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SUMMARY
In China, municipal solid waste management is currently a growing national problem
without a good solution. Economic development and urban population growth rapidly
accelerate the generation of municipal solid waste. The negative environmental effects
related to municipal solid waste management, such as landfills occupying a great area
of arable land, air and water pollution nearby landfills and waste explosion accidents
have reached critical stages.
Chinese municipal solid waste is an on-going challenge caused by the huge amount of
waste generated, lack of waste treatment facilities, technologies, finance and
management. The characteristics of municipal solid waste treatment methods in China
are:
. Landfill is the most common method for handling municipal solid waste. But most

.
.

of these, especially the landfills of small cities, have no gas controi system, no
leachate collection system or lack other necessary equipment.
The incinerators for municipal solid waste treatment are small and often requires
manualloading and sorting of waste. These incinerators are generally very simple
and have no environmental protection systems.
Some Chinese cites have set up relatively low technology and small sized-vessel
composting systems to process municipal solid waste. But the products - compost,
are commonly with low quaiity due to the mixed waste and improper hand sorting.

The current municipal waste treatment methods in China is unsustainable and will
burden future generations. The main goal of this thesis is to ascertain the proper
approaches to solve municipal solid waste problems in Jingshan, especially technical
solutions based on the conditions of Jingshan's municipal solid waste management.
Sustainability will be considered as the basic princip le of this cage study, so energy
recover, nutrition recover and rationalland lise will be prior in this study. Based on
this goal and basic princip le, several analyzing methods and perspectives including
system analysis, economic analyses, environmental analyses, social psychology
analyses will be applied to analyzing the four different technical approaches including
sanitary landfill, incinerating & landfill, composting & landfill, and incinerating,
composting & landfill. Finally, an overall comprehensive analyses will be applied in
order to conclude the analyzed results above.
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The comprehensive result of analysis is that the composting & landfill approach is a
better solution. To reconstruct crude dumping place into sanitary landfill and install
biogas waste treatment plant might be suitable technical solution for the case of
Jingshan.
Since municipal solid waste management is not just a question of technology, it is
also a matter of integrated approach which includes source reduction, sorting at
source, educating residents. An integrated approach is necessary and should be
implemented step by step. So, the suggested integrated approaches for Jingshan's
municipal solid management are addressed based on current solutions, short-term
solutions and long-term solutions. These are presented below:
Current solution includes to sort out batteries and mercury tubes, to reconstruct

.
.
.

crude dumping into sanitary landfill, to educate residents reducing their waste
generation, and to make feasibility studies on waste treatment plant.
Short-term solution includes to sort out organic waste, and to install biogas waste
treatment plant.
Long-term solution includes to sort waste in higher degree, to implement the
incinerating, composting & landfill approach in extent of region, and to cap the
full filled-up landfill.

It is hop ed that this study will orientate further feasibility study on Jingshan's
municipal solid waste treatment plant and contribute to some extent towards the
solution of the serious municipal solid waste management problems which China is
facing.
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1. INTRODUCTION
China is a rapid developing country with an increasing standard of living. China' s
GNP (gross national product) is increasing at approximately 9% per year during the
last 20 years (China Statistical Year 1997). According to the statistic prediction of the
Chinese SEP A (State Environmental Protection Administration), there will be 700800 cities and around 20 000 towns in the year 2000, the city population will reach
0.45 billion - about 35% of total population of China. The economic development and
urban population growth places great stress on urban environment. Municipal solid
waste is one of the many problems re1ated to development. The total annually output
of municipal solid waste generation in China is about 0.11 billion tons in 1996, this
figure will increase to 0.14 billion tons, 0.85kg/cap/day in 2000 (SEPA, 1998). In
comparison, the waste generation in the u.S in 1995 was to 0.22 billion tons.(DS
EPA, 1995).
In the recent ten years, waste treatment facilities have increased in great numbers in
China, especially facilities for industrial hazarded waste. Dnfortunately, these
treatment and management facilities are unable to cope with the increasing growth in
the amount of waste. Landfill is the most common method for handling municipal
solid waste in China. Generally, these landfills do not meet best practices from either
a design or management perspective. Most of them, especially the landfills of small
cities, have scavengers on-site, have no gas controi system, no leachate collection
system in place. Even some of municipal solid waste has been causally dumped in the
suburb of cities. The pollution accidents often occurs. The environmental problems
re1ated to waste are becoming worse ( 1. Paul Henderson & Terrill J. Chang, May,
1996). Some of most serious environmental problems are addressed as follows:
Landfills occupying a great amount of arable land. From 1987 to 1992, the gross
loss of arable land in China are 6,556 thousand hectares, about 5.0% of cropland
(Lester R. Brown, 1997). Landfill occupying is one of reasons of arab le land
decreasing. In some cities, it is nearly impossible to find new dumping sites, hence
valuable arable land are used as landfill.
Air pollution in the surrounding of landfills. Most of landfills emit odor, and are
breeding ground of rats and fungus. Landfills also release harmful gases such as
ammonia (NH4), hydrogen sulfide (H2S) and so on.
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Surface wafer and ground wafer pollution. Municipal solid waste is the combination
polluting sources made up of organic pollutants, heavy metats and the pathogenic
micro-organism which might pollute the surface and ground water nearby seriously if
lack of leachate collection system. In 1983, this kind of polluting accidents occurred
in Guiyang, Olle of Chinese city, where the ground water as source of drinking water
was contaminated by leachate of municipal solid waste and resulted in the disease of
bacillary dysentery commonly among residents. (SEP A, 1998)
Waste explosion accidents. Due to lack of gas controlling system, the CHimethane)
produced in the natural decomposing process results in explosion accidents in
landfills. For instance, Changping Landfill, Olle ofBeijing's landfills, experience three
landfill explosion accidents in 1995 (SEP A, 1998). It is anticipated that, if the
necessary measures have not been taken, the landfill explosion accidents in dumping
places will increase.

In short, it is obvious that the typical and traditional municipal waste treatment
method in China is unsustainable and will burden future generations. In a cynical
sense municipal waste treatment is for "cleaning cities and polluting villages". So, the
studies are carried out on Jingshan' s municipal solid waste management as a case. The
proper solution, especially technical solution, taking into consideration of
environmental sustainability, economic affordability and social acceptability will be
analyzed and discussed in this paper.

2. OBJECTIVES AND SCOPES

2.1 Objectives:
The top goal of this thesis work is to ascertain the proper approaches to solve
municipal solid waste problems in Jingshan, especially technical methods. So based
on this goal, the objectives of this thesis are to:
discover the main problems on municipal solid waste management which Jingshan
is facing.
briefly document the features of Chinese municipal solid waste on management
structure, waste characteristics, operation systems and treatment methods.

.

.
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describe the general situation of Jingshan's municipal solid waste management.
comprehensively analyze which technical approach is more suitable for Jingshan
cage based on some experiences of leading industrial countries, system analysis,
and economic, environmental and social psychology analyses. The sustainable and
environmentally-friendly sound technology for municipal solid waste will be
strongly recommended.
suggest to carry out the integrated solutions step by step based on the concrete
conditions of Jingshanis municipal solid waste.
simply discuss the obstacles and opportunities of implementation of the integrated
solutions.

The other objective of this preliminary study on Jingshan's municipal solid waste
management is to provide the references for:
. the decision makers of Jingshan municipality,
the urban planners of Jingshan,
the decision makers of international financial institutions which might give
financial support to Jingshan municipal solid waste management project,
. the following up feasibility study on Jingshan municipal solid waste treatment
plant.

.
.

2.2 Scopes
Scope ofwaste:
In this paper, only municipal solid waste is studied, which includes three components
such as household waste, street garbage and commercial waste which are produced by
office, restaurants, stores and etc. Municipal solid waste does not include industrial
waste, demolition-construction waste or hazardous waste which are treated separately
by Jingshan municipality. Within municipal solid waste, organic waste, municipal
hazardous waste such as batteries and mercury tubes will be focused.
Scope ofwaste treatment technologies:
Landfill, incinerating and composting will be discussed as waste treatment
technologies, hut recycling is only slightly discussed due to the limited space of this
thesis and not as relevant as the other three to this topic for Chinese cities.
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3. THE ORY AND METHODS
The study of municipal solid waste is crucial in the efforts to achieve a sustainable
society. Municipal solid waste is relevant to many other environmental aspects,
including utilities of natural resources, land lise, human health, surface and ground
water pollution, air pollution and so on. Successful management is important to avoid
the occurrence of other environmental problems. Municipal solid waste management
as a key role in the development towards a sustainable society must be recognized.
Waste is produced after using natural resources by human being. People have to close
the loop which they made for living in order to mitigate the depletion of natural
resources and to protect our environment. The sustainable solutions will be highly
appreciated in the solutions of Jingshan municipal solid waste management.

3.1 Basic Principle
To achieve the sustainable municipal solid waste management, the sustainability is
considered the basic princip le in this study. The specific application of sustainability
in handling municipal solid waste could be waste reuse, recycling, energy recover,
nutrition recover and rationalland lise through decreasing landfills. By using biogas to
produce e1ectricity or
waste is a very good
solves waste problem
non-renewable energy

heat which is come ITom organic contents of municipal solid
example of sustainable solution, because on the one hand, it
and it's corresponding negative effects, on the other, it saves
recourses.

Besides, the minimizing environmental effect and ITom source to solve problem could
be the basic requirements of handling municipal solid waste. So when to choose the
different approaches, which one is the best one with the minimizing environmental
effect should be considered. Source reduction and sorting waste at source can avoid
mixing all kinds of waste and bringing a lot of trouble in the further treatment
processes.
In the analysis and results chapter, the above princip le of sustainability and its specific
requirements in handling municipal solid waste will be applied to choose the prior
solution.

3.2 Methods
The below methods are adopted comprehensively in this study:
. Literature search and study. Relevant important literature and data are ITom Lund
University Library, Tyrens InITakonsult AB Library, The Library of the
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International Institute for Industrial Environmental Economics at Lund University
and LUMES (Lund University International Master' s Prograrnrne in
Environmental Science) Library. And also very relevant literature and data are
given by my supervisor, Per Lundgren. Latest data and material about waste
management in Jingshan are obtained from Solid Waste Division of Chinese
SPEA and Jingshan Municipility.
Study visit and interview. In order to acquire general information about municipal
solid waste management, study visit and interview local VIP in Jingshan have
been carried out. Study visit to Kristianstad Biogas Plant which is one of most
successful operating integrated digestion and composting plants in Sweden, the
municipal solid waste department of Kristianstad Municipality, and Malmö
Incinerator Waste Treatrnent Plant. Some consultants in waste treatrnent field have
been interviewed while facing the technical problems. The interview to the
engineer of Solid Waste & Toxic Chemicals Management Division of Chinese
SEPA has been done and obtained the general situation about China waste
management.
Joining

the Swedish Environmental

Delegation for China which is led by

Swedish Environmental Minister, Mr. Kjell Larsson from Ser. 13 to Ser. 20,
1999. I have followed the whole activities of this delegation including two
national seminars on municipal solid waste management and technologies, and the
visiting to Hongkong household waste collecting systern. Discussions with the
experts of waste treatrnent field about the solutions of waste problems in China
have done during the conference.
System analysis. Systern analysis has been applied to figure out inter-relationships
among the different main actors in Jingshan municipal solid waste management
cycle, the causalloop diagrams have been drawn to help the explanations.
Comprehensive analyses. That will be applied to conclude the results of
respective analyzing methods in this study.

4. PROBLEMS DEFINITION

4.1 The Increasing of Waste Generated
According to "Jingshan City Planning", its population is 110 thousand in 1999 and
will be170 thousands in 2005, the corresponding generation of municipal solid waste
is expected from approximate 94ton/day in 1999 to 145ton/day in 2005 if the
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contribution of economic growth to the increasing of municipal solid waste generated
is ignored, obviously, the growth rate of municipal solid waste in Jingshan is quite
high.

4.2 No Municipal Solid Waste Sorting at Source
The same as the other Chinese cilies, Jingshan's municipal solid waste is not sorted at
source except for some recycables such as the waste paper, the aluminum beverage
cans, the metal and metal food cans, and glass bottles which can be sold to the
individual collectors or garbage pickers.
The three components of municipal solid waste such as household waste, street
garbage and commercial sector waste, are mixed in the drop-off spots or landfills by
using the common collection and transportation systems in Jingshan. These mixtures
of municipal solid waste create a lot of problems for the following waste management
and treatment.

4.3 N OMunicipal Solid Waste Treatment Facility
There is no waste treatment plant in place for treating municipal solid waste in
Jingshan. The only landfill place is a naturallow-land and around 2 hectares, without
any environmental protection work carried out before or after it was used as a
municipal solid waste dumping place. The related environmental problems such as air
pollution, surrounding water pollution, bad smell, the huge amount of flies and
mosquitoes and infectious disease are very serious.
In conc1usion, the main problems involved in Jingshan's municipal solid waste are
increase in waste generated, without any separation of municipal solid waste and no
waste treatment facility together with their relevant negatively environmental effects.
Through the study trip, it was learnt thai Jingshan municipality has realized the
seriousness ofthese critical problems and try to find proper solutions. Considering the
long term, the municipality intends to install a municipal solid waste treatment plant
with the capacity of 150ton/day. They have started to consult about technical solutions
and to look for the partially financial supports.
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5. OVERVIEW OF MUNICIPAL WASTE SOLID
MANAGEMENT
In this chapter, the general municipal solid waste management situation of China will
be briefly introduced, which inc1udes municipal solid waste management systems,
collection and transportation systems, treatment and disposals systems. Also, the
comparisons to some leading industrial countries will be simply made in order to
obtain the profile of Chinese municipal solid waste management.

5.1 Municipal
and Funding

Solid Waste Management

Organizational

Structure

In China, the municipal government takes the responsibility for municipal solid waste
management. Specifically, the local environmental protection agency is responsible
for the environmental monitoring and policy on municipal solid waste issues, the local
environmental sanitation department is responsible for municipal solid waste
collection, street sweeping, refuse transportation and disposal.
Municipal solid waste management is funded directly by the municipal government.
In some Chinese cities, residents are charged 1 to 3 Yuan (8 Yuan equals
approximately $1 US, 1 Yuan almost equals SEK 1) per month for the waste service.
Waste collection fees only cover a tiny portion of the cost of managing the waste.
(SPEA, 1998)

5.2 Municipal Solid Waste Generation and its Characteristics
5.2.1 The Growth Rate of Municipal Solid Waste Generated
As mentioned in introduction chapter, China' s waste generation has been increasing
very rapidly in recent years driven by the economic and urban population growth, the
growth rate of the amount of generated municipal solid waste experienced and an
annually average of 7.9% within 1991 and 1997(China Environmental Statistical
Yearbook, 1998), slightly lower than the growth rate of GNP (10.8%) at the same
time, but higher than urban population growth rate (3.0%) (China Statistical
Yearbook, 1997). If the rear 1990 is taken as based rear, considered as 1.0, the
growths of GNP, urban population and municipal solid waste respectively are shown
in Figure 1. Figure 1 also indicates that municipal solid waste will continue to
increase at the current growth rate.
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Figure 1. The Growth ofGNP, Urban Population & Municipal Solid Waste in
China
Souree 1: China Environmental Statistie Yearbook 1998
Souree 2: China Statistieal Yearbook 1997
Souree 3: Solid Waste Treatment Teehnology, Chinese Environmental Association

5.2.2 The Characteristics

of Municipal Solid Waste

The Olle of characteristics can be inorganic fraction in municipal solid waste varies
somewhat from city to city based on whether cooking and heating are done by coal or
gas (natural or coal gas), the more coal used, the more inorganic content in municipal
solid waste (SEP A, 1998). The comparison between gas for cooking area in south
Chinese cities and Vancouver, Canada can be seen in table 1 as weIl.
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Table 1. Municipal Solid Waste Composition

Organic waste (i.e. food waste)
Inorganic waste:
Paper
Plastic
Metal
Glass
Brick, tile, coal ash, cinder and dust
Textiles
Other

65.2

32.0

4.69

32.7
8.8

1.67
1.54
1.99
16.0
1.98
6.93

5.1
2.9
2.9
3.7
11.9

Source: *SEPA, 1998, p.187
Source: ** J Paul Henderson & Terrill J Chang, May, 1996, p.5

Table l shows that the organic waste in south Chinese municipal solid waste is much
higher than Vancouver' s. The pretty higher organic waste results in the lower heat
value which ranges from 800-1100kCal/kg. In comparison, the mean heat value of
Vancouver's municipal solid waste is 6278kCal/kg. The low heat value of the
municipal solid waste would have a major impact on the economic viability of
incineration projects in China. (J. Paul Henderson & Terrill J. Chang, May, 1996).
In the table 1, paper waste includes paper cartons, paper carrier-bags, wrapping paper,
corrugated cardboard newspapers, magazines, journals and advertising material.
Plastic waste refers to plastic packaging bags, disposable styro foam food containers,
PET bottles, plastic utensils, plastic toys and so on. Metal means aluminum beverage
such as containers for beer and soft drinks, metal food cans and some waste metallike
iron. Glass mainly includes the different color (green, white, brown) glass bottles.
Textiles includes used clothes and cloth. Other item in table 1 refers to some waste not
claimed above. The other item in category in China contains batteries and mercury
tubes which are almost not included in this category in Canada.

5.2.3 Recycling Activities
It is worth mentioning that households practice a form of recycling when it comes to
waste from paper, aluminum beverage cans, metal and metal food cans and glass
bottles. These tyre of wastes are generally collected by individual collectors, that rays
households a little stim of money for separating and keeping these waste at source.
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In addition, garbage containers are continually scavenged by waste-pickers looking
for recyclable. IIOnically, because of the activities of these individual collectors and
waste-pickers, China could be considered as having a relatively high rate of recyc1ing.

5.3 Collection and Transportation Systems
The adequate waste collection systems are provided with of daily waste collection and
daily street sweeping for citizens. The most common municipal solid waste collection
systems are central dIOr-off spots in each neighborhood, located on the edge of the
street. Most of the collection containers in China are not covered, and due to the high
food waste content, they are emit unpleasant odors and attract flies. All system
components inc1udingbicyc1e carts, trucks and buildings are generally owned by the
municipality. There are very few large-scale transfer stations in China. Several cities
are planning to construct such facilities. (SEPA, 1998).

5.4 Public and Governmental Attitudes
To establish cultural and sanitary cities as a Chinese central govemmental goal has
been more than 10 years, therefore, public enviIOnmental attitudes are changing and
people's actions are also changing.
According to SEPA, sanitary landfill is considered as Olle of necessary waste
treatment method and will be commonly used for a long time due to the lack of the
other treatment technologies. In accordance to requirements of China's Agenda 21,
biogas generated from sanitary landfills will be recovered by the year 2000.
Composting is highly appreciated and to improve the quality of composts is thought
about as a key issue. (SPEA, 1998)(China's Agenda 21, 1994)

5.5 The Municipal Solid Waste Treatment Technologies
Nowadays, the common existing technologies on treatment of municipal solid waste
are landfill, incinerating and composting besides recyc1ing. More than 70% of total
municipal solid waste in China is dumped in landfills. High temperature composting
takes up about 20% of total municipal solid waste. The amount for incineration is
few(SEPA, 1998). Compare to the U S, 60.9% of municipal solid waste was disposed
in landfill, 15.5% of that was combusted and 23.6% was recyc1ed and composted in
1994. (VS EPA, 1995).
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5.5.1 Landfi/ling
Historically, the landfill is firstly used along with the formation of cities, crude
dumping is original way of landfiiI. But as living standards increase so does the
demand for improved environmental benefits, crude dumping of waste become
increasingly unacceptable to a more highly educated and weIl informed public. So,
the sanitary landfills which are with the gas and leachate controi and collection
systems are being used instead of crude dumping. Today, the tendency is to minimize
the utilization of landfill in most of western countries because the importance of
energy and raw material recovery as weIl as rationai land lise has been gradually
realized by people. (Bridgwater A. V. & Lideren, K. 1981)
But, most landfills are without the gas and leachate controi and collection systems in
China. Of the several cities investigated, Olleof the the top level landJill in China is
the Asuwei Sanitary Landfill with 200Oton/day capacity, which is located in the
suburb of Beijing founded in 1994. Impervious treatment was carried out to the
landfill base to prevent the groundwater from being polluted. The compacted waste is
covered with soil to avoid exposure. The leachate resulted from waste is used for
agricultural irrigation arter being treated to meet discharge standards. At present, the
landfill gas is released into the air, hut in the long ron, it will be reclaimed for
application. A length of coil road is constructed on the landfill heap which shall
finally add to the landscape.(Beijing General Municipal Engineering Design &
Research Institute, Dec, 1997) The low level landJill in China, such as Jingshan's
Landfill, is really crude dumping place. It almost have no pre-treatment both for
waste and dumping place.

5.5.2 Incineration
The big-sized incinerators are built Olle arter another in western world since 1980's.
And the combination of incineration and electricity producing is appreciated and
applied if it is balanced between the investment and benefit from selling the recovery
energy. But, although the advanced air clean devices are installed in these
incinerators, the secondary pollution problem is still debated among the
environmental scientists. (Jackson & Jackson, 1996)

The incinerators in China are small and orten requires manualloading and sorting of
waste. These incinerators are generally very simple and have no environmental
protection systems.(SEPA, 1998) But, incineration is looked on favorably by many
cities due to the small land requirements and the potential for electricity generation.
According to the seminar of Swedish Environmental Delegation in Guangzhou
(Canton), some Chinese cities plan to build municipal solid waste incineration
systems. (China SEPA & Swedish Ministry of Environment, 1999)
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5.5.3 Composting
Composting is not new concept, especially for China. Chinese farmers could make
biogas and compost since hundred years ago through the natural decomposing process
of used straws , manure of both human being and animal. Unfortunately, composting
has been not carried out in urban area to treat the municipal solid waste in terms of
industrialization in China. Contrarily, in some leading industrial countries, the
combination waste treatment plants of producing biogas and compost in big size and
capacity are accepted in recent years due to its environmentally friendly way and
c1osing natural cyc1e. But the strict sorting requirement of municipal solid waste
which is to completely sort organic waste out of the other waste at source is Olleof
most important key issues to operate this kind of plant successfully. (Leif Wannholt,
1998)
Some Chinese cites have set up relatively low technology and small sized-vessel
composting systems to process municipal solid waste. But the products, compost, are
commonly with low quaiity due to the mixed waste and improper hand sorting.
Experience has shown that the value of the compost is less than the costs of producing
it since the bad compost has no marketability. So, the majority of the composting
facilities have shut down. (J. Paul Henderson & Terrill J. Chang, May, 1996)
In short, due to the secondary pollution of small incinerators and low quaiity of
compost, and also the limited financial capacity at present, landfill is still the common
way in China to handling municipal solid waste. Therefore, the advanced waste
treatment technology and international financial supports are highly demanded in this
field of China.

6. CAgE DESCRIPTION
6.1 General Information
Jingshan is a small city with 110 thousands population as mentioned before and
located in Hubei Province which is in the southern part of China. From Wuhan, the
capital of Hubei Province, Olleof important place of communications in China, around
3 hours are taken to the center of Jingshan city by car. Administratively, the Jingshan
city is directly controlled by Jingshan Municipality, and Hubei provincial govemment
manages Jingshan Municipality.
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6.2 The Characteristics of Municipal Solid Waste Management
Jingshan shares many characteristics with many small Chinese cities in terms of its
municipal solid waste management. Jingshan's Municipality takes full responsibility
for municipal solid waste collection, transportation, disposal and funding. Residents
not pay towards waste management in Jingsan.
Residents in Jingshan city mainly lise natural gas for cooking, and there is no heating
system because it located on southem part of China with the very few cold days in
winter. If necessary, residents lise the household electrical heaters. So, the municipal
solid waste composition in south China by using gas for cooking in table 1 can be
considered to basically represent the compositions of Jingshan's municipal solid
waste since no data is available on compositions of Jingshan's municipal solid waste.
Jingshan's municipal solid waste collection systems have already reached the big
cities such as Beijing and Shanghai's standards. In some aspects it is even better than
big cities, especially in terms of disposal buildings facilities. Drop-off spot (small
wooden houses) and garbage containers are specifically shown in Figure 2 and Figure
3. The collection vehicles are sealed and specially designed trucks like that one shown
in Figure 4.
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Figure 2. Drop-off Spot of Jingshan Municipal Solid Waste (Small
Wo oden House)
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'-Figure 3. The Garbage Containers of Jingshan
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Figure 4. The Sealed Collection Vehicle (Blue and White Sealed Truck)
for Jingshan's Municipal Solid Waste
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In Jingshan, there are a total of four garbage transfer stations, each of them is roughly
with 20ton capacity. Olle ofthem is shown in Figure 5. This particular station is dean
and without strong bad smell, which is rather rare in China.
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Figure 5. The Garbage Transform Station for Jingshan's Municipal
Solid Waste

6.3 Why to Choose Jingshan as Case Study
In China, the waste problems are common in most of the cities and towns. Why
Jingshan's municipal solid waste management is chosen as cage study, because
through the investigation to Jingshan, the following facts have been discovered:
Jingshan ranked the first place of hygiene (sanitation) competition in the medium
and small cities ofHubei Province in1999.

.
.
.

"No Fragmentary Waste on Ground" which means every family must lise bags to
contain household waste and plit in the drop-off sites is the big progress which the
Jingshan municipality made in this first halfyear.
Jingshan Municipality is highlyaware of the environmental problems which they
are facing and will face. The local regulations on waste collection and
transportation facilities such as drop-off sites or house, are basically completed.
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Crude dumping is the only way of treatment municipal solid waste in this city.
That means no any pre-treatment of waste or no leachate controI system on its
landfill place.
Jingshan is relatively rich area in China, so municipality can finance or partly
finance to build and flin the waste treatment plant.

Therefore, the subjective and objective conditions to search the proper solution for
Jingshan municipal solid waste management is basically mature. In the following
charters, the proper sustainable approach, especially technical solutions will be
discovered and analyzed.

7. ANALYSES AND RESULTS
Waste management plays an increasingly important role in the overall debate on the
protection of our environment and the rationaI lise of raw materials. This has become
quite c1ear in the recent years, when the waste problem has received public attention at
all leveIs. In China, municipal solid waste management is currently a growing
national problem without a good solution. In this charter, one of municipal solid
waste technical approaches which are suitable for Jingshan's realistic conditions has
been analyzed and compared from the different aspects of inc1uding experiences from
leading industri al countries, system analysis, economic analyses, environmental
analyses, and social psychology on different technical approaches. Finally, the
comprehensive analyses have been applied in order to find realistic solution for
municipal solid waste management in Jingshan.

7.1 Experiences from Leading Industrial Countries
In order to learn the state of international development on municipal solid waste
management, the reference studies specifically on US and Sweden have been done
during the writing of this thesis. The solution for municipal solid waste experienced
by national environmental authority of these two countries is briefly conc1uded in the
next few paragraphs.

7.1.1 Experiences from USEPA
The results of studies ofUSEPA (D. S. Environmental Protection Agency) shows thai
there are below c1asses of integrated municipal solid waste management(USEPA,
1995):
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Source reduction tops the classes because of its potential to reduce system costs,

.

prevent pollution, reduce consumption ofresources and increase efficiency.
Recycling and composting is the second step in the classes. It involves collecting
materials, reprocessing/re-manufacturing, and using the resulting products. Within

.
.

the composting approaches, USEP A places mixed municipal solid waste
composting at the bottom. Source-separated composting is highly appreciated,
especially over the long-term.
Waste combustion and landfill are at the bottom of the classes. USEP A does not
rank Olle of these options higher than the other, as both are viable components of
an integrated system.
Sanitary Landfill is necessary to manage non-recyclable and non-combustible
wastes, and is the only actual waste "disposal" method.

7.1.2 Experiences

from SNEPB

In order to investigate appropriate treatment methods, the SWEPB (Swedish National
Environmental Protection Board), performed a study of technology, economic and
environmental impact of various treatment methods. Tyrens Infrakonsult AB reported
in the report of municipal solid waste management project of Grand Abu Dhabi City
that these investigations demonstrated that a combination of different treatment
methods was required.
During the study visiting to Municipal Solid Waste Department of Kristianstad
Municipality, it could be concluded that their municipal solid waste management is a
good combination. The organic waste in this area is collected separatelyand then
treated in Kristianstad Biogas Plant for producing biogas and compost. The
combustible was te is taken to Malmö Incineration Waste Treatment Plant. The rest
waste is carried to Kristianstad landfill or Hässleholm landfill. This was due to the
fact that there was no single treatment method that prov ed suitable for all waste. It
was further determined that sorting by machine alone did not provide sufficiently pure
separation for subsequent treatment methods.
Interest in waste disposal handling and its environmental aspects has grown, which
has given waste issues more attention in the environmental debate. The strategy that
has emerged during the 1990's is a closed loop, i.e. recycling/reuse combined with
various treatment methods.
Through the leaming of the experiences of same leading industri al countries, the brief
conclusions can be drawn out: source reduction and sorting at source are the most
important issue and should be ranked on the top levelon municipal solid waste
management. No single method can be used to cover the all municipal solid waste.
Although source reduction, reuse, recycling, incinerating, and composting can divert
large portions of municipal solid waste from disposal, same waste still must be placed
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in landfills. AIso considering the existing municipal solid waste technologies, the four
possible technical approaches could be discovered for handling Jingshan's municipal
solid waste which are sanitary landfill, incinerating & landfill, composting & landfill,
and incinerating, composting & landfill. These will be discussed in this chapter.

7.2 System Analysis: Which Approach is Better?
System analysis thinking and casualloop diagrams is a useful method to analysis the
complicated questions and to make them simple. System analysis will be applied in
analyzing the above possible approaches. Crude dumping is shown as the current
situation.
Prior to showing casual loop diagrams, same symbols which will be used in the
diagrams are introduced. Firstly, "+" is used at the arrowhead to indicate that a change
in the item at the tail of the arrow will cause a change in the same direction for the
item at the head of the arrow. Secondly, "-" is used at the arrowhead to indicate that a
change in the item at the tail of the arrow will cause a change in the opposite direction
for the item at the head of the arrow. Symbol "R" with half arrow circle is placed in
the center of the loop to suggest that it is a positive causal loop, on in which
behavioral changes are reinforced. Symbol "B" with half arrow circle is placed in the
center of the loop as well to suggest that it is a negative causal loop, on in which
behavioral changes are balanced.(Roberts N. & others)
7.2.1 Crude Dumping
As mentioned in the problem definition chapter, no municipal solid waste treatment
facility is available in Jingshan, crude dumping on the naturallow-Iand located on
out-skirt of this city is only Ollemethod to treat Jingshan's municipal solid waste. The
below casualloop diagram has been drawn based on the current situation of municipal
solid waste management in Jingshan and its corresponding environmental and
economic effects.
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Figure 6. Causa. Loop Diagram of Crude Dumping
In above causal loop diagram, there are a total of six loops, and urban population &
economic growth, and municipal solid two actors are in each loop. Due to the growth
of urban population and economy, doubtless, the municipal solid waste is generated
more, so is transportation demand including collection and its corresponding
environmental pollution which result in the negative effects on economic and urban
population growth. Therefore, the right hand first loop consisting of urban population,
municipal solid waste, transportation, transportation cost & pollution is a balancing
loop.
In the right hand second loop, that the problem of crude dumping in occupied arable
land has been expressed through the five actors such as urban population & economic
growth, municipal solid waste generated, crude dumping, arable land for dumping and
Grops production loss. The loss of arable land for dumping waste could make the
shortage of Grops.So, this is one of the other negative effects on the development of
urban population and economy produced by using arable land to dump waste.
Since there is no waste sorting in Jingshan, each waste generator is directly thrown
out their waste except some recyclables. Some organic substance which are richly
contained elements such as N(nitrogen) and P(phosphorus) has been left in the
municipal solid waste. On the one hand, these can be nutrition for soil if that might be
separated out from waste in proper way, on the other hand, these can be pollutants and
seriously contaminate surface water and ground water, and simultaneously its
potential economic value is lost. Therefore, the right hand third loop among urban
population & economic growth, municipal solid waste generated, crude dumping, the
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loss of potential nutrition, and the loss of potential economic value from nutrition and
fourth one consisting of urban population & economic growth, municipal solid waste
generated, crude dumping, the loss of potential nutrition and water pollution both are
balancing loops and decrease the urban population and economic growth.
Biogas will be generated in the natural decomposing of waste. CH4 is the main
component of biogas and also is a very good energy source. This has been lost and its
potential economic value as weIl. CH4 leaked into air, contributes to globe warming
because it is one of greenhouse gases. So, the both left hand first loop (among urban
population & economic growth, municipal solid waste generated, crude dumping, the
loss of potential energy, and the loss of potential economic value from energy) and
left hand second one (among urban population & economic growth, municipal solid
waste generated, crude dumping, the loss of potential energy, and air pollution &
globe warming) are also balancing loops and are not good for the growth of urban
population and economy.
In short, the whole six loops in the crude dumping process are completed balancing
loops. Therefore, there is no any positive effect from the total aspects discussed. The
relevant environmental problems, such as water pollution, air pollution and loss of
arable land are obvious. Although, there is no cost on dumping except on collection
and transportation waste, the potential nutrition and energy and their economic values
are unfortunately not considered.
7.2.2 Sanitary Landfill
Sanitary landfill is one of four possible approaches and is shown in as a causal loop
diagram in below Figure 7.
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Figure 7. Causa} Loop Diagram of Sanitary Landfill
Since sanitary landfill has the gas and leachate collection and controi system the
pollution produced by leachate to water and CH4 to air would be mostly avoided. The
serious environmental problems of crude dumping would be solved by using sanitary
landfill instead.
The other difference between sanitary landfill and crude dumping is the investment of
construction, operation and capping in sanitary landfill that is not required in crude
dumping, or maybe crude dumping places have to be capped as weIl in the future, but
that is not inc1uded in crude dumping causal loop diagram. So, the loops of
transportation, arable land, the both losses fYom potential nutrition and energy and
their corresponding economic values are completed as the same as crude dumping
process.

7.2.3 Incinerating & Landfill
Waste can never be combusted totally, so incinerating can not be used alone and has
to be combined with landfill as the second approach in this analysis. Considering the
heat should not be fYeely got rid of, the technology of combination incineration and
energy recover is discussed in this paper. The below causalloop diagram shows us the
combination of incinerating and landfill process.
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Figure 8. Causa. Loop Diagram of Incinerating & LandfiII
In this process, the municipal solid waste should be separated into non-combustible
and combustible parts either at source or by machines. Correspondingly, the
investment of sorting is needed. The non-combustible part is treated in sanitary
landfill and the combustible part is plit into incinerator.
Correspondingly, this causal loop diagram consisted of two parts: left and right. On
the left hand part is similar to single sanitary landfi11. The difference is the loss of
potential energy and its potential economic value can be partly avoided by energy
recovery. And since the combustible waste is incinerated instead of landfill, the
amount of waste for sanitary landfill is less compared to the first approach's. Of
course, the investment of sanitary landfill is also less than the single sanitary landfill
or under the same investment in sanitary landfill construction, operation and capping
hut with longer full filling up time.

On the right hand part shows us the incinerating and energy recover. The loop
consisting of urban population & economic growth, municipal solid waste generated,
investment of sorting, combustible waste, incinerator & electricity generator and air
pollution, is revealed the new secondary pollution problem due to the emission of
organic pollutants during incinerating process. This might finally result in the
negative effects on urban population & economic growth, so this is balancing loop.
The economic benefits from selling e1ectricity is the first positive effect which is
discussed. The loop consisting of urban population & economic growth, municipal
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solid waste generated, investment of sorting, combustib1e waste, incinerator
e1ectricity generator and economic benefits from se1ling e1ectricity is reinforcing.

&

The next reinforcing 100p in this diagram is among urban population & economic
growth, investment of incinerating plant, incinerator & e1ectricity generator, and
economic benefits from se1linge1ectricity,four actors. It is easy to understand because
that displays the simple strengthening re1ationship between the economic
deve10pment and the investment of infrastructure. But the installation of incinerating
waste treatment plant returning the environmenta1 pollution a1so reflects the
restraining re1ationship between the economic deve10pment and our environment,
which is described in 100p consisted of urban population & economic growth,
investment of incinerating plant, incinerator & e1ectricitygenerator, and air pollution.
7.2.4 Composting & Landfill
Composting is considered as a good treatment method for organic waste. This
approach requires the same thinking and structure as the incinerating & 1andfill:
municipal solid waste cou1d be separated inta inorganic waste and organic waste. The
inorganic component is treated in sanitary 1andfill, the organic waste is used to
produce biogas and compost. Based on this approach the causa1 100p diagram has
been drawn in Figure 9 to show the composting & 1andfill process
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Figure 9. Causa} Loop Diagram of Composting & Landfill
Compared to the causa1 100p diagram of incinerating & 1andfill, the loss of potential
nutrition and its potential economic va1ue has been avoided. This is the on1y

Page 28

difference between the two sanitary landfill parts in this composting & landfill
approach and the previous incinerating & landfill approach. Further, investments of
sanitary landfill in these two approaches are actually different due to different shares
between organic waste and combustible waste in municipal solid waste. In cage of
Jingshan's municipal solid waste, the portion of organic waste in total waste is greater
than combustible waste's. The loss of potential energy and its potential economic
value is only partly avoided because some combustible waste can not be reused to
produce electricity as in incinerating process.
As shown in the right hand part of loop, the benefits both ITom energy and nutrition
recoveries could be gained in this approach. There are a total four reinforcing loops
within the right hand part have been described as folIows:
. the first reinforcing loop consists of urban population & economic growth,
municipal solid waste generat ed, investment of sorting, organic waste, biogas &
compost, and economic benefits ITom selling biogas
the second reinforcing loop consists of urban population & economic growth,
municipal solid waste generated, investment of sorting, organic waste, biogas &
compost, and economic benefits ITom selling compost
. the third reinforcing loop consists of urban population & economic growth,
investment of biogas plant, biogas & compost, and economic benefits ITom selling
compost
the fourth reinforcing loop consists of urban population & economic growth,
investment of biogas plant, biogas & compost, and economic benefits ITom selling
composting biogas

.

.

7.2.5 Incinerating, Compos ting & LandfiII
This approach is reorganized by combining incinerating & landfill and composting &
landfill. Hence no causal loop diagram is shown again. In the composting & landfill
diagram, inorganic waste contains the combustible waste such as paper, textile, plastic
and so on. The combustible waste could be sorted out for incineration, and the rest of
it goes to landfill. In this approach, there are two kinds of sorting costs, Olle for
organic waste sorting, another for combustible waste sorting. Only the real waste is
rut in the landfill after recyclables have separated aiready. Hence waste reduction is
significant comparing to the other approaches.
7.2.6 Summary of Discussion

of Approaches

From the system analysis perspective, crude dumping is ranked on the bortom of all
municipal solid waste methods which are discussed in this thesis because of the all
loops are balancing and with the negative effects on the development of urban and
economy. So, crude dumping should not be in lise continuously.
The four approaches can be considered. The combination of incinerating, composting
& landfill approach is a best approach because it will gain economic benefits ITom

Page 29

selling electricity, biogas and compost, and simultaneously avoid the loss of potential
nutrition and energy and their negative environmental effects as weIl. And other
obvious advantage is dramatically reduced waste both on weight and size.

And through counting the number of reinforcing loop in terms of positive effects on
the development of urban and economy to compare among the other three approaches
inc1udingthe composting & landfill, incinerating & landfill and sanitary landfill. The
sequence ofthese three approaches are:
1. composting & landfill
2. incinerating & landfill
3. sanitary landfill.
Since complex economic and environmental problems can not be critically and c1early
demonstrated in the above casual loop diagrams, further analyses specifically from
economic, environmental, and social perspectives will be carried out in the next
sections.

7.3 Economic Analyses
From the development of waste industry, the direction is to enlarge the capacity of
waste treatment plant because of both economic and management reasons.
Considering the economic affordability and size of Jingshan, the approach of
incinerating, composting & landfill is unlikely to be suitable. It might be a very good
approach for a region. For instance, the incinerating waste treatment plant can be
installed c1ose to big city like Wuhan the capital of Hubei Province with 4.2million
urban population, and combustible waste of Jingshan is possibly treated there (China
Statistical Yearbook, 1997). So, from economic perspective, the approach of
incinerating, composting & landfill would not be suggested to carry out in Jingshan
Municipality.
So far, there is neither the combination municipal solid waste treatment plant of
incinerating & electricity or biogas & compost available in China. Therefore, it is
difficult to make the economic comparisons among the other three technical
approaches which are sanitary landfill, incinerating & landfill, and composting &
landfill due to lack of data. Hereby, only investment is possible roughly compared by
borrowing the investment data of industri al waste incinerating plant without
electricity generation and the investment data of Kistianstad Biogas Plant with the
capacity 73 million ton/year.
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Table 2. Investment of Plant and Equipment
Unit: million RMB

12-16*

I

60-80**

I

43***

Source 1: * SEP A, 1998, Environmental Pollution Control and Measures in China,
p: 189. And excluding the capping costs.
Source 2: ** SEPA, 1998, Environmental Pollution Control and Measures in China,
p: 189. This is incineratorfor treatment industrial was te, no electricity generator.
Source 3: *** Kruger AB, (1998) Description of Kristianstad Biogas Plant, Sweden,
p:7 and suppose SEK1roughly equals to RMB1.
So, by considering the investment of above specific items, sanitary landfill is cheapest
Olle, followed by biogas and compost plant, then lastly, incineration. If the differences
of transportation and operation costs of these three approaches are not accounted inta
the comparisons but capping costs for sanitary landfill, e1ectricity generator
investment, and benefits from selling e1ectricity in incinerating plant and selling
biogas and compost in biogas plant, the total costs for incinerating & landfill approach
is like ly still rather higher than the other two. Moreover, because almost no economic
benefit will be obtained from sanitary landfill approach, contrarily, the obvious
benefits would be returned when biogas plant is operated normally, Olle of these two
approaches cannot be ranked higher than the other through the simply economic
analyses, especially for the long flin.
Based on the above rough economic estimation, the results are the approach of
incinerating, composting & landfill is eliminated. The conclusions based on available
information is the best approach either sanitary landfill or composting & landfi1l. The
second best approach is incinerating & landfill.

7.4 Environmental Analyses
Since sanitary landfills are more secure and have more better pollution controI and
monitoring devices than earlier landfills, environrnental cancerns at properly managed
landfills are greatly reduced. Also, many new landfills lise methane recover
technologies to develop a marketable product. So, from environrnental point of view,
sanitary landfill is an acceptable approach if its potential polluting sources is under
control.
The care environrnental problem concerning incineration is municipal solid waste sent
for incineration frequently include chlorine-containing
substances, such as
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polyvinylchloride (PVC). The trace amounts of polychlorinated dibenzo-p-dioxins
and polychlorinated dibenzofurans (PCDDs and PCDFs), same of these are highly
toxic (Jackson & Jackson, 1996). But waste combustion reduces the bulk of municipal
solid waste and can provide the added benefit of energy production. And technologies
development in recent years have greatly reduced the adverse environmental impacts
associated with incineration through high temperature combustion, a long residence
time of the waste in a hot oxidizing environment and so on (Jackson & Jackson,
1996). And although waste combustion is not risk-free, many leading industrial
countries are relying on or partly relying on this method.
Through the composting & landfill approach, some of main environmental problems
regarding organic waste are likely to be solved. This also can reduce the lise of landfill
grace, save energy and natural resources and provide useful products. So this
approach is most suitable for the sustainability.
So, from the minimizing environmental effect aspect, the results should be the best
approach either composting & landfill or sanitary landfill. The second best approach
is incinerating & landfill.
Therefore, from sustainable energy and nutrition recover aspect, the order of these
three approaches are:
1. composting & landfill
2. incinerating & landfill
3. sanitary landfill.

7.5 Social Psychology Analyses
Here, only the social psychology of local residents is discussed for dealing with
sanitary landfill, incinerating and composting. Sanitary landfill is neutral word in
Chinese. In order to improve their living environment, this is quite easily accepted by
residents since their waste can be treated in sanitary way. Chinese people have the
common perception that incinerating plant will pollute the surrounding environment
when waste is combusted in incinerator because waste is dirty. So, it will difficult to
choose the location of incinerating plant near the city.

China has a long history to producing biogas which is considered as a very good
energy source. People have the basic knowledge on the composting process and feel it
realistic and practical. Since the 1970's, the strategy of government has been
promoting underground, individual anaerobic digesters to process rural organic
materials and resulted in approximately five million household anaerobic digesters
installed in China today(J. Paul Henderson, January,1997). Biogas waste treatment
plant might be easily accepted by Jingshan residents.
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Therefore, through the simply social psychology analyses, the sequence of these three
approaches is:
1. composting & landfill
2. sanitary landfill
3. incinerating & landfill

7.6 Comprehensive Analyses
First of all, municipal solid waste of Jingshan has two obvious features as described
earlier, Olle is high organic composition, another is low of heat value. Approximate
65% of municipal solid waste is organic waste (see table 1), and the heat value of
municipal solid waste rang e from 800-1100kCal/kg which is six times lower than
V ancouver' s municipal solid waste as mentioned before. In this case, composting &
landfill approach will be much more appreciated than incinerating & landfill approach
for Jingshan.
Furthermore, crude dumping is firstly eliminated through the method of system
analysis. And through economic analyses, the approach of combination of
incinerating, composting & landfill is also eliminated afterwards. The rest three
approaches will be ranked in accordance to the orders in different analysis
perspectives. The selective fUles are the worst Olle among these three approaches is
considered 1 credit, the best Olle is considered 3 credits, the middle Olle is considered
2 credits. If the best Olle and middle Olle could not be determined, these two are both
considered 2 credits, and the worst Olle is considered 1 credit. If the worst Olle and
middle Olle could not be determined, therefore, these two are both considered 1 credit,
the rest Olle is considered 3 credits. Table 3 shows the credits of different analyses.
The comprehensive analyses is the results of total credits of these approaches through
the different analyses methods:
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Table 3. The Credits of Different Approaches

system analysis
economic analyses
. .
mlmmlzmg
environmental
environmental
effects
analyses
sustainability
social analyses
comprehensive analyses (total)

sanitary
landfill

incinerating
& landfill

composting &
landfill

l
2

2
l

3
2

2

l

2

1
2
8

2
1
7

3
3
13

Obviously, composting & landfill approach is suitable for handling Jingshan's
municipal solid waste with pretty high credits comparing to the other two in this study
stage. That is also identical with the characteristics of the composition of Jingshan's
municipal solid waste. So, to reconstruct sanitary landfill on the original crude
dumping place and install biogas waste treatment plant are preliminarily suggested to
be applied in Jingshan Municipality based on the current studies.
Modem technology and equipment together with waste disposal know-how are
needed to meet the demands of proper waste disposal. Waste disposal is not just a
question of technology, hut also of integrated program inc1uding knowledge
dissemination, good cooperation between municipalityand citizens. And there is a
long way to go in order to reach practice of integrated program, for stakeholders have
to take time to approve and improve the program and coordinate the relationship. And
also the improvements are c1osely relied on the degree of the technological and
economic development. So, in the coming chapter, the integrated approach for
Jingshan's municipal solid waste management will be discussed based on different
duration.
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8. SUGGESTIONS - INTEGRATED APPROACH TO
AD DRESS PROBLEMS OF MUNICIPAL SOLID WASTE
MANAGEMENT IN JINGSHAN
The integrated approach program for Jingshan's, municipal solid waste management
inc1udes:source reduction, sorting at source, educating residents, and waste treatment
technologies based on current, short-term and long-term. For the time schedule, the
suggestion is the current solution might be carried out as soon as possible by
Jingshan's Municipality in order to shift crude dumping situation with the least. The
short term solution could be carried out in two years later because it takes time for
doing feasibility studies and changing the dealing waste habits of residents. The long
term solution might be implemented in the next 10, even 20 years depending on the
degree of environmental education of Jingshan's residents and the efficiency of
environmental restrictions and economic incentives.

8.1 Current Solution
Source reduction
Source reduction is on the top level in municipal solid waste management due to
solving waste problems at the source. It will save the raw material and subsequently
waste treatment procedure, and also the negative effects produced by waste. Source
reduction can be approached by manufacturers with minimum packaging volume or
by citizens through selective buying and the reuse of products and materials.(USEPA,
1995) So, the first item in educating Jingshan residents can be to reduce their waste
generation.
The beginning of sorting at source:
Sorting at source can be started from batteries and mercury tubes which have already
been concemed by some residents with environmental awareness. The first step might
be spreading the word to citizens through mass media to inform the public of the new
program, how it would work, and when it would start. To prepare news releases for
Jingshan newsletter, and make a videotape of the program using local talent that is
then shown on the city public access TV channel. Telephone hot line maybe good way
to spread the program if the speakers are well trained about the subject and are
available to any citizen who is interested.
Special containers can be prepared for batteries and mercury tubes with specific signs
in residential areas, office areas and some public areas such as restaurants, hospitals,
department stores. The most important is to be careful in taking care of mercury tubes
so that these are not broken. After collection, the used batteries and mercury can be
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carried to the corresponding plants which are able to treat industrial waste containing
cadmium or mercury.
To built sanitary landfill:
First of all, crude dumping in Jingshan should be replaced by sanitary landfill before
the waste treatment plant built. There are four steps involved according to the
experiences ofwaste management experts in Tyrens Infrakonsult AB, these are:
1. Cap the filled-up-part to make it get as small amount of rain as possible by putting
c1aycover on it.
2. Make the size of filling-part as small as possible just enough for garbage truck
dumpling in order to avoid rain water and bad smel!.
3. Water proof construction should be done in un-filling-part by putting 10-20cm
sand layer and 1.0 orl.Smm HD (High Density) plastic material on its bottom.
4. Leachate collection system and gas pipes should be installed in this landfill.
Moreover, the necessary equipment for sanitary landfill such as compactors should be
available in place.

Preparing work for biogas waste treatment plant:
The plan of biogas waste treatment plant is better to be done in staged. The initial
steps are after separation of organic waste. These inc1udes to tell residents what is
organic waste and how to sort respectively at household and commercial sector.
Feasibility studies for waste treatment plant can be done at this stage. Financial
sources both self-finance and other financial support could also be prepared.
Key problems which will be solved through carrying out the current solution:
In the current solution, some ofhazardous municipal waste problems such as batteries
and mercury tubes are supposed to be solved. The sorting concept will be plit into the
minds of residents with a soft starting. The very important work of installing biogas
plant, feasibility studies, will be done, which will guide the further steps.

8.2 Short-term Solution
Sorting organic waste
The next step of sorting is to separate the waste into two fractions of organic waste
and inorganic waste. Organic waste which inc1udes household kitchen waste and
restaurant food waste. Inorganic waste and the rest of municipal solid waste are sent to
landfill. And the organic waste would be the raw material for the biogas waste
treatment plant.
In order to promote waste separation, some economic incentive and local restrictions
are suggested to be applied together with environmental education. For instance, free
of charge for sorting waste in two sectors: organic waste and the others, otherwise, the
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extra fee for sorting will be added. Commercial generators pay the fees associated
with the collection and disposal. For the residents, payment of the collection and
disposal ofwastes is accomplished through the purchase of bags.
Jingshan municipality might follow the USEPA's PAYT (Pay as you throw) program.
The residents under this program are asked to pay for each container of waste they
generate. It gives them an incentive to reduce waste, and it can be very effective
through the practices in SOfie American communities. (Janice L. Canterbury &
Gordon Hui, 1999)
During the study visiting to Kristianstad Biogas Waste Treatment Plant, the paper
bags made by special material in order to be easily shredded by shredder are preferred
to be used to contain organic waste. The paper bag could be help to keep organic
waste dry and slow down the natural decomposing procedure. The plastic bag can be
used to plit the other waste. In order to lessen the burden on residents, the stores such
as grocery, drog and convenience stores might be set up a program in which they
would sell the both above plastic and paper bags without profit.
Installing waste treatment plant
If feasibility studies show us the installation of biogas waste treatment plant is a
proper choice for Jingshan, the following work should be to design the plant,
construction, investigating and choosing the relevant equipment, train workers and so
on.
Key problems which will be solved through carrying out the short-term solution:
Organic waste contributes 65% of Jingshan's municipal solid waste might be mostly
separated and treated. Except the organic fraction of municipal solid waste, the
organic waste of local food industry and farms could be carried to the composting
waste treatment
plant as a good material source.
I

8.3 Long-term Solution
Higher Degree of sorting waste like industrial countries
For the long-term solution, higher degree sorting can be suggested to carry out in
Jingshan. Since the composition of municipal solid waste from different sectors such
as household, street and commercial are different, especially in terms of paper and
brick and so on, for instance, paper waste in office area should be much more than
that in street garbage. And street garbage might be contain more brick, tile, and dust
than that in waste of household and commercial sectors. So this three sectors' waste is
strongly suggested to be separated in order to simplify the following treatment.
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Specific containers for different waste such as organic waste, paper, plastic, glass,
metal, batteries, mercury tubes and others. The other hazardous waste like chemicals
can be collected in specific time during Olle year. With the previous sorting
experiences and the successful results of municipality dealing with the waste, if there
are, residents perhaps will separate their waste obeying the requirements of Jingshan
municipality.
To apply the incineration, compost & landfill approach in extent of region
As mentioned in the analyses and results charter, the combination of incinerating,
composting & landfill can be a very good approach. Unfortunately, because of the
economic affordability and the size of Jingshan, it can not be applied in Jingshan but
that can be applied in a region where Jingshan located as a long-term solution.
Incinerating plant could be installed for instance in Wuhan as suggested early in this
paper, then the combustible waste of Jingshan is likely to be treated there.
Capping the full filled-up landfill
When this landfill is fully filled-up, the whole capping and gas collection system are
better done because anaerobic degradation of the material within the capped landfill
occurs over 3-10 year period (Jackson & Jackson, 1996). Three layers are needed in
the capping procedure, the first layer is clay or HD plastic material, the second Olleis
around 1m soil and the last layer is grass and trees according to the practices ofwaste
management experts in Tyrens Infrakonsult AB. Mainly CH4 and COz (carbon
dioxide) are collected in the gas collection system. The garbage mountain might be
considered to restructured as city park of Jingshan like some western countries did.
Key problems which will be solved through carrying out the long-term solution:
To minimize the amount of waste to landfill, only the actual waste, non-recyclable
and non-combustible wastes, would be disposed in sanitary landfill. The old landfill
will be become a good place for recreation.
As described earlier, the three main problems of Jingshan's municipal solid waste are
the more and more waste generated, no any separation on municipal solid waste and
no any waste treatment facilityand their relevant negatively environmental effects. If
the three (time-bas ed) solutions are completely carried out, the later two problems
might be solved or partly solved. The problem of more and more waste generated is
mostly relied on the urban population of Jingshan, but that can be improve somehow
by source reduction.

Page 38

9. DISCUSSIONS AND REFLECTIONS
In this charter, the obstac1es and opportunities for carrying out the integrated
approach are discussed. Also, some associated questions with municipal solid waste
management are thought over again during this thesis work. These questions are
addressed to betteTunderstand the thesis.

9.1 The Obstacles and Opportunities
Shortage of finance to invest the municipal solid waste treatment plant and sorting
waste can be Olleof big obstac1esin implementing this integrated approach. But due
to the rapid economic growth rate, the international funding is enormously flowing in
China. So, it is not very difficult to borrow the international finance, especially for the
loan of importing equipment.
Lack of environmental awareness is Olle of the other big obstac1es. The waste
management and sorting waste education difficult to be carry out at the very
beginning. So, the municipality has to persist, especially when no obvious result
would be expected during the initial stages. Management should be competent; if
people see the waste separated by them to be mixed in some transfer stations or
landfill, then previous efforts will be lost and the confidence of some residents will be
discouraged, and municipality willlose credit within residents and also make difficult
to implement again. Step by step, let people see the achievement, even small
achievement. In addition, residents of Jingshan relatively rely on the local
govemment, therefore, the combination of education, economic incentives and
environmental restrictions perhaps can be help to sort waste and built the
environmental concerns within residents.
Although, China is facing a lot of problems both on economy and environment, the
rapid potential of development of China likely gives us the enough space of
imagination for optimal future, this is also suitable for Jingshan case.

9.2 Lessons from the Municipal Sewerage Water Treatment System
At present, Chinese cities have adopted the model of the leading industri al countries
by using the same sewerage water collection system to collection whole municipal
sewer inc1uding storm water, gray water and black water, each city has at least Olle
waste water treatment plant, just because the existing sewerage water collection
system mixed storm, gray and black waste, the work load of waste water treatment
plant is added up to a couple of times or more than ten times sometimes. And the
function of waste water treatment plant is only to separate the black water out of the

Page 39

rest of sewerage water, which means the dean standard ofwater after being treated in
waste water treatment plant is just reach the gray water's.

Therefore, if China had separately designed and built the collection system
specifically for storm water, gray water and black water, the both investment and
operation costs ofwaste water treatment would have been remarkable saved. But now,
it seems too late to change the all system, the whole following solutions have to based
on the existing system. From this lesson, Olle inspiration could be obtained that is
municipal solid waste treatment should not repeat the history of municipal solid waste
treatment. Do not to mix the all kinds of waste or to find the solution for the mixed
waste! The wise choices are to separate waste at source and find solutions for every
specific waste. These would avoid leaving countless troubles for future generations.

9.3 The Significant Meaning of Energy Recover in China
In China, coal remains the dominant position in the primary energy supply and
consumption of China. Coal consumption accounted for approximate 70% of total
energy consumption in 1996 (China Statistical Yearbook, 1997). So, energy recover
from waste does not only mean to save natural resource but to replace coal by using
biogas as energy source and to avoid the coal relevant environmental pollution,
especially greenhouse effect produced by COz.

10. CONCLUSIONS
The municipal solid waste management situation in Jingshan is critical. To reconstruct
crude dumping into sanitary landfill and to install biogas waste treatment plant might
be suitable technical solutions for Jingshan based on this preliminary study. The
suggested integrated approach is necessary and should be implemented step by step.
Although, the obstades of shortages of finance and environmental awareness are
existing, this approach still have chance to be carried out in Jingshan.
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Figure 5. The Garbage Transform Stationfor Jingshan 's Municipal Solid Waste
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Figure 6. Causal Loop Diagram ofCrude Dumping
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Figure 7. Causal Loop Diagram ofSanitary Landfill
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Figure 8. Causal Loop Diagram ofIncinerating & Landfill
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Figure9. CausalLoopDiagramof Composting & Landfill
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Table 3. The Credits of Different Approaches
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APPENDIX C: CONCEPT DEFINITIONS
Capping - Structure and construct on full fill-up landfills with minimizing in flow of
surface and uncontrolled escape for gas.
Commercial sector - Inc1udes schooIs, hospitals, retail establishments, hotels, and
restaurants.
Compost - Discarded organic material that has been processed into a soil-like material
used as a soil amendment or mu1ch.
Disposal - Landfilling or combusting waste instead of recyc1ingor composting it.
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Household hazardous waste - Products containing hazardous substances that are used
and disposed of by individuals, not industrial consumers. These produces inc1ude,hut
are not limited to, certain kinds of paints, solvents, batteries, and pesticides.
Integrated waste management - The complementary lise of a variety of practices to
handle municipal solid waste safely and effectively. Integrated waste management
techniques inc1ude source reduction, recyc1ing (inc1uding composting), combustion,
and landfilling.
Landfilling - The disposal of solid waste at engineered facilities in a series of
compacted layers on land that is covered with soil daily. Fill areas are carefully
prepared to prevent nuisances or public health hazards, and c1ay and / or synthetic
liners are used to prevent releases to ground waster.
Leachate - Liquid that has come inta contact with or percolated through solid waste
and may contain extracted, dissolved or suspended materials.
Municipal solid waste - Waste generated in households, commercial establishments,
institutions, and businesses. It inc1udes used paper, discarded cans and bottles, food
scraps, yard and street garbage, and other items. Industrial process wastes, agricultural
wastes, mining wastes and sewage sludge are not municipal solid waste.
Recyclables - Products or materials that can be collected, separated, and processed to
be used as raw materials in the manufacture of new products. The recyc1able option
should be available to the majority of residents through curbside recyc1ingprograms
or fixed recyc1ingcenters.
Sanitary landfiII - A waste disposal site designed and constructed to accommodate
municipal solid waste whilst protecting against hazards to the environment and public
health and safety from the waste. As a standard sanitary landfill should has a leachate
collection and treatment system and adequate compaction, using daily cover and gas
controi system.
Source reduction (Waste prevention) - The design, manufacture, purchase, or lise of
materials to reduce the amount and/or toxicity of waste. Source reduction techniques
inc1ude reusing items, minimizing the lise of products that contain hazardous
compounds, using only what is needed, extending the useful life of a product, and
reducing unneeded packaging.
Waste generated - Sum ofwaste recovered and waste disposed of.
Sources: Janice L. Canterbury, Lessons Learned About Unit Pricing of Municipal
Solid Waste, Us. EPA Office of Solid Waste
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