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Abstract
China’s growth and development have opened the door to a new world. Shandong province’s
90 million inhabitants are entering into a consumption society and the waste stream from
households, restaurants and commercials has become a challenge. So far, the waste has
mostly been burned in backyards, thrown into rivers, put on open dumps or taken to landfills.
The environmental consequence is strong. This study was carried out in Shandong province
and presents the current situation of the municipal waste management. The result of the study
is organised into social, economical, technical and environmental parameters. It mostly covers
the years 2006 to 2010. In the discussion, the strength, weakness, opportunities, and threats to
the management are analysed, which gives an overview of the complex situation.
The final conclusion is that there are a lot of opportunities in developing municipal solid
waste management in Shandong province since the work and planning is new and economy is
good. Threats are for example a larger waste stream. The municipal waste management has
some strengths, such as a lot of projects going on, but also a lot of weakness for instance
implementation of the regulations and laws.
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Sammanfattning
Kinas starka tillväxt håller på att skapa ett konsumtionssamhälle som påminner om det
västerländska. Med högre konsumtion och starkare ekonomi växer avfallsmängderna snabbt. I
Shandong provinsen finns mer än 90 miljoner invånare som varje dag gör sig av med 0,5 – 1,5
kg sopor. Det är en utmaning för samhällsplanerana och ingenjörerna att ta hand om dessa
volymer. Hittills har det mesta av avfallet bränts på bakgårdar, kastas i vattendrag, ut i naturen
eller lagts på deponi. Miljöskadorna är stora. Denna studie beskriver avfallshanteringens
situtation i Shandong provinsen. Faktan är uppdelad utefter sociala, ekonomiska, tekniska och
ekologiska parametrar. Studien täcker åren 2006 till 2010. Olika avfallsanläggningar och
konstruktioner besöktes, utländsk litterlatur användes och en handledare från ett kinesiskt
provinskonstruktionsföretag bidrog med information och data. Studien är delvis
dokumenterad med foton. I diskussionen analysers styrkor, svagheter, möjligheter och hot
med avfallshanteringen för överblick av situationen. I slutsatsen framgår det att det finns
många möjligheter i utvecklingen av ett avfallshanteringssystem eftersom det är nytt, flexibelt
och ekonomin är god. Det finns även hårda miljö och säkerheteslagar som påminner om EUs
och USAs. Till hoten räknas stora avfallsvolymer som kan vara svårkontrollerade, samt att
alldeles för hårda lagar kan hindra nya innovationer och teknik. Styrkor som finns är att fler
än 111 stycken projekt är på gång, och att kunskap finns på högre ledningsnivå. Svageheterna
är dålig implementering av lagar samt dålig kunskap på lägre nivå. Eftersom
avfallhanteringen är i ett initierande stadie så kan de val som görs nu påverka på väldigt långt
sikt.
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1 Abbreviates and vocabulary
EIA

Environmental Impact Assessment (evaluation method, to identify
and predict the environmental impact.
GDP
Growth Domestic Product
HW
Hazardous Waste
HWM
Hazardous Waste Management
ISW
Industrial Solid Waste
MEPB
Municipal Environmental Protection Bureau
MOC
Ministry of Construction
MSW
Municipal Solid Waste
MSWM
Municipal Solid Waste Management (Planning and implementation
of the system of handling MSW)
NDRC
National Development and Reform Commission
Pathogen
An organism capable to cause disease
PEPB
Provincial Environmental Protection Bureau
PRC
People’s Republic of China
Producer responsibility The producer takes greater responsibility for the product, for
example reducing materials and recycle.
Recyclables
Materials that can be reused, for example glass, metals, and hard
plastic
Recycling
Transforming waste material to new raw material for a new product
Rural population
The population living in non-urban areas, for example on the
countryside.
SBR
Sequencing batch reactor
SARS
Severe Acute Respiratory Syndrome
SEPA
State Environmental Protection Administration
SWOT
Strength, Weakness, Opportunities, ThreatsUNIDO
United Nations Industrial Development Organisation
Urban population
The total population under the jurisdiction of cities and towns, easily
refer to a density over 1.500 persons/km2
USAB
Up-flow anaerobic sludge blanket
Waste collector
A person employed by the authority or business to collect waste
from the municipal
Waste Picker
A person who picks recyclable waste from the mixed waste
Yuan (RMB)
The Chinese currency is called Renminbi and the most used unit is
Yuan, 1 US dollar is proximally 7,3 Yuan, and 1 Euro was
proximally 10,5 Yuan during this study.
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Introduction

1.1 Background
Chinas booming economy and development have opened the door to a new world. The
Chinese government aims their people welfare, towards a harmonious society, and a new
country is taking shape.
The consumption society is increasing and the country has tremendous problems dealing with
huge volumes of waste. So far, the waste has been burned backyards, thrown into rivers, put
on open dumps or taken to landfills. But how can the government meet the huge volume of
waste and how can they deal with the pollution problems? Can there be any markets for
municipal waste and how much will be recycled? What are the opportunities and the
weakness in the MSWM? In other words; what is the next step to deal with the waste from 90
million people?

1.2 Aim and Objectives
The study is carried out in Shandong province and presents the current situation of the
municipal waste management system. The study can be used as a basis in further work or as a
basis in decision and policy making of the waste management. The study can also work as a
consult in the selection of technology, for international cooperation and as public information
about the current situation.
In order to describe the current situation, four different parameters are used. They are: social,
economical, technical and environmental parameters. For every parameter there are different
factors that are relevant for the current situation. To get an overview of the situation, strength,
weakness, opportunities and threats are discussed.
The aim is to broadly study and present the current situation of the municipal solid waste
management in Shandong province.
The objectives are:
1. The environmental parameter: Describe the general waste pollution and how it can be
harmful for the environment.
2. The economical parameter: Describe the economic situation in the province and how
MSWM is, and can be, financed in the future.
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3. The social parameter: Present Chinese law and Shandong policies that directly regard
MSW. Describe the planning process as well as culture aspects and awareness.
4. The technical parameter: Present the technology used, standards and relevant waste
data that is countable e.g. characteristic, composition, and quantity according to the
technology used.
5. Discuss the parameters with the help of a SWOT analysis to give an overview and help
to see the internal and external situation of the MSWM in Shandong province.

1.3 Methodology
Collect literature and prepare the method
Identify and collect suitable experiences from literature and experts opinion. The literature
shall come from experience from China and developing countries. Relevance of literature will
be decided on the judgment of the authors if it provides adequate coverage. General literature
over the current situation and information about China and Shandong province will also be
collected. All Chinese data and literature are mostly translated by google-translator
(http://www.google.com).
Study visits at waste plants in Shandong province
Two different waste plants were visited. The plan was to visit more than three, but it did not
succeed. During the visits data were collected and the plants were documented by film and
photo.
Collect waste data
Receive data from the Provincial Urban Construction Company in Shandong province and
collect data from other sources to maximize accuracy. This sampling method is a nonprobability since the quality, characteristic and source of the data may differ. Anyway the data
collection is relevant since it might be the only receivable. The data received is transportation
data from year 2006 and capacity data the same year. The other data is for the planning year
2006-2010 and will also be used to analyze the situation. The data will be received with the
help of Dr Pan Yongmin.
Sorting into the parameters and factors
The literature and data received will be sorted according to which factor it is most fitted for.
To avoid repeat in the work, the fact will only be written once, even if it fits for more than one
factor. The parameters will be used if they are mentioned many times during the work or
shows to be relevant for the municipal waste management in Shandong province.
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Prepare a SWOT analysis
The aim of making a SWOT analysis of the currents state for MSWM in Shandong province,
based on the parameters, is to organize and easier explain internal and external objectives.
A SWOT analysis can help to find important parts for a strategic planning process. The
SWOT analysis is done by using brainstorming of the factors while analysing the strength,
weakness, opportunities, and threats of the current municipal waste management in Shandong
province.

1.4 Limitations in the work
Except from the limited timetable, the language barrier has been the largest limitation in the
second step in this work. For example most of the Chinese documents are translated only by
using a computer program (Google translator) that more or less makes the translated
document unreadable. Also, because of the different culture of the observer (author) and the
interviewed, there has been difficult in to generalize and misunderstandings have probably
occured.

1.5 Definition of the parameters
MSWM can be seen as a multifactor, multidimensional, multidisciplinary system. This study
organizes the municipal solid waste management into four different parameters. Together the
parameters should cover the whole MSWM system. The parameters are divided into social,
environmental, economical, and technological areas. Each parameter is organized into
different factors.
Social
The social parameter includes many human related factors. The parameter includes factors
that describe social arrangement of how people are affected or can affect MSWM in
Shandong province. It can be how those in power decide, what is decided, how large the
awareness is, how well educated the public are and so on.
Technology
The technical parameter includes factors that directly manage and treats the waste, and waste
data. Manage the waste as moving it from the source to the plant, and by treating the waste as
changing the composition, volume or character. The factor includes a lot of technical data
about MSWM.
Environmental
The environmental parameter answers the question why should waste be managed? Waste is
often seen as an environmental threat and the environmental threat is also one of the largest
challenges in China. This parameter describes factors such as air and water pollution,
hazardous in the waste, and scarcity of natural resources. The problems are so great that they
will directly affect the other parameters.
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Economical
The economical parameter answers the questions how much is the cost and how can we
finance it? MSWM costs money, there is a prize for the technology and the management. The
economic parameter explains the economical situation and puts the MSWM into monetary
terms. It explains where the main costs are at the current MSWM situation and how the
financing can be done.

1.6 The birth of a consumption society
New habits of consumption came into the western society by the middle of the 19 th century.
The economy increased and designed products and advertising became normal. Figure 1
illustrates how labour, material, and capital is put into production together with money. A
system of the consumption society is illustrated with the labour and capital arrow, the
production and the consumption. One can see how consumption is bounded with the capital
and labour. A growing consumption society means a larger flow of capital and a larger flow
of labour, material and production.

CAPITAL

CAPITAL

PRODUCTION

LABOUR
+ MATERIAL
(virgin material)

CONSUMPTION
+ PRODUCTS

Figure 1. An illustration of a consumtion society. The arrows illustrate the flow of capital and
material. The illustration should be read from the left; labour and material will together with capital
go into production. The results are products that are consumed and a capital flow. The three green
arrow at the bottom symbolise recycling. (Ambell C, 2007)
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People worked longs days and the economy were polarized between classes in the society.
Then, the government aimed to stabilize the economy and support the economy of the weaker
classes. Social housing, medical services and other welfare systems were introduced and the
welfare state was innovated. The technology developments lead to a self-service society
where people bought the equipment instead of the services. Today this western lifestyle
includes a lot of consuming of goods and services. This kind of living has also been very
attractive for the rest of the world’s population and the development in China shows the same
trend. The consumption society is namely increasing; more material, labour, and capital is
needed.
One of the main concerns with the consumption society is that the system is not synchronized
with the ecology and the resources on our planet. For example there is no control of how
much material for production there is that can be used and spread out. Environmental
pollution can be caused by material leaching out from the system during production or by
local impoverishment of natural resources. This can lead to volumes of waste that spread
diseases or leach hazardous compounds.
The western lifestyle are said to demand more planets than one. To decrease the development
of a global consumption, the poor countries are told to not copy the western lifestyle. Today
many products are available for a small part of the population, but visible for many. More
consumption means more production and more labour.
Since waste spreads diseases and odours the government have generally seen MSWM as a
public service and have therefore been responsible for the whole management. Today
companies take more responsibility for the waste from their products.
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1.7 General fact about Shandong province

Figure 2: A map of China where Shandong province is marked in orange colour and a map of Shandong
province with its larger cities. China: (Britannica Student Encyclopedia, date of accecs 2008) Shandong
Province: (maps-of-china.com, date of acces 2008)

Shandong Province is situated on China’s eastern coastline and at the end of the Yellow
River; the province covers 420 km from south to north and 700 km from east to west. The
topography has nine different landforms as mountains area, plains, hills, rivers and lakes.
Plains are mostly 50 meters under the elevation and stands for half of the topography. The
province has 128 varieties of minerals and 3100 of plants. Natural calamities is normal during
the summer monsoon, the yearly mean temperature is 11-14 °C and the average rainfall is
between 550 – 950 mm (CIIC, 2004).
Jinan is the capital city of the province. The production of agriculture and energy is one of the
largest in the province and reached 366 billion Yuan in 2005, which made it to the largest in
the country. The production of agriculture as grains, cotton, oil, fruits, and aquatic products
accounts for one-forth of China's total agricultural export (SIETIC, 2006). The province is
rich of electricity resource and Shandong’s power network is the only one of the country's six
major power networks that is operated separately on a provincial basis. Of Chinas total crude
oil, one-third is produced and comes from Shandong. In the province there is also one of
China’s major coal production bases. Year 2004, the province produced proximally 2000
million kWh, 140 million ton coal, and 30 million ton steel. See also table 1, on the next page.
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Products
Coal
Crude oil
Steel
Electricity
Paper
Plastic Products
Cloth

Unit
10 thousand tons
10 thousand tons
10 thousand tons
100 million kwh
10 thousand tons
10 thousand tons
100 million meters

Quantity
13745
2691
2936
1966
1154
153
86

Table 1 Shandong Province’s production 2004. The table presents production in Shandong Province in
relationship to the unit and quantity for year 2004. (SIETIC, 2006)

Of the total 92 million habitants, proximally 38 % were unemployed, 8 % had insurance for
unemployment, 8 % had insurance for medical treatment and 5 % had insurance for industrial
injuries. The annually disposable income was 9,400 Yuan per person of urban residents and
3,500 Yuan per person of rural residents. It was a net increase with 11-12 % between 2003
and 2004. After the calculated expenditures the money left is app 3,800 Yuan per person of
urban residents and 1,100 Yuan per person of rural residents. See also table 2.

Object
GDP in 2005
GDP in 2004
Industrial totally
Retail sales of social consumer goods
Turnover from retail sales
Revenue
Agricultural output
Construction
Expenditure
Consumer price index CPI
Tourism
Investment in urban road construction
Investment in high-tech industries
Imports & exports

Added Value
[billion Yuan]

Quot 2003/2004
[+ %]

18001
1549
650
5101
448
268
190
190
119

> 15
15.3
26.5
15
13.9
26.1
6.5
28.4
17.6
3.6
42.1
27.4
51.4
36.1

81
40.75
46
-

Table 2. Provincial Economy 2004 (2005). The table presents the economy in Shandong province, starts
with the GDP of the province and thereafter follows different sectors. Source: SIETIC 1, 2006 and CIIC,
2004
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1.8 Municipal Solid Waste in Shandong province
In Shandong province, the MSWM is a service for less than 41 million of totally 92 million
people. In other words there are still areas, like the rural areas where there is no MSWM.
(PCD, 2007). The system of the municipal solid waste management in Shandong province
works more or less the same as in the rest of the world. The government is responsible and
people throw the waste into garbage cans or directly on the streets. The waste is picked up by
trucks and workers and taken to a waste plant, usually a landfill. The system is under
development at the same time as the waste is dramatically increasing.
Municipal waste is defined as:
“Articles and substances in solid, semi-solid state or gas in containers that have lost their
original use values, are discarded, or abandoned even if they have not lost the use value, and
articles and substances that are included into the management of solid waste. “
(Chinalawinfo Co. Ltd, 2004)
The municipal waste comes from households, commercials, streets, public places, restaurants,
non-HW (hazardous waste) from industrial and commercial establishments, and waste from
institutions.
Observations by the aouthors
During the night, streets in the urban areas of Jinan were covered with colourful plastic bags,
both empty and filled with garbage. Everyday the business and people dump their waste on
the street. Usually street cleaners had cleaned most of the waste away the next day. In some of
the apartments waste were put in the entrance of every floor, blocking the way out and
spreading odours. There are garbage’s cans for recycling on the streets.
MSW are disposed in several lakes and backyards areas around Jinan. There are also
observations of people burning the waste inside the city area, but it is most common in rural
areas.
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2 Four parameters creates the MSWM in Shandong
province
The result of the study is divided into four subject parameters. Every parameter is organized
into different factors. The amount of factors in every parameter is varying; the environmental
parameter has for example fewer factors than the social parameter. The relevance of the
parameter does not depend on how many factors it is organized in. If the social parameter has
not followed law and regulations, the will be problem in the economical parameter to find
governmental finance. An environmental threat to people’s health is important for the law and
policy making, and different technical solutions are related to the environmental problems.
This study presents only the fact for every factor and not how they are related to each other.

2.1 The social parameter
The social parameter is organised into factors that are mainly human related or driven, for
example by values, culture, or organisational forms. Theoretically these factors can be
changed and produce another result for MSWM by only using paper and pen. One does not
need to understand environmental, technical or economical rules, in order to understand this
parameter. The social parameter is the administrator of the system. The factors are:
responsibility and the decision situation
formal and informal sectors
foreign investors
NGO
intersectional partnership
regulations and standards
project planning
culture
and public awareness and interest

2.1.1 Responsibility and actors
The responsibility and actors is the factor that describes the status of sectors that are involved
in MSWM, in Shandong province.
2.1.1.1 National, Provincial and Municipal level
Around 92 million people live in Shandong province, of them 41 million lives in the urban
areas and will have the service of MSWM. The main reason for MSWM has in a historical
view been concerns of public health and sanitation. This is also the name it falls under
politically in China. Another reason for MSWM has been the desire to have an attractive
environment. The management for MSW can be found in all three levels as national,

10

provincial and municipal. The responsibility and plan making of MSWM in China is
described by figure 4, in the order of the levels national, provincial and municipal. The
division down and up of the organisation is very clear, but the links between are not clear. For
example has the construction department no direct link to the environmental pollution control
department. (Wiesegart K, 2004) The organisational set up for water treatment is not the
same; it falls mainly under the provincial level. The organisation for waste is therefore more
decentralised than water treatment.
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Fel!
State
Council

MOC
Ministry of
Construction

NDRC
National
Development
& Reform
Commission

Provincial
Construction
Department

Provincial
Development &
Reform Commission

Municipal
Construction
Commission/Bureau

Municipal
Development &
Reform Commission

Municipal
Environmental
Sanitation
Bureau/Division

SEPA
State
Environmental

Protection
Agency

Provincial
Environmental
Protection Bureau

Municipal
Environmental
Protection
Bureau

Construction,
Operation &
Maintenance of MSW
transfer station,

District Environmental
Sanitation
Bureau/Division

treatment & Disposal
Facilities

Industrial Solid Waste
& Hazardous Waste

Street Sweeping, MSW
collection & Transportation

Figure 3: An illustration of the political organisational structure of MSWM in China. There are three
levels; the state council, the provincial, and municipal level. (Wiesegart K, 2004, re-designed by Ambell C,
2008)
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National level
The State Council or ministries of the State Council sets the regulations, and develops
national plans. The national plans can be both in short and long term. The state council or its
institutions shall prevent and control the environmental pollution from solid waste and
implement regulations to reduce the generating of solid waste, and develop a recycling
economy. This means that both economic and technical policies should be adopted in order to
reduce, recover, and rationally use the solid waste.
The state council is divided into different ministries and institutions. Three different
institutions are responsible for the waste management; namely MOC (Ministry of
Construction), NDRC (National Development and Reform Commission), and SEPA (State
Environmental Protection Agency). MSW and HW are under different organs, MSW is under
the MOC and HW is under SEPA.
The MOC is directly in charge and responsible for building the MSWM. MOC makes draft of
the laws, supervise, approve and issue the regulations, standards and policies. For example
MOC have programs where they organize training, education and other nation-wide activities.
As a supervisor they help with the service market, construction and management of the MSW.
In China the MOC have selected some “Experimental Cities” for segregated collection, no
one of them is in Shandong province. Inside the MOC there is a Department for urban
development and inside this department there is a division of the environmental management.
SEPA manage the functions for practices license, enforcements, and direct the local
Environmental Protections Bureaus, with administration and finance. Since, MOC also has a
division for environmental management; SEPA is not alone with the environmental
knowledge (Wiesegart K et al, 2004).
The state council or its ministries shall also promote the industry to control the pollution of
waste. The responsibility of the industrial prevention and control is under the manufactures,
sellers, and importers (Chinalawinfo Co. Ltd, 2004,).
Provincial level
Under the national level there is the provincial level there one can find PCD (Provincial
Construction Department) that works under the MOC, PDRC (Provincial Development and
Reform Commission) that works under the NDRC, and PEPB (Provincial Environmental
Protection Bureau) that works under the technical division of SEPA. PCD are responsible for
building an administrative MSWM, to develop the long- and short-term plans for
implementation and planning, and also makes the provincial regulation, standards and policy
drafts. PCD controls implementation of the laws, regulations, standards, and policies. They
also supervise the service and construction market. In practical PEPB in Shandong have
around 56 staffs, where nobody is directly responsible for the solid waste (Wiesegart K et al,
2004).
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Municipal level
Under the provincial level there is the municipal level. The municipal works directly and
close to the MSWM. The municipal organize activities, as street cleaning, MSW collection,
transportation and disposal. On the municipal level the short- and long-time plans are
formulated. The municipals are commissioned to measure the quantity, quality, and
environmental impact of the waste in the urban areas. They should also do environmental
impact assessments, and expert assessment. They are authorized to make requirements and
ask for example hotels, restaurants, institutions and other agencies to separate the food waste.
On this level MSWM projects have gradually increased and been highlighted in the
infrastructure work. For example the municipal have build waste plants with different
technology such as landfill, composting, incineration, integrated treatment plants and waste
transfer stations. According to the regulation the collection and treatment of MSW should
work together with the planning of MSWM and the relevant national technical standards.
On the municipal level there are three divisions; MCB (Municipal Construction Bureau),
MDRC (Municipal Development and Reform Commission), and MEPB (Municipal
Environmental Protection Bureau). The MCB are responsible for the operation and setup.
Under the MCB there is the MESB (Municipal Environmental Sanitation Bureau) and under
that there is the DESB (District Environmental Sanitation Bureau). The MESB and the DESB
should be in charge of the urban planning, the national economic and social development
plan, and enact MSWM planning. They should also coordinate the arrangements of the MSW
collection, the operation on the plant, the transfer stations, treatment and disposal facilities,
according to the volume demand.
2.1.1.2 Formal and informal sectors
In Shandong there are both formal and informal
sectors that are involved with the MSWM. They
can be business, organisations or one single
person. Every day, these sectors handle and take
care of the waste. Without these sectors, most of
the waste would have stayed on the streets or
where it was left. The government sets the rules,
but these sectors are the one that practically are
handling the waste.
Formal sector
Figure 4. A waste new truck in Qingdao. The
A formal sector is recognized by being accepted formal sector makes investments in new
and sometimes also having a contract with the technology. (Ambell C, Qingdao, 2007)
government. They mostly have the main
objective to generate a profit. For example a contract can be done with the municipal to
perform collection, processing, disposal or cleaning services for a specific compensation.
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Figure 4 shows a new waste truck that is owned by this kind of sector. They make
investments and can grow as a company while having contract with the municipality.
Experiences from developing countries are that formal sector produces faster response,
greater flexibility, and risk reductions (Van de Klundert A, 1995).
Informal sector
Informal sectors are unregistered, unregulated enterprises that can act as a supplier or subcontractor to a formal waste business or manufacture. Theses sectors can usually be driven by
poverty and be one way for survival. The sector usually collects materials in order of the
economical value, and secondly the ease of extraction, handling and transport. This metals,
paper and plastic that have a higher economic value are therefore more attractive than organic
waste. According to the waste composition, the most economical waste does not have the
highest representation volume in the waste. How much the informal sectors costs or finance
the municipal is not clear, since there is no control or data of their work.

Figure 5. A typical vehichle for an informal
waste dealer. The informal sector have poor
equipment and are often one man actors.
(Ambell C, Jinan, 2007)

A waste dealer is a typical middleman who buys
recyclable waste and sells it further to industries
or another seller. A waste dealer in Jinan told us
he worked by himself. He collected paper,
plastic bottles, and metals in order to sell it
directly to a recycling industry. The residents in
the area came to him everyday to give him
waste, and if they wanted to, he could pay them
a little for waste. These waste dealers can be
found in most areas. They usually have a poor
vehicle and stands on the streets or close to
residential areas. The public can go to this waste
dealer and sell or give away the kind of waste
this waste dealer collects. Figure 5 shows a

waste dealer and his typical vehicle.
The MSWM is different in the urban and the rural areas. In the rural areas the population
receives restricted or no public services as sanitation and waste removal. There is no high
support for the primary waste collection systems, and informal waste pickers and dealers
acting in the area are more common.
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Figure 6. Waste pickers on the landfill that works next to the operating truck. The smell is bad and there
are flies everywhere. On the left of the picture there is a pipe for methane gas. (Ambell C, Weifang, 2007)

On the landfill where the managed waste will arrive, there are also waste pickers. They are
usually in the category of an informal sector. For example, in Jinan, it is forbidden to have
waste pickers since it is too dangerous for them to be on the landfill. But the waste pickers,
that usually have been farmers, will not go away. It is also too expensive to hire them for
picking the waste since the dangerous work. So even if the waste pickers are well recognized
and work side by side with the hired workers on the landfill, they are an informal sector with
no contract or insurance. Figure 6 shows a waste picker on the landfill next to an operating
truck.
2.1.1.3 Foreign investors
With a high population and a booming economy, more and more foreign companies are
discovering the market in China and it has become to be an interesting country for
investments. Shandong province is noteworthy because of their economy and large
population. The MSWM is developing and waste plants need to be builded.
Foreign investors can for example provide newer technologies or knowledge experience from
their own countries. A foreign investor can be an organization that wants to make profit or
fund a project. A foreign investor in waste management is for example the World Bank with
the urban development sector unit of the East Asia and Pacific Region program.
NGO
Non-governmental organizations that usually highlight and works with waste management are
usually interested in environmental health as the social goals for the poor. They present small
community groups to big international organizations. The common is that they are non-profits
organizations. Examples of NGO are World Wide Found, UNIDO and there can also be
univiersities that provides with their knowledge. For example the NGO can help informal
sectors by recognizing it, make a partnership contract and give some external finance.
UNIDO had project training at both provincial and municipal level in Shandong Province.
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One of the municipals was Qingdao. UNIDO supervised and improved MSWM activities, and
had presentations on advanced management and technologies for solid waste. According to
UNIDO:s report there had not been a developed awareness of MSWM between the workers
about HW and SWM at all before the project (Wiesegart K et al, 2004).
Intersectional Partnership
It is normal that one sector has an overarching responsibility and mandate for the SWM. In
Shandong the government is responsible, but the partnership between different sectors can
also have a central role in the work to build a sustainable MSWM. To do this there should be
an involvement with the public, business and municipal. Lessons learned from other
developing countries are that if the municipal acts together with other sectors it can help to
reach an efficient, economically, environmentally and socially sustainable MSWM (Van de
Klundert A, 1995).
There are examples from other countries where the MSWM has been partly privatized as a
result of lacking municipal budget. When the collection of waste became privatized and
different agencies competed about the contract the focus was moved to accountability (Van de
Klundert A, 1995).
One problem with intersectional partnership can be resistance of the various sectors. As lack
of belief in the legitimacy of other partners, for example, in China it is more who you now,
than your position. There can also be a fear that partnerships will disrupt a status quo.
Enterprises operate in a grey zone between formal and informal and are afraid of what will
happen if they change the operating zone.

2.1.2 Regulations and standards
The regulations are basic requirements that should but does not have to be fulfilled. For
MSWM they concern the environmental protection and the general urban planning. For
example: the specific site chosen for the landfill, and which kind of persons that should work
at the plant and what kind of education they should have. Within three months after a finished
MSW project, the plant should be working according to the law and standards (PCD 2007).
There are two different categories of standards; the General and the National Class. The
National Class standards set the quality of the waste plant and starts with the best Class I to
the lowest Class IV. Some standards are very strict and similar to those in European countries.
In Shandong there are 12 waste plants that fulfil the National Class I standards, this means
that they should not be harmful. 16 plants have reached the basic requirements to achieve a
hurtfull waste plant Class II, and 10 plants reached the Class III, which means they are
implementing treatment for some of the pollution, but is not a harmfulness plant. 17 plants
fulfil the lowest class of a landfill Class IV and the rest of the plants are not classified at all.
According to the PCD the standardization is not enough on MSWM for constructing and
operating. One reason is that the technology and the operation are not running as planned.
Some plants lack standardization, because they have not set them up or they do not follow
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them. For example, regularly tests are not taken, there are no daily covers of the landfill, or
there are no tries to further improve the requirements.
One reason to the scarce of standardization has been the lack of competence and knowledge
of the managers at the waste plant. In general all plants lack plans and measures for
unexpected incidents. In China there has been a challenge in effectively implement and
enforce regulation and standards. Reasons are the lack of appropriate qualified staff for the
task and facilities as monitoring and controlling (Wiesegart K et al, 2004).

2.1.3 MSW Project Planning
Plan and policy making is one step from the law closer to the actual handling. For example;
thanks to policies, producer responsibility, restrictions on land filling and high taxes; the
Swedish MSWM has in ten years improved the resource efficiency and the environmental
impact.
In China, five years planning is the standard and the country is currently in its 11th five-year
plan that is set from 2006 to 2010. The national economic and social development program
and four different ministries set the plan for MSWM.
Year 2005, the 11th five-year plan for unharmful MSWM and construction planning, for
Shandong province was set up by the PCD, PDRC and city department. The 11th five-year
plan, aims to increase the high-class plants to 65 %. The plan for MSW plants will proximally
cover 17 municipal level cities and 108 towns. In the 11th five-year plan there were 127 new
and extension construction projects for MSW, of them Qingdao municipal did report 16
projects. These projects are mostly focused on technology for example are 14 cities building
transportation and transhipment stations (PCD, 2007).
Projects (PCD, 2007)
During the 11th five-year plan period, Shandong province will totally invest 7.7 billion Yuan
for the MSWM; which is for both construction and transporting. Between the large numbers
of projects there is a prioritization. There are 111 projects that are divided into three different
categories; the most important, more important and general projects:
1) To the most important category there are 33 projects involved. The total operation capacity
will be 15,600 ton/day, and the total investment is 3.1 billion Yuan. The projects are mainly
situated in cities, with a large population, a relatively developed economy, and scarcity of
MSWM or waste plant. The prioritized are waste plant constructions situated near the
province Huaihe, and close to large rivers that meets the sea, for example the yellow river.
2) The 41 more important projects have an operation capacity of 13,000 ton/day and the
investments are 2.3 billion Yuan. These projects are also situated close to the major rivers or
environmental controlled areas, and where the economy is relatively developed. The waste
plants are already under construction, reconstructions or not started at all.
3) The general category consists of 37 projects.
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The first step done for a new waste plant project is an investigation of the site and plant, after
this the construction can start. This investigation is usually done by a construction company
and includes information about the area, the waste that will come to the plant, and the
environmental surroundings. Then the site and technology is finally chosen by the
municipality.
In Tainan, Dezhou and some other cities the mayor is leading a group that will establish
another group that will be responsible for the coordination and construction of the
infrastructure. They are planning four MSW projects in Jining, Yuan, Binzhou and Dezhou
and altogether they will receive 2,100 tons of waste per day.
The MSW projects increases in the province and some of them use new technologies as
incineration and the focus is on how to reduce the high amount of waste. For the moment
there are eight incineration projects in the province. The experience of incineration plants in
the province is still very low and the projects are seen as risk taking. Shandong’s first larger
incineration project plant in Heze started in 2001. In Zibo there is an incineration plant that
should have been completed 2007, the project is done together with a Chinese company.
Planning examples
Today there is an operating MSWM in the urban areas but not in the rural areas. For example
in Jinan, the municipal contains of 6 million habitants and the waste management covers only
2.3 million habitants. The collection system does not cover the whole chain of upper, middle
and low-income areas.

Figure 7. The left picture is a view of the urban areas in Jinan, where the municpical manage the
waste. The right picture is from a village between the urban and rural areas, a grey zone. Here, the
villagers pays a truck to take the waste to the disposal plant in Jinan. (Ambell C, Jinan, 2007)

In the province there are examples of MSW plants and projects that have problems with
construction procedures without standards, planning, selecting sites, bad coordination, and
bad communication (PCD 2007). No running plants incidents have been reported at all. (PCD
2007)
In 2004 and 2005 some of the plants got the international certification ISO9001 for the
management of the workers and the certificate ISO14001 for the environmental management.
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(PCD 2007). They also got certification for the Health and Safety management. This means
that they have adopted safety rules and better equipment.
In Zaozhuang, year 2003 there were power companies that built an incineration plant where
they used the national policy and aimed to produce electricity. They had approval by the
economic and trade commission of Shandong. Unfortunately there were technical design
problems so the plant has not generated any electricity or heating. Tai'an plans to build a
MSW plant with a lifetime of 25 years, a plant with mainly incineration technology combined
with sanitary landfill. In Dezhou there is a new plant that uses both composting, incineration
and landfill (PCD, 2007).
Before shutting down a waste plant there has to been an investigation on why it should and if
it is really necessary to do so. After a shut down there has to bee lots of pollution controls
made. Thereafter one needs approval by the MESB and the departments that decide over the
environmental protection. An individual or a sector is not allowed to shut down a waste plan
itself. After closing one, it is forbidden to build factories, schools, and residents et cetera,
without a long-term observation and environmental expertise control. This makes it difficult
to find new land for a waste plant close to a city.

2.1.4 Culture
China has just opened to the global world and there are culture differences from the west
according the society, engineering and business. The culture can be an important factor during
the process of selling and implementing new solutions for MSWM and during operation. The
culture is an important factor for the foreign sector in order to invest or being involved in
MSWM projects, in order to know procedures, communication, and traditions. There are
many papers and books on how to know Chinese culture. This factor of culture focuses on our
experience during work with MSWM and should be seen as guidance.
2.1.4.1 Confucius
The philosophy of Confucius that was born in 551 B.C. has deeply affected and inspired the
Chinese culture. He was born in Shandong and the province is strong influenced by this
thinking. The Confucian tradition says that the world inside is very important and people
should live in harmony within the society. He stated that every person has an important role as
a link in a network society and the family. For a Chinese business duty means responsibilities
to the family and he does not separate business and family. This means that what is best for
the business does not have to be financial attractive ( QuickMBA.com,1999-2007,).
In the west, creating wealth and separate business and family is much more common.
Therefore there can be confusion when Chinese asks questions about one family, send gifts to
them or when dinner seems to be more important than meeting. In order to make a good
relationship with Chinese one should bring a symbolic gift, even if you have never met
before. The building of a good relationship is called guanxi.
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Confucius said that harmony inside the society or family is very important. To receive
harmony, individuals need to act in the social pyramid as it is said and follow the traditions.
The highest ranked will know and should decide what is best for the lowest ranked. Therefore
should the lower ranked trust and be loyal to their superior. A higher ranked is often an older
man, and the lower ranked are often young or a women. The individual right is less important
than the good of the group.
A business usually has one founder and members with key positions. There can be other
business linked with this in a complex network that often is kept quiet. The position and the
role of the person in a business are not always clear. A saying is that:
“When a Chinese is honoured, his whole family is honoured. When a Chinese is condemned,
his whole family is condemned.” (QuickMBA.com, 1999-2007)
The thinking of that the higher ranked should always think and decide on behalf of the lower
ranked can influence fact and information. A Chinese can for example answer a question on
what he or she thinks you should know, even if it means that he has to “lie”. If it is a complex
answer with many different solutions, he might answer like there is only one solution. So if a
Chinese “lies” to you it can mean that he or she only wants to protect you and not to hurt your
feelings. The relation can be more important than the truth and what makes a relation does not
have to be under the same criteria’s for the western society.
There can also be some changes in data and reports, in order to make them fit the reader. The
PCD did for example prepare reports about the MSWM in Shandong. One report was for year
2001, and the other on was for year 2005. The reports mainly contained studies with data of
the waste composition, waste quantity et cetera. The only difference between these reports
was the date on the cover. The appendix and data was exactly the same. The reason to make a
new report for year 2005 without any new waste data is therefore not clear.
Decision-making is often informal and often occurs at dinners. First in order to build a
relation, lots of drinking, eating and speaking about “less important” things are done. The
relationship (guanxi) is very important. Relationships are often built in favours with expected
non-dated returns of favours. In China decisions are made quickly, and are often based on
personal recommendations, more than actual achievements.
In China you should not “loose the face”; it means that one should not show mistakes. For
example it can be difficult as a foreigner to visit plants that are not working well, or to get
data that shows bad results. Another example is that you are promised to visit a waste plant,
everything is prepared, but in the end there will not be a visit to the waste plant. Instead they
take you to a beautiful view or something that they more want to show a foreigner. The
meaning of taking you to a more beautiful place might be that the relationship would be
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stronger. But, the effect can be the opposite since expectations and what a western thinks is
more important will not be fulfilled.
Collection and treatment of waste is a very low sophisticated form of labour and it can be a
disadvantage when asking questions, since the waste picker is ashamed.
Information and reports might be easier sent also in hard copies, preferable with a signature
and seals since pure e-mail seemed to be not yet used for communications in Shandong.
In poor countries it is usually the person that is home with the family that sees the problem
with waste and that the children gets sick thanks to the bad sanitary. Usually this seems to be
the women that are concerned about the waste issues. In Shandong there was no notice if there
are more women than men that are working in this field or which one that seems most
concerned about the problem.
2.1.4.2 Education
The education system in China is different than in the Western countries and can have
significant effects when implementing technology from the industrialized world and when
there is an international collaboration. In the western way there are interactive methods used
by the teacher and the students. For example: training groups, learning by doing and
discussions. The Chinese teaching system allows a larger number of participants where the
teacher has less interacting with the participants and provides the knowledge; therefore a few
questions are raised. In this way more people can be trained but the knowledge per person
might decrease. It is not known about the personnel education and background skill of the
employees working with MSWM. Though we were told that there are too many employed at
the waste plant since it is a public labour (PCD 2007). This kind of work is usually given to
people with relatives in the government and it is important for the government to lower the
unemployment. It is unclear if the engineers and
technicians that study waste management will
have a deeper knowledge or an education about
the informal sectors and a broader perspective. It
seems like generally the engineering education is
also different from the Swedish.

Figure 8 Un-segregated waste at the school
restaurant in Jinan. Separation of food at
school resturants can teach students to also
separate at home. (Ambell C, Shandong
University, 2007)

Since there has been a fast development and the
sanitation work started seriously in 1995 in
China, the people that started to work that time
might still be in the same position and have the
same kind of thinking as that time. (Wiesegart K,
2004). This will not easy lead them in to a more
innovative problem solving or the needs of a
larger population, but there were no observation
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of these problem. The management system is also a little different from the west, since senior
managers are recruited within the family, compared to the west where managers are recruited
on qualifications. In China people and projects have more tenders to be evaluated informally
and personal reputation is more important than achievements (Quick MBA.com 1999-2007).
The consumption pattern seems to be the same as for developing countries with some
different. Since, the economy is growing the consumption is growing. But because of the
lacking of insurance and work, the Chinese choose to keep their money for the future. In
Shandong it is the right way to order more food than you are expected to eat. The more food
that will be thrown away, the more luxury and nice it will look. This means that there is a lot
of food thrown away. Figure 8 shows the garbage can from the restaurant at the university. It
shows that there is no separation of the food and plastic.

2.1.5 Public awareness and interest
MSWM needs public support and participation. Motivation
from the law and current politic concerns, a fee system or
contracts can for example be a reason for the public sector to
fulfil their responsibility for waste management. Open
dumped waste and open fired waste can awake the publics
concern since it will have directly effects such as smoke from
the burning, odours, insects, rodents, gas emissions, and
water pollution. The SARS crisis year 2003 was an important
factor for the awareness from both the public and the
government.
Figure 9. Garbage cans for
separation of waste. These cans

In the urban areas of Jinan, Qufu and Qingdao there are were common inlarger cities.
garbage cans on the street for separating the waste, the cans (Ambell C, Qingdao, 2007)
be be for recycled and non-recycle waste, and sometimes
there is also a bin for hazardous waste. The waste in these bins was mainly not separated, and
the formal waste collectors do not separate either. There seems to be a little public knowledge
about the sorting and the knowledge about HW seems to be limited. It is noticed that there is
an initiative that batteries should be sorted out from the normal waste at one of the campus at
Shandong University. Figure 9 shows different cans for separating that can be on the streets.
According to the UNIDO, Qingdao was meant to be a demonstration municipal for segregate
collection. During a visit in Qingdao no segregate collection for the residents was noticed,
three families were asked and a street cleaner, nobody knew if there were any segregate
collection.
If the public have high awareness of waste, it can lead to initiative taking for better MSWM or
protests when a new plant will be built. One reason is that they can be afraid of their health or
there might be a “not in my backyard” reaction” of the people living close to the waste plant
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.
At Jinan municipal waste plant the farmers thinks that the landfill is situated on their land (Dr
Pan Y, 2007). They therefore see that they have the right to access to the landfill and pick the
waste whenever they want to. This is a dangerous work and the plant tried to forbid the
farmers to pick waste and be at the waste plant. The farmers protested and stopped the waste
trucks to enter the landfill by block the entrance with their own bodies. Figure 10 shows the
waste pickers on the landfill. They have coloured headgears that makes them more visible and
protects them from accidents (Pan Y 2007).

Figure 10. Waste pickers at Jinan waste plant. The pickers has coloured hats to make them more
visible. It was forbidden for the pickers to be at the waste plant since it is a dangerous work. (Ambell C,
Jinan, 2007)
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2.2 Technical
This parameter gives basic knowledge of the current situation of the technology used and the
waste flow. The technical parameter includes factors that directly manage and treats the
waste, and data. Manage the waste as moving it from the source to the plant, and by treating
the waste as changing the composition, volume or character. The factor includes technical
data about MSWM. Some of the factors describe the current technology used and build until
year 2010. The waste flow dynamics is also described as well as the waste composition.

2.2.1 Waste plants
China
Year 2002, there were 651 plants for waste treatment in China. 165 of them were built
between the year 1999 and 2004. Year 2004, 90 % of the treated waste went to landfill, 7 %
to compost and 3 % to incineration (Wiesegart K et al, 2004). Landfill technology has been
the most common technology in China but now the incineration technology seems to grow in
popularity. According to the Chinese requirements the main focus of the technologies has
been landfill leachate treatment, landfill gas extraction and utilization, and incineration
(MOC, 1998).
Shandong
In Shandong Province, 2/3 of the MSW is taken to landfills or put on a pile. Year 2006, there
were totally 54 MSW plants in the province, of them there were 32 sanitary landfills, 18
simple landfills, and 2 incineration plants. 2 plants were shut down. Diagram 1 on page 36,
illustrates the allocation of the different technologies. “Mixed technology” means that there is
more than one technology used at the same waste plant. For example there might be both
composting and landfill technology. Integrated technology means that there are different
technology steps for the waste, for example there is first incineration and then landfill. The
technologies are further described in the text. The main technology is landfill. Together,
simple and sanitary landfill represents 89 % of the capacity.

2.2.2 Landfill and sanitary landfill
In landfill technology the waste is put in specific layers over a specific area. A Sanitary
landfill differs from the general landfill in that it has a key meaning to prevent groundwater
contamination and the surrounding environment. A sanitary landfill meets most of the
standards as leachate treatment, gas management, daily and final cover, and record-keeping.
2.2.2.1 Landfill technology
The general principle of a sanitary landfill with national class standards is that there should be
technical standards and prevention of environmental pollution that is usually caused by
landfill. A new landfill needs to be in service and meet the operation capacity of the waste
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volumes for at least six years. Within 24 hours the incoming waste should be paved,
compacted and covered. The waste density should be higher than 0.6 ton/m3, packed in layers
around 3 meters high and than covered with 25 cm compact. The soil in the lowest layer has
to be protected with impermeable material such as geotextiles or hard plastic. If there is a
natural layer it must have soil permeability with less than 7-10 cm/s, and a clay wall greater
than 2 meters. When closing the landfill it should be covered with a 25 cm thick anti-penetrate
layer, 1 dm clay, and 1/2 meter of soil. There are standards and technical data for the
construction and equipment. There are also requirements on what kind of technical equipment
there should be on the landfill, for example bulldozers, loaders, rolling machines et cetera.
The techniques are told to be simple, scientific, and the dispose of the waste should cost low
(MOC, 1998).
The landfill must meet requirements in order to prevent it from HW. It is strictly prohibited to
put waste that includes: toxic industrial products, toxic substances, harmful chemical
substances, radioactive substance, flammable or explosive goods, hospital waste, and other
serious pollutants on the landfill. The composition of the waste in the landfill has three
requirements that should be followed:
1. the water content should be less than 20-30%,
2. the volume of inorganic waste should be greater than 60 %,
3. the density should be greater than 0.5 ton/ m3.
The sanitary landfills have storm water and leachate treatment, landfill gas collection,
monitoring wells, and environmental monitoring (MOC, 1998).
Standards
The standards for landfills are also described in the social parameter page 19. These standards
present the current state for waste plants in Shandong province year 2006.
1. National Class I standard, to achieve unharmful treatment requirements. 12 plants
2. National Class II standard, the basic unharmful treatment requirements.16 plants
3. National Class III standard, that not achieved unharmful treatment requirements, but
implement effective centralized treatment to some pollution. 10 plants
4. National Class IV standard, a simple landfill. 17 plants
5. No Class, have not built waste treatment plants that reached the national standard, only
simple landfill and dumping. (the rest, unknown number)
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Gas
Earlier, the primary reason to collect methane gas has been and
still is to prevent explosions caused by methane gas. Today, it is
also used to inhibit the emission of methane that is a strong green
house gas. The reason to the emissions is that wet organic waste
will start to digestive and produce gases, dominated by carbon
dioxide and methane gas.The technology is usually implemented
on the larger landfills, by using gas pipelines. The pipeline is put
vertically under around half a meter of the surface. There will be
gas test made to calculate the composition and production
velocity. The air on the landfill should according to the standards,
not have higher methane gas content than 5 % (MOC,1998).
Figure 11 and 12, shows pipes for methane collecting. The
technology is getting more advanced and at the waste plant in
Weifang there might be collection of the methane gas in order to
produce energy, and sell carbon dioxide rights. (Dr Pan Y, 2007)

Figure 11. There is a
pipline system for
collection of the
methane gas at Jinan
waste plant. (Ambell C,
Jinan, 2007).

Figure 12. Pipes for methane gas at a landfill in Weifang. There are plans of collecting the gas to produce energy
from year 2008. (Ambell C, Weifang, 2007)
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2.2.2.2 Visited plants
Two waste plants were visited during this thesis; they were the two largest plants in Jinan and
Weifang.
Jinan municipal waste plant
Of the municipal 6 million habitants, 2,3 millions lives in the urban areas and will have their
waste managed by the municipal. The plant was built in 1989 and it receives 2200 ton/day
from different places in Jinan. It is situated 30 km from the city centre, and was first a plant
for composting. There are 130-140 employees at the plant, more than necessary according to
Pan Y, but it is an official job and the government wants to lower the un-employment (Pan Y,
2007). It has been an investment of 27 million Yuan that will go to advanced technology, gas
analyzing and collecting equipment.

Figure 13. A view of the waste plant in Jinan. There is an operating truck surroneded by farmes (nonemployed) that pick valuable waste at the plant. (Ambell C, Jinan, 2007)

There is biogas uptake at the landfill; the gas is burned to produce electricity. Bubbling and
black leachage water were documented at our visit, the bubbles were probably caused by gas.
At the entrance, an information board says that all biogas is turned into electricity.
The plant cleans leachate water with USAB and SBR. Biofilm/active sludge. In the summer
the waste generate lots of leachage water and 300-400 ton/day but the capacity of the plant is
200 ton/day. In Jinan they have solved this problem by making a pond to keep the water in
and clean it during the winter season when there is less leachate water. If it rains a lot they
will have trucks that come, pick up the water and drive it to a pond. After cleaning the water,
they use it for the forest and their own garden. For example they irrigate salad that they eat.
They analyze the water for BOD/COD but not for heavy metals. Se figure 14, page 28.

28

Figure 14. From left; bubbling leachate water. Water treatment of the leachate water. After the treatment
the BOD/COD is tested and the water is used for irrigating, for example the salad garden next to the
water treatment plant. There are no test of heavy metals done. (Ambell C, Jinan, 2007)

Weifang municipal
Shandong is famous for its agriculture and Weifang is the centre for agriculture and sells large
amounts of vegetables to Korea and Japan. There are huge areas of glasshouses with
vegetables in the surroundings. The waste disposal is in an old lime mine. There are still lime
mines in the surrounding.
There was an odour and the ground was crowded of flies. There was not that many waste
pickers here as at the plant in Jinan.
Methane gas will be collected year 2008 and a power plant for biogas will be build. Figure 15
showing the plant and its layers. The first figure shows the deep of the landfill and it should
be more than 30 meters. The second figure presents two layers, the arrow points out the
newest layer that were started to be filled year 2005. On the older layer one can only see the
surface and the deepness is more than 26 meters.
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App.> 30 meters

Figure 15. From above: The landfill at
Weifang. It is suitated in an old lime
stone mine. The first figure shows the

Year 2005 - 2007
2-5 meters

deep of the landfill and it should be
more than 30 meters.

App. 26
meters deep

The second

figure presents two layers; the arrow
points out the newest layer that were
started to be filled year 2005 (Ambell
C, Weifang, 2007)

The leachate water is cleaned with
USAB technology and then it is
send to either the municipal water
treatment, to the garden or back to
the waste disposal. The BOD/COD
is measured but does not meet the
standards. The reason is that the
plant is dimensioned for 50
m2leachate water/day and it receives
Figure 16 A lager water basin were builded in Weifang in
300 m2leachate water/day. See figure
order to be able to receive the large amount of incoming
16. The plant has also waste
leachate water. (Ambell C, Weifang, 2007)
treatment for medical dispose,
using incineration technology. The
waste is stored outside in a bunker and is burned in 850-Celsius degrees.
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Examples from non-visited plants
In Qingdao they have developed a program for sanitary landfill, operations and management.
The plant is situated on 90 % saline-alkali soil. In Linyi the sanitary landfill has international
technology; using waste transfer stations, leachate treatment, methane collection, and
automatic weighting. In Weihai and Linyi natural clay and granite is used to make an
impermeable surface that prevents secondary pollution. In Linyi the waste landfill plant have
sanitary landfill technology. Other technologies for leachate water are biochemical process
and reverse osmosis, these are used in Jimo, Jiaozhou, and Zoucheng and the treatment is
classed according to the National Class I (PCD, 2007).

2.2.3 Incineration
Combustibles are burnable materials such as paper, wood, and plastics. It is made of organic
materials and mainly contains carbon, hydrogen, and oxygen. The term heat value and its unit
kJ/kg are used for calculation. Preferably there should be no need of supplementary fuel for
the combusting.
The incineration process has different stages; the first stage is the drying stage, which
removes the water from the waste. This stage uses the heat from the combusting process. The
next step is the combusting where heat will be produced and the waste volume decrease. The
technology emits gas and particles that can be hazardous for the environment. With a
baghouse filter the particulate emissions can be more controlled and preventing emissions to
the atmosphere. Emissions standards made by the SEPA year 2000 for incineration plants can
be found in table 3.
Item
Particulate
SO2
NOX
CO
HCl
Hg
Cd
Pb

Limit [mg/m3]
80
260
400
150
75
0,2
0,1
1,6

Dioxins TEQ

1,0 ng/m3

Table 3. Pollutant emission limit of Chinese municipal solid waste incinerator, (Li X , 2002)

*reference oxygen concentration is 11%
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The bi-products are ashes that are not combustible. The combustibility is also very dependent
of the technology that is used. New incineraton technology is much better for the
environment. Figure 17 shows an incineration plant for medical waste.
There are around 8 to13
incineration
technology
projects in Shandong
province (PCD Shandong
Provincial Construction
Department, 2007). The
MSW
projects
are
increasing in the province,
some of them use new
technologies
as Figure 17 The incineration plant at Weifang is only used for medical
incineration and the main waste. The oven is to the left in the picture and to the right there is a
reason is to reduce the container that includes the waste. (C Ambell, 2007)
high volumes of waste.
The incineration technology has also become one of the most used for medical waste.
Shandong’s first complete incineration plant was put into operation in Heze year 2001. The
engineers had not calculated or measured the waste composition in Heze. Instead standard
calculations were used. But, the actually composition was not the same as the calculated. The
waste composition had a lower organic level and the consequence was the there was a very
low combustion. It is not clear wheterver the plant combust waste anymore (Dr Pan Y, 2007).
In Zibo the incineration plant’s capacity is 1000 ton/day. In Linyi the treatment capacity is
1000 ton/day, and in Dezhou the capacity is 75 ton/day. Tai'an plans to build a MSW plant
with a lifetime of 25 years, a plant with mainly incineration technology combined with
sanitary landfill. Jinan waste incineration power plant has the treatment capacity 200
tons/day, though the electricity that should be generated is not connected to the power
network (PCD Shandong Provincial Construction Department, 2007). Table 4, next page,
presents all the incineration plants that exist and is planned får 2010.

32

The construction and operation of an incineration plant
seems to be difficult. In Zaozhuang, year 2003 there
were power companies that built an incineration plant
for producing electricity. Unfortunately there were
problems with the technical design and the plant did not
generate any electricity or heating. The reason was that
the waste composition did not meet the requirements for
the technology chosen. Diagram 2, page 37, presents all
incineration projects and plans in the province to year
2010. Some of the capacity data also shows waste that
will go to landfill only; therefore the data should not be
seen as exactly. There are all together only three
finished incineration plants in the province year 2007,
and only one of them is working. (PCD 2007) Therefore
is the sum of 10,825 tonwaste /day that will go to
incineration, misleading.

Place of
incineration plant
Dezhou
Dongying
Heze
Jinan
Linyi
Tai’an
Zhaozhuang
Zibo
Qingdao
Weifang
Summary

Capacity
[ton/day]
475
700
600
1200
1000
800
1750
2200
1600
500
10825

Table 4. Incineration plants
In different municipals, existing and
planned for 2010. Most of them did not
work year 2007 (PCD, 2007)

One reason to that some of the incineration plants does not work is that the design has not
gone hand in hand with the waste received. The waste has been to wet and the standards of
testing the waste composition is developed for landfill and not for incineration (PCD 2007).
If the moisture is higher than calculated there are technologies such as flue gas condensation
that makes it possible to extract heat from very moisture waste. It is possible even if the
moisture is up to 65-80% but then it is hard to combust. The combusting is easier under 65 %
moisture and can then produce around 1,3 kWh/kg (Dalroth B, 2007). None of the existing
incineration plants had any heat exchanges. The plants are mainly constructed to produce
electricity and decrease the waste volumes.

2.2.4 Biological treatment
Compared to landfill and incineration, there has to be some kind of source separation to use
biological treatment. This technology uses only the biologically degradable waste, mostly
from large kitchen and restaurants. There are different biological treatments; such as compost
or digestion.
Composting
An aerobic composting means that there is air with the active substance oxygen in the system.
Microorganisms such as bacteria and fungi metabolize organic waste. The finished compost
can be used as a soil conditioner, but only if it does not include any hazardous compounds. If
the organic waste is to wet or compact, there will be a scarcity of oxygen in the system. This
will lead to an anaerobic decomposition creating methane gas. Organic waste from restaurants
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is for example usually to wet. To solve this, some kind of fluffy material like paper, can be
added to help the oxygen come inside the system.
Digestion
An anaerobic digestion technology means that there is no air or oxygen in the process.
Microorganisms will digest the waste. The process is much slower than the composting but
the bi-products are biogas and soil fertilizer. The biogas includes energy rich methane that can
be used to produce energy such as electricity or as fuel. Digestion is preferable for waste with
high moisture content from 80-100 %, but methane can be produced at much lower moisture
content down to 30 % moisture (Dalroth B, 2007).
Examples
There are not many waste plants for biological treatment in the province. On exception is
Yantai where there will be an extent of the project for composting. The city also focuses a lot
on management details and has chosen not to use incineration technologies.

2.2.5 Off site and Management technology
Source separation means that the waste is separated into different parts, as HW, organic waste
et cetera. In Shandong there was scarce source separation of the MSW, except for the
informal sector that collected for example plastic bottles, paper and metal. The only source
separation documented was on the streets, with garbage cans for recycling, and non-recycling
waste. But, the technology at the waste plants, did not meet the requirements to reach this so
the waste was mixed in the transport to the waste plant. The separation garbage on street made
it easier for waste pickers.

The collected waste is taken to
difference transfer station where
it is loaded on larger trucks. To
cut down the transportation cost
and
pollution,
some
municipalities have chosen to
install a transfer and compression
stations. In Qingdao, the waste
plant is at a long distance from
the city and the garbage truck
needs to drive this distance. In
order
to
decrease
the
transportation the garbage trucks
will only drive to a compression
station and leave the waste there.
The compression station will
press the incoming waste in a

Figure 18 The figure shows a compression station that is used
to decrease the transportation. The waste truck drives to this
station that is suitated close to the city. The waste is
compressed and the volume will decrease. Fewer trucks can
now go to the waste plant with the waste. (Ambell C, Qingdao,
2007)
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new tank and decrease the waste volume by increasing the waste density in the tank. The
tanks with the compressed waste will then be taken to the waste plant by larger trucks. Figure
18 shows an example of a compression station in Qingdao, it opened year 2007. Other places
that also have this kind of technology are Zibo, Yantai, Weifang, Rizhao, and Linyi. When the
waste truck arrives at the waste plant it is registered, which truck it, is, and how many tones of
waste it brings. After these steps the truck can drive in to the plant. In Jinan there was a line of
trucks waiting to enter the plant. Some plant use a computer network to manage a large
number of records, although paper recording of the weight is still common (Dr Pan Y, 2007).
According to the standards the collection transports should have separate collection function
and the agency should also have a fixed office, machinery, equipment, vehicles and parking
places. The equipment should also be in good condition and clean. In the province there are
both typical waste trucks and smaller collecting cars.

2.2.6 Waste flow and composition
According to the World Bank, China will have to deal with more than 2,5 times more waste to
2030 (World Bank, 2005). That is a huge increase of waste. Year 2010 the total waste
generated from both the municipals and the industry, will be approximately 4.219.000 ton/day
or 1.540.080.000 ton/year (PCD, 2007). The provincial construction department does not
seem to have any scenario for MSWM or longer than this. The MSW is predicted to increase
and the composition is predicted to change as the organic waste will increase, and the
inorganic will decrease (PCD, 2007). It is not clear why this is predicted to be the trend.
To calculate the incoming waste amount the trucks are weighted at the waste plant. Another
method to calculate the waste volume is by theoretical calculations. The MOC calculate that
the habitants produce waste for 0,5-1 kg/day in Shandong province, it can be compared with
Swedish data where an average person generate 1,5 kg per day (Swedish SEPA, household
waste 2004). The World Bank counts that the urban population produces 2-3 times more
waste than rural. Increasing waste is usually connected with increasing economy (PCD 2007).
Proximally 92 million people lives in the province and of them 45 million lives in the urban
areas. It is in the urban areas where there should be some kind of MSWM according to the
government. With an easy calculation of the people in the province times the generated waste
we will receive a theoretical span from 92,00 – 23,000 ton/day of waste produced in the
province. The total waste generated in the whole province will be 92,000 – 46,000 ton/day,
and in the urban areas 46,000 – 23,000 ton/day.
This can be compared with the data from the provincial Construction Department (PCD,
2007) and we can name it the practical data. The theoretical data and the practical data differ
according to table 5, page 35. The total transported and produced municipal waste is
approximately 14,000 ton/day, this data is measured when the trucks arrive to the waste
plants. It is also under the theoretical calculated minimum of waste generated in urban areas
of 23,000 ton/day. The waste flow increases at larger coastal cities, for example Qingdao and
Yantai, and the waste flow is more consistent in larger and smaller cities (PCD, 2007).
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Calculation

Transport
waste
[1.000
ton/day]
92

Generated waste
per person
[ton/person]

Population 2006
[person/day]

0.001

92,000,000

46

0.0005

92,000,000

41

0.001

Urban pop
[person/day]
41,000,000

23

0.0005

41,000,000

Summary of the generated
and transported waste, 2006
Constructed capacity, 2006

14

Average operating cost [Yuan/ton]
6

Mixed and Integrated
Simple Landfill
Sanitary Landfill
Waste plants that will close
between 2001-2010

2
5
15
4

Maximum generated waste
All areas
Minimum generated waste
All areas

Maximum generated waste
Urban areas
Minimum generated waste
Urban areas

Projects and plans between
2006-2010
Biological Treatment
Landfill
Incineration
Mixed and Integrated
Sanitary Landfill
Summary of the capacity
year 2010

22
35
27
31

38

Investment [10,000 Yuan]
691,000

1
1
5
10
21
55

11,000
20,000
135,000
197,000
329,000
(Basic capacity + Plans - closing)

Table 5. Calculations over the MSWM in Shandong province. The generated waste is between 92,00046,000 ton/day int the whole province and 41,000 – 23,000 ton/day in the urban areas. 14,000 ton/day
waste is transported to the waste plants that have a constructed capacity of 22,000 ton/day. The calculated
capacity for year 2010 is 55.000 ton/day (PCD, 2007)
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2.2.7 Capacity
All the data in this chapter is collected from PCD, 2007.
Year 2006
The calculated constructed capacity year 2006 is approximately 22,000 ton/day for Shandong
province and does more or less meet the minimum waste generated in urban areas of 23,000
ton/day. Diagram 1 shows the capacity in %, year 2006. Landfill technology has together the
highest capacity and represents 89% of the total MSWM capacity. Sanitary landfill stands for
68 % of this landfill capacity and for the mixed and integrated technologies the landfill mainly
included. The mixed and integrated technology stands for 7 % and incineration technology is
still very low with 4 %. The practical capacity should also be smaller for the incineration,
because of problems having the technology working smoothly.
80%
70%
60%
50%
40%

68%

The capacity year 2006
and the transported
waste of the totally
capacity:
22000 ton/day

30%

63%

21%

20%
10%

7%

4%

0%
INCINERATION

MIXED AND
INTERGRATED

800 ton/day

1600 ton/day

SIMPLE LANDFILL SANITARY LANDFILL

4600 ton/day

15000 ton/day

THE ACTUAL
TRANSPORTED
WASTE TO THE
WASTE PLANT
13900 ton/day

Diagram 1 A diagram of the allocation of the different MSW technologies. The first four columns
represents the capacity of the different waste plants. The landfill technology has the highest capacity. The
actual transportaded waste is shown in the last column. This shows that the waste plants can receive more
waste than they do. With mixed technology it is meant that there is more than one technology used than
only one at the same waste plant. (Data from PCD Shandong Provincial Construction Department, 2007.)
(Diagram: Ambell C, 2007)
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Year 2010
At year 2010 according to the plans the capacity should be around 55.000 ton/day and can
therefore meet the maximum generated waste of 45.000 ton/day in urban areas if the
population is fixed. Diagram 2 shows the projects plan and the technology used.

70%

60%

Capacity year 2010
[ ton/day]

61%

50%
40%
30%

21%

20%
6%

10%

BIOLOGICAL

SIMPLE LANDFILL

INCINERATION

MIXED AND
INTERGRATED

SANITARY LANDFILL

1000 ton/day

3500 ton/day

5600 ton/day

11600 ton/day

33600 ton/day

10%

2%

0%

Diagram 2. Capacity of the existing and planned waste plant, year 2010, in Shandong province.
Incineration technology will increase and simple landfill will decrease, compared with year 2006, see
diagram 1.
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2.2.8 Composition
It is not easy to characterize a typical waste composition, since it changes with the seasons
and different places. The MSW is dividied into eight different categories, coming from;
1.
2.
3.
4.
5.
6.
7.
8.

residents
commercial garbage
garbage from the trade market
street garbage
public garbage cans
organizations
schools
some MSW units such as factories and mines.

MSW does not include waste from constructions or buildings. According to a random
sampling analyze of 17 municipals the component is 48% organics, 38% inorganic and 14%
recyclable waste (PCD, 2007). Recycable waste can be metal, plastic, paper and cardboard.
The waste received from the street cleaning can be divided to organic and combustible waste,
for example garden waste, and divided into inorganic, for example sand, and soil. Market
waste usually includes lots of organic waste, such as leaves, skins, and unsold food (World
Bank, 2005).
The moisture value is very high for waste from kitchens such as restaurants and
slaughterhouses. Typical moisture content of household waste is 40 % (Dalroth B, 2007),
where 40 % moisture was also the value that the engineers in Jinan received in their
measurements (Chief Engineer, 2007). Diagram 3, page 39, illustrates the composition of the
waste at Jinan waste plant. Diagram 4, page 39 illustrates the waste composition during the
every year between 2003-2006. The organic waste represents half of the waste with 50 %,
inorganic comes next with 36 %, and the recyclable waste with 14 %. The standards for
measuring the waste does not require wet and dry test of the waste (Chief Engineer, 2007).
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Waste compostion, Jinan Waste plant, 2006

Inorganic
36%

Organic
50%

Recycables
14%

Diagram 3. The diagram illustrates the compostion of the waste. (Chief Enigeer, 2007)

Waste compositon, Jinan waste plant, 20032006

60
50

Percent

40
Organic
30

Recycling
inorganic

20
10
0
2002,5

2003

2003,5

2004

2004,5

2005

2005,5

2006

2006,5

Time [year]

Diagram 4. illustrates the measured trend of the waste composition. Organic waste has increased with less
than 10 % between year 2003 and 2006.
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2.3 Environmental
The main reason to use waste management is usually because of environmental concerns.
This parameter contains different factors about waste that can affect the environment. China is
facing a tremendous challenge with their environmental pollution and together with
corruption these problems are seen as the largest in the country. The large population and the
fast development are often accused as the reason for this. One of the consequences has been
that there is lessbiodiversity on the east coast. The air-pollution is seen as the greatest problem
since the large use of coal, but it can also be due to waste that is combusted in uncontrolled
ways.

2.3.1 Hazardous compounds in the Waste
Toxic elements are either very difficult for nature to break down or very reactive (Wiesegart
K, 2004). HW is waste or particles in the waste that can be toxic, reactive, corrosive, or
somehow dangerous to living organisms and the environment. Domestic living generates
many kind of hazardous waste, such as heavy metals; they are characterized to have high
atomic weight and density. Examples of heavy metals are mercury (Hg), lead (Pb), nickel
(Ni), and cadmium (Cd). These are toxic for living organisms and easily bioacumelated and
can be toxic in a low dose. For mammals, cadmium affects the kidney and the skeleton.
Mercury affects the central nerve system and the reproduction system. Lead can lead to
anaemia and affect the central nerve system. There were no data found for heavy metals in
MSW in Shandong province.
Plants can accumulate heavy metals or particles that are difficult for nature to break down.
Therefore it can be a risk to put waste on land that is used for food agriculture. Food plants
can accumulate the toxins and further transferred to animals that eat the plants.
On provincial level the knowledge about HW is still relatively limited, since it is a new
subject to control. A management system for hazardous waste is not yet established in
Shandong Province and the collection, treatment, recycling and disposal is the same as for the
organic waste from the household. The main problem with hazardous waste in Shandong
Province is the lack of treatment and disposal facilities, and HW that is mixed with MSW.
One exception is the hospital waste that after the SARS crisis has to be incinerated.
(Wiesegart K, 2004).

2.3.2 Water Pollution
Shandong province has the large, unpredictable and changing Yellow River but the province
also has a shortage of water. The lack of uncontrolled wastewater pollution of the rivers had
negative impact on the environment and injured the ecosystem in the Bohai Sea. Natural
calamities often occur in the summer monsoon and some areas in the province suffer of
flooding during the summers. The Yellow River has changed its direction several times. This
means that the water is in great contact within the urban areas and if there is a flood, the water
will be a cocktail full of waste from the streets and backyards. Picture 19, page 41, shows a
small river, the river is situated in a village and the residents throw their waste into the river
since it will bring the waste away.
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Leachate water from landfills and open dumps comes
from the water that is already inside the waste or from
rain. The leachate accumulates pathogens and other
hazardous pollutants. High moisture is a good
environment for pathogenic microorganisms and
insects. High wet-weight also prevents the air (oxygen)
penetration and will support anaerobic digestion that
will produce gases that affects the air and atmosphere.
If the water is uncontrolled, as it is in open dumps and
simple landfills, the leachate water can contaminate the
ground and surface water.

Figure 19. A small river in a village
close to Jinan. It was common to see
rivers filled with garbage from
households. (Ambell C, Jinan, 2007)

Heavy metals such as lead (Pb), cadmium (Cd) and mercury (Hg) can leach from the waste
and pollute the surface and ground water. At the municipal landfills that are more controlled
than the backyard waste, there is a lack of equipment and knowledge for measuring the heavy
metals in the water. The slag from combustion will include a larger percent of heavy metals,
especially lead (Pb) (Pan Y, 2007).

2.3.3 Air Pollution
Most people know that waste smells bad and it
emits particles to the air. During and after the
harvest period, the farmers will burn up agriculture
waste. In Jinan during this period, there is an
everyday smog and smell of fire. Figure 16
illustrates a typical example, is shows a white
flower that is almost grey because of the airparticles. The plant was found in a garden, in
Jinan. Surfaces outdoor were usually covered with
this dust in the urban areas. The particles could
come from combustion of coal, houshold waste or
agriculture residues. There is no waste collection
in the rural areas and in some part of the urban
areas, the people will burn their own waste;
Figure 20. A flower that looks more grey
backyard incineration. This way of handling the
than white that is its original colour.. Most
waste can produce uncontrolled volumes of air
of the surfaces in Jinan had a grey layer of
pollution.
dust as a result of the air pollution.
(Ambell C, Jinan, 2007)

Waste that is managed and taken to landfill will probably emit gases. At Jinan waste plant, the
black leachate water next to the landfill was bubbling. The bubbles were probably containing
gases that have been formed during a metabolic process of microorganisms in the soil. Air
pollutants generated from waste plants as landfill or combusting are:
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Carbon dioxide
Carbon dioxide is a climate gas and will be produced during the whole MSWM. Transports
on fossil fuel will emit carbon dioxide during the transportation of waste or when plastic from
fossil sources will be burned or digested. At the landfill carbon dioxide will be emitted during
the digestive or decomposition process of organic waste by microorganisms, still this is
carbon dioxide from organic sources and not fossil.
Methane
Methane gas is a 20 times stronger climate gas than carbon dioxide and is produced during
digestion of organic waste. The methane is produced by anaerobic microorganismns and
produces the gas using acetate, hydrogen, carbon dioxide, methanol and methylamine. It is a
typical landfill gas and may cause dangerous explosions on the landfills.
Heavy Metals
Heavy metals can be toxic for humans and the environment, (they are further described in
chapter 3.3.6). During the combustion process these metals can be spread into the flue gas, air
and be accumulated into the ecological system. In the air the metals will easily be spread and
accumulated in the lungs. With the right technology heavy metals can be separated from the
flue gas and be prevented to exit the incineration plant.
Acidification and eutrophication
During combustion gases such as sulphur dioxide (SO2), nitrooxygen compounds (NOx) and
ammoniak (NH3) can be produced and emitted to the air. These gases are contributors to
acidification and that may have an effect on the forest, lakes, groundwater, buildings, soil et
cetera. High volumes of NOx and NH3 can also lead to
eutrophication of soils. With the right technology these
molecules can be reduced.
Dioxins
Polychlorinated
dibenzo-p-dioxins
(PCDD)
and
polychlorinated dibenzofurans (PCDF) go under the name
dioxin. Dioxins are formed during combustion of organic
material together with material that includes chlorine. These
bi-products are especially formed during deficient Figure 21 A man burns the waste
combustion. Dioxins are persistent organic pollutants, directly on the street.
which means that they are not easy for nature to break (Ambell C, Qingdao, 2007)
down, and are accumulated in organic materials. Dioxins
are very toxic and also anti-estrogenic and can interrupt the hormones in the body. This can
lead to for example testicle cancer, transsexual embryos, liver injuries, and breast cancer
(Sterner O, 2003).
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2.3.4 Geographic location and brown fields
A waste plant should be close to where the waste is generated in order to reduce long
transports, and at the same time it should not be close to populated areas since the
environmental pollution can be higher close to the waste plant. The regulations for where the
specific site should be chosen for the landfill are basic requirements that should be fulfilled.
They concern the environmental protection and the general urban planning. It is
recommended to take advantage of the natural geography as ravines, canyons, valleys and
natural cavities. One practical example is the landfill in Weifang where the landfill is inside
an old limestone mine. According to the standards it is not recommended to have the landfill
in a dissolved limestone cave. This is probably because of the porousity of the stone. The
standards also say that the landfill should be capable to operate in all weather conditions, not
be affected of floods and other environmental threats, and it should not be close to water. If
there is ground water, the distance up to the surface should be more than 2 meters (MOC,
1998).
Lands or landfill that are closed and contaminated of waste or spills are called brown fields.
This land usually needs treatment like remidation, and it is very restricted to build on the land.
On a closed landfill it is forbidden to build factories, schools, residents et cetera, without a
long-term observation and environmental expertise control (MOC, 1998).

2.3.5 Directly threat to health and
diseases
Waste includes a mix of compounds and among them
a mix of microorganisms that can affect health.
Organic waste that is dumped on the ground is a good
source of food for larger animals such as rats, dogs,
birds, and insects such as mosquitoes and flies. These
animals and insects are potential spreader of diseases.
Figure 22 shows a backyard on a restaurant street in
Jinan. HW dumped on the ground can also be a threat,
for example old batteries or chemicals. If the
knowledge is low, HW might be taken for another
purpose, for example children playing with old
leaching batteries.
Pathogens in the waste can be harmful in direct
contact with the waste. The risk is much higher if
there is something sharp in the waste that can cut the
skin and spread pathogens into the body. The waste
pickers in Jinan, Weifang and Qingdao did not use
any hand protection when they picked with garbage.

Figure 22. A backyard in Jinan, the
picture shows waste from resturants.
One minute before two dogs were
looking for food in the dumped waste.
(Ambell C, Jinan, 2007)
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On the landfill the waste pickers competed about the waste, they usually went to search in the
directly incoming waste, standing next to the waste truck while it was emptying. As the waste
pickers were not employed it is unsure if there were any communication with the truck driver.
The risk is that there might be accidents with the waste that is dumped next to these waste
pickers. The composition of the waste is also unpredictable and HW might spread gases.
According to one of the waste pickers, the work was very dangerous and not everybody dared
to stay close to the trucks. No data of the health for the waste pickers were found. At Jinan
waste plant they used neon colour hats to make them visible and reject accidents with the
operating vehicles.

2.3.6 Environmental regulations
Year 1982, in China, only two percent of the total waste was managed. At the same time the
Chinese constitution introduced a framework for environmental protection legislation, where
the article 26 says:
“The state protects and improves the living environment and the ecological environment,
prevents and remedies pollution and other public hazardous”.
First, thirteen years later year 1995 the law was implemented (Wiesegart K et al, 2004). From
then the awareness has been raised and the legislation for environmental pollution have
increased dramatically. On a higher and central level, the government has much knowledge
about the environmental problems. Chinas law and regulations on prevention and control of
solid waste pollution are usually based on the rules existing in European countries, USA or
Japan. The implementing of the strict laws might be a challenge, because of the fast social
development, lacking of knowledge and corruption. There is no documentation of a cleaner
production initiative. For HW it looks a little different, and there is an established framework
for the management in general, still it is not systematic established.
The environmental standards are divided into different criterias. These are: to limit air
pollutants, harmful atmosphere pollutants, to protect the surface water, health and keep good
quality of the surface water, to protect the drinking water and follow the industries three
wastes standards (PCD 2007).
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Figure 23 Waste pickers at Weifang. The air was full of flies and there were dogs looking for food at the
field. (Ambell C, Weifang, 2007)

There are two different categories of the standards. These are the General Standards and the
National Class Standards. The lack of waste plant and the level of treatment have not been
enough to meet the higher level of national class standards. Of the total MSW generated, 50
% will be taken to landfill. Of the landfills, 30 % can meet the national class standards. This
will give that 10-15 % of the total MSW in Shandong has been able to meet the National
Class Standards (PCD 2007). One example of the general standards are that smelly level
should be controlled, there should not be any flies or maggots on the landfill, and that birds,
rats and dogs are prohibited. During the visits at the waste plant no one of this standards were
fulfilled. There were even dogs on the landfill.
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3 Economical
The economy parameter is maybe the most understandable parameter that is preferred in a
decision situation. MSWM costs money, there is a prize for the technology and the
management. The economic parameter explains the economical situation and puts the MSWM
into monetary terms. It explains where the main costs are at the current MSWM situation and
how the financing can be done.

3.1 Shandong’s booming economy
In China the principles of planned economy is still widely used but rapidly moving towards a
market economy. The booming economy for the whole country has led to an extreme
development. Year 2004 is an example of the trend, during these years and compared with
2003 the data shows that Shandong province has the most growing economy of the provinces
in China. The GDP in the province was 1500 billion Yuan 2004 it is a raise of 15.3% (CIIC,
2004).
The industry value raised most, with 650 billion Yuan; it is a raise of 27 %. The
manufacturing industry produces chemicals, metallurgy, building materials, machinery,
shipbuilding, automobile, electronics, household appliances, textiles and foodstuff. The
production needs large volumes of materials. The retail turnover was 450 billion Yuan, that is
an increase of 14 %. The consumer price index raised 4 % (CIIC, 2004).
The revenue of the province increased with 26 % and was 268 billion Yuan. The province is
famous for being one of the countries most important provinces for agriculture and the total
output was 190 billion Yuan, raised with 6.5%. (CIIC, 2004)
It is not only a booming economy, the urban areas are also booming and the construction of
new buildings and roads are accelerating. The added construction value was 190 billion Yuan,
an increase of 28.4%. The tourism is important in the province and was worth 81 billion
Yuan, a growth of 42 %. See also table 1, chapter 2.2 General facts about Shandong province
(CIIC, 2004).

3.2 Costs
The government did not put a high priority on the environment until late in the economic
development. Now, the Chinese environmental problems have been highlighted to the rest of
the world. The awareness and calculated costs of the pollution has so far, mainly come from
the industrial production, and a very little or not at all from the consumption problems.
Under the period of 2006 – 2010, Shandong is building 14 new MSW plants with the total
capacity of 9,280 tons per day, and the total investment is 1.28 billion (PCD, 2007).
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Waste can be defined as something that is not wanted anymore and the economical cost is the
cost of getting rid of it. The cost can be divided into the management of bringing the waste
from the source to the plant and operate there, and as the cost of all the technology equipment
such as the construction of the waste plant. The technology cost is usually easier to calculate.
During a comparison between Stockholm and Krakow one found that the collection stage is
the most expensive in the whole process of waste disposal and not the construction of the
plant (T. Stypka, 2004).
MSW is calculated as a cost of management and it is not compared with the cost of health and
environmental destruction. The planners of a waste project calculate the technical aspects and
not the socioeconomic. At Jinan solid waste plant, the chief engineer roughly calculated that
the waste pickers annually earns a total of 40,000,000 Yuan from the waste they collect (Chief
Engineer, 2007). That is an example of capital that is not taken into account. The
environmental costs are not calculated since the environmental policy is new, and not even
SEPA directly calculate this cost when Chinas total costs for environmental pollutions are
calculated (SEPA, 2002). In some countries the discharge of methane gas from landfills has
high taxes, it is not sure if this kind of tax is implemented in Shandong.
The total investment demand of MSWM was proximally 30 billion Yuan, year 2002, in
China. That is one third of the total investment demand for SWM (note: SWM and not
MSWM). The total investment demand of SWM was 90 billion Yuan and that should have
been 0,16 % of the total GDP that year (SEPA, 2002).

3.2.1 The operating cost according to the capacity and technology
Diagram 5, page 48, illustrates the MSWM plan for year 2006 – 2010. The majority of the
plants were not finished in 2007. The diagram shows that the average operating cost is more
or less the same for a simple and a sanitary landfill. It also shows that the average capacity is
proximal 500 ton/day of the sanitary landfills in Shandong province and the cost is proximal
25 Yuan/ton. One can see that sanitary landfill is the major method. The average operating
life years for the waste plant is around 16 years.
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Diagram 5 The operating cost and capacity are plotted for every waste plant. Different technologies gives
different pattern (PCD, 2007)

3.2.2 Investment cost and the capacity
A plant is usually designed to live 10 to 20 years. The investment cost of the plans for 2006 –
2010 is illustrated in both table and digram 6, next page. The total investment this five years
period is proximal 70,000 million Yuan. Divided into five this will be 14,000 million
Yuan/year. That is 0.9 % of the province GDP year 2004. According to the 11 th Five-Year
plan, the total investment for the provincial MSW disposal and transportation facilities is
7,713,000 million Yuan. It is not possible to calculate the investment per ton since different
technology have different lifetime. Diagram 6 also illustrates the difference of the capacity
and investment of the different technologies. The diagram shows that incineration has a
higher cost per capacity than sanitary landfill and biological treatment. For incineration plants
the investment cost can be seen as very high, but the purpose is usually that the investment
will pay off. The incineration plant can produce electricity and district heating. Biological
treatment needs separated and homogenous waste, this will increase the cost.
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Number
Total
of
capacity Investment
Plants [ton/day]
[million
Yuan]
Biological
treatment

11

3700

550

Incineration

8

4800

1350

Sanitary
Landfill
Mixed
Integrated
treatment
Summary

62

19800

3170

16
13

5700
4600

1050
850

110

38400

6970

Table 6. Investment and capacity of MSW plants year 2006 – 2010 in Shandong province. The table
describes the investment of five different technologies for MSW. Most of the investment will go to build
sanitary landfills (PCD, 2007)
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Diagram 6. Technical Capacity and Investment plan for year 2006-2010. Different technologies are
presented in a pair. The first column in the pair presents the capacity of the technology, the column to the
right presents the investment. (PCD, 2007)

Qingdao has invested 600 million Yuan to build an incineration plant with the total capacity
of 1,800 tons/day and in 2002 Qingdao municipal invested 340 million Yuan for totally 2,000
tons/day to build another MSW treatment plant and a MSW transfer station. The city has also
invested 77 million Yuan for a composting plant, with loans from the Canadian government.
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Shandong’s first complete incineration plant was put into operation in Heze, year 2001. Heze
used foreign investments for this plant. In 2005, the Urban Sanitation Bureau decided to
support the operating company with 78 Yuan/ton. These are examples of different
investments in the province (PCD, 2007).
All investments and projects can be illustrated in a plot. Diagram 7 illustrates how the
investment cost increase with the operation capacity. The plot is spread but one can notice a
line that illustrates how cost is connected to capacity. The incineration technology has a much
more clear line than biological treatment where it is difficult to draw one line between the
plots. Remember that the living time for the plants is not calculated in this diagram.
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Diagram 7 All investment plant project for Shandong province, year 2006 – 2010 are plotted
with investment cost against operation capacity (PCD, 2007)

3.3 Financial management
The main financial input comes from the government and single investment channels.
Shandong’s total investment for the provincial MSWM with construction and management
included was 7.7 billion Yuan year 2006-2010. The province also aims to increase the today’s
10% treatment rate of higher national class standard to 65 %. In the plan for year 2006 - 2010
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there were 127 new and extensional construction MSWM projects, where Qingdao did alone
report 16 projects. Totally 14 cities are building transportation stations, with a transhipment
capacity of 12 000 ton/day, and the total investment of 743 million Yuan (PCD, 2007). It is
much easier to get finance for the management from the government, such as salary for the
employees, than finance for construction. The province wants the waste plants to finance the
technology themselves (Chief Engineer, 2007).
The government subsidies for incoming waste to the plant, three examples are presented
(PCD, 2007):
a) A MSW project in Heze has incineration technology with electricity production. The
electrical network price is 0.41 Yuan/kWh. The government subsidize the incineration
plant with 10 Yuan/ton. The project has not been very successful. The reason is that
only a little electricity has been generated. The national tax policy is only for
generated electricity and not for heat exchange.
b) In Zibo, there is an incineration plant that should have been completed year 2007; the
project is done with a Chinese company. The treatment capacity is 1000 ton/day and
the government subsidize it with 35 Yuan/ton.
c) In Linyi, year 2002, another incineration project started, the government invested 230
million Yuan. After more than four years the treatment capacity was 1000 ton/day.
The government subsidize with 46 Yuan/ton.
A part of the investments for MSWM will go to the street cleaning and management of waste.
The reasons can be to keep and branch a healthy and beautiful environment. It can also be an
international prestige, for example there are a lot of waste projects starting at the same time as
the Olympic Games that will be hold year 2008 in China and Qingdao in Shandong province.

3.3.1 Fee system
According to the national regulations, individuals and units that generate MSW should pay a
waste fee that is set by the municipal. The urban waste fee should without any exceptions be
earmarked for the collection, transportation and disposal. At present more than 9 municipals
have a fee system (PCD 2007). The ambition to implement waste fees seems to be high, at the
same time the charge is not widely spread in the province.
There are problems with the fee system and some of them are typical for developing
countries. MSWM is a service that is not directly necessary for survival and the willingness to
pay for services such as water and food seems to be much higher. If the fee does not support
the willingness to pay, the people might find alternatives for their waste removal. This can
lead to illegal or informal dumping of the waste. In Shandong the fee for waste management
is new and even if the law is strong, the system is poorly implemented. The fees for street
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cleaning and waste collection are separated since there are two different services that are
responsible. The disposal fee in the urban areas will increase to 5-10 Yuan/family,month and
2-4 Yuan/workers family,month according to the PCD (PCD 2007).
The polarization of the economy in the population makes the fee more complex to set. Year
2004, proximally 38 % were unemployed of the total population of 92 million, and of them
only 41% are living in the urban areas and should have MSWM. The salary is relative low
according to the living costs and the annually income is 9400 Yuan/person for urban
residents. After the calculated expenditures the money left is app 2800 Yuan/person of urban
residents. See appendix 1, table 8; social state and private economy of 92 million
Shandongnese year 2004 (CIIC, 2004). The general salary seems to be much lower than this.
There are also large differences in salary and living costs in the areas. For example one can
earn 0.2 Yuan when collecting two plastic bottles or work for a coalmine for two hours (Dr
Pan Y, 2007).
The province works actively to find financing channels in order to provide funding to the
plants. There is an ambition to increase the financial input and the public finances in order to
improve the construction and management of MSWM.
The government is meant to be the guide, the municipal to be responsible, and the operation
made by market mechanisms (MOC, 1998). It is up to the municipals to make construction
funds and local resources, and prioritize those who can ensure safe MSWM. One example of
projects with donor money is Dezhou waste plant. The project has received 24 million Yuan
from funds (PCD 2007).
In some municipals the government will finance only the operation cost, and not invest in the
landfill. One example is Jinan, where the government will invest in the management and not
in the construction and technology of a new plant. The consequence have been insufficient
construction, measurements are not done, equipment and machinery that is not served and
fixed, and a plant that is not fully working. There is still a lack of construction funds (PCD
2007).

3.3.2 International lending
According to the provincial implementation projects, the province looks positive on
international bank loans. Examples of projects with international loans are projects with the
World Bank, Asian Development Bank and other foreign government loans. Liaocheng city
has taken a loan of 33 million Yuan from the Spanish government in order to modernize the
design and construction of a waste treatment plant (PCD 2007).
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3.3.3 Business sectors
Some collection and sorting business sectors earns
money from waste. For example they sort and sell
the waste for a second purpose.
The business sector is usually more effectively with
the management and with the cost, than the public
sector. These businesses can have problems with
credibility from the other sectors, such as the
government or waste producers. It can be difficult to
have a stable economy and market guarantees. The
collecting business can collect a fee in order to
stablilize the cash flow.
In a village close to the city Jinan the residents have
made their own informal fee system. They cooperate
and pay a waste truck to come and pick the waste
Figure 24. A waste tank where the villagers
every day. There was no formal collaboration with
throw their waste. There is a a working fee
the municipality. Figure 24. shows the waste tank
system that pays a truck to collect the
that they have built by their own. Everyday there
waste. (Ambell C, Jinan, 2007)
will be a truck coming and empty the tank, by
opening the bottom. There were more of these tanks in the village.
There are economical regulations for a waste plant, for example; if a landfill and composting
plant have the capacity less than 100 ton/day it should have at least 5 million Yuan registered
capital. If the capacity is over 100 ton/day the registered capital should be more than 50
million Yuan. If it is an incineration plant it should have a registered capital over 100 million
Yuan. The agency that is chosen for the operating should also have certain economical
conditions. For example, should they have the qualification of business cooperation, the
capital for a collection business should be more than 1 million Yuan, and for the transport
business it should be more than 3 million Yuan (MOC, 1998).

3.3.4 Material Market and cost recovery
The material from the waste that will stay inside the province can be used by the local
manufacturing sector and be an economic advantage for the province that receives a lot of
waste. The province can make a market for secondary resources and stimulate industrial
production. Colombia is an example, where one percent of the population earned their living
from waste (Van de Klundert A e, 1995).
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The difficulty is to set the price for the recycled
material in Shandong. It is not clear if the waste
pickers manage to get better unit prices of their waste
if they sell higher quantities of waste to the recycling
industries. Table 7 presents some of the prices for
recycling. It shows the prize that the pickers receive
when they sell the material further. Usually they sell
it directly to the recycling company. For metal there
are special markets. Figure 25 illustrates a typical
metal market yard. The owner buys metals from the
residents and sells it further on.
Figure 25. Metal market are common both
in the urban and rural areas of Shandong
province. (Ambell C, Jinan, 2007)

Recyclable
Metal
Plastic bottles (hard)
Plastic bottles (soft)
Plastic
Paper and cardboard

Unit
bottle
bottle
kg
kg

RMB [Yuan]
different
0.1
0.08
0.1
0.4-0.2

Table 7. Markets price (Pan Y, 2007)

3.3.5 Carbon Finance
In order to reduce the carbon and carbon equivalents from the waste it can be financed by
carbon finance. At Jinan waste plant there is gas capture from the landfills. This landfill gas
contains a large amount of both carbon dioxide and methangas. The carbon dioxide
equivalents are sold for proximal 700 Yuan/ton to European companies (Chief Engineer Jinan
waste plant, 2007). This can be seen as a win-win situations since companies that are
depended on fossil fuels can buy themselves free and at the same time help these Chinese
company to invest in technologies that can help produce electricity or biofuel from non-fossil
sources.
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4 Waste volume
The volume parameter is important, since it affects all the other parameters directly. The
environmental affects will decrease when the waste decrease and a larger waste volume leads
to larger environmental stress. There are two points that has to be solved with increasing
waste volumes. One is the handling of large waste volumes and the other is the limited
resource of natural sources. For the first the management is not enough for the large waste
volumes; and therefore all of the waste will not be managed, if more waste will be managed,
there has to be more transporting of the waste and without a closed management system, there
will be more leachate of pollutants. In Shandong Province, 2/3 of the taken waste is taken to
simple landfills or just put on a pile, and the environmental pollution is therefore getting
worse. Every year the MSW produced has increased, with an average annual of 6 % every
year as a result of the accelerated urbanization process and the improvement of living
standards (PCD 2007). The lack of MSWM leads to that about half of the MSW is discharged
directly into the environment, polluting air, water and soil. In a long-term perspective the need
of new raw material will increase if the recycling system is not covering the demand for
material. According to the World Bank China will have to deal with more than 2,5 times more
waste until 2030 (World Bank, 2005).
Recovered materials can conserve resources and reduce environmental damage from primary
resources as mining and deforestation. According to a Danish research, recycling is the most
sustainable technology that can be used, compared with incineration, landfill et cetera.
(Georgeson R, 2006). The consumption figure 1 chapter 1.5, illustrates the material flow from
consumption to waste treatment and recycling. The recycling business and industries that buy
the recyclable, usually cleans and wash the recyclable as a step of getting the raw material
wanted. Under this cleaning step there might be water pollution if the industry does not have
any control. It is not known if there is any control of these industries in Shandong. Simple
waste pickers can also wash the plastic waste in rivers before they sell it further. This kind of
uncontrolled recycling system can lead to more pollution than if the waste goes directly to the
waste plant and stays there.
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5 Discussion of the parameters
The importance with the thesis has been to give an overview of the current situation. The
parameters present the facts that were found and so far there has not been a discussion of
them. The credibility of the facts will be discussed in this chapter. To give more clarity over
the situation of the MSWM in Shandong province a SWOT-analysis is made. The SWOTanalysis is done for a reader that wants to understand and get a whole picture of the current
state of the MSWM and it is divided into the internal and external environment. The internal
environment is the system itself, the infrastructure of it and the people working there. The
external environment is the environment around the system, such as economic trends or
consumtion behavour. For example there seems to be important aspects of the MSW that
should be considered for every parameter. These are; urbanization, population growth, and
increasing affluence these are external changes that can be an opportunity or a threat to the
MSWM in Shandong province. Thereafter there is a discussion on how to make a future
scenario of the MSWM in Shandong province. Last there is a discussion of the importance of
the parameters.

5.1 Credibility
Some of the data can be wrong and there can have been some misunderstandings during the
work. There have been a lot of double-checks to decrease misunderstandings and wrong data
and a lot of the data that was received has not been used. The data such as finance and cost are
from a report made by the PCD and they use it for their own purpose so it should be more or
less correct. There is also a risk to use incorrect data when the purpose is to make new plants.
At the same time, there is an example of an incineration plant that was build with the wrong
data. How the report was made is not sure, probably it was done by questionnaire for every
plant and misunderstandings with this questionnaire might also have lead to wrong data, such
as capacity versus the investments. There have also been tables with a written summary that
has not been the same summary received when a calculator calculated the tables. The written
summary has often been a more good-looking value and there is a reason to believe that the
values have been changed to look better. The composition data can also be discussed,
according to supervisor Yongmin, there is much more organic and wet waste than the data
presents. Chinese people throw away a lot of food and do not leave the plate empty. Therefore
the organic waste should have a higher volume than calculated.
The data about Shandong province in general might be less credible. For example is the salary
said to be around 9,000 Yuan/person in the urban areas. None of the students or teachers we
met in China believed in this number. The salary should have been much lower according to
them.
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5.2 SWOT analysis
The thesis has so far presented information about the current state of MSWM in Shandong
province. This is, and has been the first step to know more about the MSWM in the province.
What was found for the parameters and their factors has been described. The information
gives a good picture of a multidimensional MSWM.
During the collection of information new questions came up. For example, there is still a lot
of information and data that are missing, and for every factor there can be additional
information, such as, the composition of the waste, the awareness of the people, or the costs
of MSWM. A SWOT analysis will be used to organize this multidimensional task.
The way the SWOT analysis organise the objectives will give a good overview of the new
parts that have come up and can be the next step in a study of the MSWM in Shandong
province. The way a SWOT analysis organise the objectives helps the reader to find a strategy
or a new step in a planning process. A SWOT analysis is a good tool to summarize the new
questions and missing pieces in this puzzle of information. It can organize the internal
strength and weakness, and the external opportunities and threats of the MSWM. The aim of
making a SWOT analysis of the currents state for MSWM in Shandong province, based on
the parameters, is to organize, give an overview of the situation, and easier explain internal
and external objectives.

5.2.1 Strength and weakness
The internal environment for MSWM in Shandong province has both strength and weakness.
Strength can be resources in the system that can be used for developing or stability. Weakness
can also be strength. One example is the awareness; it is a strength that there is an existing
awareness of the MSWM in the province, and a weakness that the awareness is not large.
Strengths
The MSWM is relatively new and in a developing environment, where it can be easier
to implement new technologies and ideas. The reason is that the MSWM is not
stocked in an old organizational structure. Most of the parts are new and the
development can be flexible.
Geographic locations for new plants are still available.
The implementing of strict regulations and programs to decrease environmental
impact are increasing and the knowledge on higher central level is good.
The knowledge of HW is increasing.
Hospital waste is incinerated.
The government is a strong financer of 7.7 billion Yuan.
A developing fee system.
An access to high volumes of free waste/resources.
A high content of organic waste that can be used to make biogas
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Cheap cost for labour.
Existing finance with carbon dioxide equivalents.
Smaller business sectors that is self-financing.
Informal sector that manage some of the waste.
Developed laws, structured levels for decision and responsibility.
Foreign investors in the province.
Fast decision situation and more than 111 projects are planned.
Operating MSWM formal sectors.
New plants are planned and build, and year 2006, 2/3 of the MSW was taken to
landfill.
Accessible to new technologies.
A developing MSWM infrastructure.
Enough data for an overview of the technology used.
Weakness
Only 10-15 % of the total MSW ís treated according to the national class standards.
There is a lack of knowledge on operational level about the HW, volume and
characteristic of the MSW generated, air and water pollution.
Implementation problem and lacking of good knowledge and experience.
Landfill technology is over represented and there is a scarcity of methane gas
collection.
There are still many harmful landfills and open dumps in operation.
The involvement of SEPA and EPB is not obvious since MOC is responsible for
MSW.
There is an economical gap between the construction and the management of the
plant.
Difficult to calculate all the costs.
The government as the main financer can give less profit.
The fee system is not well developed.
An uncontrolled material market.
The cost is higher for new technologies.
Corruption and lacking knowledge of MSWM.
Investment money that will go to another pocket
Low salary and insurance for workers, and to many employed without any task.
Little knowledge about the informal sector and their risk taking.
Little involvement of the residents during new projects that can lead to inefficiency in
the work.
A culture different from the western, can during work with international sectors, lead
to misunderstandings, troubles in communication, and inefficiency.
A risk of applying to advanced technology that does not meet the waste composition
or is difficult to operate and needs higher knowledge.
Lack of segregated waste management that is important for technologies with
segregated waste.
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Lacking of technology that can meet the large waste flow.
Unknown waste flows and waste data that is not correct.
Un-trustable data.
A high content of organic waste that is wet and will inhibit a combustion process.

5.2.2 Opportunities and threats
The external situation of the MSWM is analyzed by the opportunities and threats. The
opportunities are objectives that can develop the MSWM. The aim can be a better profit and
growth. The threats are changes in the external environment that will change the possibilities
for the MSWM.
Opportunities
To build a research centre that measure and controls, recycling and reuse of the MSW.
Implementing producer responsibility that will decrease the HW.
Implementing segregated waste collection where HW is separated at source.
New technology that can protect the environment from air- and water pollution.
The booming economy in the province.
More possibilities with both national and international financers, donors, and lenders.
An increasing and developed material market that also can be connected to the local
market.
The equipment for the operation technology is on the local market.
Local industries that are buying the waste and pays the cost for management.
Movement of a market reform where there will be more business partners.
The increasing economic will not lead to a higher consumption, instead people will
put their money into the bank and the waste volume will not increase.
Involvement of all in the society that is dealing with MSW and increases the
awareness.
A competing environment for the MSW sectors.
Reduce trade barriers in order to give an attractive environment for the international
environmental technology sector.
Increasing education of the engineers and a higher status of MSWM.
New technology that can meet more requirements.
Cross secotoral project planning, for example projects planning during a planning for
the whole infrastructure of a city.
Exchange of knowledge with other countries.
Threats
Larger waste streams will lead to a larger pressure on the organisation, economy and
environment.
Organisational problems such as communication between the levels, hierarchic
thinking that can inhibit a development and new ideas.
More HW in the waste.
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Less control of the waste because of natural changes such as flooding.
New technology that pollutes air- and water.
Investments in undeveloped technology that can inhibit a development of better
technology since the infrastructure will be fixed.
Larger distance to waste plant that will lead to more transportation.
Decreasing economy that decreases the governmental investment.
No international companies investments because of lacking credibility.
Decreasing price of the material market.
Laws that inhibit a material market or developing of new technologies.
A not working fee system.
Inflexible new regulations.
International branding and investors that sell non profit technologies and give wrong
information. Donors that does not fulfil the projects.
International sectors that are afraid of investing because of the risk of copying, even if
they have patent.
Different technology standards and units will make it harder to use international
technologies or that are too complex for the workers.
No social willingness for developing a MSWM.
Unavailable equipment on the local market, that gives long waiting or trade problems
when there has to be an update of the technology.
International technology that is designed for smaller waste volumes and other waste
composition.
New regulations when technology is implemented.
Un-segregated or a various composition of waste that will make new technologies
useless, if they require a specific composition.

5.3 Two Future perspective
According to the World Bank, China will have to deal with more than 2,5 times more waste to
2030. That is a huge increase of waste. For Shandong province, this means that the capacity of
the plants will not be enough. To get a look of and predict the future two simple scenarios can
be made. The first scenario can be made by thoughts and analysis that the PCD, provincial
construction department has done. A second scenario can be made by comparing with
experience in the west. Both the scenarios will include an increasing waste generation.

5.4 Importance of the parameters
All the parameters are of importance and they should all be taken into account in a decision
situation. The parameters give perspective. In general one can say that people have more
knowledge or are more familiar with one or more of the parameters. For example the engineer
knows the technology, the economist the economy and so on. This really points out how
important it is with good communication and a consensus on what has to be done. The
environmentalist might point out that the environment should decide what is important and
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that the nature should set the frame of the MSWM. The politician might say that it is the law
and the policy that is the framework and so on. It is easily said a multifactor issue and it might
not be a good idea to look at the environmental parameter first, after the other three
parameters have already been decided. These parameters show that there is no typical way to
start, and even if the initiative is taken from one of them, all the other should board that boat.
This shows that communication is very important since it is the best way to transfer
knowledge and bind these parameters together and receive system thinking. Out of that the
ultimate and most reliability answer should come.
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6 Findings and Conclusions
6.1 Summarize of the parameters
Social
There is a well-defined law and policy for MSWM but it is new and the government still has a
lot to do on the implementation. There are key responsibilities and it is easy to find the
responsible sector. It is unclear how the levels and sectors are communicating with each other.
Other sectors are the formal, informal, foreign investors, NGO, and the partnerships between
them. The informal sector is common and usually one-man business. The formal sector
grows, thanks to the government, but it is not clear how the government works to help the
informal become formal. The NGO has newly started with several projects in the province.
The regulations and standards are well developed and detailed, but also have a long way to go
before they are full implemented. The project planning for the future is very ambitious and
well structured with 111 described projects. The Chinese culture and education system is very
relevant to know for international sectors. The public awareness of MSW is low.
Technical
Of the total 54 MSW plants, 90 % uses landfill technology. In general the plant technology
focus is on treating leachate water, collect gases, and use incineration. Biological treatment is
very rare and the new technology is mostly incineration in order to decrease the waste
volumes. The transported waste to the plant is 14 000 ton/day and that is a small volume
compared with the calculated data of 92 000 – 23 000 ton/day on how much waste t is
generated. The constructed capacity is 22 000 ton/day year 2006. Between year 2006-2010
there are new plants planned with the capacity of 38 000 ton/day to be build in the province,
5000 ton/day will be for incineration and the rest is mostly taken to landfills. The composition
of the waste is 50 % organic, 36 inorganic, and 14 % recyclables.
Environmental
The largest risk is that there is no general control over the large volumes of waste that is
generated. The environmental parameter highlights the HW in the MSW, such as heavy metals
and biological pathogens that directly or in long-term affects the environment. The water
pollution is also addressed, especially from waste landfills where there is usually too much
water that has to be cleaned. The air is mostly affected by carbon dioxide equivalents from
landfills. When the waste is burned components such as dioxin and sulphate will pollute the
environment. Old landfills or open dumps will be brown fields. The geographic location of the
plant can directly affect the people in the neighbourhoods. The regulations are very strict and
ambitious but only 10 -15 % of the waste has been able to meet the National Class Standards.
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Economical
In general MSWM is seen as a cost. Shandong’s economy is booming with 15 % raised
GDP/year it is one of the most extreme accelerating province in the country. The economy is
directly connected to consumption. The cost of the MSWM is hard to calculate since there are
many costs to look at. No special method to calculate it was documented. The management
and the building of the plant are separated. The operating cost compared with the capacity of
the technology follows a line that is hard to see for landfill, but clearer for incineration
technology that is getting more popular. The capacity can be very high and the cost low, and
vice versa. The investment cost and the capacity are also very variable. The total investment
for 2006-2010 is 7000 million Yuan and the capacity 400 000 ton/day. The government stands
for most of the investment but international organizations and business can also be involved.
The fee system is still not well implemented. The material market and cost recovery is not
included in the calculations made by the provincial construction department. The market of
carbon dioxide equivalents is developing.
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6.2 Summary of the discussion
The parameters subsidise with the fact of the current situation. The discussion is about the
credibility of the data, an analysis of the internal and external situation, a future perspective
and finally the importance of the parameters.
The credibility is quite good; the data should not be considered as exact but leads the reader in
the right direction. The strength with the MSWM is the well-developed law and regulations,
and an increasing implementation of it. The implementation has just started and is not fixed in
an old organisational system; this can make the MSWM more flexible for innovations and
new technologies. The financing situation is also good and at least 111 projects are planned.
The weaknesses are that only 10-15% of the MSW will be treated according to the national
class standards, and there is a lacking control of the MSW. There is also a lack of knowledge
and experience in HW, new technologies and the real cost. The implementation of the
regulations is low, and a fee system is not good developed. The opportunities with MSWM
are the increasing economy, new technologies that can profit, investors and exchange of
knowledge with other countries. There are many sectors that can be involved in the MSWM
and an opportunity to develop a material market and reuse the waste in the province. The
threats are a larger waste stream that is not under control and leads to higher cost, larger
pressure on the organisation, economic and environment. There is also a threat of regulations
and laws that are not suitable for the situation and can inhibit a development. To make a
future scenario one can look at the data from Shandong province or compare with a more
developed country.
All together the parameters represent the current situation and are important to know in a
decision situation or a deeper study for MSWM in Shandong province.

6.2.1 Final conclusion
The final conclusion is that there are a lot of opportunities in the developing of MSWM in
Shandong province since the work and planning is new and the economy is good, the threats
are for example a larger waste stream. The MSWM has already some strength such as a lot of
projects going on, but also a lot of weakness such as implementing of regulations and laws.
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Appendix 1

Table 8. Social State and Private Economy of 91.8 million Shandongnese year 2004. Source: (CIIC, 2004)

Object
Unemployment
Insurance for unemployment
Insurance
for
industrial
injuries.
Disposable income

Quot [%]
38
8
5

Urban residents
Rural residents
expenditures
urban residents
rural residents

9,438
3,507

Appr. [Yuan]

2,764
1,116

Quot2003/2004
[%]
12
11
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