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Abstract 
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The purpose of this feasibility study has been to investigate 

different conditions necessary when building a solid waste incineration 
plant with power generation in Wuhan, China. The conditions have 
been divided into four different main topics; situation in Wuhan, 
technology, law system, and economics. The section of the situation of 
Wuhan deals with the three different types of solid waste; municipal, 
industrial and hazardous waste. This section also identifies the climate 
of Wuhan and how the population copes with cold winters and hot 
summers. The section of technology briefly gives an overview of an 
incineration plant with power generation then explores the potentials of 
district heating and district cooling in Wuhan. The section on the law 
system first gives a clear understanding the laws in Sweden that apply 
to waste management and waste incineration. The same is done with 
the law system for China. After this a comparison is done to underline 
similarities and differences in the law systems. The last section is on 
the economics of waste showing how much waste collection, transport 
and handling cost, the price of electricity and the cost of wages for the 
personnel at an incineration plant. 
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Summary 
This thesis has been done as a feasibility study for building and operating a waste 

incineration plant in Wuhan, China. Focus has been on the prerequisites in four areas; 
situation in Wuhan today, technology, economics, and law system. This thesis is done by 
order of Borlänge Energy who has cooperation with the city of Wuhan and in the future 
may try to apply for a permission to build an incineration plant in Wuhan together with 
another company.  

Every day 6000 tons of municipal solid waste (MSW) is produced and collected in 
the city centre of Wuhan.  The MSW in Wuhan has a higher water content thus resulting 
in a lower heat value of 6,6MJ/kg compared to Swedish conditions of 10,1MJ/kg. The 
heat value of 6.6MJ/kg can be used as fuel in an incineration plant and should most likely 
be incinerated in a fluidising bed to achieve better combustion chamber efficiency. The 
trend in Wuhan is moving towards an increase in polymers in the MSW and thus higher 
heat value which is a result of increasing affluence in the city.     

The local government of Wuhan has plans to build three waste incineration plants 
with energy recovery. Two different companies have received the contracts for two of 
these incineration plants. Both of these incineration plants are planned to generate power. 
There would be a potential for the incineration plants to also produce district heating and 
district cooling since the climate of Wuhan is cold in the winter and hot in the summer. 
The most common form of heating and cooling today is with air condition units. This 
would mean that the old apartment complexes would probably not be able to benefit from 
the district heating and district cooling network, however the newer buildings are built 
with radiator systems running on coal or natural gas and these could be converted to 
allow for district heating and district cooling. 

The law systems of China and Sweden differs in the definition of waste such that 
China has the criteria that the material has to cause pollution to be classified as waste, but 
in Sweden it is enough that the holder intends to discard the material to classify it as 
waste. The producer responsibility in Sweden has several laws describing it, whereas in 
China it is embedded in the Solid Waste Law. Furthermore the emission standards to air 
from an incineration plant are harsher in Sweden than they are in China. All in all the 
similarities seem more common than the differences in waste laws. 

The local government of Wuhan supports different partnership methods such as 
BOT (build-operate-transfer) and CDM (clean development mechanism) projects to 
allow for new technology and money to be invested in Wuhan.  

The parts of the economics that would support building and operating a waste 
incineration plant with energy recovery in Wuhan are; subsidized price for electricity 
generated by waste incineration plants, domestic production of fluidized beds, low wage 
cost compared to Sweden, demand for heating and cooling. On the other hand the fee that 
the incineration plants receives for handling the waste is low compared to Sweden, to 
build the district heating and district cooling network would require large investments 
and the low heat value of the MSW may cause costs for supplementary fuels.  

The conclusion of this thesis is that it is definitely possible to build and operate a 
municipal solid waste incineration plant in Wuhan.  
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Sammanfattning 
 
Syftet med det här examensarbetet har varit att utreda möjligheten att bygga och driva en 
avfallsförbränningsanläggning med energiutvinning i Wuhan, Kina.  De olika 
förutsättningarna för en avfallsförbränningsanläggning har delats upp i fyra grupper; 
situationen i Wuhan idag, teknik, ekonomi och lagstiftning. Examensarbetet är gjort på 
uppdrag av Borlänge energi, som har ett samarbete med Wuhan idag, och eventuellt är 
intresserade av att vara med och bygga en avfallsförbränningsanläggning där tillsammans 
med andra företag i framtiden. Metoden som använts är dels litteraturstudie, dels besök 
på avfallsförbränningsanläggningar i Kina och Sverige och dels intervjuer.  
 
Invånarna i staden Wuhan producerar 6000 ton hushållsavfall per dygn. Detta avfall 
samlas in och läggs idag på deponi. Stadens ledning har ett mål att minska andelen avfall 
som läggs på deponi och öka andelen avfall som förbränns med energiutvinning. Det 
finns planer på tre avfallsförbränningsanläggningar, två av dessa är upphandlade och i 
planeringsstadiet. De två upphandlade anläggningarna kommer att generera el från 
förbränningen av avfallet. När el genereras från förbränning av avfall fås en 
verkningsgrad på ungefär 30 %, om det är möjligt att förutom generera el också 
producera värme eller kyla kan verkningsgraden höjas betydligt. Värme och kyla kan 
levereras i fjärrvärme/fjärrkyla-nät till privatkunder eller levereras direkt till industri. 
Wuhan har ett inlandsklimat vilket innebär varma somrar och kalla vintrar. Detta medför 
att ett behov bör finnas både hos privatpersoner men också hos industrier av värme och 
kyla. Idag har många lägenheter i Wuhan luftkonditionering och passar därför inte så bra 
för ett fjärrvärme/fjärrkyla-nät. Däremot skulle det kunna vara en lösning i 
nybyggnationer. Angående vilka industrier som skulle kunna vara intresserade av att 
använda värme/kyla från en avfallsförbränningsanläggning är det något som ytterligare 
behöver utredas.  
 
Avfallet i Wuhan har ett värmevärde på 6,7 MJ/kg, vilket kan jämföras med värmevärdet 
på 10,1 MJ/kg på hushållsavfall i Sverige. Ett värmevärde över 6 MJ/kg är tillräckligt för 
att upprätthålla en förbränning, vilket innebär att hushållsavfallet i Wuhan går att 
använda som bränsle i en avfallsförbränningsanläggning. För att få en jämn förbränning 
bör värmevärdet höjas något antingen genom avrinning av avfallet eller att avfallet 
blandas ut med ett energirikt industriavfall. Mängden hushållsavfall som produceras i 
centrala Wuhan är 6000 ton/dag.   
 
Definitionen på avfall skiljer sig mellan Sverige och Kina. Utsläppsgränserna från en 
avfallsförbränningsanläggning är strängare i Sverige än i Kina. I övrigt är lagstiftningen 
lika på många punkter, exempelvis finns producentansvar i båda länderna, liksom krav på 
att en miljökonsekvensbeskrivning ska göras innan tillstånd för att bygga en 
avfallsförbränningsanläggning kan fås. Examensarbetet behandlar också 
tillståndsprocessen i Kina såväl som i Sverige.  
 
De ekonomiska förutsättningar som talar för att det är möjligt att bygga och driva en 
förbränningsanläggning i Wuhan är subventionerat pris på el från 
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avfallsförbränningsanläggningar, kinesisk inhemsk produktion av fluidiserade bäddar, 
lågt löneläge jämfört med Sverige, samt att ett behov för kyla och värme finns i staden. 
Exempel på mindre gynnsamma förutsättningar för att bygga och driva en 
förbränningsanläggning är att mottagningsavgiften för avfall är låg jämfört med Sverige, 
det innebär stora investeringar att bygga fjärrvärme/fjärrkyla-nät, och det låga 
värmevärdet i avfallet i Wuhan kan innebära stora kostnader för tillägsbränsle.  
 
Ytterligare saker som kan vara intressant att göra fördjupade studier i är 
marknadspotentialen för fjärrvärme/fjärrkyla, varför de två upphandlade anläggningarna 
ännu inte är i drift trots att de planerats sedan 1997, plockstudier på avfallet för att 
kartlägga exakt vad det innehåller.  
 
Slutsatsen är att det är möjligt att bygga och driva en avfallsförbränningsanläggning med 
energiutvinning i Wuhan, Kina.  
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1 Introduction 
This thesis is part of a larger ongoing project from Borlänge Energy that falls under 

a combination of sustainable energy production and sustainable waste management. The 
thesis, a feasibility study will provide a foundation for understanding the different 
conditions that are necessary when planning for an incineration plant with energy 
recovery in Wuhan. The conditions fall under four separate categories; situation in 
Wuhan, technology, law system and economics.      

An effect of economic development is the increase of solid wastes in China. The 
most common method of waste disposal today is open landfills. However, like many 
other countries China is turning towards other methods of disposal. One of these methods 
is waste incineration with energy recovery which has an aim to minimize waste volumes 
as well as generate power. In China there are about 45 municipal waste incineration 
plants with energy recovery and there are plans for building further incineration plants. 
This would means that foreign partnership in planning and running different types of 
incineration plants is a possibility.  

Wuhan, with a population of 8million is one of Chinas largest cities situated in 
central China. Municipal, industrial and hazardous wastes are taken care of independently 
according to law. Although there are treatment facilities for some hazardous waste, the 
most common method for all three waste types is landfills. However, there is a plan on 
building municipal waste incineration plants so that by the year 2020, 50 percent of the 
waste will be incinerated with energy recovery.   

The city of Borlänge started a partnership with the city of Wuhan in 2000. Borlänge 
Energy and IVL, Swedish Environmental Research Institute, agreed on co-operating with 
the corresponding departments in Wuhan in several different areas; 

1. Sustainable energy production 
2. Sustainable waste management and  
3. Establish an environmental technology centre.  

1.1 Aim 

The aim of this master thesis is to do a feasibility study for a waste incineration 
plant with energy recovery in Wuhan, China.  

This feasibility study will describe the conditions needed when building and 
operating a waste incineration plant with energy recovery in Wuhan. To map the 
conditions that are important to a waste incineration plant they have been divided into 
four different areas; 

1. Situation in Wuhan   
a. Is there a demand for district heating and/or district cooling in Wuhan 

and if there is, from whom?  
b. Who buys the electric energy?  
c. What are the fuel characteristics of the municipal solid waste in 

Wuhan. 
d. What kind of materials that can be used as additive fuel are there in the 

area of Wuhan?  
e. How is the waste taken care of today? 
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f. How is the situation solved today with electric energy, heating and 
cooling?  

2. Technique  
a. How does a waste incineration plant with energy recovery work? 
b. What technique is suitable for Wuhan, combined power and heating 

station, combined power and absorption cooling or combined power 
with heating and cooling? 

3. Law system   
a. What kinds of conditions are set up by the law system?  
b. Are there any directives for waste incineration plants?  
c. What equals and what differs in the law systems of China and 

Sweden?  
d. What is needed for a permit for building a waste incineration plant? 

4. Economics  
a. How much does the electric energy consumer pay? 
b. What does it cost to deposit waste in Wuhan?  
c. What is the wage-level for employees in a waste incineration plant?  
d. What is the cost of conventional supplementary fuels used in a waste 

incineration plant such as oil?  
 

Investigate the four different fields of conditions will build a foundation for 
understanding the situation in Wuhan from which conclusions can be drawn. 

1.2 Method 

This thesis has been conducted using three different methods; research studies, 
literature studies and interviews.  

The research studies were done at the beginning of the project where visits to three 
different incineration plants will be made. The visited incineration plants were Fortum 
Högdalen in Stockholm, Vattenfall in Uppsala and Borlänge Energy. This was done to 
get acquainted with different technologies used in Swedish waste incineration plants. A 
visit was also made to ÅF consulting to discuss the economics surrounding an 
incineration plant.  
 A literature study was conducted on the topic of Swedish waste incineration 
technology as a complement to the research studies to become well informed on how the 
different parts of an incineration plant work together. Information on the Swedish law 
system concerning waste and waste incineration was found by means of literature studies. 
This was a very important part of the project since the Swedish laws on waste and waste 
incineration were compared with the Chinese laws. Information on the Chinese laws and 
regulations were either translated or received in oral format by means of interviews.  

Interviews were conducted in Wuhan with concerned parties for information on the 
waste situation in Wuhan as well as laws and regulations and on the two incineration 
plants that are progressing in the planning stage. A translator was needed during the 
interviews.     
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1.3 Frame of Reference 

In this thesis we have investigated the necessary conditions for building an 
incineration plant in Wuhan. 

  
• The city of Wuhan is solely chosen for this investigation because Borlänge 

Energy has a long standing cooperation with this city. 
 

• Laws that solely touch upon waste and waste management both Swedish and 
Chinese have been investigated.  

 
• An introduction to the topic of district heating and district cooling has been given 

since using combined heat and power production increases the efficiency of solid 
waste incineration. 

 
• The overall waste situation of Wuhan with focus on municipal solid waste has 

been studied. Industrial and hazardous waste has been briefly touched upon to 
find other forms of solid wastes that may be co-incinerated with the municipal 
solid waste.  

  
• Only the solid waste situation in Wuhan has been investigated. This is because 

solid waste is the best source of fuel for waste incineration. 

2 Wuhan 
Situated in the central part of China, Wuhan is the capital of the province of Hubei. 

In Figure 2-1 the location of Wuhan has been encircled in red. 

 
Figure 2-1 Map of China with Wuhan marked out in the red circle. Wuhan is situated in central China and 
is the capital of the Hubei province.1 

 

                                                 
1 Lonely planet http://www.lonelyplanet.com/maps/asia/china/ (2007-10-22) 
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The city of Wuhan is divided into 13 districts, 6 outer districts and 7 central 
districts. The 7 central districts are also known as the city zone. Furthermore the districts 
of Qiaokou, Jianghan and Jiang’an collectively referred to as Hankou and the districts of 
Wuchang and Hanyang are known as the city centre. Below Figure 2-2 shows a map of 
Wuhan and its districts. 

 
Figure 2-2 A map of Wuhan showing its 6 outer districts to the left with the central districts marked out in 

the middle. In the right corner the picture shows the 7 central districts also known as the city zone. The city 

centre are the districts Qiaokou, Jianghan and Jiang’an collectively known as Hankou and the two districts 

of Hanyang and Wuchang.2 

2.1 Today’s Heating and Cooling System in Wuhan  

 Weather is an important part of daily life since it can vary largely with seasonal 
changes. If the weather is hot humans want some form of cooling and if the weather is 
cold humans want heating. An incineration plant can provide both with combined power 
and heat production through district heating and district cooling. Both make use of the 
rest heat that is produced after power generation. Depending on the climate of Wuhan 
there may be a potential for district heating and/or district cooling in Wuhan.  

Wuhan is situated in a subtropical zone with extensive amounts of precipitation. 
Although the months from April through June offer a mild and comfortable weather with 
an average temperature of 15 degrees Celsius3 the summer months of July and August 

                                                 
2 Hagberg, Anna (2007), p.7 
3Climate of Wuhan http://www.itourschina.com/china_weather/showj.asp?id=968&kindName=%20Wuhan (2007-11-30) 
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temperatures can go well above 40 degrees Celsius4, which is the reason why Wuhan has 
been dubbed one of the four “furnaces of China”5. Figure 2-3 shows the average high 
temperatures and the average low temperatures in Wuhan over one year. As can be seen 
the winters can be quite cold around freezing point. However, the warm months tend to 
start in April and do not cool off until October, the hottest months being June, July, 
August and September. 

 

Yearly Average Temperatures in Wuhan
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Figure 2-3 The Yearly high and low average temperatures in Wuhan6 

 
The citizens of Wuhan have adapted to their hot weather by installing air 

conditioners (AC) in their apartments utilizing electricity. As can be seen in Figure 2-4 
the air condition unit is situated in the living room. An AC unit does not have to be in the 
living room; however it does take up living space due to its size. The AC units also tend 
to make a lot of noise when switched on, which can be disturbing. This particular 
apartment also had separate air conditioners in each of the bed rooms.  
 

                                                 
4Climate of Wuhan http://www.itourschina.com/china_weather/showj.asp?id=968&kindName=%20Wuhan (2007-11-30) 
5 Harper D. – Burk A. – Grundvig J. et. al., (2007) p. 475 
6 Climate of Wuhan http://www.itourschina.com/china_weather/showj.asp?id=968&kindName=%20Wuhan (2007-11-30) 
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Figure 2-4 Air conditioner taking space and making a lot of noise in the living room. In this apartment 

there is also a separate entity in each of the two bedrooms as well. 
 

With each apartment having their own air conditioners the façade of the apartment 
building tends to be cluttered with the AC units on the outside as well as can be seen in 
Figure 2-5 The AC units drip water when used causing dirty stains on the façade which 
does not add to its aesthetics.  

   



 - 17 - 

 
Figure 2-5 The air condition units cluttering the outside wall of the apartment building. 
 

Wuhan is not a city that has a tradition of central heating. Since it can get quite cold 
the citizens have adapted to the need of warmth by using the air condition units in the 
winter as well. The air conditioning units are reversible. This means that most heating 
devices use electric energy. However, some of the new communities and factories have 
built in central heating which means that there are radiators in the rooms instead of AC 
units. The radiators use hot water that is heated by a central boiler which in turn runs on 
coal or natural gas. Another technique, as can be seen in Figure 2-6 that is becoming 
popular is solar panels on houses that heat the water for showers and baths.7 In January 
2008 The Construction Committee, one of the governmental departments of Wuhan, has 
proposed that all new buildings in Wuhan should have solar panel systems.8 

                                                 
7 Email correspondence with Mr.Yu Xiao 
8 Email correspondence with Mr.Yu Xiao 
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Figure 2-6 Solar power heating water for these houses. 
 

Due to the climate in Wuhan and the usage of air conditioners both summer and 
winter, Wuhan experiences two electric power peaks. One is in the summer and the other 
is in the winter. The highest electricity load for residential and commercial areas in 
Wuhan during the summer of 2006 was 4,3GW. In comparison the highest load for the 
same areas in Wuhan during the winter of 2006 was 4GW. This of course depends on the 
amount of hot days respectively the amount of cold days per year. Air conditioners are 
rarely used during the spring and autumn due to the mild weather during these times. 
Thus the electricity load will be much less in these seasons.9   

3 The Waste of Wuhan 

3.1 Municipal Solid Waste in Wuhan  

Municipal solid waste (MSW) consists of all waste produced in an area except 
agriculture and industry waste. With a population of 5,70million people, Wuhan central 
city annually produces 2,12million tons of municipal waste. This is about 5800 tons per 
day. The MSW that is produced every day is also disposed of every day. A working 
collection and transportation system exists in the city which involves small trucks, 
compressor trucks, garbage cans, compression truck containers, moving containers with 
compressors for areas difficult to reach and containers in residential areas. These are 
collected daily and the garbage is either transported directly to a treatment plant or 
landfill or indirectly through a transfer station before transported to a treatment plant or 
landfill. Wuhan has 36 transfer stations to which waste is brought for transfer to landfills. 
Today the collection, transport and treatment of waste are the responsibility of the 
municipality.  

The heat value has a trend of increasing when the population becomes wealthier. 
The amount of municipal waste produced increases also with the prosperity of the people 

                                                 
9 Email correspondence with Mr.Yu Xiao 
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living in the area. Wuhan seems to be moving in this direction. The calorific value as well 
as other quality indicators changes depending on how well the separation system works. 
For example, if food waste is sorted out of the MSW, the heat value will increase, and 
vice versa if paper and plastic is sorted out.  

Sorting MSW is done on three different levels. First residents will sort out 
recyclable plastics, papers, metals and glass when throwing out household waste. The 
second is an unofficial sorting by scavengers or regular people who sort through the 
waste in the waste bins. Again plastics, papers, metals and glass is removed before the 
waste is collected. The third level is the workers who pick out recyclables while 
collecting the waste. All recyclables are sold to private recycling centres or purchasers, 
who in turn will sell the recyclables to different product end users.10 

3.1.1 Characteristics of Waste as Fuel 

The key characteristics of waste as a fuel are water content, calorific value, and 
burnable content11.  

It is suggested by the World Bank and Olar Zerbock that the calorific value for 
waste for incineration should not be less than 6MJ/kg12. The water content for municipal 
solid waste should be under 60% to be able to sustain an incineration without additional 
fuel13.  

A problem with waste is that it is produced all the time, so unless the storing 
capacity is enormous the incineration needs to be running all year around. The quality of 
the waste differs with the season. That can be evened out with an additional fuel or the 
incineration plant must have the capacity to burn waste of different composition.  

3.1.2 MSW Composition in Wuhan 

The amount of municipal waste in Wuhan is 2.12 million tons per year, or 5800 tons per 
day, as mentioned above14. The municipal waste in Wuhan has a lower calorific value 
between 4-7MJ/kg. In Sweden the heat value of the municipal waste varies between 8-
15MJ/kg15. The water content is 40-60% of the MSW in Wuhan.16   
 
 Table 3-1 a comparison in waste generation and properties between Sweden and Wuhan 

  

Population 
(1000 pers) 

quantity - 
municipal 
waste 
(1000 ton) 
per year 

Percentage 
of municipal 
waste 
incinerated 
(%) 

water-
content 
(%) 

calorific 
value 
(MJ/kg) 

Sweden 9050
f 

4200
d
 45

d
 25-28

d 
10.1

e 

Wuhan 5700
a
 2191

a
 0

b 48
c 

6.7
b
 

 

a Hoornweg, Dan – Lam, Philip – Chaudhry (2005), Annex 1 

                                                 
10 Interview with Mr.Yu Xiao 12/9-2007 
11 Alvarez, p 603 
12 Zhiqiang, Liu – Zhihua, Liu – Xiaolin, Li (2006), p 1195 
13 Cheremisinoff, Nicholas P (2003), p 39 
14 Presentation of Yu Xiao during meeting with EPB in Wuhan 11/9-2007 
15 Personal communication with Fredrik Wettervik at Vattenfall – Uppsala 13/7-07 
16 Personal communication with Yu Xiao 19/9-2007 
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b Verbal communication with mr Xu  
c Zhiqiang, Liu – Zhihua, Liu – Xiaolin, Li (2005) table 2 
d A Strategy for Sustainable Waste Management Swedens Waste Plan, 2005 p 38 
e Energiinnehåll och densitet för bränslen, ÅF (2007) 
f avfallsstatistik 2007 www.scb.se, (2005) 
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Figure 3-1 Shows the composition of MSW in Wuhan17 

 

                                                 
17 Zhiqiang, Liu – Zhihua, Liu – Xiaolin, Li (2006), p 1194 
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In Wuhan the size of the waste is homogenous while it consists of municipal waste, 
not furniture and such. The values of the compounds in the MSW in Wuhan is measured 
in a lab and based on previous data.18 To enhance the heating value of the waste in 
Wuhan it is possible to let the excess water drip out during storage in the bunker. Three to 
four days of storage in this way increase the heat value with approximately 1MJ/kg and 
decrease the water content with 10%19. 

 
Figure 3-220 Shows the composition of waste generated in urban parts of China 
 

3.1.3 Landfills, Method of Today 

The main method of dealing with MSW in Wuhan today is landfills. Recently there 
existed three landfills with simple or no waste water treatment and one landfill with more 
advanced waste water treatment. The more advanced landfill was built with foreign 
cooperation and has power production from retained methane. However, another 
advanced landfill, Chenjiachong, has recently been built and was taken in use in the end 
of October 2007. At the same time one of the poorer landfills, Diashan, has been closed 
permanently. The Figure 3-3 shows a waste truck dumping its waste in one part of the 
Diashan landfill that closed in the end of October 2007. While visiting the landfill one 
could see scavengers sorting through the waste for recyclables.  

                                                 
18 Email correspondence with mr Yu Xiao 
19 Personal communication with mr Yu Xiao 19/9-07 
20 Hoornweg, Dan – Lam, Philip – Chaudhry, Manisha (2005), p 6 
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Figure 3-3 Diashan, a landfill with simple waste water treatment that closed in the end of October 2007.  
 

The locations of each landfill can be found in Figure 3-4. The three old landfills are 
inconveniently placed close to the center of the city thus interfering with residential areas. 
The two newer ones are placed further out of the central city zone leaving space for the 
city to grow. The three older landfills have been or will be closed in 2007 or 2008. 
Erfeishan and Chenjiachong are the more advanced sanitary landfills with good leachate 
treatment systems and the latter being able to generate power from landfill gases.   
   

 
Figure 3-421 The five landfills and their location in Wuhan. Daishan mountain has been closed since 
October 2007 and Chenjiachong has been taken into operation at the same time. 
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3.2 Solid Waste for Co-incineration 

Co-incineration in this case refers to incineration of other types of waste together with 
MSW. The main reason for co-incineration is to reach higher heat values than if only 
MSW is incinerated. This section will give information on what known types of industrial 
and hazardous solid wastes exist in Wuhan and what the treatment methods for these 
exist today. 

3.2.1 Industrial Solid Waste in Wuhan 

Industrial solid waste (ISW) is defined as solid waste discharged from production 
activities of industries and transportation. This can for example be polymers or 
demolition material22. Calorific value of ISW differs of course depending on what type of 
industry that generates the waste. Industrial waste that consists of polymers or wood from 
demolition has a higher calorific value than municipal waste. In Sweden and in China 
municipal waste is mixed with industrial waste at some incinerator plants to reach a 
higher calorific value than if only municipal waste is incinerated.23  

In 2006 Wuhan’s 13 districts produced 9,54million tons of ISW. Of this 
8,52million tons or 88% was reused and 224’000 tons were placed on landfills or was 
incinerated.  

There are four major ISW materials that are collected and treated today:  
• Fly ash from coal power generation,  
• Steel waste that can be reused,  
• CaSO4 from flue gas treatment  
• White sludge from the Cheng Ming paper mill.  

The white sludge is a byproduct of the 200’000 tons of paper produced annually, 
has very high water content and is today placed on landfills.  

There are two landfills for ISW; one is for ISW waste from Cheng Ming paper mill 
and the other one is a comprehensive treatment plant for the rest of the ISW.  

The industries have the responsibility of taking care of the ISW produced. They can 
do this in two different ways. Either they take care and recycle or reuse it themselves or 
they buy capacity at treatment plants or landfills and let someone else take care of it. The 
cost for the industries to get rid of their ISW is unknown since it is negotiated between 
the landfill or treatment plant and the industry in question.24     

3.2.2 Hazardous Waste in Wuhan 

Hazardous waste (HW) is managed district wise. If it is produced it also has to be 
destroyed. There are complementary laws to those published 2005 for waste treatment 
and management. However, to treat HW one must obtain permission from the 
Environmental Protection Bureau (EPB). Since EPB is responsible for the HW in Wuhan 
each industry, if planning to produce HW, must inform EPB of the expected amounts. 
China has a list that categorizes materials into 47 different HW. In Wuhan 28 of these 
HW exist.  

                                                 
22 Personal communication with Fredrik Wettervik at Vattenfall – Uppsala 13/7-07 
23 We visited an incinerator plant in Tianjing, where they used wooden chips to enhance the calorific value 
24 Interview with EPB, 23/10-07 
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The known amount of HW produced in year 2006 was 26’300 tons; this includes 
only the major HW:  

• Lead: 8’000 tons  
• Waste oil: 10’000 tons  
• Hospital waste: 8’000 tons  
• Waste water from photograph development: 300 tons.  

There are 16 HW treatment plants in Wuhan today. Some of these plants treat the 
waste for reuse. If however, the material cannot be reused it must be incinerated. For 
example, chemical HW was reported to be 30 tons in 2006. This waste was either placed 
directly on a landfill specifically designed for chemicals only or the chemical HW was 
first reused then incinerated and placed on landfills. The Companies producing HW pay 
to have the HW treated. This price is however always negotiated.  

One example of an incineration plant is that for hospital waste. This plant has a 
capacity of 8’500 ton/year receiving all the hospital waste from the central city of 
Wuhan. In 2006 about 8’000 tons was incinerated. The incineration plant is run by a 
private company. The EPB has given them permit and also supervises the company 
making sure that the HW is treated safely. The price for the hospital to destroy the HW is 
2RMB/day/bed, thus counting the HW production according to total amount of beds.25  
 

4 The Future of MSW in Wuhan 
Today Wuhan has a population of 8,4million. It is forecasted that by 2010 the 

population will be 9,9million and by 2020 11,8million, with 2,0million in the farm belt 
and 9,8million in the city zone. However, the central city zone will be limited to a 
population of 4,2million people. An increase in population also means an increase in 
waste production which the forecasts also show. In 2006 the waste production and 
disposal was 5’600 ton/day. By 2010 it is forecasted that waste disposal will reach 8’321 
ton/day and by 2020 the waste disposal will have reached levels of 12’267 ton/day. The 
waste composition will probably also change with the economic development towards 
less biological degradable waste and more solid organic waste i.e polymers thus reaching 
higher heat values in the waste to incineration.26 

Today innocuous treatment of MSW is about 23 percent, in 2010 more than 85 
percent will undergo treatment and by 2020 more than 95 percent will be treated. Wuhan 
will be using incineration to cope with the MSW problem of the city. The plan is to 
landfill 60 percent and incinerate 40 percent by the year 2010. By the year 2020 about 42 
percent will be placed on landfills and 58 percent will be incinerated. To reach these 
goals two MSW incineration plants are at the moment in the planning stages and the 
building will hopefully commence soon to be finished before the year 2010. Another plan 
is to build a third incineration plant before the year 2020 but is waiting for a company to 
offer a bid. From the year 2008 to 2020, eight MSW treatment plants including two more 
landfills will be built.  

Since Wuhan is originally made up of three different city zones, Hankou, Wuchang 
and Hanyang, these zones also differ to some extent in features. One zone is a more 

                                                 
25 Interview with EPB, 23/10-07 
26 Interview with Mr. Yu Xiao 12/9-07 
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business area, another more residential and a third consists of more heavy industries. This 
will determine what sort of waste treatment system will be needed since the waste 
composition will vary from each area. Thus there are plans to build separate treatment 
plants for construction waste, kitchen waste, urban sludge and manure residues and 
medical waste around the city according to the need of the differing city features. An 
overview can be found in Figure 4-1.  

Another focus of the city of Wuhan is waste separation. The goal is that by the year 
2010 the separation rate will be at 30 percent and by 2020 the separation rate will reach 
60 percent. This will be important for both resource recycling as well as incineration.  

 
Figure 4-127 overview of the plan for MSW from the year 2006 to the year 2020  

4.1 Ongoing projects 

There are six ongoing MSW projects in Wuhan today. Two of these are sanitary 
landfills, one is a comprehensive plant, two are incineration plants and one is a transfer 
station for large and middle size refuse: 

1. Chenjiachong sanitary landfill 
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Although already in use since October 2007, it is worth mentioning since this 
landfill will be receiving and treating MSW for the first five years. After that it 
will be mainly used to treat the slag from incineration. The first five years the 
treatment capacity will be 2000 ton/day. After this the treatment capacity will be 
much less including 600 ton/day of slag and the overcapacity waste of 
incineration plant which serves the same area, thus having a prolonged life span 
of 50 years. The landfill covers an area of 656’000 square meters and has a total 
sink capacity of 14million cubic meters. The site is divided into five separate 
reservoirs. The landfill adopts the HDPE-technology for bottom liner and to 
collect leachate and UASB+MBR+RO, for treating leachate after which the water 
can be discharged to rivers directly while meeting the highest national standards 
for treated leachate discharge. The landfill is also able to collect landfill gases 
which will be used for power generation. The total investment of this landfill is 
466million RMB. The present situation is that construction of the first landfill 
reservoir is complete and has been taken into use in October 2007.  

2. Qianzishan sanitary landfill 
This landfill has a capacity to treat 1800 ton/day of MSW and will have a life 
span of 15.6 years. The area covered by this landfill will be 327’200 square 
meters and has a total sink capacity of 9 million cubic meters. The site will be 
divided into five separate landfill reservoirs and will have HDPE-technology and 
chemical flocculent precipitation + UBF + SBR. This landfill will be able to 
collect the landfill gases and use them for electricity production. The total 
investment costs will reach 467 million RMB. The present situation of the project 
is that the landfill has been approved by the city government and has finished its 
feasibility study and the environmental impact assessment. 

3. Changshankou Comprehensive Waste Treatment Plant 
In the first stage of this comprehensive waste treatment plant it will be mainly 
used as a landfill. In the second stage incineration technology and other treatment 
methods will be introduced to the treatment plant as well. The total treatment 
capacity for this treatment plant will be 4’400 ton/day. The lifespan for the 
landfill is 18 years with an effective sink capacity of 18 million cubic meters. The 
capacity for the landfill is 2’800 ton/day. The total area of the treatment plant will 
be 653’600 square meters. The site will adopt HDPE + GCL-technology for 
bottom liner as well as chemical flocculent precipitation + UBF + SBR-
technology for leachate treatment. Landfill gases will also be collected for power 
generation. The total investment cost for the treatment plant is estimated to 
0,8billion RMB. The present situation of this project is that it has been approved 
by the city government the feasibility study and environmental impact assessment 
are being carried out. 

4. Guodingshan Refuse Incineration Power Plant 
This incineration plant will be using fluidized bed technology where the waste 
heat will be used for electricity production. The total capacity of the incineration 
power plant will be 1500 ton/day. The total investment cost has been estimated at 
570 million RMB. The project will be run BOT and is invested by enterprises. At 
present the first stage project has begun, the enterprise is waiting for the land on 
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which the incineration plant to be transferred in their name so that large scale 
construction can begin.  

5. Qunlicun Incineration Power Plant 
The incineration plant will use fluidized bed technology with electricity 
production. The total treatment capacity will be 1000 ton/day. The total estimated 
investment cost is 400 million RMB. The project is run Build-Operate-Transfer 
(BOT) and is invested by enterprises. The present situation of this project is that 
the feasibility study has been completed and the environmental impact assessment 
is being carried out. 

6. Large and middle sized refuse transfer stations 
Due to large distances between the service areas and treatment plants several 
transfer stations will be built. At present there are ten middle sized stations, each 
having transfer capacity of 100-300 ton/day, and six large stations, each with 
transfer capacity of 500-1000 ton/day, in planning phase for construction. To help 
perfect the total treatment system a set of smaller transfer stations will also be 
built. The total estimated investment cost for these projects is 1 billion RMB. At 
present the main stations have finished project establishment and feasibility 
studies and a part of the stations are in process of selecting locations.  

 

 
Figure 4-228 The locations of planed treatment plants, incineration power plants and landfills according to 

short-term and long-term planning.   
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5 The Technology of a Waste Incineration Plant 
The main aspect of a MSW incineration plant is to burn waste. This will of course 

produce a lot of heat in the form of hot water, which in turn can be utilized to produce 
electricity through a turbine and hot water for district heating or to cool it to produce 
district cooling.  

5.1 The Incineration Plant 

Fel! Hittar inte referenskälla. shows an overview of a typical stoke grate 
incineration plant. The process is as follows: The waste is dumped into a funnel that leads 
to the furnace where incineration takes place. The heat in the flue gases rise through the 
boiler where heat exchange takes place with the water running through the tubs that line 
the boiler. This heat exchange continues through the economiser until the water changes 
phase to wet steam. The over heater heats the steam further making it dry so that it can 
drive the turbine to generate power. The steam then condenses to start the process again. 
For further reading on the most common technical parts that are needed in a waste 
incineration plant see Appendix 1.  

The rest products from incineration are bottom ash and fly ash. The bottom ash is 
what is left at the end of the stoke grate after incineration has taken place. It is usually 
harmless and can thus be used for road constructions. The flue gases however need to go 
through some treatment steps before being released to the atmosphere. Already in the 
boiler ammonia can be injected to minimize NOx production. Adjoining the economizer 
is an electro filter where larger dust particles are separated from the gases. The flue gases 
will then pass through a scrubber system to separate SOx and heavy metals from the 
gases. This is done with the help of lime slurry. Active carbon is injected to bind the last 
of the dust particles that will separate from the flue gases in the bag filters. After this the 
now clean flue gases will be released through the smoke stack to the surrounding 
atmosphere. The fly ash is toxic and is placed on landfills. For further reading on the 
different steps of how flue gas treatment works read Appendix 2. 

The products that can be produced from an incineration plant are power, district 
heating and district cooling. As mentioned above, power generation is achieved by means 
of dry steam that drives the turbine to generate power. Hot water for district heating and 
district cooling is produced by utilizing the heat released in the condensation step. For 
further reading on how district heating and district cooling works see Appendix 3. 
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Figure 5-129 The layout shows  a typical stoke grate waste incineration plant with electricity production 

and heat energy recovery through district heating and district cooling  Shown is also the flue gas treatment 

steps. They are as follows: economiser, SOx scrubber and bag filter.  

5.2 From Steam to Product 

The two waste incineration plants that are planned in Wuhan today will solely be 
producing power. However, products other than power can be produced as well. These 
are; steam that can be sold to a nearby industries that requires steam in its activities, 
district heating and district cooling.  

This section will consider the possibility of utilizing the heat released in the 
condenser for district heating and district cooling. To estimate the potentials of heating 
and cooling in combination with power generation in Wuhan different calculations have 
been made that can be found in Appendix 6. The values from Wuhan for these 
calculations were the heat value and the input of fuel per hour. The rest of the values 
needed for the calculations are estimates from typical Swedish waste incineration plants 
operating standards. The calculations are done in three different parts:    

1) Power production with heat production 
2) Combined power and heat production by means of AHP 
3) Combined power and cooling production by means of AHP 

Note that the principle outlines of the three different incineration plants below are 
simplified and that a real waste incineration plant is much more complex. This means that 
the results from the calculations are only estimates and a more detailed result of power 
and heating generation require a much more detailed outline of the incineration plant as 
well.    
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5.2.1 The Reference: Power Generation 

To have something to compare with a principle outline of an incineration plant that 
only generates power, which can be found in Figure 5-2 will be used as reference. The 
values are estimates from the industry. The calculations for the efficiency of power 
production by means of the turbine can be found in Appendix 7.  

 

 
Figure 5-2 A principle outline of an incineration plant with power production used as reference. 

5.2.2 Conventional Heating Method 

One way to combine power and heat production is by utilizing the heat released in 
the condenser. The return water from the district heating with a temperature of around 
50ºC will condense the steam. The outgoing temperature of the district heating water will 
then be about 80ºC. The values found in the principle outline in Figure 5-3 are taken from 
Vattenfall Värme, Uppsala. The calculations of the efficiency over the turbine can be 
found in Appendix 8.  
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Figure 5-3 A principle outline of an incineration plant with power generation that utilize the rest heat for 

district heating. 

5.2.3 District Heating and District Cooling by Means of AHP  

To utilize the rest heat from power generation for district heating or district 
cooling an absorption heating pump (AHP) is needed. With minor changes the same AHP 
can produce heating as well as cooling. This means that any given incineration plant that 
has several AHP can produce either heating or cooling or a combination of both. More 
details on AHP can be found in Appendix 10. Figure 5-4 shows how the AHP is used in 
Vattenfall Värme AB, Uppsala to utilize district heating or district cooling, the 
temperatures involved and the efficiencies. As can be seen with one unit steam the AHP 
will produce more heat with a factor of 1,67 to the district heating network and a will 
produce cooling with a factor of 0,67.  

 

 
Figure 5-430 The left side of this figure shows that one unit of steam will generate 1,67 units of heat that 

can be pumped into the district heating network and that 0,67 units is rest heat that can be used for flue gas 

condensation in the flue gas treatment steps. The right side of this figure shows how one unit of steam 

passes through the AHP and generates 0,67 units for district cooling and 1,67 units has to be cooled in for 

example a cooling tower. Thus, the efficiency to turn steam into district heating (E=1,67) is much better 
than turning steam into district cooling (E=0,67). 
 

The positioning of the AHP in the incineration plant can be more clearly seen in 
Figure 5-5 and in Figure 5-6. The former figure shows the values for producing district 
heating and the latter the values for producing district cooling. The calculations for each 
of these can be found in Appendix 6 and the calculations for the efficiencies can be found 
in Appendix 9.    
 
 

                                                 
30 Nord, David, (2007) p.7 
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Figure 5-5 A principle outline of a waste incineration plant that has power generation and utilizes the rest 

heat for district heating by means of an AHP. 

 

 
Figure 5-6 Principle outline of an incineration plant with power generation that utilizes the rest heat for 

district cooling from an AHP. 

5.2.4 The Comparison 

A compilation of the results from the four separate calculations in Appendix 6 can 
be found in Fel! Hittar inte referenskälla.. These show an estimation of the amount of 
power in MW and the annual production calculated for 8000 hours for each of the 
alternatives. 
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Table 5-1 The reference value with only power production in comparison with combined power and 

heating production by means of AHP and combined power and cooling production by means of AHP.  

Combinations  Power (MW) Annual Production 
(GWh/year) 

Power 10 – 16 80 – 128 
Power 
Conventional Heating  

8 – 14  
29 – 47  

63 – 112  
232 – 376  

Power 
Heating AHP 

5 – 9 
55 – 87  

48 – 80  
440 – 696  

Power 
Cooling AHP 

5 – 9  
22 – 35  

48 – 80  
176 – 280  

  
The amount of power generated in an incineration plant that only generates power is 

higher than that of a combined power and heating producing plant. This is because when 
only producing power one tries to reach the greatest pressure difference over the turbine 
allowing for as much utilization of the energy in the steam before condensation, thus 
reaching pressures as low as 0,8bar. In the combined version the steam will still have 
energy left after the turbine since the pressure will reach about 4 bar since that is the 
optimum pressure for the AHP to work in allowing for heating or cooling production.      

As can be seen in Fel! Hittar inte referenskälla. if an incineration plant only 
produces electricity it can produce twice as much power than if the plant opts for 
combined power and heat production. On the other hand in this case it is interesting to 
see how many apartments that can be heated or cooled with the amount produced by 
means of AHP. Table 5-2 shows the average values in kWh/m2 for different heating 
alternatives in Sweden in 2006. This data in Table 5-2 will give a rough estimate of how 
many apartments can be heated with the amount of district heating produced if the 
incineration plant where built in Sweden. For example, 10 to 16 MW of electricity would 
be able to heat between 9000 to 14000 normal sized apartments of 70m2. On the other 
hand, the heat produced through the AHP of between 55 to 87 MW would heat between 
44000 to 70000 apartments of the same size. Note also that in this latter alternative there 
would also be an electricity production of between 5 to 9 MW generated power that can 
be utilized and sold as well. However, these calculations are rough estimates to show the 
value of district heating and are calculated by means of average Swedish heating values. 
These calculations will have to be complemented with peak power as well as other 
sources of fuel for incineration which are not included in this report.    

 
Table 5-2 The average use of energy with different alternatives for heating apartment buildings in Sweden 

in 200631 

Heating Alternatives Average Values  Average Values 
 kWh/m2 W/m2 

Oil 191 22 
District heating 156 18 
Electricity 140 16 
Gas 155 18 

                                                 
31 Statistiska central byrån http://www.scb.se/templates/tableOrChart____195057.asp (3/2-2008) 
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The average temperatures in Sweden year 2005 can be found in Table 5-3. Please 

note that Sweden is a long country stretching and thus spans over a wider temperature 
range than is shown. This means that in the north of Sweden it is far colder going as low 
as -50ºC or more whereas in the south the temperatures reach just below freezing point in 
the winter. The same is of course true in the summer only that the south tends to enjoy 
warmer weather over a longer period of time than the north. The temperature of Sweden 
is the important factor in why more heating for houses has been required than cooling.  

 
Table 5-3 Shows the average temperatures in Sweden year 2005.32 

Month Temperature 
ºC 

January -4,0 
February -4,3 
March -1,2 
April 3,3 
May 8,5 
June 12,8 
July 15,8 
August 14,8 
September 10,1 
October 4,7 
November -0,1 
December -3,4 
 

Unfortunately there are no values for how much cooling in kWh is needed to cool 
one m2 in Sweden yet since the need for cooling has not been as great as the need for 
heating. Cooling in offices with technical equipment and comfort cooling in residents is 
becoming more frequent. The usual performance of a power driven air heat pump is 
between 5 – 6kW. This would mean that the power needed for cooling is between 40 – 
50W/m2 or an average of 395kWh/m2 annually.33 If illustrated by the same example as 
before with an apartment of 70m2 using this average value for power driven heat pump 
and district cooling, 10 to 16MW electricity could cool between 3000 and 5000 
apartments whereas district cooling could cool 7000 to 11000 apartments. Again, these 
calculations are rough and would have to be complemented with peak power, other sorts 
of fuels etc. 

6 Law system 
Waste management depends heavily upon laws and the regulatory decisions made 

by politicians are of major importance when making a waste management plan or 
constructing a waste incineration plant. Sweden has an aim to reduce their waste, and 
especially reduce the amount of municipal waste that is otherwise deposited on landfills. 

                                                 
32 Swedish Meterology, Hydrology Institute http://www.smhi.se/sgn0102/n0205/faktablad_klimat.pdf 
(17/3-08) 
33 Kjell Karlsson, Vattenfall Värme AB, email correspondence  
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To achieve this, different instruments of control have been used such as new laws and 
taxes. This section will be divided into two separate parts. The first part will provide an 
overview of the laws, regulations and taxes that regulates the Swedish waste 
management. Not all laws that regulate the waste management will be dealt with but the 
most important ones for waste incineration. A description of how to apply for a 
construction/operation permit in Sweden for an incineration plant will also be given. The 
second part will deal with the Chinese laws and standards that are most important to the 
Chinese waste management. A description of the Chinese permit application for an 
incineration plant will also be given. 

6.1 Sweden  

6.1.1 Authorities 

The highest authority that decides on how to handle waste is the European 
Parliament and Council. They formulate standards that must be followed. It is possible 
for the member countries to draft laws making the standards stricter than the European 
standard. However, the European standard is a minimum level that all member countries 
have to follow. On the national level is the Swedish government who has given the 
responsibility for recommending and drawing up laws for a sustainable Swedish waste 
management to the Swedish Environmental Protection Agency.  

6.1.2 Laws 

6.1.2.1 European Parliament and Council directive 2000/76/EC of 4 
December 2000 on waste incineration 

To prevent and limit negative environmental effects by emissions into air, soil, surface 
and ground-water, and the resulting risk to human health, from the incineration and co-
incineration of waste. 

6.1.2.2 European Parliament and Council directive 2006/12/EC  
States that:  
The essential objective of all provisions relating to waste management should be the 

protection of human health and the environment against harmful effects caused by the 

collection, transport, treatment, storage and tipping of waste. 

The directive also includes the definition of waste: 
"waste" shall mean any substance or object in the categories set out in Annex I which the 

holder discards or intends or is required to discard. 

6.1.2.3 Environmental Code Chapters 2, 9, 15  
Chapter 2 contains the principal of carefulness (SV. försiktighetsprincipen), which means 
that all actors that operate or intend to operate any sort of enterprise have to take the 
necessary steps to protect the human health and the environment. In chapter 9 a definition 
for hazardous waste and how to treat the hazardous waste in the aspect of transporting 
and treatment methods is given. The Environmental Code Chapter 15 contains the 
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definition of waste that has been made by the European Union in directive 2006/12/EC 
(above).  

6.1.2.4 Ordinance (1998:899) 
Regulates what kind of permission is needed for different hazardous activities and what is 
prohibited.  

6.1.2.5 Ordinance (2001:1063)  
Regulates the treatment of waste and states that anyone that transports, stores, or recycles 
waste has to document what kind and quantity of waste that is treated. The 
documentation must be kept for at least five years. The kind of waste has to be given 
according to the European Waste Catalogue. To make the statistics about waste more 
comparable, the European Union has made a system for categorising different kind of 
waste, European Waste Catalogue, EWC. Each waste receives a six digit code that 
indicates what type of process, industry or sector the waste type arose from. Everyone 
that stores, recycles or disposes of waste has to make notes about 

• Amount and type of waste that is treated yearly 
• Treatment methods 
• From where the waste arise 
• Where the waste is transported after treatment 

This information has to be stored for five years. 
 The ordinance also includes a statement that all municipalities has to make a waste 
plan.  

6.1.2.6 Ordinance 2001:512 on Deposing of Waste 
Ban on deposing sorted burnable and biodegradable waste on landfill. The ban on 
depositing burnable waste is from 1st of January 2002 and the ban on deposit 
biodegradable waste is from 1st of January 2005.  

6.1.2.7 Ordinance 2002:1060 on Waste Incineration 
This ordinance regulates how to operate the waste incineration plant. For example the 
ordinance regulates what responsibilities that comes with receiving waste for incineration 
like documentation and sampling. The ordinance also states that as much energy as 
possible must be recovered when waste is incinerated.  

6.1.2.8 NFS 2002:28  
Standards on emissions to air from waste incineration see Table 6-1 for values. 

6.1.2.9 NFS 2006:6 
States what the waste plan, that all municipalities have to make according to ordinance 
1063, has to include. For example how much waste is generated within the municipality 
and in what way it will be treated.  
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6.1.2.10 NFS 2004:4 
This document regulates when exemption can be given for deposing sorted burnable and 
biodegradable waste on landfills. Exemption can be given when the municipally do not 
have enough treatment capacity.  

6.1.2.11 Producers Responsibility 
The producers’ responsibility is regulated via one ordinance for each group of waste; 
packaging (1997:185), paper (1994:1205), tyres (1994:1236), electrical and electronic 
products and light bulbs (2005:209 and 2000:208), and motor vehicles (1997:788). There 
are also EU Parliament and Council Directives for packaging, cars and electronic waste.34 

6.1.3 Swedish Environmental Standards 

The environmental standards for flue gas emissions are set by the EU but each 
country within the EU can implement harsher standards if they so wish. The Swedish 
environmental standards for co-incineration and waste incineration can be found in Table 
6-1. Co-incineration is a term used when the solid waste is mixed with for example 
biological fuels such as forest waste. 

 
Table 6-135 There are two sets of regulations one for a co-incineration plant and one for solid waste 

incineration. The gases have a 10% oxygen content, m3 is dry flue gas at temperature 273K and pressure 
of 101,3 kPa. 

 

6.1.4 Controlling Systems 

6.1.4.1 The Landfill Tax 
The Landfill Tax Act (1999:673) was introduced in January 2000. The purpose of 

the tax is to increase the financial incentive to reuse or recover waste instead of just 

                                                 
34 A strategy for a sustainable waste management – Sweden’s waste plan, 2005, p 77 
35  NFS 2002:28 Appendix 2  



 - 38 - 

deposit waste on landfills. The tax has been raised from SEK 250 per ton in 2000 to SEK 
435 per ton in 200536. Waste, for which a landfill is the most environmental suitable 
solution, is exempted from this tax. One example for this is waste that has undergone 
incineration and is thus exempt. This tax has led to that the quantity of waste that is taxed 
has declined from 4.3Mtonnes in 2000 to 2.2Mtonnes in 2004. This means that the 
amount of waste deposited on landfills has declined with 2 million tonnes.37  

6.1.4.2 NOx 
To reduce NOx emissions there is a system where everyone that operates an 

incineration plant with a yearly production over 25GWh pays a fee for their NOx 
emissions. In 2005 the fee was 50SEK/kgNOx38. The fee is collected in a pool. By the 
end of the year, the plants that have low emissions per produced useful kWh get paid 
back more money than they paid as a fee and the ones that have medium emissions get as 
much back as they paid and the ones with high emission get nothing back.  

6.1.4.3 Tax on the Fossil Carbon Fraction of MSW  
Since 2006 there is a tax on the fossil carbon fraction in municipal waste, for 

example plastic waste. The incineration plants that produce electricity are exempted from 
this tax. The part of fossil carbon waste in municipal waste has been set to 12.5 percent 
and the tax is 3426SEK for every ton fossil carbon39. For every ton municipal waste this 
means 428SEK. This tax is meant to lead to increased recycling of the finite resource 
fossil coal, but there are discussions if the tax leads to its aim. The critics point out that 
because the part of fossil coal is set and not measured the incentive is lost40.   

6.1.5 Permission 

A waste incineration plant is classified as a hazardous activity according to 
appendix A in ordinance 1998:899. This means that it is the County Administrative 
Board (Länsstyrelsen) that can give a permit to build a waste incineration plant if the 
waste incineration plant has a thermal input between 10 and 200 MW. If the input is 
larger than 200 MW the environmental court has to give the permission.  

The procedure to get permission for building an incineration plant in Sweden can 
be divided into three different steps: 

• Consultation and Environmental Impact Inventory 
• EIA 
• Apply for permission 

The expected time needed from the application for a permit together with the EIA, 
until the decision is made is about six months. 41 

                                                 
36 Ordinance 1999:673 §4 
37 A strategy for a sustainable waste management – Sweden’s waste plan, 2005, p 64 
38 Ordinance 1990:613 
39 Ordinance 1994:1776 §4 
40 Personal communication with Fredrik Wettervik at Vattenfall 13/7-07 
41 Att söka tillstånd för miljöfarlig verksamhet Dalarna p 3 
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6.1.5.1 Consultation and Environmental Impact Inventory 
Before the so called early consultation can be made with the County Administrative 

Board, the company that applies for a permit has to deliver information about 
localisation, extent and design of the plant. The information also has to include 
foreseeable environmental impact from the plant. When this information is delivered the 
early consultation with the environmental department of County Administrative Board 
can take place. An early consultation has to take place between the company that applies 
for permission and other interested parties. Examples of interested parties are neighbours, 
nearby industries, shops, daycares, schools etc. They have to be informed verbally and in 
written form. When the early consultations has been made, the company that applies for a 
permission write a report about the consultation and sends to the County Administrative 
Board. The County Administrative Board sends the document on to the supervisory 
authority, the municipal environmental department.  A waste incineration plant with an 
input of 10 – 200 MW has to make an extended consultation. This consultation includes 
other authorities, municipalities, the public, and some organisations, mainly 
environmental friendly organisations, which are concerned. The extended consultation 
should also be documented and the documentation should be enclosed with the 
application.42 

6.1.5.2 EIA  
Environmental Impact Assessment is made to figure out and describe the 

environmental effects the incineration plant will have on people and surroundings. Not 
only shall direct effects like noise be described, but also indirect effects like if some 
waste is incinerated, there is less waste available for biological treatment. Several 

different scenarios should be 
described; if the incineration plant not 
is built, if it is built in the area 
proposed, and if it is built in another 
area. A motivation for building the 
incineration plant should also be 
presented. The report shall have a non-
technical summary that anyone can 
read and understand. 43 

6.1.5.3 Applying for 
Permission 

After the application is handed 
in to the county administrative board 
they send it to the municipality 
environmental committee (SV. 
kommunala miljönämnden) to see if 
the accept the application or if 
additional information is needed. 

                                                 
42 Att söka tillstånd för miljöfarlig verksamhet Dalarna pp 5  
43 Ibid p 9 
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When the application is completed the county administrative board requests statements 
about the project of building the incineration plant from Governmental authorities and 
other consultation bodies. The Environment Inspection Committee (SV. Miljö-
prövningsdelegationen), a special body within the Council Administrative Board, makes 
a decision whether to approve the application or not. The people concerned, like 
neighbours or some environmental organizations, can make an appeal against the 
decision within three weeks to the Environmental Court.44 

  
 

6.2 China 

This section investigates the relevant law system for Chinese waste incineration as 
well as how to apply for permission to construct and operate an incineration plant in 
China.  

A list of the laws that are applied in China today in terms of environment and solid 
waste can be found below as well as a list of standards relevant when operating a solid 
waste incineration plant. After this a more thorough explanation will be given on the two 
laws that were found to be most relevant in China which are 1)Law on Prevention and 
Control of Environmental Pollution Caused by Solid Waste and 2)Law for Environmental 
Impact Assessment. Finally an explanation will be given on one important Standard 
(GB18485 2001). 

6.2.1 Laws 

• Law on Prevention and Control of Environmental Pollution Caused by Solid 
Waste of PRC. 
This is the first Law to regulate the management of SW. The Standing Committee 
of the National People’s Congress issued it April 1, 1996. Updated 2005. 
 

• Law for Promotion of Cleaner Production of PRC 
This law says that for each step of the production, the manufacturer should take 
measurments to reduce pollution. The Standing Committee of the National 
People’s Congress issued the law January 1, 2003. 
 

• Law for Environmental Impact Assessment (EIA) of PRC  
Emphasizes the importance of preventing environmental pollution from the 
source; any new construction must obtain EIA approval before breaking ground. 
Issued by the Standing Committee of the National People’s Congress September 
1, 2003 
 

• City Appearance and Sanitary Management Ordinance  
Principle guidelines on city appearance (outdoor advertisement & horticulture) 
and environmental sanitary (MSW & public latrines) management; Local 
government would work out practical measurements. Issued August 1, 1992 by 
The State Council 

                                                 
44 Ibid p 14 

Figure 6-1 Describes the way to apply for a permit to 

build an incineration plant. 
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• Regulation Regarding Municipal Residential Solid Waste 

This is a regulation regarding the management of collecting, transferring and 
treating residential solid waste. Issued September 1, 1993 by Ministry of 
Construction of PRC, updated 2007 
 

• Technical Policies on the Disposal of Domestic Waste and the Prevention of 
Pollution. 
Guidance and standards of technologies applied in MSW treatment. Issued by the 
Ministry of Construction of PRC in June 2000. 
 

• Comments on Promoting the Industrialization of Municipal Waste Water 
Treatment and Municipal Solid Waste Treatment. 
An important signal for attracting private and foreign investment into municipal 
waste water and solid waste industry. Issued by State Development & Planning 
Committee, the Ministry of Construction and State Environmental Protection 
Agency in September, 2002.  

6.2.2 Standards 

GB18485 2001  Standard for pollution control on the municipal solid 
waste incineration 

 
GB 14554-93     Standard for odor pollution discharge 
 
GB 8979-1996     Standard for waste water integrated discharge 
 
GB 12348-90  Standard for noise of industrial enterprise factory 

boundary 
 
GB 5085.1~5086.2-1995   Checking out method for extraction toxicity of solid 
waste 
 
GB/T 15555.1~15555.11-1995 Measuring method for extraction toxicity of solid 
waste 
 
GB/T 16157-1996  Particle measurement in discharge gas of solid 

pollution sources and sampling method of gaseous 
pollution 

 
GB/T 5468-91    Measurement of smoke and dust emission 
 
HJ/T 20-1998 Technique criterion for sampling and making sample 

from industrial solid waste 
 
CJJ 90-2002    Technical code for municipal solid waste incineration 
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CJJ/T 52-1993 Technical specification for municipal solid waste 
static aerobic composting 

 
HJ/T 177-2005  Technical specification for Centralized Incineration 

Facility 
 
GB18484-2001  Hazardous Waste-Pollution Control Standards of 

Incineration 
 
GB16889-1997  Standards for pollution control on the landfill site for 

domestic waste 
 
CJJ17-2004  Technical code for municipal solid waste sanitary 

landfill 

6.2.2.1 Law on Prevention and Control of Environmental Pollution 
Caused by Solid Waste of PRC. 

Contains the definition of waste: 
Solid waste means abandoned materials in solid or semi-solid state coming from 
production, construction, everyday life and other activities and causing 
environmental pollution.  
 

1) Municipal solid waste means solid waste discharged from urban everyday life or 
from services provided to urban everyday life as well as the solid waste that is 
regarded as urban house refuse under laws and administrative rules and 
regulations. 

2) Industrial solid waste means solid waste discharged from production activities of 
industries, transportation, etc.  

3) Hazardous waste means waste that is dangerous and is included in the national 
list of hazardous waste or identified as such according to the criteria and methods 
of identification for hazardous waste as prescribed by the State. 

 
The law also regulates who is responsible for different parts, like collection, treatment 
and supervision, of the waste management system. The things that can be read out of this 
law are:  

• Local and provincial EPB shall cooperate in supervision and management of 
control of environmental pollution from solid waste (Article 10).  

• Local and provincial department of environmental sanitation is responsible for 
supervision and management of cleaning up, collection, storage, transportation, 
and treatment of urban house refuse together with the department of construction 
under the State Council (Article 10). 

• SEPA shall establish a system for monitoring environmental pollution by solid 
waste and formulate unified monitoring standards (Article 11) 

• EPB at or above the county level can make on-the-spot inspections. The inspected 
facility has to provide relevant information. The inspection authorities has to keep 
the technological know-how and business secrets confidential (Article 14) 
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Non-recyclable Industrial Solid Waste 
The State institutes a system of report and registration for industrial solid waste.  

Units that discharge industrial solid waste must provide information about the quantity 
and storage treatment to the competent department of environmental protection. It is the 
industry or institution that is responsible for building sites and treatment facilities for the 
non-recyclable waste they produce. If the unit that produce non-recyclable industrial 
waste has not yet built a treatment facility that meets the environmental standards decided 
by the department of environmental protection they must pay a pollution discharge fee 
until a treatment facility has been built. (Article 31, 32 and 34) 

Local Government Responsibilities regarding Municipal Solid Waste 
In order to reduce fly ash from coal the Local Government shall improve the fuel 

composition towards more gas fuel for use in urban areas. This is to reduce the amount of 
coal dust in urban solid waste. Relevant department of the Local Government shall make 
an overall plan and rational arrangement for establishing a collecting and purchasing 
network so as to promote the recycling of waste materials. (article 38) The Urban 
government is responsible for building installations for cleaning up, collection, storage, 
transportation and treatment of urban house residues. (article 39) 

Hazardous solid waste  
The competent administrative department of environmental protection under the 

State Council (SEPA) shall together with relevant departments under the State Council 
formulate a catalogue of hazardous waste, and criteria and methods for identifying 
hazardous waste. (article 43) Units that discharge hazardous waste must report according 
to the relevant regulations of the State. (article 45) The units that discharge hazardous 
waste are responsible for treating it. (article 46) Local Government is responsible for 
arranging for a centralized treatment of hazardous waste. (article 47) If the units that 
produce hazardous solid waste fails to treat it according to the pollution standards set up 
by the department of environmental protection under the State Council, they shall pay 
fees for discharging of hazardous waste. (article 48) To treat hazardous waste units has to 
have an operation license from the competent administrative department of urban people 
government. (article 49) It is forbidden to store hazardous waste mixed with regular solid 
waste. (article 50) People that handle hazardous waste in any form have to have adequate 
training and are not allowed to work with hazardous waste without passing due 
examinations. (article 54) 
 

Last the Law prescribes what penalties different violation of the Law will lead to. 
(article 59-73) 

6.2.2.2 Law for Environmental Impact Assessment (EIA) 
The content of the EIA law consists of five parts: the first part describes the 

general principle of China’s EIA, the second part highlights the Strategic Environmental 
Assessments (SEA) for plans and programs, the third part provides EIA for construction 
project based on existing EIA systems since 1970s, the forth part covers different 



 - 44 - 

liabilities of the parties involved in the projects and the fifth part deals with additional 
provisions such as producing a relevant EIA.45  

In praxis this means that any given project has to have its EIA done by a licensed 
EIA office. Each project is assessed in detail. The process of an EIA can be separated into 
six different parts. 

1. Screening determines whether or not a project requires an EIA and at what level 
of detail an EIA is necessary, if at all. SEPA or EPB has to decide on whether an 
Environmental Impact Report (EIR), an Environmental Impact Form (EIF) or an 
Environmental Impact Registration Form (EIRF) is to be submitted by the project 
developers. To make this process easier these three are named category A, B and 
C respectively. The criteria’s for which category the project falls under is 
determined according to the projects feature, size, output and environmental 
parameters. 

2. Scoping means a process of interaction, where key issues, non-issues and 
concerns are identified. This would also include collecting information necessary 
for decision making, such as significant effects and factors that need to be 
considered. 

3. Preparation of the report consists of five aspects. The licensed agencies need to 
produce an EIR that reports their findings of the baseline analysis, including 
environmental investigation and project engineering analysis, environmental 
impact prediction, impact evaluation and mitigation measures. 

4. Evaluation of the report is done by the EPB in consultation with other relevant 
authorities. 

5. Decision making is done by the EPB and SEPA. Once the decision has been 
made there is no possibility for an appeal. By law it takes 60 days to decide on an 
EIR, 30 days to decide on an EIF and 15 days to decide on an EIRF.  

6. Monitoring the project is a compulsory part of the EIA and is usually carried out 
during construction and operation phase of the project. The aim of monitoring is 
to integrate the project with the proposed Internal Environmental Management 
(IEM) that in detail describes the length of monitoring, chosen sites, time and 
frequency of sampling, data analysis, and quality control. The project developers 
usually monitor the pollution source with focus on air and water pollution, waste 
and noise. EPB will on the other hand monitor that the technology and production 
process comply with the EIR, that the 3S are implemented, the environmental 
standards set in the EIR are followed, an implementation of IEM and waste 
production.46 The 3S, “Three simultaneities” refers to serious industrial pollutions 
in solid, liquid and gaseous form that through project construction and operation 
can be prevented and/or controlled.47 

                                                 
45 Chen, Qioling – Zhang, Yuanzhi – Ekroos, Ari(2007), p5 
46 Chen, Qioling – Zhang, Yuanzhi – Ekroos, Ari(2007),  p6-10 
47 Chen, Qioling – Zhang, Yuanzhi – Ekroos, Ari(2007), p2 
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6.2.3 GB18485 2001 - Standard for pollution control on the municipal 
solid waste incineration 

The most important part of this standard is that it states the national pollutant 
discharge levels to the air from a MSW incineration plant. These values can be read in 
Table 6-2.  

 
 Table 6-248 The Chinese environmental standards for pollution to air from MSW incineration plants. The 

gases have an 11% oxygen content and m3 refers dry flue gas at a temperature of 273K and pressure of 

101,3kPa. 

 
 

Observe that in this standard it is mentions that under no circumstances should 
HW enter into MSW incineration plants. The standard also deals with the technical 
specifications of the incineration plant such as gas temperatures upon release and gas 
temperatures in the combustion chamber and other requirements such as how to deal with 
fly ash. 

6.2.4 List of Controlling Systems 

In China eight types of national systems to control urban and industrial pollution exists. 
Here follows a list over these systems, some of them are just mentioned by name; 
EIA 
See section 6.2.2.2 
 
Pollution Charge System 
See section 6.2.5 
 
Three Synchronization Policy 

This policy requires the design, construction and operation of pollution treatment 
facilities along with any development projects involving new construction, renovation or 
reconstruction.49  
 
System for Pollution Control within deadlines 
                                                 
48 GB18485 2001  
49 Global environmental outlook – 1, http://www.unep.org/Geo/geo1/ch/ch3_13.htm 2008-01-09 
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This system requires pollution-discharging enterprises and projects to reach a 
discharge standard set by the government within a given time period.50 
 
Responsibility System for Environmental Protection Targeting 

This system defines the distribution of responsibility for ensuring environmental 
quality to a locality, a department or a work unit.51 
 
Pollution Discharge Registration System and Discharge Permit Systems 
 
Assessment of urban environmental quality 
 
Centralized control of pollution 
 

6.2.5 Pollution Charge System 

For 18 years the Pollution Charge System (PCS) has been used in China. It covers 
four types of pollution; water, air, solid waste and noise52. It is mentioned in the Law of 
the Peoples Republic of China on the Prevention and Control of Environmental Pollution 
by Solid Waste as can be read above.  

When an enterprise fail to limit the emissions according to the Standards of 
Pollution Control the enterprise has to pay a fee to the local Environmental Protection 
Bureau, EPB. Due to limited resources of the local EPB the enterprise themselves has to 
monitor a daily release of emissions and report a monthly mean value to the local EPB. 
The enterprise pays the fee according to what they report. The local EPB makes 
inspections 2-4 times per year to control the monthly mean value reported by the 
enterprise before it can be used for fee calculations. Local EPB also make unannounced 
inspections.  

The fee is divided into two parts, one that can be included in the production cost, 
here it is called the “normal fee”, and one that should be taken from the enterprises own 
funds, here called the “other fee”. The other fee is designed to increase the pressure on 
the enterprise to protect the environment; the fee can for example rise with five percent 
every year until the emissions is reduced.53  

In China, 80% of the “normal fee” is paid back to the enterprise that paid it in form 
of funds that supports investment in technology that reduces the pollution discharge54. 
The other 20% goes to the local EPB. The whole amount of the “other fee” is taken care 
of by the local EPB55.  

Since the enterprises report their pollutions themselves they can influence the rate 
of the fee by under report the monthly mean value. The local EPB does not have enough 
resources to make a satisfactory amount of inspections, so the risk of getting caught when 
under reporting is small. Even if an enterprise gets caught there is little likeness that they 

                                                 
50 Ibid  
51 ibid 
52 Ping, Yun (2003), p 1 
53 Ibid p 3 
54 Ibid p 4 
55 Ibid p 5 
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will be punished with for example an extra fee due to lack of resources at the local EPB. 
Often a case does not get past the first stage that the enterprise under reporting is 
revealed.56 

An enterprise can also over report the monthly value to get a higher fee. This is 
good if the enterprise has a high profit that they need to pay taxes on. The “normal fee” is 
taken from the production cost and therefore the taxable income of the enterprise is 
lowered with the fee. While the enterprise is entitled to 80% of the “normal fee” this is a 
way of making sure that the profit stays in the enterprise.57  

6.2.6 The Procedure when Applying for Permission 

1. When a company wants to construct a waste incineration plant they need to contact 
the management department in Wuhan to see if a city plan exists that includes 
building an incineration plant. If this sort of plan does not exist in the city the 
company either has to wait for such a plan to arise or the company can try and 
persuade the government to modify the city plan if there are sufficient reasons. This 
however is very difficult to do. If a plan exists the company will ask the management 
department for the building plans and look for a good location for their waste 
incineration plant. The company can also ask the local government to provide land or 
support to find land for the incineration plant. The location has to be in accordance 
with the general building plan of the whole city. 

2. The company together with the management department of Wuhan develops a 
proposal as well as a pre-feasibility study. These are sent to the local Development 
and Reform Commission (DRC) of Wuhan who in turn sends it on to the central 
DRC.  

3. The company will now have to choose a design company that will carry out the 
feasibility study for the incineration plant. This more detailed study has to be sent to 
the local DRC of Wuhan as well as the central DRC for approval. 

4. While the feasibility study is at the local DRC for approval the company can begin 
the EIA of the incineration plant. The EIA has to be sent to the local EPB of Wuhan 
and central EPB for approval.  

5. Once the EIA and the feasibility study both have been approved one can begin the 
primary design of the incineration plant. In this step the total investment costs will be 
finalized. The primary design includes such things as how large the plant will be, 
what components, etc. This is all sent to the local DRC and central DRC once more 
for approval. 

6. Now the detailed design of the interior components of the incineration plant may 
begin. This plan has to be sent to the Designal Approval Agency for approval to make 
sure that the national regulations and standards for design have been met. 

 
 A list of the different departments that a company will have to have indirect or 
direct contact with and the web pages to these departments can be found in Appendix 4 
These web pages are unfortunately all in Chinese.   

These steps can be found in Figure 6-2 and are to be followed no matter if it is a 
foreign company, Chinese company or the municipality of the city. The only time a slight 
                                                 
56 Ibid p 6 
57 Ibid p 6 
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change in the steps occur, is if there is say a Chinese company that receives foreign 
investments that has to be retrieved through a bank. All the papers have to be sent to the 
local authorities then to the provincial authorities and then to the central authorities since 
the provincial authorities do not want to risk provincial foreign debt.58    

All the approval procedures that have to be fulfilled so that the company can 
construct the incineration plant will be supervised by the management department of 
Wuhan. An important aspect to observe is that the company who has found a good 
location to build the incineration plant has to obtain three different licenses. One is a 
location proposal license, the second is a land occupation plan permission and the third is 
a project/engineering plan permission from the city plan management bureau of the local 
government. After this the company can start building the incineration plant. The licenses 
can be obtained as soon as the EIA has been approved. If the location for the plant is 
provided by the government, the government should support the company to obtain the 
licenses. The companies that build and run the plant in Build – Operate – Transfer (BOT) 
or in another way not connected to the Chinese government also have to obtain a license 
for waste treatment and a contract for waste supply from the management department of 
Wuhan. 

 Each step will take some time as there is a lot of work to do. The process may be as 
quick as one year only under the condition that there already exists a plan for an 
incineration plant and a location for the plant has been found that is in accordance with 
the general developing plan of the city. Also, the company should be skilled in thorough 
execution of the different proceedings. 

                                                 
58 Personal communication with Mr.Yu Xiao 19/9-07 
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Figure 6-2 The flow chart shows the different 

steps a company has to take when wanting to 

build an incineration plant in Wuhan. There is 
close contact throughout the proceedings with the 

management department of Wuhan since this 

department supervises each step, gives the 

company its license for treating waste and writes 

a contract for the company for the supply of 

waste. A plan needs to exist for an incineration 
plant before the company can look for a good 

location and do a pre-feasibility study. After this 

a design company is brought in for the feasibility 

study. Once all this is sent of the company can 

start on the EIA. Once both studies are approved 

the primary design and finally the detailed design 

can be developed and hopefully approved 
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7 The Economics of Waste to Energy  

7.1 Forms of Cooperation 

In an expanding economy it can be difficult to find funding for all the ongoing 
projects. Thus certain collaborations are needed where a government might chose to 
receive help with technology and funding. The most common forms of economic 
collaborations are Build – Operate – Transfer (BOT), Clean Development Mechanism 
(CDM) and Public Private Partnership (PPP).59 For further reading on these 
collaborations can be found in Appendix 5. The MSW department of Wuhan has also 
suggested a few strategies for cooperation programs with foreign enterprises.  

• Obtain franchise of waste treatment programs and run treatment plants 
independently by BOT. 

• Participate in joint ventures by providing technology or funding, for ex CDM 
• Providing funding, loans exempted from interest or mixed commercial loans 
• Supplying key technology or advanced equipment 

 
On the 4th of October 2007 the exchange rate from 1 Swedish krone (SEK) was 0.956 

Yuan RenMinBi (RMB). This rate is of course open for change however it provides a 
reference of how much one RMB is compared to SEK. 

7.2 The Cost of Waste to Landfill60 

The cost of waste is an important factor when dealing with waste incineration. 
Since there is no MSW incineration plant in Wuhan yet prices in 2007 are as follows:  

• Cleaning, collection and transportation: 5RMB/month/family 
• Money to run landfills paid by government 

� 2RMB/ton for old landfills 
� 16RMB/ton for new landfills 
� 30RMB/ton for the one waiting to be put into operation 

• Transportation cost for waste to landfill: 1RMB/ton/km 

7.3 Costs of wages61 

The costs of wages for 2007 for the personnel operating and maintaining the 
incineration plant are as follows:  

• Cleaner: less than 2000RMB/month  
• Craftsmen: less than 2000RMB/month 
• Electrician: 2500RMB/month 
• operation staff: 2500RMB/month  
• management staff: 3000RMB/month 

                                                 
59 Interview with Lars Fritz, 31/7-07 
60 Email correspondence with Mr.Yu Xiao 
61 Email correspondence with Mr.Li Zhan 
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7.4 Costs for additives for flue gas treatment62  

The costs for additives for flue gas treatment for 2007 are as follows: 
• Lime 200RMB/t 
• Ammonia for DeNox,  300RMB/t 
• Activated Carbon 6000-7000RMB/t 
• Water 1,7RMB/t 

7.5 Cost of supplementary fuel63 

The costs of supplementary fuels for an incineration plant for 2007 are the 
following: 

• Supplementary fuel: 
� Oil 6000RMB/t 
� Petro gas 3RMB/m3 

7.6 Cost and Price of Electricity64  

The electricity market is made up of an electricity producer, a distributor and an 
end user. The costs and prices for 2007 are as follows: 

• Income for the electricity producer: 
o Coal factory: 0,20RMB/kWh 
o Incineration plant: 0,61RMB/kWh 

• Costs for the electricity distributor : 
o Coal factory 0,20RMB/kWh 
o Incineration plant 0,20RMB/kWh 

• Subventions from government to: 
o Incineration plant: 0,41RMB/kWh 

• Costs for the end user: 
o Private sector: 0,59RMB/kWh 
o Industrial sector: 1RMB/kWh 

8 Conclusion 

8.1 Law System 

8.1.1 Comparing Application Process in China and Sweden 

1. Both in Sweden as well as in China an EIA is required in the application process 
for planning and building an incineration plant. 

2. The application process in Sweden is in 3 parts whereas in China it is divided into 
many more steps. 

3. Although there are fewer application steps in Sweden there seem to be more 
people and interested parties involved in the application process.   

                                                 
62 Email correspondence with Mr.Yu Xiao 
63 Email correspondence with Mr.Li Zhan 
64 Interview with Mr.Yu 
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4. The application process takes about one year in both Sweden as well as in China, 
if all goes according to plan. One reason for the process being delayed is that in 
Sweden there is a possibility to make an appeal. An issue in China is acquiring the 
different licences for land occupation.   

5. In Sweden when applying for an incineration plant that is less than 200MW it is 
only the county administrative board that has to approve an application. If the 
plant is larger it is the environmental court that has to give its approval. In China 
there seems to be no such restriction and the company always goes via the local 
DRC and National DRC for approval as well as EPB and SEPA. 

 

8.1.2 Pollution Charge System 

The Pollution Charge System has been used in China for nearly 20 years, but the 
fee has just been changed once. This can be a problem since the rest of the Chinese 
economy has developed fast.65  

A problem that is linked to the lack of resources of the local EPB is that it is the 
charge part of the system that receives most attention. This has the effect that collecting 
the money is done fairly effectively but looking at what the repaid money is used for is 
lagging. The result is ineffective investments according to a study made on how the 
treatment system for waste water is operated in China. It was found that in only one third 
of the industries a waste water treatment system was in operation that had been built with 
the repaid money. The other two third had been built but was only operating part of the 
time or not at all due to high operation costs or inferior maintenance.66 

The benefits of the Pollution Charge System are that the enterprises have to 
measure the emissions on a daily basis and consider how to reduce them.  

8.1.3 Comparison of the EIA in China and Sweden 

In Europe and therefore in Sweden, the screening process is removed from the EIA. 
Different activities that require EIA are instead listed in an Annex, as mentioned in the 
Swedish Law section. In China screening is compulsory. Monitoring is compulsory in 
China during construction and operation, in Sweden only post-monitoring is necessary. 
The operator in China monitors the pollution sources with emphasis on air, water 
pollution, waste and noise and the EPB monitors that the project complies with the EIA. 
There is also a difference in public participation. Where public participation is an 
important part of the Swedish EIA process it is not in the Chinese EIA process. In China 
only certified companies can establish an EIA.67 

8.1.4 Differences between Swedish and Chinese Waste Law 

To begin with the definition of waste differs in the way that China has the criteria 
that the material has to cause pollution to be classified as waste, but Sweden the fact that 
the holder intends to discard the material is enough.  

                                                 
65 Ping, Yun (2003) p 1 
66 Ibid p. 7 
67 Chen, Qioling – Zhang, Yuanzhi – Ekroos, Ari(2007), p 64 
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The producer responsibility is not so developed in China as it is in Sweden. In 
China it is embedded as an article in the Solid Waste Law, in Sweden several different 
laws describe the companies’ responsibility for the packaging and other products.  

As can be seen from the table 
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Table 8-1 the standards for pollution from waste incineration are harsher in Sweden than 
in China.  

Similarities between Sweden and China seem more common than the disparities. 
For example both countries have regulation on Environmental Impact Assessment and 
producer responsibility.  

8.2 Suitability of MSW as fuel 

 In Wuhan the heat value of MSW is 6.6MJ/kg68 compared to Swedish conditions 
where a heat value of 10.1MJ/kg69 can be found. A heat value of 6.6MJ/kg is possible to 
use in an incineration plant70 because it is enough to maintain a stable combustion once 
ignited.  

To be able to increase the heat value pre-treatment is possible. The waste is then 
stored during 3-4 days and the water is allowed to drip out and that gives ten percent 
lower water content and 1MJ per kg waste higher calorific value71. The disadvantage with 
this method is that a lot of space is needed, more wastewater is produced and it can 
therefore be costly.  

The unknown concentration of heavy metals in the waste as mentioned in the 
Municipal solid waste in Wuhan section is not a crucial obstacle to incineration because 
the flue gas treatment will separate them from the flue gas that goes to the ambient air 
and concentrate them in the ash. This make a more safe treatment of the heavy metals 
possible than if they were just dumped on a landfill together with the rest of the 
municipal waste.72 
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Figure 8-1 A comparison between Wuhan and Swedish MSW 

                                                 
68 Personal communication with Mr Yu Xiao 
69 Energiinnehåll och densitet för bränslen, www.energiochmiljo.se  
70 Zhiqiang, Liu – Zhihua, Liu – Xiaolin, Li, 2006, p 1195 
71 Personal Communication with Mr Yu 19/9-2007 
72 Personal Communication with Anders Åberg, 25/7-2007 
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8.3 Suitability of ISW and HW for co-incineration 

One way to improve the heat value of the MSW is to add another fuel like industrial 
waste with higher heat value than MSW. In Sweden often wood chips are used. China 
does not have as much forest as Sweden does. However, a paper industry does exist in 
Wuhan. Perhaps it would be possible to use some of the refuse from this industry as 
additional fuel. They have a refuse called white sludge that today goes to landfill. There 
are a lot of other industries in Wuhan as well and further investigation in this matter 
would be needed.  

The hazardous waste often requires higher temperatures and other safety measures 
that are not necessary when incinerating MSW. This indicates that industrial hazardous 
waste is not suitable for incinerating with MSW. Also the Chinese ordinance about solid 
waste incineration (GB 18485) does state that hazardous waste not should be incinerated 
with municipal waste.  

8.4 Possible Technique for Waste Incineration with Energy 
Recovery 

The input – the fuel, and the output – the products, are crucial when considering 
what kind of technique to use. When it comes to flue gas treatment technique standards 
and regulations have great impact. When looking at the possibility of building a waste 
incineration plant with energy recovery in Wuhan the main fuel is municipal waste and 
the main products are electricity and heat or cold.  

8.4.1 Combustion Technique 

The characteristics of the municipal waste such as moister content, calorific value, 
sulphur content, how homogenous the waste is decides what kind of combustion chamber 
to use and the equipment needed before the combustion chamber like feeding mechanism 
and pre-treatment. In China there has been a specialisation on fluidised bed due to its 
ability to handle fuel with high water content. Since the municipal waste in Wuhan has 
high water content, 48 %73, and fluidised beds have low investment cost, this would 
probably be the most efficient solution for an incineration plant in Wuhan. The fluidised 
bed requires a homogenous fuel in form of small-sized particles, therefore pre-treatment 
is necessary. For other combustion techniques see Appendix 1. 

8.4.2 Flue Gas Treatment Technique 

In 

                                                 
73 Zhiqiang, Liu – Zhihua, Liu – Xiaolin, Li,, 2005 table 2 
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Table 8-1 is a compilation of both Swedish flue gas emission standards and the Chinese 
standards for an easier comparison. At quick glance the Chinese standards are a lot higher 
than the ones in Sweden. According to Anders Åberg, the Chinese environmental 
standards for flue gas emissions are what Sweden had 20 years ago.  

A semi-dry flue gas treatment system is enough to meet Swedish environmental 
standards. The incineration plants in Wuhan are to be built with a semi-dry system as 
well which would mean that they could reach lower emissions standards than the national 
regulations. With lower emissions Wuhan could reach better air quality.      
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Table 8-1  a comparison between Swedish and Chinese environmental standards from flue gas emission. 

The Swedish gases have a 10% oxygen content and the Chinese have an 11% oxygen content both are at 

273K 101,3 kPa. 

 
 

8.5 Potentials for District Heating and Cooling 

The climate of Wuhan fluctuates between hot summers and in comparison cold 
winters making the difference in temperatures between seasons some 40 ºC. The potential 
for Wuhan with district heating and district cooling according to temperature becomes 
clear in Figure 8-2. The brown line divides the two curves with average high and average 
low at 15ºC. The months above the yellow line would be the potential for district cooling 
whereas the months below would be the potential for district heating. The months from 
about April through October, about seven months, would be great for cooling and the rest 
would be good with district heating. This would be easy to do since AHP can be adjusted 
to produce heating or cooling.  

The electricity load for residential and commercial areas in Wuhan have two peaks, 
one in the summer and one in the winter due to AC units being on at those times either 
cooling the residents or heating them. This means that if district heating and cooling 
could be used instead to heat and cool residential and commercial areas the electricity 
could be used for other activities. A result of district heating and cooling might be that 
perhaps a coal power plant could be shut down instead.  

To summarize, as long as residential and commercial areas are heated or cooled by 
means of direct electricity, district heating and district cooling is a very good alternative 
source. 
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Figure 8-2 The yellow line shows the potential of district heating and district cooling for Wuhan’s climate. 
The seven months above the yellow line would be good for district cooling while the rest would be good for 

district heating. 

 
 However, both the district heating and district cooling systems require a large 

network of underground pipelines to reach the residential and commercial areas. For 
Wuhan this would mean extensive road work to place the pipelines. Also the houses need 
to be rebuilt to accommodate the pipes through the living and office space which may not 
be possible in the apartment and office buildings already existing in Wuhan. Nevertheless 
if district heating and cooling is considered as an option it would be best to plan it from 
the start to new residential areas that are to be built.  

The older buildings in Wuhan do not have central heating and are solely run on AC 
units. However the newer residential areas are being built with central heating run on coal 
or gas. This would mean that the pipes are already in place in the newer residential areas 
and could with much greater ease be replaced with district heating and district cooling.  

One advantage that district heating and cooling has is that instead of having 
hundreds of separate boilers that have no flue gas emission treatment which damages the 
environment one incineration plant burns a large capacity of fuel where there are 
emission standards for the flue gas treatment. This would mean that the community 
would not only receive heating and cooling but would also receive a cleaner atmosphere. 

8.5.1 Combining Power Generation with Heating or Cooling 

The greatest efficiency from a waste incineration plant is reached when combining 
power generation with district heating. Nonetheless, Wuhan has great need of cooling 
since the summer months are long and very warm. The same AHP can be used to produce 
heating and cooling with a few adjustments. This means that any given incineration plant 
will have several AHPs that can all either produce heating or cooling or a mixture 
between both. The best optima would need further investigation.  
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If the incineration plants are placed at a far distance from any residential area or 
commercial area promoting district heating or district cooling might not be economically 
feasible. In such a case the incineration plant should be placed near an industry that might 
need large amounts of steam or cooling for different activities in their process. In that 
way the incineration plant would have a market for their rest heat. If an industry is not 
found and the incineration plant is placed far from residential areas and commercial areas 
then the best option would probably be solely power generation. 

On the other hand, there are three MSW landfills that are being shut at this very 
moment. One has already shut and two others will follow soon. These landfills are very 
close to residential areas which is causing problems for the city. If suitable cover material 
can be found and a stable foundation can be made, then a waste incineration plant might 
be able to be built on top of the old landfills. This would be positive out of two aspects. 
One, the infrastructure for roads and transport would already be in place and second the 
incineration plants would be very close to residential areas that might be able to convert 
to district heating and district cooling. 

8.6 Economics of Waste 

The electricity is sold for 0,59RMB/kWh to residents and 1RMB/kWh to industries 
by the electricity distribution company in Wuhan. However, the incineration plant 
receives 0,61RMB/kWh in total for the electricity production of which 0,20RMB/kWh is 
paid by the electricity distributor and 0,41RMB/kWh is paid by the government as a 
subvention to the incineration plant.  

The waste to landfill is at the moment very cheap 1RMB/ton/km plus the running 
fee for the landfill which is between 2 and 30RMB/ton depending on the treatment 
technology. Placing waste on landfills and incineration are two forms of waste that are 
closely connected. In Sweden the cost of placing waste on landfills is higher than selling 
the waste to an incineration plant. This is an incitement from the government to force 
waste transport companies and communities to let incineration plants handle the waste 
rather than placing waste on landfills.  

9 Source of Errors 

9.1 Laws 

Since the development is fast in China, it is hard to know if a book that sums the 
environmental laws in the mid 90s still is current. This can result in incurrent laws being 
listed.  

The translation from Chinese to English is a source of error. Sometimes it is 
possible to discover, for example when the word unrecyclable is used, other times it 
probably passes unnoticed.  

More material is of course available in English or in Swedish on the Swedish laws 
than on the Chinese laws.  

9.2 Solid Waste 

 All of the information gathered on the waste situation in Wuhan came solely from 
interviews with concerned parties. Due to the language barrier information will have been 
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lost in translation. Questions had to be asked several times and in several different ways 
to try and make sure that the question was understood and that we understood the 
information given. The values of the compounds in the MSW in Wuhan is measured in a 
lab and based on previous data.74 The measure in the lab has been done before the 
informal waste picker take there parts. To map the exact composition of the MSW in 
Wuhan a study with weighting the waste on different seasons would be needed. A study 
like this is planned and will be performed during 2008, so then the data on waste 
composition will be more reliable.  

9.3 Economics 

 The figures in section 7 are very rough since they have been taken from several 
different sources and do not perfectly apply to how much a company operating an 
incineration plant would have to pay.  

9.4 Potentials of district heating and cooling 

 It is difficult to know the full potential of district heating and cooling in Wuhan 
since the alternative heating and cooling system and their workings are not fully known.  
 There was no time to study the potential market for district heating and cooling in 
Wuhan, however the climate in Wuhan shows good signs.  
 It was not possible to find or receive information on what sort of industries could 
use steam or cooling for their process in case district heating and cooling to residential 
areas and commercial areas does not work.  

10 Further Study Needed 
Here we have suggestions to fields that we believe could be interesting to look more into.  
 

- There are two municipal waste incinerators planned in Wuhan. One is public 
investors and one is privet investors. They have been planned since 1997 but have 
still not been built. Why not? This is important if Borlänge together with another 
company will build a municipal incinerator in Wuhan, so that the mistakes made 
by the other companies can be avoided.  

- Measure the municipal solid waste in Wuhan. Sort the waste in different fractions 
and measure it, to really be sure what it contains. Today they have numbers on the 
contents of the waste, but it is based on some actual measuring and on some other 
assumptions and is before the unofficial waste pickers have sorted their part out. 

- Study the potential of additional energy wastes from industries that may be able to 
co-incinerate with MSW.  

- Market investigation for the potential of district heating and district cooling in 
Wuhan. Is it possible to build a network to residential consumers? Are there 
companies that would be interested in heat or cold? 

- Is there a possibility to retrieve the rest heat in waste water treatment plants for 
district heating through heat pumps before releasing the waste water? This would 
mean colder water out from the waste water treatment plant as well as warmer 
return water to the incineration plant which may increase efficiency. This method 

                                                 
74 Mail contact with mr Yu 
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is used in Stockholm and might work in Wuhan as well since there are a lot of 
waste water treatment plants in Wuhan.    
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Appendix 1: The Incineration Plant 
 
A1.1 Bunker 

In Sweden the bunker is normally used as storing space to ensure that there is 
always enough waste for incineration a few days ahead. The bunker is also a place where 
the waste is thoroughly mixed together to ensure that the heat value for the fuel is 
homogeneous. The two most common used methods, to transport the waste from the 
bunker to the furnace, are a claw that lifts the material and drops it into the furnace or a 
convey belt that leads the waste into the furnace. 
 
A1.2 Furnace 

There are two main techniques for furnace; Fluidized bed and Stoke Grate. To 
avoid the formation of dioxins, the temperature must exceed 850 ºC for all the 
components in the furnace for at least two seconds. Therefore oil burners are often 
mounted in the furnace, to regulate the temperature.75  
 
A1.2.1 Stoke Grate 

The waste is deposited on moving grates while heating, igniting and burning the 
waste. Combustion air is injected through the grates. The movement of the grates can be 
horizontal or vertical, rolling or a mixture of these movements. This mobility of the grate 
enables the waste to shift forward, and at the same time allows the waste to mix. Often 
the grates are cooled to avoid that they wear out. Since the stoke grate can handle 
heterogenic sized fuel, there is no need for mechanical pre-treatment of the waste.76  
 
A1.2.2 Fluidised bed 

In the case of fluidised bed combustion, the waste is incinerated in a bed of inert 
material, like sand. The bed is maintained in a fluidised state by upward blown air 
through the bed. The resulting turbulence causes good gas-solid mixture and results in 
high combustion efficiency.77  

There are two sub-categories of fluidised bed incinerators, bubbling and circulating. 
In the circulating bed the speed of the air is higher, and a part of the bed material leaves 
the furnace. This material is cleaned and returned to the bed, and that is why it is called a 
circulating bed.78  

It is possible to control the bed temperature due to the constant flow of air, which in 
turn guarantees a stable combustion, and good burned/unburned ratio. It is necessary to 
pre-treat the waste to homogenise it to smaller particles. 
 
A1.3 Boiler 

In connection with the furnace is the boiler. In the boiler the energy from the 
combustion is extracted. The walls of the boiler are covered with pipes. The heat in the 

                                                 
75 NFS2002-28 paragraf 6 
76 Energitekniker, Alvarez, pp 838 
77 Ibid, pp 587 
78 Energitekniker, Alvarez, pp 587 
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flue gas from the combustion will heat the water running through the pipes. If the 
incineration plant produces electricity, the water is heated until it has vaporised into 
steam, and the steam goes to the generator via the steam dome.  

The flue gas has an approximate temperature of 850 ºC when entering the boiler, 
and a temperature of 200-600 ºC when leaving the boiler79. 

It is in the boiler that problems with ash-clogging can arise. There are different 
techniques to get rid of the ash on the pipes. A common method to get rid of the ashes is 
to knock on the pipes until the ashes falls off.  
 
A1.4 Steam dome 

This is where the dry steam is separated from the water. Usually a cyclone is used 
for separating the steam from the water drops in a first step, and then a second separator 
consisting of corrugated steel. The steam goes on to the super heater and the water 
disappears through fall pipes, back to the steamer. The steam has to have different 
temperature and pressure depending on what it is used for. 80 
 
A1.5 Ashes 

When incinerating municipal solid waste one usually says that 20 weight percent of 
the total amount of the incinerated wastes will be bottom ash and 3-5 weight percent will 
be fly ash. The bottom ash is what remains in the furnace after the waste has completely 
burnt out. This ash can roughly be described as fine gravel with bits of non burnable 
materials, such as metals, ceramic and glass, in it. The bottom ash is alkaline and can thus 
be reused as road construction material. The large pieces of metals can be separated and 
recycled.81  

The other kind of ash is called fly ash. This comes from the different parts of the 
flue gas treatment system of the incineration plant. The fly ash that is separated out after 
the electron filter or textile filter is a dry powder. If there is a wet flue gas treatment step 
there will also be sludge containing fly ash that will have to be taken care of.82 Generally 
one can say that it will contain high levels of chlorine and soluble salts, as well as high 
levels of heavy metals. There are no solutions to alternative uses for the fly ash at the 
moment. However, intense research is being conducted in this area. Today treatment 
methods for fly ash include cement treatment to stabilize the fly ash before placing it on 
land fills or using it as a filling material for old salt mines.83 Some of the research 
includes carbonization84 as a means of stabilizing and thermal cleansing85 of fly ash to be 
able to separate out the hazardous particles, thus making the ash more stable and less 
hazardous.          

                                                 
79 Master Thesis, ParadisBengtsson p 27 
80 Energitekniker, Alvarez, p 845 
81 Interview with Fredrik Wettervik, 2007  
82 Värmeforsk, termisk rening av askor 2003, page 3 
83 Interview with Fredrik Wettervik, 2007 
84 Avfall Sverige, 2007-09-24 (http://www.avfallsverige.se/m4n?oid=2002:05) 
85 Värmeforsk, termisk rening av askor 2003 
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Appendix 2: Flue Gas Treatment 

 
A2.1 Flue Gas Treatment 

The emissions from waste incineration usually have its place of origin in the waste. 
The exception is nitrogen oxides which is a bi-product of incineration with air. There are 
set standards for the maximum limit of the different compounds in the flue gases that are 
allowed to be released to the surrounding atmosphere. Since these limits are much lower 
than what is produced in the incineration plant the flue gas has to undergo several 
different treatments so that it is clean enough before being released again. The 
compounds that are dealt with are acidifying gases, nitrogen oxides, heavy metals, dust 
particles and dioxins.  
 
A2.2 Removal of acidifying gases 

To clean the flue gases from the acidifying gases three different methods can be 
used; dry, semi-dry and wet flue gas treatment system. The choice of flue gas treatment is 
made with the countries environmental standards for flue gas emissions.   
 
A2.2.1 Dry flue gas treatment system 

A dry absorbent, usually lime based, can either be added in the incinerators furnace 
or in the flue gas channel. In Figure A2.2.1 the absorbent is sprayed into a chamber 
through which the flue gas passes from bottom to top. In this case the absorbent is dry 
slaked lime (Ca(OH)2). The lime will bind to the acid components in the flue gas such as 
chlorides (HCl), fluorides (HF) and sulfurs (SO2, SO3), forming larger particles. Due to 
the higher weight content of these newly formed particles will fall out of the flue gas 
stream to the bottom of the chamber where the dry substance is collected. This process is 
not 100 percent and some of the acidifying compounds and slacked lime may not have 
had time to react. They may be blown along with the flue gases and will in this case be 
stopped by the textile filter a little further along the path along with other large dust 
particles. There it will fall down and either be collected for disposal or be re-circulated 
back to the slacked lime chamber to help in the reaction to form large particles that will 
easily combine with acidifying compounds and be heavy enough to fall down to the 
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bottom of the chamber and be separated out from the flue gas.86 

 
Figure A2.2.1 An example of dry flue gas treatment system where slacked lime and the re-circulated APC 

(active pulverized carbon) products from the bag filter are used to remove acidifying compounds from the 
flue gas. 

 

A2.2.2 Semi-dry flue gas treatment system 
The semi-dry system works very similarly to the dry system. In Figure A2.2.2 the 

lime (CaO) is mixed together with the lime before being sprayed, as a fine mist, into the 
reaction chamber through which the flue gases pass from top to bottom. The slurry dries 
as soon as it comes in contact with the acidic compounds in the flue gas. This dry powder 
consisting of acidic compounds and lime is separated at the bottom through an end 
separator. Thus no lime particles follow the flue gases out of the reaction chamber. The 
flue gas then leaves the reaction chamber to the bag filter. In Figure A2.2.2 the APC 
(activated pulverized carbon) product is discharged rather than re-circulated as in Figure 
A2.2.1. 87  
 

                                                 
86 Interview with Lars Fritz   
87 Interview Lars Fritz 
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Figure A2.2.2 An example of semi-dry flue gas treatment system where lime milk consisting of quick lime 

and water are sprayed into the reaction chamber to mix and react with the flue gas so separating the 

acidifying gases out of the flue gas. 

 
A2.2.3 Wet flue gas treatment 

The components involved in the wet flue gas treatment system require added water. 
As can be seen in Figure A2.2.3 the first step involves an acid scrubber, a so called SO2 
scrubber which as the name suggests removes the sulphur compounds from the flue gas 
by adding a mixture of slacked lime (15%) and water. The neutral scrubber is a 
quencher/HCl scrubber. This scrubber is used to wash out the heavy metals and acidic 
compounds from the flue gas. Each scrubber has an end separator to separate the liquid 
from the flue gas before going on to the next step. After the scrubbers the flue gas is 
transported to the bag filter for further dust removal. In this flue gas treatment system 
there will also be a liquid effluent that needs to be treated.88  

   

                                                 
88 Lars Fritz presentation, Energy from Waste Economy 8th of June 2006 
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Figure A2.2.3 An overview of a wet flue gas treatment system. First there is an acidic scrubber washes 

SOx compounds from the flue gases after which the neutral scrubber removes heavy metals and acidic 

compounds from the flue gases. Treatment for liquid effluent is necessary.89 

 
A2.3 NOX-reduction 

Since incineration is not possible without air and air consists of 78% nitrogen, 
nitrogen will be a bi-product of waste incineration. However, this problem can be helped 
through primary or secondary measures, where primary measures include things like 
optimizing the operation in the furnace by lowering the oxygen flow, adding an even 
supply of oxygen, adding oxygen in different steps through a secondary and tertiary 
oxygen supply and returning some of the flue gas to the furnace to minimize the amount 
of new oxygen added.90 

The secondary measures that can be taken are by using a selective non catalytic 
reduction (SNCR) or by using a selective catalytic reduction (SCR). For example, in 
Uppsala Vattenfall Värme AB Block 5, the incineration plant has a SCR. Whereas in 
Stockholm, Högdalen Panna 4 they use the SNCR.  
 
A2.3.1 SNCR vs. SCR 
With selective non catalytic reduction (SNCR), the nitrogen is thermally reduced by 
adding ammoniac or urea in the furnace, usually in several steps up through the chamber. 
The temperature need to be between 850 and 1100 ºC to achieve the wanted reaction. The 
furnace also needs to be large enough for a sufficient stay time so that the chemicals can 
react with the flue gases. With selective catalytic reduction (SCR) the same chemicals are 
added outside the furnace at a temperature range between 280 to 400 ºC. If the flue gases 
are free from sulphur the temperature can be brought down as far as 200 ºC. As this 
system also is sensitive to dust particles the SCR should be placed after a textile filter. In 
Uppsala for example the SCR is placed after the flue gas treatment system right before 
the gases are released to the chimney.91 
 
Table 1: A comparison between SNCR and SCR92 
SNCR SCR 
low investment costs high investment costs 
high opertation costs low operations costs 
reduction 40-60 % reduction 90-95%  

 
A2.4 Separating Heavy Metals 

A majority of metals will become gaseous once incinerated, later to condensate 
upon reaching cooler temperature in the upper section of the furnace. Here the metals will 
attach to smaller dust particle to almost 100 percent. The smaller particles show a higher 
metal content than do the larger particles. The amount of heavy metals is thus not very 

                                                 
89 Lars Fritz presentation, Energy from Waste Economy 8th of June 2006 
90 Alternativa tekniker och förbränning och rökgasrening, page 4 
91 http://ind.yara.se/se/industries/air_treatment_products/building.html 
92 http://ind.yara.se/se/industries/air_treatment_products/building.html 
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large. Since the metals are bound to the dust particles they will also be easily separated 
with the dust through dust separation by using an electro filter or/and a textile filter.93  

Mercury does not however follow the same pattern as the other metals. Once it 
cools in the upper parts of the furnace up to 90 percent of the mercury will oxidize and 
will most likely be found in the form of mercury chloride. This salt has a high steam 
pressure and will still be in gas phase even at such low flue gas temperatures of 150 ºC. 
All three of the previously mentioned methods of removing the acidifying gases also 
show a good separation of mercury from the flue gases. By adding active carbon either in 
a reactor or before the textile filter will help this separation process further.94    
 
A2.5 Dust Particle Separation 

Large dust particles are separated from the flue gases directly after the furnace by 
means of an electro filter. The smaller particles that are still left in the flue gases after all 
the different treatment steps are separated by means of a textile filter. 95  
 
A2.6 Dioxin reduction 

The destruction of dioxin is achieved at temperatures of at least 500 ºC. However, 
formation of dioxin can take place in the cooler areas of the system where temperatures 
are between 250 to 400 ºC. The pattern of formation is not yet completely understood, 
however it is known that metal catalysts play an important roll. Thus, improved 
incineration conditions have proven effective to decrease dioxin formation. Other 
methods that have proved effective are: a combination of textile filters and active carbon, 
dry and semi-dry treatment for acidic gases, a catalyst and active carbon or coke filters.96  

                                                 
93 Alternativa tekniker och förbränning och rökgasrening, page 4 
94 Alternativa tekniker och förbränning och rökgasrening, page 5 
95 Alternativa tekniker och förbränning och rökgasrening, page 5 
96 Alternativa tekniker och förbränning och rökgasrening, page 5 
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Appendix 3: From Steam to Products 
 
A3.1 From Steam to Products  

The steam that is produced can be used in several different ways. In Sweden most 
incineration plants have both power and district heating production. With power 
production the efficiency of converting steam into power is about 30 %. The rest, 70 %, 
is heat that is either lost or used for district heating networks. Examples of incineration 
plants in Sweden of the latter kind are Fortum, Högdalen and Borlänge Energy. 
Vattenfall, Uppsala does not have power production from its solid waste incineration 
plant. However they have customers that purchase steam and the rest is used to heat the 
district heating water in Uppsala. In Sweden it is also becoming more popular with 
district cooling.   
 
A3.2 Electricity 

If the incineration plant is built for electricity production it needs a steam dome and 
a superheater. The dry steam from the superheater then is transported to a set of turbines 
that drives a generator. The turbine is a set of high pressure and low pressure turbines to 
be able to get as much energy out of the steam as possible before condensation. The 
generator is in turn connected to the electricity grid for the power plants own electricity 
use and/or the national grid. The now low pressured steam is brought to the condenser 
and is in turn pumped back to the steam dome to close the cycle. The size of the turbines, 
the power from the generator and the pressure needed to run the system is dependent on 
the amount of waste put in at the beginning and its heat value. In most Swedish waste 
incineration plants both electricity and district heating is produced to make use of the 
waste heat from the electricity production making it possible to have an efficiency of up 
to 99 percent. 97  
 
A3.3 Steam 

Pure steam can be a product as well. If there is no electricity production the quality 
of the steam is not as important. In Uppsala different industries are in need of steam for 
their own production line. Thus the incineration plant Uppsala Vattenfall Värme AB 
produces steam, about 5 percent of total production, and sells it to the different industries. 
The rest is to heat the district heating network.98  
 
A3.4 District heating and District Cooling 

District heating and district cooling work according to the same principle except 
that the former has hot water circulating and the latter has cold water circulating in a 
network of pipelines from a central incineration plant to residential areas, commercial 
areas, hospitals and industries. If the incineration plant produces combined power and 
heating the power is first generated after which an absorption heat pump (AHP) is used to 
extract the heating or cooling for either network. The Advantage of the AHP is that it can 

                                                 
97 Fredrik Wettervik, interview 
98 Fredrik Wettervik, interview 
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either produce heating or through minor adjustments produce cooling. Both networks 
require extensive pipeline grids to the end consumer.  

The hot water from the incineration plant has a temperature between 70 and 120 
degrees Celsius depending on the seasons and weather. The hot water is transported to a 
central heat exchanger in the house. The heat exchanger is used to transfer the heat from 
the hot water in the district heating network to the houses’ own water system making the 
water in the district heating network cooler. The cooled district heating water is returned 
at a temperature of between 40 and 60 degrees Celsius to the incineration plant to once 
more be reheated thus closing the cycle. 99 

In the same way the temperature of the district cooling water to the houses is 
around 6 degrees Celsius and the return water is around 16 degrees Celsius. The cold 
water that circulates through the district cooling network passes through the central heat 
exchanger of the house cooling the air that circulates in the ventilation system of that 
particular house. 100 The water is then returned to the incineration plant for renewed 
cooling. 

The house itself will have two separate water systems. One system of water 
continuously circulates through the radiators in the house. The other water system gets its 
cold water from the ground water or a near by fresh water supply which is heated through 
the heat exchanger to deliver hot water through taps and showers to then be transported to 
a water treatment plant.  

 
Figure A3-2 The three separate water heating systems and their circulation paths within a house.101   

 

                                                 
99 http://www.svenskfjarrvarme.se/index.php3?use=publisher&id=1874&lang=1 
100 http://www.svenskfjarrvarme.se/index.php3?use=publisher&id=1876&lang=1 (2008-01-05) 
101http://www.vattenfall.se/www/vf_se/vf_se/Gemeinsame_Inhalte/DOCUMENT/196015vatt/815691omx
v/819778milj/821834milj/821838fjxr/P02.pdf Säkerhet, hälsa och miljö 2006, Vattenfall Värme 
Uppsala p.6 
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Appendix 4: Chinese Departments  

Departments  
A list with the full names of each department that a company has direct or indirect 
contact with during the application proceedings for a waste incineration plant can be 
found below with corresponding web pages. Unfortunately the information on the web 
pages are in Chinese, so a translator would be advised.   
 
Management Department 
Local Management bureau of Wuhan   
Wuhan Municipal Management Administration Bureau 
 http://www.whcg.gov.cn 
 
Provincial Management department of Hubei 
Department of Construction of Hubei  
http://www.hbsjst.gov.cn 
 
Central management ministry 
Ministry of Construction  
http://www.cin.gov.cn 
 
Development and Reform Commissions (DRC) 
Local DRC of Wuhan  
Wuhan Development and Reform Commission  
http://www.whjw.gov.cn 
 
Provincial DRC of Hubei 
Hubei Development and Reform Commission  
http://www.hbjw.gov.cn 
 
Central DRC 
National Development and Reform Commission 
http://www.sdpc.gov.cn 
 
Design Company 
The design company should be any design company qualified in the field of waste 
management. Generally, the design company is decided by bidding. Different phases of 
design can be done by one company or different companies. However, the end-user will 
usually take one company to do all the design work such as pre-feasibility, feasibility, 
primary design and final design.  
 
EIA 
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Local EPB of Wuhan 
Wuhan Environmental Protection Bureau  

http://www.whepb.gov.cn 

 

Provincial EPB of Hubei 
Hubei Environmental Protection Bureau  

http://www.hbepb.gov.cn 
 

Central EPB 
State Environmental Protection Administration of China  

http://www.zhb.gov.cn 

 
Designal Approval Agency 
Local Designal Approval Agency of Wuhan  
http://www.whkcsj.gov.cn 
 
Local municipal plan management bureau 
Wuhan Municipal Plan Management Bureau 
http://www.wpl.gov.cn 
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Appendix 5: Economic Models  
The three most common economic models for cooperation on international projects 

are explained in short below. 
 
A5.1 PPP – Public Private Partnership 

As the name states, this economic model is based on a partnership between the 
public and the private sector where each sector takes responsibility for what it does best. 
The authority gives the commission to a project company stating the investment priorities 
and what sort of benefits the society will receive and the investment needs of the project 
in society.  
 
A5.2 CDM – Clean Development Mechanism 
Industrialized countries with a commitment under the Kyoto Protocol to reduce 
greenhouse gas emissions may invest in projects aimed at reducing emission levels in 
developing countries as an alternative to more expensive emission reductions in their own 
countries. These projects are termed Clean Development Mechanism (CDM). In return 
for the financial support the industrialized country receives Certified Emission 
Reductions, CER’s. These are emission rights that are issued in exchange for real 
emission decreases that can later be traded according to firm’s level of emission 
reduction.102 Financing these sort of projects allow for a net global reduction of 
greenhouse gas emissions at a much lower global cost since a reduction project in a 
developing country is much lower than in an industrial country. One of the main criteria’s 
for such a greenhouse gas reduction project is to prove that the reduction would not have 
taken place without the financial aid.103 
It is not entirely simple to implement a CDM project. Before the project is ready for 
operation it has to go through several different stages. These are104: 
Preparation of a project design document, a baseline study, a monitoring plan 
Validation 
Negotiation of project arrangement, construction and startup 
Registration 
Monitoring, verification and certification  
Issuance of CER’s 
 
A5.3 BOT – Build-Operation-Transfer 
The BOT approach involves the public and the private sector, where the government 
grants a private entity the rights to finance develop and operate a certain project for a 
specified period of time after which the ownership is transferred back to the government. 
From the governments point of view social welfare maximization is of interest whereas 
for the private investors the main concern is profit maximization. During the set time of 
operation the private entity may take out a fee for the service granted through the project 
to retrieve investments, operation and maintenance expenses. This means that regardless 
of the publics need, unless the financial position of the project is sufficient to attract 
                                                 
102 The Implementation of Clean Development Mechanism in China, page 31 
103 http://en.wikipedia.org/wiki/Clean_Development_Mechanism 
104 The Implementation of Clean Development Mechanism in China, 32 
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investors from the private sector, the BOT project with not be funded. Thus, financial 
evaluation and project performance are the main factors for the entire feasibility analysis 
of any BOT project.105 
 

                                                 
105 Analysis of policy and regulation… p 2 
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Appendix 6: Calculations 
The calculations have been done in three different parts; the available steam power, the 
amount of power when only power is generated, the amount of power generated when 
heat production is involved by means of an absorption heat pump (AHP) for district 
heating or district cooling. The values received from contacts in Wuhan are the amount of 
fuel and the effective heat value. The other values that are used are based on the 
experience from waste incineration plants in Sweden.  

    
A6.1 Available Steam Power 
To calculate the available steam power the effective heat value and amount of fuel is 
necessary. These two values are taken from Wuhan. The pressure and temperature of 
P=40ºC and T=400ºC are estimated values from Swedish incineration plant operation 
values. The efficiency of the furnace ηb =80% is a rough estimate from a fluidized bed. 
 

Hi = effective heat value  
B = amount of fuel  
ηb = efficiency of the furnace 
P = 40bar 
T = 400 ºC 
 
Hi = 1000 – 1600kCal/kg = 4186,8 – 6698,8kJ/kg (value range from Wuhan) 
B = 1000t/d = 41,6t/h = 11,6kg/s     (value from Wuhan) 
ηb = 80%         (estimated value)106 
Available Steam Power = Hi*B* ηb 
Available Steam Power = 39 – 62 MW 
 
The available steam power has a range between 39MW to 62MW with given values. 
 
A6.2 Only Power Generation 

When only generating power the waste incineration plant will need an over heater 
after the boiler to achieve dry steam to the turbine. After the turbine the steam will 
condense to water again by means of a cooling water circuit which can either be taken 
from a nearby river or by means of a cooling tower. Figure A6.2 shows a principle 
outline of the incineration plant which only utilizes the steam for power generation. 

  

                                                 
106 Lars Fritz (email correspondence) 
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Figure A6.2 a principle outline of an incineration plant with power generation that does not utilize the rest 
heat. 

 

ηel(1) = efficiency of power generation  (calculated from T-s diagram 
Appendix7) 

ηg = efficiency of the generator       (estimated value)107 
ηm = mechanical efficiency of the turbine     (estimated value)108 
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Estimated annual operating time = 8000hours/year 
Generated power = 80 – 128 GWh/year 
 
A6.3 Conventional Combined Heat and Power Production 
 Conventional heating in this case refers to an incineration plant that utilizes the heat 
released in the condenser for district heating. The cooling water is the return water on the 
district heating network. Figure A6.3 shows a principle outline of this process.  

                                                 
107 Alvarez, Energiteknik, 2003, p. 793 
108 Alvarez, Energiteknik, 2003, p. 795 



 - 79 - 

 
Figure A6.3 principle outline of a waste incineration plant that condenses the steam with help of the return 

water from the district heating circuit.  

  
ηel(2) = efficiency of power generation  (calculated from T-s diagram 

Appendix8) 
ηg = efficiency of the generator       (estimated value)109 
ηm = mechanical efficiency of the turbine     (estimated value)110 
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Estimated annual operating time = 8000hours/year 
Generated power = 64 – 112 GWh/year 
Heat production = 232 – 376 GWh/year 
 
A6.4 Combined Heat and Power Production by means of AHP 

                                                 
109 Alvarez, Energiteknik, 2003, p. 793 
110 Alvarez, Energiteknik, 2003, p. 795 
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When generating power and wanting to utilize the rest heat in an incineration plant 
the most common method is by using absorption heat pumps (AHP) to convert the heat 
into either district heating or district cooling. A brief description of who an AHP works 
can be found in Appendix 11.  

The efficiency of power generation and heat production is calculated in the T-s 
diagram in Appendix 9. For the purpose of these calculations the term heat energy and 
heat production are defined as:  

Heat energy is the amount of energy left in the steam after it has passed through 
the turbine producing electricity.  
Heat production is what will be further calculated by means of AHP (Absorption 
heat pumps) 

 
ηel(3) = efficiency of power generation (calculated in Appendix 9) 
ηheat = efficiency of heat production (calculated in Appendix 9) 
ηg = efficiency of the generator (estimated value)111 
ηm = mechanical efficiency of the turbine (estimated value)112 
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Estimated annual operating time = 8000hours/year 
Generated power = 48 – 80 GWh/year 
 
A6.4.1 District Heating by means of AHP   

Note that the values in this section are taken from Swedish incineration plants 
standard operation. Figure A6.4.1 is just a principle outline which means that the values 
calculated are only estimated values. To receive correct values more details are required 
on the specific incineration plant. 
 

                                                 
111 Alvarez, Energiteknik, 2003, p. 793 
112 Alvarez, Energiteknik, 2003, p. 795 
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Figure A6.4.1 A principle outline of a waste incineration plant that has power generation and utilizes the 

rest heat for district heating by means of an AHP. 

  
Observe that Table A6.4.1 shows the data for operating just one absorption heat 

pump for district heating. The table has been translated from Swedish into English from 
David Nords thesis on the uses of rest heat from absorption heating pumps specifically 
for the incineration plant in Uppsala owned by Vattenfall, an energy company in Sweden. 
 
Table A6.4.1113 Data from Vattenfall Värme AB for operating one AHP for district heat 
production. 

 
 

pheat _η = efficiency of heat production from an AHP 

)1(_ hrestη = the amount of rest heat  

 
Steam into one AHP = 8,6 MW  
Heat produced out of AHP for district heating network = 14,6MW 
Rest heat either cooled or in this case used for flue gas condensation = 6 MW 

                                                 
113 Nord, David, (2007) p.18 
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Estimated annual operating time = 8000hours/year 
District heating production = 440 – 696 GWh/year 
 
A6.4.2 District Cooling Production with an AHP 

Note that the values in this section are taken from Swedish incineration plants 
standard operation. Figure A6.4.2 is just a principle outline which means that the values 
calculated are only estimated values. To receive correct values more details are required 
on the specific incineration plant. 
  

 
Figure A6.4.2 Principle outline of an incineration plant with power generation that utilizes the rest heat 

for district cooling from an AHP. 
 

Observe that Table A6.4.2 shows the data for operating just one absorption heat 
pump for district heating. The table has been translated from Swedish into English from 
David Nords thesis on the uses of rest heat from absorption heating pumps specifically 
for the incineration plant in Uppsala owned by Vattenfall Värme AB, an energy company 
in Sweden. 
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Table A6.4.2114 Data for operating an AHP for district cooling production 

 
 

pcool _η  

)2(_ hrestη  

 
Steam into AHP = 8MW 
Cooling produced from the AHP for district cooling network = 6 MW 
Rest heat for cooling in a cooling tower = 14,6 MW 
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Estimated annual operation time = 8000 hours 
District cooling production = 176 – 280 GWh/year 
 

                                                 
114 Nord, David, (2007) p.18 



 - 84 - 

Appendix 7: The T-S Process for a Suggested Waste 
Incineration Plant 
The T-s diagram is used to explain the process of how the water flows through the 
incineration plant. At i(1) the water is entering the tube system of the walls of the furnace 
to be heated. The water passes through the tubes towards the boiler i(2). The steam/water 
passes through the over heater to rid the steam of any excess moister particles to reach 
i(3). The now over heated steam is transported through the turbine to the condenser at 
i(4). The values taken for i(1) to i(4) are based on the experience from waste incineration 
plants in Sweden. Due to generator losses and the real efficiency of power production 
will be less than 30%; however for these calculations the ideal system and values have 
been chosen to be able to give an estimated value. Note then that the intermediate pre-
heaters are excluded from the diagram as well as the calculations. 
  

i(1): temperature 50ºC = 200 kJ/kg K     phase: liquid 
i(2): temperature 250ºC       phase: liquid 
i(3): temperature 400ºC, pressure 40 bar = 3210 kJ/kg K phase: steam 
i(4): temperature 50ºC, pressure 4 bar = 2323 kJ/kg K  phase: steam 
 
ηel(1) = efficiency of power generation 
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Appendix 8: The T-S Process for a Suggested Waste 
Incineration Plant 
The T-s diagram is used to explain the process of how the water flows through the 
incineration plant. At i(1) the water is entering the tube system of the walls of the furnace 
to be heated. The water passes through the tubes towards the boiler i(2). The steam/water 
passes through the over heater to rid the steam of any excess moister particles to reach 
i(3). The now over heated steam is transported through the turbine to the condenser at 
i(4). The values taken for i(1) to i(4) are based on the experience from waste incineration 
plants in Sweden. Due to generator losses and the real efficiency of power production 
will be less than 25%; however for these calculations the ideal values have been chosen 
to be able to give an estimated value. Note that the intermediate pre-heaters are excluded 
from the diagram as well as the calculations. 

i(1): temperature 50ºC = 200 kJ/kg K     phase: liquid 
i(2): temperature 250ºC       phase: liquid 
i(3): temperature 400ºC, pressure 40 bar = 3210 kJ/kg K phase: steam 
i(4): temperature 50ºC, pressure 4 bar = 2323 kJ/kg K  phase: steam 
ηel(2) = efficiency of electricity production 
ηheat = efficiency of heat production 
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Appendix 9: The T-S Process for a Suggested Waste 
Incineration Plant 
The T-s diagram is used to explain the process of how the water flows through the 
incineration plant. At i(1) the water is entering the tube system of the walls of the furnace 
to be heated. The water passes through the tubes towards the boiler i(2). The steam/water 
passes through the over heater to rid the steam of any excess moister particles to reach 
i(3). The now over heated steam is transported through the turbine to the condenser at 
i(4). The values taken for i(1) to i(4) are based on the experience from waste incineration 
plants in Sweden. The calculations have been done on the ideal process since the real 
system is much more complicated and more values would be needed for that. However, 
the efficiencies calculated below give a good estimate. Note also that the intermediate 
pre-heaters are excluded from the diagram as well as the calculations. 

i(1): temperature 50ºC = 200 kJ/kg K     phase: liquid 
i(2): temperature 250 ºC        phase: liquid 
i(3): temperature 400 ºC, pressure 40 bar = 3213 kJ/kg K phase: steam 
i(4): temperature 50 ºC, pressure 3,5 bar = 2722 kJ/kg K phase: steam 
ηel(3) = efficiency of electricity production 
ηheat = efficiency of heat production 
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Appendix 11: Absorption Heat Pump 

 
A9.1Absorption Heat Pump 

Where a heat pump needs electricity to operate the absorption heat pump (AHP) 
requires a water lithium bromide solution. In other words the compressor in the heat 
pump is exchanged with the lithium bromide solution circuit as can be seen in Figure 
A9.1. The AHP needs a cooling circuit to remove the heat from the absorbent as well as a 
heat source to heat the water lithium bromide solution. In the AHP the media flows to the 
absorber where it is absorbed by a concentrated salt solution (lithium bromide). The 
diluted salt solution is pumped to the generator where the water is separated from the salt 
solution through the help of heat. The steam flows to the condenser where it is cooled and 
is then pumped back to the evaporator. 
 

 
Figure A9.1 The figure shows the principal function and difference between an absorption heat pump and a 

heat pump. The figure has been translated from Swedish into English from David Nords thesis on the uses 

of rest heat from absorption heating pumps specifically for the incineration plant in Uppsala owned by 

Vattenfall, a  energy company in Sweden. 
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