indicators included in the document are 
intended mainly for use in the planning and monitoring of solid waste 
management system pertormance and are useful also for operational man
agement. 

The following sections present the indicators according to the functional 
elements of solid waste management (Le. generation, on-site storage, collec
tion, transfer and transport, processing and resource recovery and final 
disposal) and to the categories mentioned in the preceding paragraph. 

4.1 Generation 

The indicators in this functional element are socioeconomic and physical 
condition indicators. They represent the demands for solid waste manage
ment services. A list of the indicators is given below. 

(a) Administrative area (km2: an area bordered by the administrative 
boundaries of the municipality. This statistic is generally available atthe 
municipal government office and is not a service demand indicator.) 

(b) Target area (km2: an area requiring solid waste management services 
which has to be defined by the solid waste management authority) 

(c) Population in the administrative area 

(d) Population in the target area 

(e) No. of households in the target area 

(f) No. of commerciallbusiness establishments in the target area 

(g) No. of institutions (e.g. schools, public libraries, religious buildings, 
hospitals) in the target area 

(h) No. of parks and other public places in the target area 

(i) No. of markets in the target area 
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(j) No. of factories in the target area 

(k) Length of streets requiring sweeping (m or km) 

(I) Length of drains requiring cleaning (m or km) 

In the above list, exceptforthe administrative area Clnd its corresponding 
population, the indicators represent the sources of wastes requiring the 
municipal collection services. ~ is pertinent to note here that certain wastes 
can be dispOsed of properly without providing the municipality's services. For 
instance, in an area relatively remote from the urban centre but still within the 
administrative area, household waste can be buried in the backyard without 
causing serious health and environmental problems. Another example is the 
waste from some commercial establishments which can be privately collected 
and transported to a municipality-operated disposal facility. Industrial waste, 
particularly hazardous industrial waste, is collected, transported and disposed 
of separately from other sources of waste in many countries. It is therefore 
important to define clearly the types of waste that are collected and disposed 
of by the municipality or by individual households, institutions, commercial. 
establishments, or factories, before selecting appropriate indicators. 

The quantity of waste from each of these sources is a primary service 
demand indicator. The following list provides typical examples: 

(a) household waste 

(b) commercialtbusiness waste 

(c) institutional waste 

(d) park/public place waste 

(e) market waste 

(f) industrial waste 

(g) street sweeping waste 

(h) drain cleaning waste 

(i) total waste 

(tonne/day, tonne/month ortonne/ 
year) 

The quantities of wastes generated from various sources are also 
expressed in terms of daily per-unit weights. The above indicators can be 
expressed as: 

(a) household waste. (kg/capita/day) 

(b) commercial waste (kg/x/day where x can be m2 of floor area of com
mercial establishment, unit volume or dollar in sales, the number of 
employees, etc.) 

(c) institutional waste (kglx/day where x can be the number of students, m2 

of the area of park or public place, number of visitors, etc.) 
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(d) market waste (kg/xlday where x can be the number of market lots, m2 of 
floor area, dollar in sales, etc.) 

(e) ,industrial waste (kglx/day where x can be unit volume or dollar of 
production output, m2 of floor area, the number of employees, etc,) 

(f) street sweeping waste (kglkm/day) 

(g) drain cleaning waste (kglkm/day) 

(h) total waste (kg/capita/day) 

These indicators can be used to estimate the quantity of waste in a 
different setting, such as a different population size and increased levels of 
commercial or industrial activities. Therefore they are useful for predicting 
future demands for the solid waste collection service. 

In addition to the quantities of wastes generated, their physical and 
chemical compositions and densities provide essential information for deter
mining appropriate collection, processing and disposal methods. 

(a) Physical composition (wet or dry weight in %) 

- Putrescible matter 
- Bones 
- Paper 
- Plastics 
- Wood and grass 
- Glass 
- Metals 
- Rubber and leather 
- Miscellaneous inert material 

(b) Moisture content (%) 

(c) Lower calorific value (kcallkg) 

(d) Chemical composition 
- Nutrient (N, C, P, Ca, K, etc.) 
- Leachate quality parameters (heavy metal species, BOD, COD, 

solids, specific conductivity, pH, PCB, etc.) 

(e) Bulk density (tonne/m3 ) 

4,2 On-site storage 

In a usual setting of municipal solid waste management service, o'n-site 
storage is the point at which the service demand meets its supply, or more 
specifically, it is where solid waste generated is stored for collection by the 
municipal authority or its contractor. On-site storage (oiten in some sort of 
container such as a bin, basket or bag) can be classified under two categories: 
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(1) individual storage serving the occupiers of a house, shop or office, and (2) 
communal storage serving the occupiers of more than one house, shop or 
office. Normally, the responsibility for the provision and maintenance of 
individual storage rests with the owner/occupiers of each unit while the 
municipal solid waste management authority assumes the responsibility of 
providing and maintaining communal storage. Therefore, it is not easy to 
assign the previously identified indicator types to the on-site storage indica
tors. 

The indicators relating to individual storage are generally classified as 
socioeconomic and physical condition indicators while those relating to 
communal storage are considered to be resource input indicators. 

The following indicators are useful for the design and operational 
management of a solid waste collection system. 

(a) Individual storage 
- Type (e.g. bin, bag, basket, no container) 

Size or capacity (litre) 
Material (e.g. plastic, metal, bamboo) 
Number and location (on a map) 
Maintenance condition (by observation) 
Cover or lid (by observation) 
Use of standardized containers (%) 

(b) Communal storage 
- Type (e.g. bin, bag, basket, no container) 

Size or capacity (litre or m3) 

Material (e.g. plastic, metal, wood, bamboo) 
Number and location (on a map) 
Maintenance condition (by observation) 
Cover or lid (by observation) 
Maximum distance from houses (m) 

(c) Cost 
- purchase oost of individual container ($/container) 
- purchase oost of oommunal container ($/container) 
- repair cost of communal container ($Icontainer) 

4.3 Collection and transportation 

The indicators for collection and transportation are classified either as 
service performance indicators or as resource input indicators. Consequently, 
efficiency indicators can also be developed. These indicators are listed below. 
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4.3.1 Service performance Indicator. 

(a) Collection coverage 

A group of indicators can be developed in this category, and these 
indicators include collection coverage by area, population, quantity of waste 
and the number of establishments, and/or length of streets or drains from 
which solid waste is collected. These indicators are expressed either in 
absolute value or in percentage of the value of corresponding indicator in the 
target area. Examples of such indicators are shown only in the household 
waste in the following list but the indicators for other types of waste can be 
developed similarly by referring to Section 4.1. 

Household waste collected (area in km2 or percentage of the target area; 
population or percentage of the target population; the numberof houses 
or percentage of the target number of houses; the quantity or percent
age of household waste generated in the target area) 

Commerciallbusiness waste collected 

Institutional waste collected 

Park/public place waste collected 

Market waste collected 

Street sweeping waste collected 

Drain cleaning waste collected 

Total waste collected 

Where solid waste is collected and hauled by the municipality's contractors 
and/or privately by individuals or institutions, the following indicators are also 
useful: 

population or the number of houses or establishments served by 
contractors or by private haulers for each category of waste 
percentage of population or number of houses or establishments served 
by contractors or by private haulers for each category of· waste 
the quantity of waste collected by contractors or private haulers for each 
category of waste 

(b) Collection frequency 

Another set of important service performance indicators for solid waste 
collection service is the frequency of collection. The collection frequency is 
usually set for each category of solid waste generators by considering the type 
and volume of waste to be collected, the size and type of on-site storage, and 
the local climate, all of which have some implications on public health and 
environmental impacts. The collection frequency usually referred to is the 
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target or required collection frequency, which is often not achieved for various 
reasons, including inadequate management practices, insufficient human 
resources and equipment, etc. 

Actual collection Irequency varies from more than once a day to once a 
week, or even less frequently. The indicators relating to collection frequency 
can be actual collection frequency or the percentage of the actual to the 
required collection frequency. Again, it can be arranged according to 
generators of solid waste as well as types of on-site storage. One such 
example is given below for household waste. The indicators lor other types 
of waste can be developed similarly. 

Collection frequency for household waste· 

Individual storage: 

7 times a week 

6 times a week 

3 times a week 

twice a week 

once a week 

Others (specify:) 

Communal storage: 

7 times a week 

6 times a week 

3 times a week 

twice a week 

once a week 

Others (specify:) 

(c) Complaints 

by area oopulation number of houses 
and/or quantjty of waste collected 

required 
frequency 

~ % of actual frequency 
freqyency to required frequency 

Complaints made to the solid waste management authority are a good 
indicator of its service performance, and should be categorized into different 
types such as complaints about uncollected waste, odour, flies and insects, 
spillage (solid or liquid) during transportation, or about attitudes of collection 

13 



workers. For each type of complaint, its number in each collection zone should 
be recorded. 

4.3.2 Resource Input Indicators 

Human resources for solid waste collection service are usually classi
fied as follows: 

(a) Supervisors 
(b) Drivers 
(c) Collection workers 
(d) Street sweepers 
(e) Vehicle maintenance workers 
(f) Others (e.g. drain cleaners) 

For each category of staff, the number, average and total wages (daily, 
monthly and annual) and frioge benefits (e.g. hea~h insurance, pension, paid 
leave) ~ any, are the resource input indicators. 

Typical physical resource inputtosolid waste collection service includes: 

(a) Compactor trucks 
(b) Dump trucks 
(c) Fixed-bed trucks 
( d) Tractors 
(e) Trailers 
(f) Others (e.g. tilt frame vehicles, mechanical sweepers) 
(g) Push carts 
(h) Collection binslbaskets 
(i) Brooms 

For each category of the above equipment, the following information 
needs to be collated: 

~s type or make 
volume or capacity 
number 
purchase cost 
year of purchase 
amount and cost of fuel consumed 
cost of regular service/maintenance 
cost of repair and spare parts 
average downtime 

Where contractors are employed for collection service, their human and 
physical resource inputs and the contractual fees must be recorded. 
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4.3.3 Efficiency Indicators 

A large number of service performance and resource input indicators 
are mentioned above, and a ratio of any service performance indicator to any 
resource input indicator may be a potentially useful efficiency indicator. The 
following list presents those eHiciency indicators particularly useful for evalu· 
ating a solid waste collection system. 

(a) weight or volume 01 solid waste collected daily per dollar 01 collection 
cost 

(b) weight or volume of solid waste collected directly by the municipal 
authority daily per dollar of collection cost 

(c) weight or volume of solid waste collected by contractors daily per dollar 
of contractual fees 

(d) population served per worker 
(e) population served per vehicle 
(f) households served per worker 
(g) length of street swept per sweeper 

4.4 PrOcessing and resource recoyery 

The indicators lor processing and resource recovery are also divided 
into service performance, resource input and efficiency indicators. 

4.4.1 Service performance Indicators 

Processing plants can be categorized as follows: 

(a) incinerator 
(b) compost plant 
(c) material recovery plant 
(d) compaction plant 
(e) shredding plant 
(I) transfer station 

For each processing facility, the following indicators should be recorded: 

capacity (tonne/day or m'/day) 
amount of waste processed (tonne/day or m3/day) 
amount of product generated (tonne/day or m3/day) 
amount of residuals generated (tonne/day or m3/day) 
revenue Irom sales of products ($/year) 
savings due to reduced disposal cost ($lyear) 
number 01 complaints by their types (e.g. odour, llies and insects, 
unsightliness) 
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4.4.2 Resource Input Indicators 

Human. resource input can be categorized as: 

(a) plant manager 
(b) engineers 
(c) technicians 
(d) labourers 

For each category of human resource, the following indicators must be 
recorded: 

number 
average and total salaries/wages 
fringe benef~s (e.g. heanh insurance, pension, paid leave) 

Physical resource input includes: 

(a) land 
(b) various facil~ies and equipment 
(c) energy and water supplies 
(d) spare parts and other material supplies 

The capital as well as operation and maintenance costs of these 
resources should also be recorded as resource input indicators. 

Where contractors are employed, their human and physical resource 
input and the contractual fees are the resource input indicators. 

4.4.3 Efficiency indicators 

The following list gives some representative efficiency indicators: 

(a) annual revenue from sales of products per annual total cost 
(b) annual revenue from sales of products plus annual savings due to 

reduced disposal cost per annual total cost 
(c) amount of waste processed per total cost 
(d) amount of product generated per total cost 

4.5 Final disposal 

The indicators which can be used for final disposal are qu~e similar to 
those of processing and resource recovery. They are also categorized into 
service performance, resource input and efficiency indicators. 

4.5.1 Service performance Indicators 

There are a numberof ways to classify final disposalfacil~ies. One such 
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classification is shown as follows: 
(a) Open dumping 
(b) landfill with regular soil cover and surface water diversion system 
(c) Sanitary landfill with daily soil cover liner, and surface water diversion 

system 
(d) Sanitary landfill with daily soil cover, liner, surface water diversion 

system and leachate collection and treatment system 
(e) Ocean dumping 

For each type of final disposal facility except for ocean dumping, the 
following list provides representative service performance indicators: 

total capacity (m3) 
rema,ining capacity (m3) 

amount of waste disposed (tonne or m3/day and tonne or m3lyear) 
number of complaints by their types (e.g. odour, flies and insects, 
unsightliness) 

4.5.2 Resource Input indicators 

Human resource input can be categorized as: 

(a) plant manager 
(b) engineers 
(c) technicians 
(d) labourers 

For each category of human resource, the following indicators must be 
recorded: 

number 
average and total salaries/wages 
fringe benefits 

Physical resource input includes: 

(a) land 
(b) various facilities (e.g. office, fence, weighbridge, garage, surface water 

diversion system, liners, leachate collection and treatment facilities, 
landfill gas extraction system, groundwater monitoring wells) 

(c) equipment (e.g. bulldozers, backhoes, landfill compactors) 
(d) power and water supplies 
(e) spare parts and other material supplies 

The capital as well as operation and maintenance costs ofthese human 
and physical resources are also resource in~ut indicators. 
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Where contractors are employed, their human and physical resource 
input and the contractual fees must be recorded. 

4.5.3 Efficiency Indicator. 

Various efficiency indicators can be devised, but the most useful and 
commonly used efficiency indicator is the amount of waste disposed per unit 
cost. 

4.6 Administration 

Administrative activities do not produce actual outputs and therefore the 
information generated in the administrative section of solid waste manage· 
ment is not class~ied as a service performance indicator. One exception is the 
information on complaints which is normally processed by the administrative 
section and considered as a service performance indicator as discussed 
earlier. 

Enforcement and public relations are activities often carried out by the 
administrative section, although they do not fall directly under the service 
performance indicator category. However, as they indirectly affect service 
performance, the information on these activities is useful for planning and 
operational management of solid waste management services. Some useful 
indicators are as follows: 

(a) Number of violations of rules (e.g. littering, illegal dumping, requirement 
for provision of storage containers) 

(b) Number of organized public communication activities (e.g. mass-media 
campaign, exhibitions, community clean-up contests, community meet
ings , recycling bazaars) 

(c) Number of participants in each of these activities 
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5. INFORMATION MANAGEMENT SYSTEM 

Having identified what information would be useful for the evaluation of 
solid waste management services, one should now look at how to go about 
collecting, storing and processing the information. Asystem in which informa
tion is collected, stored, processed, utilized and disseminated is called an 
information management system. There ere numerous ways to develop such 
an information management system and the final form depends onthe amount 
of information collected and the human, physical and financial resources 
available for the development and maintenance of the system. In general, a 
large municipality produces more information and requires a computerized 
system for information management. On the other hand, a small municipal~y 
may only require a manual system of filing and processing information by a 
part-time employee. A variety of system configurations are possible, depend
ing on the size of the municipality and resources available. Therefore, this 
document will not propose a prototype system for information management, 
but will instead provide special considerations required for designing such an 
information management system. 

5.1 Organization 

The first step in developing an information management system is to 
designate personnel who should be involved in collecting, storing, processing 
and disseminating the information. In most cases, personnel working in the 
fieid generates or collects information which is collected through some sort of 
reporting system, then stored, processed and disseminated by staff in the 
administrative section. However, the personnel who are to be involved and 
how the information is to be transm~ed from one staff member to another 
depend on how the solid waste management is organized in the municipality. 

It is common for a large municipality to be divided into districts and for 
solid waste collection services to be provided by district offices. Processing 
and final disposal facilities are usually located throughout the municipality and 
utilized by more than one district. These facilities, therefore, do not normally 
belong to district offices, but are affiliated with the municipality's headquarters. 
In such a siiuation, the information generated in the field is collected, stored, 
processed and utilized for local action at the district offices and the processing 
and final disposal facil~ies, and selected information will then be transmitted 
to the municipality's headquarters. In Singapore for instance, information is 
collected and stored in a microcomputer at each district office which is 
connected on-line w~h the headquarters' computer. The manager at the 
headquarters has direct access to this computer and can obtain information 
for decision whenever required. 

In a small municipality where there is only one office implementing the 
solid waste management services, thaI office is responsible for collecting 
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information from soUd waste collection crews and disposal facility personnel, 
and storing, processing and using ~ for decision-making. 

In some municipal~ies, solid waste management is carried out by more 
than one agency. For instance, maintenance of collection vehicles is per
formed by the mechanical department while the operation of collection 
vehicles is the responsibility of the health department. In such a case, vehicle 
maintenance records and information on spare parts, downtime, human 
resources input, etc. have to be transm~ed from the mechanical department 
to the health department for the scheduling and purchasing of collection 
vehicles. This information is also required to evaluate-the overall efficiency of 
collection service. In designing an information management system for this 
municipality, both the health and mechanical departments are required to 
have individual information management systems which are compatible. 

5.2 Collection 

Information is collected from the existing sources, by conducting special 
surveys, taking measurements, orthrough regular reporting mechanisms. Of 
the indicators given in the previous section of this document, the information 
on most socioeconomic and physical condition'indicators such as administra
tive area, population, the number of households, commercialibusiness estab
lishments, etc. is normally available from the urban planning department, 
public works department, etc. Therefore, such information can be collected 
from such agencies and should be updated frequently. 

Sampling surveys have to be carried out or measurements taken to 
collect information on solid waste generation rate, physical composition, bulk 
density and on-site storage indicators. A sampling procedure to determine the 
first three indicators is given in Annex t. The calorific value and chemical 
composition of solid waste are determined by laboratory analysis. 

The information on the indicators for solid waste collection, transporta
tion, processing, resource recovery, final disposal and administration can be 
obtained from the respective services through a regular reporting system. 
Examples of information recording sheets for the purpose of regular reporting 
are given in Annex 2. 

5.3 Storage and prOcessing 

The storing and processing of information can be performed either 
manually or by a computer. A manual system consists of labelling/cataloguing 
information, filing and processing ~ by desktop calculators. 

With the advent of computer technology, it has become much more 
advantageous to use a computerized system. Particularly, use of microcom-
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puters for information management has become practical and popular with an 
increased memory/storage capacity and at a lower cost. There are also a 
number of commercially available software packages for general-purpose 
data management, such as spreadsheet and data base management, which 
can be used for municipal solid waste collection and disposal services. Other 
advantages of using computers include the capability of producing graphs, 
tables and maps from the same data base with appropriate software pack
'ages, and the ease in transmitting information (e.g. sending a floppy disk which 
can contain a large volume of information; connecting two or more computers 
for on-line access). 

In a municipality where a computerized information management sys
tem has already been developed or is being developed for general accounting 
or other purposes, the information management system for solid waste 
management should be incorporated into this computerized system as a 
subsystem. Once this linkage is established, information can be shared 
among various departments in the municipal government. Such an informa
tion management system is being developed in Malaysia. 
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6. CONCLUSIONS 

A variety of information is used for planning, designing and operating 
municipal solid waste collection and disposal services. A single universal 
information management system which satisfies the needs of all solid waste 
management functions cannot easily be designed. Instead of a comprehen
sive prototype information management system, this document proposes that 
a simple system tailored to local conditions be established with available 
resources and information. The system should grow in the future as more 
resources can be made available. 

With this philosophy, the indicators which can be used to evaluate 
performance of municipal solid waste management services have been 
presented. However, a number of indicators useful for certain decision
making in solid waste management have not been extensively covered in this 
document. These include literature information, environmental data and 
various design parameters, which cannot be easily incorporated into the 
information management scheme presented in this document. 

Finally, the national government agency responsible for municipal solid 
waste management may require an information management system to 
monitor solid waste management in the country and evaluate its effectiveness. 
This document is intended for municipal government officials and does not 
describe the types of information required by a national agency and how the 
information is managed by such an agency. Nevertheless, most indicators 
discussed in this document are useful for the monitoring of solid waste 
management in the country and the evaluation of the effectiveness of national 
programmes. 
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ANNEX 1 

PROCEDURES FOR A SOLID WASTE GENERATION STUDY 

Objectives 

(1) To determine the volume required for on-site storage, transportation, 
transfer facilities and disposal of solid waste; 

(2) To identify recycling/resource recovery potential of solid waste; 

(3) To determine appropriate methods of collection and disposal of solid 
waste; and 

(4) To estimate the expected life span of a disposal site. 

Outputs 

(1) Daily generation rates in kglperson/day for residential waste and in kg/ 
sq.m/day for commercial waste; 

(2) Density of solid waste generated in kgllitre; and 

(3) Composition of solid waste generated in percentage by weight. 

Select jon of sample areas 

(1) Define several residential areas which represent different socioeco
nomic population groups (e.g. according to ethnic groups and/or income 
levels: low, middle and high income groups). 

(2) Select 100 households for each of the residential areas defined in (1) 
above. 

(3) Identify a predominantly business area where a large number of shops 
and offices are located. 

(4) Select 50 shops and offices for the business area defined in (3). 

(5) Akematively to (3) and (4), further divide the business areas into 
different categories such as hotels and restaurants, offices, shops and 
stores, workshops, and for each category select 10-20 samples. 

(6) Collect the waste generated in the above areas once a day at a fixed time 
for 8 successive days to allow variation in waste generation over the 
week. 
(Note that the samples on the first day will be discarded as they may 
contain waste accumulated from 2 or more days before.) 
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Preparation 

(1) Transport of waste - an open truck will be required to transport the waste 
collected to the dump site where all the measurements will be taken. 

(2) Human resources - a driver and an assistant worker will be required for 
transportation of the waste. In addition, one or two collection workers 
will be required for each sample area to collect and load the waste onto 
the vehicle. At the dump site, two or three workers will be required to 
measure the weight and volume of waste, and separate the waste into 
different categories. A supervisor-cum-data recorder will also be 
required. 

(3) Equipment: 

Plastic bags 

Weighing scale 

Buckets 

Plastic sheet 
Gloves 

- 8 (days) x (No. of households + No. of shops and 
offices) 

- one or two to weigh the waste with an accuracy of 
100 grammes 

- (a) to measure volume of waste and (b) be used 
as a container for weighing 

- to spread waste over it for sorting 
- for workers .to handle waste 

(4) Assignment of numbers to households, shops and offices - for purpose 
of data recording and analYSis. 

(5) Coding of plastic bags QY markers - according to the numbers assigned 
to households, shops and offices. 

(6) Data sheets - examples are given in Tables 1 through 3. 

(7) Survey of family size and floor area - the number of persons in each 
household and the floor area of each shop and office will be recorded in 
the data sheets. 

(8) Determination of collection route - the collection route will be recorded 
on a map. 

(9) Determination of volume and weight -the volume and weight of a bucket 
will be measured and recorded. 

(10) Instruction to workers - the workers will be instructed as to how they 
should carry out their work. 

(11) Distribution of leaflet and plastic bags - a leaflet, which explains the 
study and requests for cooperation, together with 8 plastiC bags will be 
distributed to each household, shop and office in the sample areas. 
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Procedure 

(1) Collect the plastic bags from houses and shops/offices according to the 
pre-specified oollection route. In order to make this oollection process 
efficient, the workers in eacli sample area may need to oollect the bags 
and place them at certain locations prior to loading them'onto the truck. 

(2) Repeal (1) for each sample area and proceed to the dump site. 

(3) Weigh each plastic bag and record the weight in the data sheets 
according to the numbers assigned to households, shops and offices. 

(4) Select randomly 25 plastic bags from those oollected in each sample 
area and record the household or shop/office numbers of these bags in 
the data sheets for volume measurement. 

(5) Open these plastic bags and empty the oontents into the bucket until it 
becomes full. The bucket will then be emptied and the contents will be 
spread over the plastic sheet. Repeat this process until all 25bags for 
each sample area are emptied and oount the number of bucketful loads, 
which will be reoorded for the volume estimation. 

(6) Separate the waste on the plastic sheet into different types (e.g. 
vegetable/ putrescible matter, bones, paper, textiles, plastics, grass/ 
leaves/wood, leather/rubber, metals, glass/ceramic, miscellaneous). 
The separated waste will be put into different buckets for weight 
measurement. 

(7) Measure the weight of each type of waste and record it in the data sheet. 

(8) Dump all the waste properly and clean the eqUipment used. 

(9) Repeal (1) to (8) everyday lor the duration 01 the study. 
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Table 1 DATA SHEET FOR DAILY GENERATION RATE 

House' Family" 
Days 

No. size 1 2 3 4 5 6 

1 

2 

3 

. · (weight measurement entries) 

· 
· 

100 

Total (A) 

• Shop/Office No. for commercial waste . 
•• Floor area for commercial waste. 

CompU1atjclO' 

(mean) daily generation rate = (B)/(A)/7 (kg/person/day) 

26 

Total 
7 

(9) 



Table 2 DATA SHEET FOR VOLUME (DENSITY) 

(a) Yolyme recording 

Day 1 2 3 4 5 6 7 

No. of 
bucketful 
loads 

Daily 
total' 
volume 

'The total volume computed for the 25 plastic bags selected. 

(b) Recording of corresoonding weights 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 

HseWt. Hse WI. HseWt. HseWt. HseWt. HseWt. 
No. No. No. No. No. No. 

(enter the house numbers selected under Hse No.; 
copy those weights 01 plastic bags with the 

corresponding house numbers) 

Total (a) (b) (c) (d) (e) 

Cgmpytatioo' 

Grand total weight = (a) + (b) + ... + (g) = (8) kg 

(mean) density = (8)/(A) (kg/l) 
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(f) 

Total 

(A) 

Day 7 

HseWt. 
No. 

(g) 



Table 3 DATA SHEET FOR COMPOSITION 

Day 
Total 

Category weight % 

1 2 3 4 5 6 7 

Vegetablel (a) (a)I(A 
putrescible X 100 

Bones (b) (b)I(A) 
X 100) 

Paper · · 
Textiles · · 
Plastics · · (weight measurement entries) 

Grassl 
leaves! 
wood 

Leatherl 
rubber 

Metals 

Glassl 
ceramic 

Miscelia (j) (j)/(A) 
-neous X 100 

Total (A) 100 
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ANNEX 2 

1-4 EXAMPLES OF DATA RECORDING SHEETS 

The recording of data generated in the field work is the first step in the 
development of an information management system. Examples of data record 
sheets which can be used for solid waste collection and disposal servi"es are 
provided in the following order: 

(1) Solid waste collection and transportation 

1-1 Operation summary table 

1-2 Waste collection work log 

1-3 Complaint report 

1-4 Weekly labourreport 

1-5 Crew service record 

1-6 List oflacilities 

1-7 List of vehicles 

1-8 Vehicle service record 

1-9 Vehicle maintenance and repair record 

1-10 Revenue and expenditure sum mary table 

(2) Final disposal 

2-1 Operation summary table 

2-2 Disposal work log 

2-3 Complaint report 

2-4 Weekly labour report 

2-5 List of facilities 

2-6 List of vehicles 

2-7 Vehicle/equipment service record 

2-8 Vehicle/equipment maintenance and repair record 

2-9 Disposal cost summary table 
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1-1 OPERATION SUMMARY TABLE 

Period: year ___ _ 

From ____ through ___ _ 

Variations 
Items Current year 

Actual Ie Ratio Ie same 

budget ratio period of previous 
year 

Weight (in tonne) of 
collected waste 

Total operating cost 

Total operating cost 
per tonne 

Total collecting labour 
cost per tonne 

Vehicle operating cost 
per tonne 

Common expenses 
per tonne 

Number of accidents 
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1-2 WASTE COLLECTION WORK LOG 

Departure time Odometer TIme 

atdepanure Vehicle No. 
Driver No. 

Rerum time Odometer 
Net travel (hrs) 

at retum Net mileage (km) 
Fuel (Iitres) 

Driver : Note: Check on trouble 
encountered: 
Engine temperature [ I 

Loader 1 : Oil pressure [ I 
Amperage [ I 
Packer [ I 

Loader 2 : 
Brake [ I 
Light [ I 

"Start "Finish Weight of Idle time Other points [ I Route 
time- time" waste Hrs Reason 

Check, if any, and 
report 10 the supervisor: 
Injury or death [ I 
Damage 10 car [ I 
Damage 10 other 
items [ I 

Total 

Notes: 

Driver is to fill in this form every day. 

Enter 'departure lime" and 'odometer at departure" when leaving the garage in the 
morning. 
Enter 'return time" and 'odometer at return" after arriving at the garage after work. 

, Enter 'start time" and "route" after arriving at the first waste collection point. Enter "finish 
time" when leaving the waste collection area for any reason, including full load. Enter 
next "start time" after arriving at the same or another route (after transporting the first load 
to the disposal site). Enter net weight of waste in "weight" after arriving at the disposal 
site. 

For any accident, injury or damage, check [ 1 and enter in "note". 
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1-3 COMPLAINT REPORT 

Date of receipt: ____ _ TIme of receipt: ___ _ 

Name: _______ _ 

]a.m. 
]p.m. 

Address: _____________________ _ 

Description of complaint: 

Date of taking remedial action: _______ _ 

Description of the remedial action: 

The following must be entered by the foreman or supervisor of the respon
sible staff: 

Waste collection route: Loader 1: 

Driver: Loader 2: 
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w 
w 

1-4 

WEEKLY LABOUR REPORT 

Area: ________ _ Date: ________ _ 

Signature: _______ _ 

Staff 
Mon Tue Wed Thu Fri Sat Sun 

Total per Reason of absence, 
No. 

Work Hr Work Hr Work Hr Work Hr Work Hr Work Hr Work Hr 
person overtime, elc. 

Total X X X X X X X X X 
'---- . ----

Notes: Supervisor is to fill in this form every working day for all the staff, including those hired hourly. Enter the starting time of work in "Hr". 
Enter work code" in ·Work". At every weekend, send a copy to the Accounting Department and keep the original. 

"Work codes: 0= driver, 
C = clerk, 

L ~ loader, 
F ~ foreman, 

EM ~ Equipment maintenance, 
S = supervisor, 

BM = building maintenance 
RS = route scheduler 

I 
, 
, 



'" ~ 

1-5 

CREW SERVICE RECORD 

Area: ______ _ _ __ thweek 

Total Toal 
Collected 

Collected Injuries Complaints Correction Collected 

I 
Crew effective weight/ factors for weight/time service weight of No collection effective This Cumula- This Cumula- different routes after correction 

hours waste hours collection time week tive week tive i 
, 

Total X X X X 

Av. 

Notes: This table is to be prepared by the Accounting Department. 
"Correction factors for different routes" should be based on past data on all crews in each route. For example. if the service time of Route A 
takes twice that of Route B. enter "2" in the column of crew for Route A and enter "1" in the column of the crew for Route B. To obtain "collected 
weight/time after correction", multiply "collected weight/effective collection time" by "correction factors for different routes". The product 
indicates crews' service performance more properly reflecting differences between routes. 



!3l 

1-e 

LIST OF FACILITIES 

As of 

Short Start of Market Estimated Other 
Facilities desoription use value total lite comments 

Land 
Buildings 
Garage 
Roads 
Streedights 
Protective walls 
Observation posts 
Others 

Total 

Financial data - - - --. Equipment and facilities 

I ,,. -To be used by -
Accounting Dept. I 

~ 

Annual Monthly 
depreciation depreciation 

I 

Type of bonds Faoevalue Market value Interest rate Interest per annum Interest per month 
--------- -----

Notes: Supervisor or, if data are available at Accounting Department, Accounting Department must fill in. 
'Estimated total lite' must be based on the residual life determined by the supervisor. 
Depreciation by fixed instalment method or fixed peroentage method. 



w 
en 

1-7 

LIST OF VEHICLES 

Registra- Modell Manufl!c- Purchase Initial Disposal Type Capacity 
tion No. turer date value value year 

Total X X X X X X X 

Notes: Accounting Department or supervisor is to fill in this form. 
"Estimated life" must be based on the residual life estimated by the supervisor. 
"Monthly depreciation" by fixed instalment method or fixed rate method. 
"Activity code: "A" for active vehicles, "'" for inactive vehicles 

As of 

,- - -To be used by - - --, 
Accounting Dept. I 

" 
, 

Estimated 
Annual Monthly Activity 

deprecia-
life depreciation code" 

tion 

X X 



c.:> .... 

1-8 

Garage No. ______ _ 

Inventory Total 
Downtime No. mileage 

Total X 

Average 

Budget 

VEHICLE SERVICE RECORD 

Period: From through ______ _ 

% of downtime to 
Maintenance Maintenance Fuel cost! total sheduled Fuel cost Total cost! Total cost 

working time cost costlhr hr hr 

. 

X X X X 



Co> 
0> 

1-8 

Vehide No. ______ _ 

Date Odometer Typeo! 
service/repair 

Total X X 

VEHICLE MAINTENANCE AND REPAIR RECORD 

Period: From through _____ _ 

Down Work Parts Labour Parts Subcontract Fixed cost @ X Total 
lime time used cost cost cost hrs cost 

I 

I 

X I 



1-10 
REVENUE AND EXPENDITURE SUMMARY TABLE 

Period: from 

through 

Actual in Budget of Cumulative 
Data current current total in year 

period period 

Weight of collected 
waste (tonne) 

Operating cost 

Investment cost 

Total cost 

Operating cost per 
tonne 

Investment cost per 
tonne 

Total cost per tonne 

Revenue (specify) X 

Note: Accounting Department is to fill in this table periodically from: 

1 - 1 Operation Summary Table 

1 - 6 Ust of Facilities, and 

1 - 7 Ust of Vehicles. 

Send a copy to the Mayor or equivalent. 
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2-1 
OPERATION SUMMARY TABLE 

Period: from 

through 

Variations 

Items Current year Actual to Ratio to same 

budget ratio period of 
previous year 

Weight (tonnes) 
of disposed waste 

Total operating cost 

Total operating cost 
per tonne 

Total disposing 
labour cost per 
tonne 

Vehicle operating 
cost per tonne 

Common expenses 
per tonne 

Equipment operating 
oostpertonne 
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2-2 
DISPOSAL WORK LOG 

Time 
Disposal site Vehicle No. 

Driver No. 

Weather Net travel (hr.) 

Net mileage (km) 

Fuel (litres) 

Driver : Check on trouble 
encountered: 
Engine temperarure [ I 

Note: Oil pressure [ I 
Amperage [ I 
Packer [ I 
Brake [ I 

Opera-
Light [ I 

Start Finish Weight of Idle time Other points [ I tion 
time time waste time Hr. Reason 

Check, if any, and 
report to the supervisor: 
Injury or death [ I 
Damage to car [ I 
Damage to other 
items I I 

Total 
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COMPLAINT REPORT 

Date of receipt: ___ '--_ TIme of receipt: ___ _ 

Name: _______ _ 

lam. 
) p.m. 

Address: ____________________ _ 

Description of complaint: 

Date of taking remedial action: _______ _ 

Description of the remedial action: 
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2-4 
WEEKLY LABOUR REPORT 

Disposal site: ____ _ Date: _______ _ 

Signature: _______ _ 

Staff 
Mon Tue Wed Thu ~ri Sat Sun Total per Reason of absence, 

No. Work Hr Work Hr Work Hr Work Hr Work Hr Work Hr Work Hr 
person overtime note, etc. 

Total X X X X X X X X X 
- -- -

Noles: Supervisor is to fill in this form every working day for all the staff, including those hired hourly. Enler the starting time of work in 'Hr". 
Enter work code' in 'Work". At every weekend, send a copy to the Accounting Department and keep the original. 

'Work codes: 0= driver, 
C = clerk, 

SW = sweeper, 
F =Ioreman, 

EM = Equipment maintenance, 
S = supervisor, 

8M = building maintenance 
W = weigher 



t 

2-0 

Facilities 

Land 
BuilOlngs 
Garage 
Weighing machines 
Drainageway 
Drainage equipment 
Power ecuipment 
Roads 
StreeHights 
Protective walls 
Observation posts 
Others 

Total 
---

LIST OF FACILITIES 

As of 

Short Start of Market Estimated Other 
description use value total life comments 

Financial data - - ~ ~ Equipment and facilities 

" 
I" -To be used by - -

Accounting Dept. -

Annual Monthly 
depreciation depreciation 

I 
~ 

- -_ .. _----- -----

Type of bonds Face value Market value Interest rate Interest per annum Interest per month 

Notes: Supervisor or, if data are available at Accounting Department, Accounting Department must fill in. 
"Estimated total life" must be based on the residual life determined by the supervisor. 
Depreciation by fixed instalment method or fixed percentage method. 



~ 

2-e 

LIST OF VEHICLES 

Regislra- Modell Manufac- Purchase Initial Disposal Type 
tion No. 

Capacity 
turer date value value year 

-

Total X X X X X X X 

Notes: Accounting Department or supervisor is to fill in this form. 
"Estimated life" must be based on the residual life estimated by the supervisor. 
"Monthly depreciation" by fixed instalment method or fixed rate method. 
"Activity code: "A" for active vehicles, "I" for inactive vehicles 

As of 

~ .. ~ 

- - - -To be used by --
I Accounting Dept. I 

Estimated 
Annual Monthly Activity 

life 
deprecia- depreciation code· 

tion 

. 

X X 



~ 
en 

Disposal site: ______ _ 

Inventory 
Total 

No. 
scheduled Downtime 

working time 

Total X 

Average 

Budget 

VEHICLE IEQUIPMENT SERVICE RECORD 

Period: From through _____ _ 

% of downtime to 
total sheduled Maintenance Fuel Maintenance Fuel Total Total cost 
working time cost cost costlhr costlhr costlhr 

X X X X 

---



2-S 

VEHICLE/EQUIPMENT MAINTENANCE AND REPAIR RECORD 

Equipment No. ______ _ 

Equipment type: ______ _ Period: From through ______ _ 

Date 
Type of Down Work Parts Labour Pans Subcontract Fixed cost @ X Total 

service/repair time time used cost cost cost hrs cost 

~ 

Total X X 



2-9 DISPOSAL COST SUMMARY TABLE 

Period: from 

through 

Actual in Budget of Cumulative 
Data current current total in year 

period period 

Weight of disposed , 

waste (tonne) 

Operating cost 

Investment cost 

Total cost 

Operating cost per 
tonne 

Investment cost 
per tonne 

Total cost per tonne 

Note: Accounting Department is to fill in this table periodically from: 

2 - 1 Operation Summary Table 

2 - 5 List of Facilities, and 

2 - 6 List of Vehicles. 

Send a copy to the Mayor or equivalent 
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