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ABSTRACT 
 

 

This master thesis in Industrial Ecology has been carried out at Royal Institute of 

Technology, KTH, in cooperation with Swedish Environmental Research Institute, IVL and 

Shandong University. It discusses the air pollution control techniques in calcium carbide 

manufacturing by studying Inner Mongolia Haiji Chlor-Alkali Chemical Co. Ltd’s plants in 

Wuhai, Inner Mongolia, China. 

 

China’s environmental situation is discussed and its severe state is found to be similar to the 

western world in the last century. One of the main reasons for the air pollution problems are 

the coal based industries in cities like Wuhai. Calcium carbide is a chemical based on coal 

and limestone which in China is mainly used for PVC plastics production. The emission 

from the carbide production is mainly particulate matter. This is suggested to be controlled 

by adding cyclone and electrostatic precipitator as treatment for the waste gas. 

 

Investments in particulate matter control will be at least a few million SEK (similar in RMB), 

but the waste, both the solid and the gas, can be used in other processes, namely cement 

production, heat exchanging and as fuel. By investing in equipment to use this waste and sell 

the energy, it is expected that close to ten million RMB1 can be earned annually, meaning 

that the particulate matter control investment will pay off quickly. The Fischer-Tropsch 

method for producing synthetic diesel from carbon monoxide and hydrogen gas provides 

another opportunity to use the waste gas. 

                                                 
1 9 million SEK 
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PREFACE 
 

 

China can’t do what the West did: Grow now, clean up later. Because the unprecedented pace and scale of its 

growth are going to make later too late. 

 

The words are from a column in The New York Times (November 15, 2006) by the author 

Thomas L. Friedman and summarizes China’s challenge at the moment. If China does not 

take control of its pollution, the entire planet will have to take the consequences. 

 

Many have helped me through out the work with the thesis. Some deserves special mention. 

I would therefore like to thank Per Olof Persson of Royal Institute of Technology, Song Ji 

Wei of Shandong University and Östen Ekengren of IVL for the supervision. Quan Huamin 

of Environmental Protection Bureau of Wuhai City for welcoming me to Wuhai and Lars-

Håkan Jonasson of Carbide Sweden AB for all input provided. And finally Gao Si, Yoo 

Kyung (Claire) and Yu Tao (Joseph) for helping me out with well needed interpreting. 

 

It is my hope that this thesis will show something that can be done now instead of later, 

something that is not just a problem but also an opportunity, or as Friedman puts it: 

 

Going green is not just a problem, but an opportunity. Pollution represents waste and inefficiency. Green 

companies are always more efficient. 

 

Stockholm, December 2006 

Carl Emil Larsson 
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1 INTRODUCTION 
 

 

This thesis is based on an initiative from IVL, Swedish Environmental Research Institute, an 

institute that undertakes project assignments within a broad spectrum. The thesis work has 

been carried out under supervision from Östen Ekengren of IVL. Academic supervision has 

been provided by Professor Cheng Lin and teacher Song Ji Wei of Shandong University 

(Joint Research Center for Industrial Ecology) and teacher Per Olof Persson of Royal 

Institute of Technology’s Department for Industrial Ecology.  

 

One of the projects that IVL is currently active in is “The Sustainable City”, an initiative to 

add the sustainable perspective to city planning in China. The project is financed by the 

Swedish Trade Council and Ministry for Foreign Affairs and is focused on the cities of 

Wuhai and Hohhot in Inner Mongolia Autonomous Region. This thesis is linked to The 

Sustainable City initiative by discussing one of the industrial issues in the city of Wuhai – the 

air pollution from a calcium carbide factory and the possible methods to control the 

emissions.  

 

Wuhai’s prosperity almost only depends on the supply of coal, limestone and other minerals 

in the area (IVL, 2006) which is the main reason for its levels of air pollution. Calcium 

carbide is produced by heating a mixture of limestone and coal to 2000 °C. The major 

pollutant is airborne particulate matter. 
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2 BACKGROUND AND PURPOSE 
 

 

2.1 Background 
The city of Wuhai in Inner Mongolia Autonomous Region, China, is completely dependent 

on its coal based industries. One of the industries in the area is Inner Mongolia Haiji Chlor-

Alkali Chemical Co. Ltd, producing around 150 000 tones of calcium carbide, CaC2, annually 

(IVL, 2006). Producing calcium carbide leads to various emissions to the air, of which the 

most problematic is the particulate matter (PM). The company currently has insufficient air 

pollution control, resulting in high particulate matter emissions. The air leaving the furnace 

has a temperature of around 650 °C, potential energy that is not being used today, leading to 

the purpose stated below. 

 

2.2 Purpose 
The purpose of this work, conducted as a master thesis on behalf of IVL and Royal Institute 

of Technology in cooperation with Shandong University, is to study the current emission 

control at Haiji Inner Mongolia Chlor-Alkali Chemical Co. Ltd and come with suggestions 

of how to improve the air quality to reach global standards. The possibility to use the waste 

gas for energy purposes will also be discussed as well as using the solid waste created for 

cement production. The costs of the suggestions regarding how to improve the air quality 

and benefits of using the waste gas energy will also be calculated, which means that 

information from possible suppliers will be collected.  

 

2.3 Limitations 
While the thesis will deal with what is stated in the purpose above, some limitations have 

been made. Only suppliers present in Scandinavia will be contacted. Focus will also be on 

how to improve the air quality, which means that the effect of a transformation of the 

particulate matter into a solid or wet phase brings not will be studied in great detail, other 
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than when considered necessary. Due to the limited availability of data, no exact dimensional 

suggestions will be made. 
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3 METHODS 
 

 

This thesis is based on a number of different kinds of sources for information, namely a literature study, field 

visits, interviews and calculations. Below is a brief presentation of the methods used. The presentation starts 

with an overview of the view of knowledge forming the fundamentals for the thesis. 

 

3.1 View of Knowledge 
A scientist has to make a choice of the view of knowledge that he or she has. This choice 

will then affect all future work done under the premise as it is fundamental in scientific work. 

The choices can simplified be seen as one between positivism and hermeneutics and 

between induction and deduction. 

 

3.1.1 Positivism and Hermeneutics 

Although the reality is not as polarized as the concepts positivism and hermeneutics 

sometimes are used, they are nonetheless relevant and can function as antithesis. Scientists 

therefore need to decide upon the view of science – the paradigm – that they believe best 

serves as a mean to the suggested end.  

 

The positivism is based on explaining how the reality appears, knowledge gained through the 

senses. In the cases where the reality is not easy to grasp, for example within the 

mathematics, the “reality” is the flow of ideas between people. The hermeneutic corner 

pillars are interpretation and understanding. The hermeneutic school distinguishes from the 

positivism as it gives room for a pluralistic reality. The positivistic school can be seen as a 

paradigm of definitions while the hermeneutic school can be seen as a paradigm of facts, 

according to Louis (1981) referred to in Johansson Lindfors (1993) – The positivism can 

help us to cure diseases and the hermeneutics works towards giving us an acceptable life, the 

author claim.  
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But what is then relevant in this specific master thesis – do I need definitions to obtain facts? 

As the work is within the natural science field, the positivistic school and its high regard 

among the natural scientists and engineers it is an obvious view to take into account. As my 

goal can be seen as giving a scientific explanation of the current situation that forms the base 

for an objective scientific solution, the positivistic school will provide the framework for this 

study. The thesis will also be of a descriptive character, with the goal to describe the conditions 

of the object of study.  

 

3.1.2 Induction and Deduction 

Deduction means that the scientist uses theories to deduct the empirical, while induction 

means that the empirics are used to form a theory. Professor L. Archie (2004) at Lander 

University, USA, presents what deduction and induction can be like in reality. Deduction is 

described using the well known example:  

 

All men are mortal 

Socrates is a man 

Therefore, Socrates is mortal 

 

While induction is described using the following example: 

 

George is a man. 

George is 85 years old. 

George cannot run a 4 minute mile 

 

The difference between the two sets of sentences is easy to see. While we in the first case 

have a theory that people are mortal, we have in the second case noted that we have never 

seen an 85 year old man run the four-minute mile. Archie (2004) continues the inductive 

example by adding that George has a broken leg, but still claims that the most important 

difference between inductive and deductive theories is that while the inductive school 

describes a theory that goes towards 100% probability, the person deducting is forming a 

theory claiming it to be 100% true and possible to falsify. The inductive example can be 
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made deductive (again according to Archie [2004]) by adding that George is a paraplegic – as 

paraplegic people by a linguistic definition can not run.  

 

Johansson Lindfors (1993) suggests that a deductive view comes together with the objective 

reality a positivist tries to gain knowledge about, while the induction ideas are 

commensurable with the pluralistic hermeneutic view. As I have already accepted the 

positivistic paradigm I have more or less already chosen the deductive point, according to 

Johansson Lindfors (1993).  

 

Hence, the view of knowledge forming the fundamentals for this thesis is based on the 

positivistic paradigm and the method of deducing knowledge from theories. 

 

3.2 Field Visits and Interviews 
To fully understand a problem, it is often necessary to study it at its location. In this case it 

has been possible to visit both the Haiji factory in Wuhai and Carbide Sweden AB’s factory 

in Stockvik, Sweden. The visit at Haiji allowed for first-hand information and an overview of 

the issues. The Carbide Sweden AB visit was in some aspects even more crucial, interviewing 

the engineers there allowed for an understanding on how improvements can be made for the 

Wuhai factory as well as detailed information about the process. The visit in Stockvik was 

conducted before the Wuhai visit and was used as a starting point for the work with the 

thesis. 

 

The theory behind the interviews a research method has in its own been studied in detail by 

many researchers. Kvale (1997) characterizes the strength of the scientific interview in the 

following way:  

 

It can collect a waste amount of opinions from different people about a subject and give a picture of a 

multifaceted and controversial human world.  

 

With this description it is easy to see the relevancy of interviews – not to say the essential 

part it plays in scientific research work. The interviews in this thesis are based on the 
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qualitative semi structured method. This means that the questions were collected in 

advanced but that the respondent could reply openly. Together with the semi structured 

interviews, the unstructured interviews have been used as a compliment to collect general 

ideas. The unstructured interviews have the same character as a formal conversation with 

open questions based on the previous responses.  

 

The respondents have been chosen to allow for the “a picture of a multifaceted and controversial 

human world” as Kvale (Ibid.) above put it, and the goal is to give a picture covering all of the 

relevant parts of the issue, including both Swedish and Chinese companies as well as Chinese 

and Swedish environmental experts. The method used is theoretical sampling where the 

respondents represent a larger group of people forming the complete picture. 

 

3.3 Literature Study 
No matter how much information that can be collected through field visits and interviews, a 

theoretical framework remains essential. For this thesis, the sources of information have 

been both general environmental protection books, such as PO Persson’s Miljöskyddsteknik 

and Chiras’ Environmental Science and more specific carbide related sources. Another major 

source of information has been the United States Environmental Protection Agency (EPA), 

which provides detailed documents regarding both air pollution control techniques and 

specific information regarding calcium carbide manufacturing issues. The number of 

scientific articles used is comparable small, the reason being the lack of relevant studies. No 

literature only discussing calcium carbide has been considered relevant and the EPA 

documents together with the general environmental protection books give a better overview 

of the field – for the purpose of this thesis – than narrow scientific articles. The list of 

written sources is long, which further shows the problems with finding broad quality sources 

– most of the sources are narrow and only referred to once or twice. 

 

3.4 Calculations 
The purpose to come up with suggestions for control techniques can not be achieved 

without calculations regarding the type of equipment needed. This work has been closely 
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related to experts in the field, at companies providing the equipment. It is also based on 

information found in the literature. Hence, this method involves the other two listed above 

as prerequisites, something that can be explained by the fact that the knowledge gained is 

presented in the analysis part of the thesis rather than in the theoretic background 

description. 
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4 THEORY 
 

 

This part of the thesis presents the theoretical framework for the thesis and introduces the necessary 

background concepts to give a broader picture of the case focused on. The part begins with an overview of the 

environmental situation in China, followed by an introduction of the calcium carbide industry world wide, 

with special focus on the Chinese situation. After that, the available techniques for particulate matter control 

are discussed comparatively extensive. The chapter ends with two cases introducing the environmental control 

systems at one carbide factory in Ningxia, China and one in Stockvik, Sweden. 

 

4.1 China’s Environmental Situation 
China’s environmental situation is in many cases severe and the country is going through the 

same difficulties as the western countries ran into during their rapid industrialization process 

in the last century. One way of summarizing the problems in China today is offered by 

Havely (2005): 

 

Look out the window of an office block in downtown Shanghai, and the smog can sometimes be so 

thick it is hard to make out the building on the other side of the street. Around the capital, Beijing, 

the desert is gradually encroaching and sandstorms are becoming a growing problem. And in China's 

heartland, the Yellow River, once known as the cradle of Chinese civilization, has in some areas 

been reduced to barely a trickle. 

 

Although the current situation is grave, it might get even worse in the upcoming years, if 

nothing is done. According to Chinese experts, the pollution levels can double or even 

quadruple in the next 15 years, due to the increased energy consumption and automobile use 

(Yardley, 2005). 400 000 deaths yearly have been linked to air pollution (Watts, 2005). And it 

is not only China that is affected, Chinese smog pollutes other countries such as South 

Korea and up to one fourth of the particulate matter (PM) in Los Angeles, USA, can be 

traced to being of Chinese origin, according to a much discussed report from the United 

States Environmental Protection Agency (Yardley, 2005). 
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China’s authorities are aware of the situation and some attempts have been made to make 

the country environmentally sustainable. The government claims that there, in the country’s 

current state of industrialization, is a contraction between economic growth and 

environmental protection (State Council Information Office of The People’s Republic of 

China, 2006). In a report published in September 2006, the government claims that pollution 

costs China 500 billion RMB2 annually, representing 3 % of the country’s GDP. The air 

emissions represent 200 billion RMB of the total pollution (Xinhua News Agency, 2006). 

The goal in the current five year plan is to reduce the total emissions of “major pollutants” 

by 10% before 2010 (State Council Information Office of The People’s Republic of China, 

2006), this is the first time the five year plan mentions environmental issues. 

 

The reduction in emissions is to be achieved by working simultaneously in three directions 

(Ibid.):  

 

• Change from emphasizing economic growth but ignoring environmental protection to emphasizing 

both environmental protection and economic growth. 

• Change from environmental protection lagging behind economic growth to synchronizing 

environmental protection and economic growth. 

• Change from mainly employing administrative measures in environmental protection to 

comprehensive use of legal, economic, technical and necessary administrative measures to solve 

environmental problems. 

 

As the points suggests, the goal is to include the environmental work in the current period of 

high economic growth, hence to try to bridge the contraction between the two factors. 

 

4.1.1 Inner Mongolia and Wuhai 

The environmental situations in Inner Mongolia varies, while the conditions are not a major 

problem in some areas such as the North East, other parts, in particular near the Yellow 

                                                 
2 470 billion SEK 
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River where the coal based industries are situated, has major problems with pollution. One 

of the Yellow River cities with severe environmental problems is Wuhai.  

 

Wuhai city’s history does not date back more than 30 years, when extensive coal, limestone 

and minerals resources were discovered in the area. Around 60% of the total coal reserves of 

Inner Mongolia are found in the Wuhai region, meaning that 10-15% of China’s total proven 

reserves are found within the municipality.3  

 

Since its founding, the city has become a major industrial city with a population of around 

500 000. Its nickname is even “The Sea of Black Gold”, (Wuhai City I, 2006) referring to the 

meaning of city name, “Black Sea”. Its dependence on the coal based industries is the main 

reason for the level of pollution in the region and one of the major reasons in general for 

China’s environmental situation, Bradsher and Barboza (2006) puts it: 

 

Coal is indeed a double-edged sword: the new Chinese economy’s black gold and the fragile 

environment’s dark cloud. 

 

The main pollutants in the municipality are particulate matter (PM), NO2. SO2, and CO. The 

levels of NO2 and particulates are the most severe, far exceeding the Chinese government’s 

target values (State Council Information Office of The People’s Republic of China, 2006). 

The chemical industry, to which the calcium carbide production belongs, represents 6% of 

the smoke dust discharges in the city.  

 

In 2004, the air quality was measured 

and classified in an Air Pollution 

Index, API, in five groups (Wuhai 

City II, 2004) with level one meaning 

excellent conditions and level five 

representing severe conditions (U.S. 

Embassy in Beijing, 1998). The 

                                                 
3 Based on Embassy of the People’s Republic of China in Sweden, (2006), Wang (2005) and Wuhai City (2006).  
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Figure 1 – Wuhai Air Pollution Index. 
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index is based on measuring the PM10, SO2 and NOX and classifying them in five groups 

dependent on their content in the air. The pollutant with the highest level will be the API 

level of the day (Ibid.). For example a day with a level three PM10 level, level four SO2 level 

and a level one NOX, will result in an API of the day of four, the highest of the three. 

 

As figure 1 show, almost half of the days recorded level four or level five levels of pollution 

and only 10% of the days had an air quality of level 2, with no days of level 1. 

 

Figure 2 displays the 

PM10 concentration at 6 

different sights in Wuhai. 

As can be seen from the 

figure, almost all days 

recorded values much 

above the government 

limits of 150 µg/m3 and 

no single site reported 

values below the EU limits 

of 50 µg/m3. This of 

course is a clear sign that 

the conditions regarding 

particulate matter in the air 

are severe. 

 

The environmental problems in Wuhai are not a secret for the relevant authorities. The 

Environmental Protection Bureau of Wuhai City is working on the issue, and their national 

colleagues have declared that Wuhai is one of six cities in China with the most severe 

conditions (People’s Daily Online, I, 2006). The goal here, both from IVL and Wuhai City, is 

of course that the cooperation will help reduce the pollution to reach international standards 

of air quality. 
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Figure 2 – Maximum, minimum and average daily concentration of PM10 at 6 sites

in Wuhai. The red line is the Chinese government’s limit, and the yellow line the EU 

limit. (After Wuhai City, II, 2004). 
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In October 2006, Asian Development Bank granted Inner Mongolia Autonomous Region a 

120 million USD4 loan to reduce the pollution in the region, as a part of a larger project with 

330 million USD as the estimated total costs over 4,5 years (Asian Development Bank, 2006). 

The project will mainly focus on conserving energy and reduce the air and water pollution. 

 

4.2 Calcium Carbide Production 
The commercial process of producing calcium 

carbide, CaC2, was developed in the late 19th century 

by the Canadian T.L. Willson (American Chemical 

Society, 2006). Today, the carbide is mainly used for 

three purposes: 

 

Acetylene gas production 

• Calcium carbide reacting with water forms acetylene gas, a process seen in simple 

“carbide lamps” which has been used within the mining industry. Today the 

acetylene is used mainly for welding and chemical synthesis, including the production 

of PVC plastics. The latter is the major usage of calcium carbide produced in China, 

accounting for 63 % of the material produced in 2005 (China Chemical Reporter, II, 

2005). 

 

Steel industry 

• By adding calcium carbide during the steel production, the amount of slag and sulfur 

can be reduced, resulting in less impurity. This is the major usage in the developed 

world. In South Korea, with a large steel industry, 90% of the calcium carbide is used 

for this sector (China Chemical Reporter, IV, 2003). 

 

Production of chemicals 

• Vinyl acetate, calcium cyanamide and other chemicals can be produced using calcium 

carbide as raw material. 

                                                 
4 950 million RMB, 890 million SEK 

Figure 3 – Calcium carbide after exposure to air.
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4.2.1 Production Process 

Calcium carbide is produced by heating lime and coke (or coal) in an electrical furnace to 

around 2 000 °C. The heat reduces the lime to calcium carbide and carbon monoxide. The 

reaction formula is: 

 

CaO + 3C→CaC2 + CO 

 

To produce 1 ton of calcium carbide, 680 kg coke and 990 kg lime is needed (United States 

Environmental Protection Agency, 1995). The carbon can be metallurgical coke, petroleum 

coke or anthracite coal. There are three types of 

furnaces used. The oldest one, currently being phased 

out around the world, is the open furnace, where the 

carbon monoxide is burned to carbon dioxide when it 

comes in contact with the surrounding air. In the closed 

furnace, the carbon oxide is instead used as energy or 

flared. The third type is the partly covered type, often 

referred to as the semi-covered furnace where only 

some of the carbon oxide is collected.  

 

Figure 4 presents the material flow chart of the 

production. The process can be seen as starting with 

the drying of coke and production of lime from 

limestone. After that these substances are mixed and fed into the electrical oven, where they 

under high temperatures react to form calcium carbide. The calcium carbide is then cooled 

by the surrounding air and after that crushed and sorted. Finally the carbide is packaged in 

containers of various sizes for different types of consumers or fed directly into for example 

PVC production. 

 

Figure 4 – Flow chart of calcium carbide 

production. 



.  

 17

4.2.2 Production and usage around the World 

The numbers of calcium carbide production facilities in Western Europe are extremely 

limited. In Sweden, Carbide Sweden AB operates a facility in Stockvik close to Sundsvall 

with a capacity of producing approximately 50 000 tons annually (Jonasson, 2006, Written). 

Similar factories exists in half a dozen other European countries, bringing the estimated total 

annual production to less than 0.5 Mega tons. In North America, the situation is similar with 

only a handful of companies producing calcium carbide. Larger plants also exist in India, 

Russia and Bhutan among other countries, but not at all of the same extent as in China.  

 

4.2.3 Production and usage in China 

Using data compiled from monthly reports produced by China Chemical Reporter (I, 2006), 

the monthly production of calcium carbide in China can be plotted as seen in figure 5.  

 

  

The graphs shows the production in July 2004-June 2005 (blue) compared with July 2005-

June 2006 (red, latest data available). During the rolling twelve month period ending June 

2006, 10 million tones were produced – representing around 20 times as much as Western 

Europe’s annual production. The increase in production between the two twelve months’ 

periods is as high as 30%. 
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     Figure 5 – Production of Calcium Carbide in China July 2005-June 2006.
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There are over 100 producers of calcium carbide in China, most of them located in the 

northeast part of the country, in Inner Mongolia, Shaanxi, Shanxi, and Ningxia (China 

Chemical Reporter, III, 2005). The production capacity in the Wuhai area, including Haiji 

Chlor-Alkali Chemical, is above 1 million tones annually (Environmental Protection Bureau 

of Wuhai City, 2006) and 37 companies produces calcium carbide with a total of 70 furnaces 

in use. Many of the furnaces are still open or semi-covered. 

 

The total capacity of the factories in China is estimated to be 17 million tones annually 

(People’s Daily Online, II, 2006), resulting in an overcapacity of 8-9 million tones. To curb 

this, the Chinese government has taken a number of measurements with the following goals 

(China Chemical Reporter, II, 2006): 

 

• All facilities with a capacity below 10 000 tones annually will be closed as the efficiency is much 

higher in the bigger units. 

• Close all open furnaces and “furnaces whose emission can not reach the standard”. 

• Limit the availability to build new facilities and forbid new development in the eastern provinces. 

• Work towards an integration between PVC and calcium carbide facilities, as the latter is a raw 

material for the PVC production. 

 

China is the only major country using calcium carbide to produce PVC plastics (Harriman, 

2005). This is done through the so called “acetylene route”, where calcium carbide and water 

becomes acetylene and calcium hydroxide: 

 

CaC2+H2O →H2C2+Ca(OH)2 

 

Around 70% of all PVC in China is produced using acetylene as the source, and 46 PVC 

plants are in operation (Fryer, 2006). As mentioned above, more than 60% of all calcium 

carbide is used for PVC production. The main reason for China choosing another path than 

the developed world is that China boosts large coal mines but practically no crude oil, used 

for the competitive “ethylene route” in PVC production. The graph in figure 7 displays the 

fundamentals behind China’s chosen path. 
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As the graphs shows, at an oil price between 30 and 40 USD/barrel5, the production cost is 

similar. With current oil prices twice at around 60 USD/barrel, the choice for China 

becomes easy, resulting in high demands for calcium carbide. Another reason for China’s 

choice is the abundance of methane rather than ethane (Nexant, 2005). 

 

4.3 Environmental Aspects of Calcium Carbide 
The major pollutant from calcium carbide manufacturing is the particulate matter (PM) 

emissions. Particulate matter is defined as fine particulates suspended in the air or in a liquid. 

They can range in size from 1 nm up to 10 mm in size. Figure 8 shows the size ranges 

together with technical definitions and common terms for particulate matter. 

                                                 
5 240-320 RMB/barrel, 220-300 SEK/barrel 

Figure 6 – The cost of producing PVC using calcium carbide as the raw material (acetylene) v.s. using imported  

oil based source, ethylene. (Based on Fryer, 2006 and Harriman, 2005). 
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The PM from calcium carbide manufacturing consists of approximately 70% carbon (C), 

20% calcium (Ca) and small amounts of other substances, including magnesium (Mg) and 

cyanides (CN-) (United States Environmental Protection Agency, 1995 and Jonasson, 2006 

[Interview]). Other emissions include CO, CO2, H2, N2 and hydrocarbons. The carbon 

monoxide emissions are generally negligible, as it is oxidized into CO2 in open furnaces and 

flared or used as energy in the closed furnaces. 

 

Figure 9 shows the main material flow when producing calcium carbide. PM emissions are 

present at all steps, but the major emissions occur during the heating process in the furnace. 

China’s limit for PM emissions is 200 mg/m3 (Li, 2006). This is higher than for example 

India’s limit of 150 mg/m3 (Central Pollution Control Board, 2006) and the World Bank’s 

guideline value of 50 mg/m3 (International Finance Corporation, 2004). 

Figure 7 – Size range of particulate matter (Schnelle & Brown, 2001) 
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Other characteristics of calcium carbide manufacturing emissions for closed furnaces are the 

relatively small volumes of waste gas, even for large furnaces the volumes are often only a 

few thousand normal cubic meters per hour, resulting in high concentrations of PM, 

normally in the range of 10-100 g/m3.6 Around 400 m3 of gas is formed per ton produced 

calcium carbide (Kampmann and Portz, 1987). Another important feature is the lack of 

oxygen in the gas. Table 1 lists the approximate content of the gas mix. 

 

Substance Volume%
CO 66
H2 21
N2 10 
CO2 2
Other 1

Table 1 – Approximate content of the gas mix from closed carbide furnace (Framtidsbränslen, 2005) 

  

1.9 tones of CO2 are emitted for each ton of carbide produced (including the lime 

production) and an additional 1.1 tones is emitted when the carbide is being used for the 

                                                 
6 Based on Jonasson, 2006 (Interview) and United States Environmental Protection Agency I, 1995. 
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Figure 8 – Material Flow for carbide production (Based on United States Environmental Protection Agency, I, 1995). 
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production of acetylene (The Intergovernmental Panel on Climate Change, 1996). With a 

production of 10 million tones of carbide annually in China, this represents around 1 % of 

the country’s total CO2 emissions (Naturvårdsverket, 2006). Some sulfur oxide is also 

emitted, the US Environmental Protection Agency (I, 1995) lists an amount of 1,5 kg 

SOX/ton produced calcium carbide. Some tar is also forming during the process, it can either 

be collected by using a heat exchanger to cool the gas, or burned. Of the hazardous 

emissions from calcium carbide manufacturing, limited quantities of arsenic, arsenic trioxide 

and fluorine are released from the production (Liu, 1999).  

 

It is not only the air pollution that needs to be taken into account when producing carbide. 

When mixed with water, the carbide reacts quickly to acetylene and explosions can occur. 

The substance itself also irritates the lungs and body contact should be avoided (New Jersey 

Department of Health and Senior Services, 1996). As the purpose of this thesis is to discuss 

the air emissions only, the other types of environmental issues will not be further discussed. 

Because of the nature of the emissions, focus will also be on the particulate matter emissions. 

 

4.4 Methods for Particulate Matter Removal 
The type of filters available on the market can generally be divided into four categories, 

electrostatic precipitators, fabric filters, dynamical filters and scrubbers (Chiras, 2001). 

 

4.4.1 Dynamical Filters 

There are a few different types of dynamical filters but they all have in common that they 

work under the principle that the dust particulates are heavy compared to the gas molecules. 

The dynamical filters are often used as precleaners and it is in that context that they are 

considered in this chapter.  

 

The simplest type of dynamical filter is the settling chamber. Gravitational forces collect the 

largest particulates, larger than 50 µm if the particulate density is low and down to 10 µm if 

the density is high, for smaller particulates the collecting efficiency is less than 10 % (United 

States Environmental Protection Agency, 2003). The design is very simple. The gas flow 
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enters the long horizontal chamber where the larger particulates are collected through gravity 

forces. 

 

The settling chambers are found in the power industry, where they collect unburned coal 

particulates that can be used again in the process. Another possible usage of the settling 

chamber is to lower the temperature before bag filter treatment. The main advantages are 

the simple construction something means low capital and maintenance costs and that they 

work independent on the gas temperature. Disadvantages are mainly the low efficiency and 

the space requirements.  

 

Another important type of dynamical filter is the cyclones, 

which in many cases has taken over were settling chambers 

were previously used (Ibid.). This process is made more 

efficient by forcing the air to pass through a metal cylinder 

where the centrifugal forces “throw” the particulates to the 

walls where they can be collected. “Keeping it simple is the 

key to success”, some claim regarding the design of the 

cyclones (Schifftner, 2002). 

 

Only 50-90% of the particulates are removed by this method7 and the method works most 

efficiently with particulates with a diameter larger than 10 µm. High efficient cyclones exist 

that can handle particulates with a diameter below 2.5 µm. For a cyclone to work efficiently, 

the United States Environmental Protection Agency (2003) gives a list of increasing and 

decreasing factors: 

 

Increases efficiency     Decreases efficiency  
Particulate size and density    Gas viscosity 
Inlet duct velocity      Body diameter 
Cyclone body length     Gas exit diameter 
Numbers of gas revolutions in cyclone    Gas inlet duct area 
Ratio of cyclone body diameter to gas exit diameter  Gas density 
Dust loading 
Smoothness of cyclone inner wall 
                                                 
7 Chiras, 2001 and United States Environmental Protection Agency II, 2003 

Figure 9 – Large Cyclone 
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The cyclones can work under various conditions. The temperature can be above 500º C. The 

typical gas flow is 0.5-12 m3/s, but cyclones exist that can handle up to 50 m3/s, by using 

multiple parallel cyclones. The dust content can range from less than 5 g/m3 up to over 1000 

gram; usually the filters work better with a higher content of dust. 

 

The cyclone described above is the 

large diameter cyclone. Another type 

exists, the small diameter multi 

cyclone. These work under the 

principle described by figure 11 – 

instead of one large cyclone multiple 

small cyclones are mounted parallel 

to each other.  

 

The main advantages of the 

cyclones in general are their low 

prices thanks to the simple 

construction, other advantages 

includes the comparable small space needed, dry collection and independence of gas 

temperature. The disadvantages are the low efficiency and the inability to handle sticky 

material. 

 

4.4.2 Electrostatic Precipitators 

The electrostatic precipitators work under the principle of giving the dust particulates a 

negative electric charge, which means that they attach to positively charged collecting plates. 

The dust is charged by a corona discharge, a plasma containing electrons and negatively 

charged ions, leaving the electrodes (Schifftner, 2002). The electrons are then driven towards 

the collecting plate and collide with the dust, which then become negatively charged and 

attaches to the collecting plates. The collecting plates are usually some meters high and 

located on the walls of the precipitator, while the electrodes are located in the “middle” were 

Figure 10 – Small diameter multi cyclone. 
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the gas passes by. To clean the collecting plates, they are “rapped” to make the dust fall off. 

Another method of cleaning is to use water or electromagnetism. 

 

A voltage of around 50-100 kV (Ibid.) is usually needed for the electrodes, which creates two 

types of charges, field and diffusion charging. The field charging works for particulates with 

a diameter above 1.5 μm and its principle is the one described above. For particulates with a 

smaller diameter than 0.5 μm, the diffusion charging dominates. This charging works under 

the principle of Brownian motions in a gas stream (Ibid.), meaning that the motion is 

random due to collision with the surrounding air. For particulates between 0.5 and 1.5 μm, a 

combination of the two charges is present, resulting in a less efficient dust control for 

particulates within the span. 

 

The precipitators are often found in the 

cement industry, energy production 

industry, metal industry and other 

industries. The majority of the coal fired 

power plants uses electrostatic 

precipitators (IEA Clean Coal Centre, 

2006) and the electrical furnace at the 

calcium carbide factory in Stockvik, 

Sweden, is equipped with one.  

 

The efficiency rate of new equipment is above 99%, while older equipment has efficiency 

down to 90% (United States Environmental Protection Agency, 2003). The efficiency 

depends on the speed of the dust and the collecting plate area relative to the total gas 

volume, i.e. a high speed and large collecting area together with a low gas volume will 

produce the ideal results. A large collecting area obviously means that the size of the 

precipitator should be as large as possible. Most electrostatic precipitator has a capacity of 

100-500 m3/s and the gas stream contains 2-100 grams of particulates per cubic meter before 

treatment. Often is a mechanical collector or cyclone (see below) used for the pre treatment 

when the concentration of particulates with a large diameter is high (Ibid.).  

 

Figure 11 – Electrostatic Precipitator 
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A special kind of electrostatic precipitator is the wet type. They work under the same 

principles as the dry ones described above, but the collectors are sprayed with water or 

another liquid to remove the dust. The wet waste is then collected and treated. Receiving a 

wet waste is often considered a drawback so the wet electrostatic precipitator is often used 

under special conditions, such as when the emissions are wet from the beginning or sticky, 

explosive or has a high resistivity.  

 

Drawbacks for electrostatic precipitator include the high installation costs and size, but the 

operating costs are low. It might also be problematic to collect particulates with either a very 

high or very low resistivity. Another advantage is that the electrostatic filter does not have 

any problems with high temperatures, but can work in environment with a temperature of 

up to 700ºC (Ibid.). 

 

4.4.3 Fabric Filters 

Fabric filters often come in the shape of 

textile bag house filters. They work under 

the principle that the particulates in the gas 

are getting cleaned by passing through a 

series of bags, made of textile, metal, glass, 

Teflon or similar, where the particulate ends 

up. The textile filters are good at cleaning 

waste gas from particulates and can often 

remove more than 99% of the particulates 

(Chiras, 2001). The efficiency of older 

equipment can be down towards 95% 

(United States Environmental Protection 

Agency, 2003). 

 

Standard fabric filters typically works with airflows up to 50 m3/s, while custom units exists 

that can handle up to ten times as much air per second. The maximum temperature for 

textile filters is between 250 and 300 ºC, at higher temperatures the dust particulates might 

Figure 12 – Bag House Fabric Filter. 
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create holes in the filter (Persson, 2005). For higher temperatures, either filters of other 

materials can be used, or cooling the gas with the help of either dilution or combining the 

cleaning process with a heat exchanging process. The usual rate of dust is 1-23 g/m3 before 

treatment and below 50 mg/m3 after treatment. (United States Environmental Protection 

Agency, 2003). If the dust rate is high and the particulate size is large, pretreatment with the 

help of for example cyclones is often recommended.  

 

The filter bags are usually 6-9 meters long and 10-30 centimeters in diameter. They are 

organized in groups of up to over 1000 bags and the waste gas has to go through one of the 

bags in order to leave the filter, which means that it gets cleaned and the dust particulates 

remain on the filter bags. The dust is then removed from the bags either by a simple 

mechanical shaking, or by changing the direction of the gas flow. 

 

Bag filters provide good filtering for particulates and work well with a gas stream with 

varying flow. The collected dust is also dry, which means that it is easy to dispose or use for 

other processes, it is also an advantage that no high voltage is needed (unlike for electrostatic 

precipitators), which means that the maintenance is simplified (United States Environmental 

Protection Agency, 2003). The disadvantages are that more expensive filter material is 

needed for a gas with high temperature and the relatively high maintenance costs. The 

working environment when changing filters also requires extra protection for the personnel 

performing the operation.  

 

4.4.4 Scrubbers 

The scrubbers can collect both particulates and gaseous 

emissions such as sulfur dioxides. This is done by spraying 

water through the gas stream to which the particulates and 

water solvable emissions stick. Two of the major types of 

scrubbers are the venturi scrubbers and the spray tower 

scrubbers. The spray tower scrubbers are the simplest types 

and are illustrated in figure 14.  

 

Figure 13 – Spray tower scrubber 
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The venturi scrubber’s inlet is shaped like a sandglass, where 

the ‘throat’ forces the water and the dust to increase its 

velocity at the same time the dust is attached to the water in 

an efficient way, this is illustrated in figure 14.  

  

The drawback is here that the new waste is mixed with water 

and after treatment has to be done. An advantage is though 

the relatively low price (Persson, 2005). The scrubbers are not 

discussed further here, as they produce wet waste, hence 

impossible to use for cement production without additional 

treatment. 

 

4.4.5 Summary of Pollution Control Options 

Of the four types of air pollution control options, some are more relevant and interesting in 

the case of the Haiji factory. The scrubbers produce wet emissions, which mean that they do 

not live up to the wish to use the controlled particulate matter for cement production. 

Problems of other kinds occur with the bag house filters: They will have problem with the 

high temperatures in the carbide production and might not be the first choice because of 

that. The high temperature fabric filters that do exist are more expensive than comparable 

techniques. This is a major drawback; United States Environmental Protection Agency (2003) 

estimates that metal fabric filters can cost twice as much as electrostatic precipitators.  

 

The dynamical filters are often used as precleaners and might not be sufficient to use on 

their own. The electrostatic precipitators are highly efficient and can handle hot particulates 

but are expensive, the wet ones has the major disadvantage of producing wet waste but will 

on the other hand work under potential explosive conditions with high carbon monoxide 

contents. In the analysis chapter, this discussion will continue after adding the company 

specific issues for Haiji Chlor-Alkali Chemical and two case studies. 

 

Figure 14 – The throat of a venturi 

scrubber. 
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4.5 Calcium Carbide Pollution Control in Practice 
 

4.5.1 Carbide Sweden AB 

Carbide Sweden AB’s carbide factory in Stockvik, Sweden is the only carbide factory in 

operation in Sweden. The company is owned by AkzoNobel, which has produced carbide 

for more than 100 years. Its location was chosen because of the sea next to it, the plant has 

its own harbor where the coke and limestone arrives. The part of Sweden where Stockvik is 

located also has some major hydropower plants, which means that the electricity needed for 

the furnaces can be delivered in a cost efficient way. The furnace used was delivered by 

Elkem in the 50-ies and refitted in 1984 (Jonasson, 2006 [Written]). Currently the plant is 

producing approximately 50 000 tons of carbide annually, the majority is being sold to the 

metallurgical industry.  

 

Emission control is present at all crucial steps of the production but over 95% of the dust in 

terms of weight is collected from the electrical furnace process using a dry electrostatic 

precipitator (Jonasson, 2006 [Interview]). Figure 15 shows the different control systems at 

the Stockvik factory.  
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Before the gas stream from the electric oven enters the electrostatic precipitator it is cooled 

to around 300-400 °C using water cooling the surface area of the pipes. The energy in this 

step is not used. The main gas stream from the electrical oven is treated by the electrostatic 

precipitator but a fabric filter takes care of material handling gas in this step. The majority of 

the energy in the hot gas is taken care of for coke drying and other heating processes after 

being treated by the electrostatic precipitator. The potential reaction energy from the carbon 

monoxide and hydrogen gas is currently not being used; however, studies of this have been 

made (Framtidsbränslen, 2005).  

 

Additional treatment exists for the coke and limestone handling before the drying and 

production process.  

 

4.5.2 Ningxia Darong, China 

The International Finance Corporation (2004), part of the World Bank, has financed a 

pollution control project at Ningxia Darong Chemicals & Metallurgy Company Ltd, based in 

Shizuishan City, Ningxia Autonomous Region in China. A part of the project involves 

refitting a calcium carbide furnace with gas emission control.  
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As figure 16 suggests, numerous steps will be taken to reach the World Bank levels of air 

emissions. The main improvements are the heat exchanger and electrostatic precipitator to 

treat the particulate emissions from the electrical furnace. The collected dust will then be 

used for cement production, meaning that the emissions is not just changed from an air 

phase to a solid phase, but used as raw material in another process. Also the waste from the 

fabric filter in the coke drying process is returned to the process. No production data for the 

plant has been possible to collect. 

 

If the emission control is executed the way proposed, Ningxia Darong’s air pollution control 

will reach standards exceeding the Stockvik carbide manufacturing unit in Sweden. 
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5  THE SITUATION AT HAIJI CHLOR-ALKALI CHEMICAL 
 

 

This chapter presents the empirical part of the thesis. This includes an introduction to the company studied 

and an overview of its current situation. The information is based both on a study visit to the company as well 

as information collected from IVL. 

 

5.1 Introduction 
Inner Mongolia Haiji Chlor-Alkali Chemical Co. Ltd was founded in 1999. The company is 

mainly producing calcium carbide, which is then used as a base for the PVC production, 

which Haiji produces at the same site. The company is owned by the province government 

of Inner Mongolia and had a turnover of around 340 million RMB8 in 2004 (Wuhai City, III, 

2005) and the company has 1100 employees (IVL, 2006). The raw materials used are coke 

and limestone, bought from local producers. 

 

Haiji has three furnaces in operation producing calcium carbide and all of them are 

manufactured by the Norwegian company Elkem and have been in operation since 2000. 

The largest oven consists of three electrodes and uses 3240 kW/ton produced CaC2. The 

designed capacity of the largest furnace is 54 000 tones annually and 45 000 tones each for 

the two other furnaces. However, during 2005 the produced amount was higher than this, 

weighting in at 60 and 49 thousand tones respectively, bringing the total to 158 000 tones. 

Haiji’s factory is considered to be the most advanced in the Wuhai region – and was even 

claimed to be the most advanced in entire China (Quan, 2006). 

 

                                                 
8 314 million SEK 
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5.2 Current Situation 
 

Haiji is currently producing as much calcium carbide as 

the factory can, as the current demand for PVC is 

higher than the supply, leading to increased prices (Li, 

2006). All three furnaces are operating. The status of 

the current dust control is however not clear. According 

to the local management, PM emission control exists 

for one of the electrical furnaces, as well as many of the 

side processes. The two other furnaces are currently 

being refitted with dust control, according to the same 

management representatives. During the two visits 

made to the company, by the author and Östen 

Ekengren, the emission control was however not in use 

and it appeared not to have been functioning for a long 

time. 

 

According to Ekengren (2006) and Persson (2006), one 

possible answer is that the control system built, based 

on a heat exchanger cooling the gas and then a textile 

fabric filter, is not working properly due to too high 

temperatures of the gas. As noted in the theory chapter, 

standard bag filters does not work under high 

temperatures. 

Figure 17 – Bag filter, currently not in used as 

can be seen from the color of the smoke from 

the chimneys. 
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5.2.1 Coke Dryer and Lime Production 

The coke is purchased from 

local Inner Mongolian 

manufacturers and the mines are 

also found in the region. During 

the coke drying process dust is 

collected using a bag filter, 

collecting approximately 2 tones 

of dust daily, according to the 

local representatives. The 

existence of these filters could not be verified during the visit as the “surroundings where 

not pleasant” according to Quan (2006). The collected coke dust is claimed to be reused in 

the process as fuel for the drying. The lime is produced from local limestone. It appears that 

no emission control exists here for PM or for COX.  

 

After the coke drying process and the lime production, the two components are then mixed 

to produce the calcium carbide.  

 

5.2.2 Electrical Furnace 

In the electrical furnace the actual reaction 

that produces calcium carbide is taking place. 

The process here is comparable to Carbide 

Sweden AB’s process, as the equipment is 

similar. The temperature is approximately 

2000 °C in the oven. The hot waste gas 

from the furnace with the highest 

production capacity is cooled from 600 to 

180 degrees by taking the energy away to 

produce steam, used for PVC production. 

Figure 18 – Coke dryer to the left and the lime production facility to the right.

Figure 19 – Collection of dust from the carbide oven. The 

system was not in use during the visit. 
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This process is currently not working efficiently but some equipment for it exists. After the 

cooling, the gas passes by a textile fabric filter which is said to collect 2.5 tones of dust a day. 

An additional of 2.5 tones of dust is collected from the chimneys daily. This means that the 

total amounts of collected dust roughly equals the numbers at the Stockvik factory per ton 

produced carbide. 

 

The dust collected is planned to be used for cement production. For a brief overview of 

such possibilities, see the analysis part of the thesis. The energy in the hydrogen and carbon 

monoxide gas is currently not being taken advantage of. 

 

Only one of the three furnaces is equipped with dust control, while the other two are 

currently claimed to being refitted in a similar way. During our visits, the hot gas from the 

furnace was flared; hence no dust was being collected nor was any energy used for other 

processes. The local operations management claimed that this was the case during around 30 

days annually. It did not seem as the bag filter had been in use for a long time.  

 

5.2.3 Finished Product and PVC 

The calcium carbide is collected from the furnace 

and crushed to a diameter of 0-50 mm. After the 

crushing, the calcium carbide is transported via 

conveyors to a different part of the plant area 

where PVC is produced. The plastic is then 

packed and sold to customers in different parts of 

China. All calcium carbide is currently going into 

the PVC production although there are plans to sell some calcium carbide as raw material for 

other companies. 

 

5.3 Future 
The staffs as well as the local environmental officers are positive about the future for the 

factory. They have not been affected by the government’s claimed over production of 

Figure 20 – Ready made PVC. 
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carbide but have instead witnessed a growing market and are producing as much as they can. 

Although the factory needs improvement in the air pollution control area, the size, its 

integration with PVC production and the modern closed ovens makes it a model of the type 

of carbide units the Chinese central government wants to focus on in the future. 

 

5.4 Summary of Haiji’s Current Situation 
As noted above, the current situation of the factory has not been possible to verify. The path 

chosen for the further analysis will therefore be to disregard the current available equipment 

and instead suggests methods to start the work over with all new equipment. From a 

business point of view, an old decision that does not help in the current situation (known as 

sunk cost) should not be taken into account when making new commitments which hence 

defends this view. 
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6 ANALYSIS  
 

 

In the analysis part of the thesis, the theory and the empirical information is brought together and analyzed. 

The analysis is divided into three parts, it starts with the short term conditions and continues with medium 

term plans and ends with the long term plans. The analysis then leads to the conclusions and 

recommendations, presented in the next part. 

 

6.1 Short Term Plans 
The short term plans is the major focus point for this thesis. The purpose of the thesis is to 

present such plans which will hence be the primary part of the analysis. 

 

6.1.1 Adding Particulate Matter Control 

The most important issue for Haiji’s carbide emission control is of course to get a working 

particulate matter control for all three furnaces. The available pollution control methods 

have already been thoroughly discussed in the theory chapter. The pros and cons of each 

technique have also been evaluated: Dynamical collectors are simple but not as efficient as 

the other, fabric filters are efficient and comparably cheap, but can not handle high 

temperatures cost efficiently. The scrubbers are efficient but produce wet waste, while the 

electrostatic precipitators are expensive but highly efficient and work under high 

temperatures. 

 

By analyzing the potential Swedish providers of PM control equipment, mainly by visiting 

their websites, a list of 16 companies were ranked in order of relevance for the scale and 

characteristics of this project (see Appendix 1 for a list of the companies). Out of the 16, the 

providers, Alstom, Bact System AB and Bravida were considered to be the most interesting 

and contacted by phone.  
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The discussions with engineers at the companies made it even more clear what types of 

techniques are applicable in this case. The representative of Bact System AB, Harry 

Johansson (2006), suggested a method with a cyclone as a precleaner followed by a wet 

electrostatic precipitator. This method will cost efficiently clean the waste gas to a high 

degree.  

 

The advantages of using a precleaner are obvious: The cyclone will efficiently remove the 

larger particulates (size 5-10 µm, United States Environmental Protection Agency, 2003) and 

the majority of the dust (above 85%)9 will be collected in this step. The cyclone is cheap, can 

work under the high temperatures at the site and makes the following high efficiency 

treatment easier to carry out. The pros of using pre-treatment were also stressed by P.O. 

Persson (2006). Other advantages is that the electrostatic precipitator will be dimensioned to 

handle less amounts of waste, as the precleaner takes away the majority, resulting in a smaller 

dimension and hence lower cost. The following wet electrostatic precipitator will create wet 

waste that requires further treatment. While this is an obvious disadvantage, Johansson (2006) 

suggests that the collected quantities will be limited, which means that it will not be in 

conflict with the goal to use the waste for cement production. The major advantages of the 

wet precipitator are that in the hydrogen environment that is present, we minimize the risk 

of explosions as well as the coal functioning as an electrical conductor. This solution can also 

be installed in two steps; first the cyclone can provide cheap “emergency cleaning” and after 

that the electrostatic precipitator can be added for a high standard of emission control. 

 

Other solutions are of course possible, for example using a dry electrostatic precipitator (and 

working around the risk of explosions), using a wet scrubber together with pretreatment or 

lower the temperature to that extent that bag filters of cheaper material may be used. The 

disadvantage of rapid cooling is that the tar problem will be greater than in a hot gas. 

                                                 
9 Statistics Norway (2006) lists the PM10 (particulates with a diameter less than 10 µm) emissions from carbide 
production in Norway to 400 tons annually and according to Center for International Climate and 
Environmental Research (2004) Norway has 3 companies producing carbide. The total PM emissions are 
approximately 0.02 ton for each ton carbide produced (United States Environmental Protection Agency, 1995). 
By assuming that all Norwegian plants are of similar size producing 50 000 ton carbide each, this means that 
the three factories emits 0.02*50000*3=3000 tons PM annually, of which PM10 represents 400/3000=13 %. A 
cyclone that removes all particulates with a size above 10 µm will hence remove 87% of the particulates (100 
%-13 %). This value is comparable to Meintjes (1977) findings based on an open furnace. 
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6.1.2 Using the Solid Waste for Cement Production 

Cement is produced by mixing concrete, mortar and grout made of sand and water. Studies 

show that calcium carbide residue can successfully be used for the production of Portland 

cement without major property changes of the cement (Jaturapitakkul & Roongreung, 2003). 

The study by Jaturapitakkul and Roongreung (2003) applies to the solid waste created during 

the production and other studies have been made that confirms that the residue may be used 

for cement production. No studies has however been found regarding the use of the 

collected dust. The dust mainly contains coal (Jonasson, 2006 [Interview]) while the residue 

mainly consists of calcium oxide together with smaller amounts of Silicon, Aluminum and 

Iron oxides (Krammart and Tangtermsirikul, 2002). The International Finance Corporation 

(2004) project at the Ningxia Darong factory however, suggests that the dust also can be 

used for cement production. 

 

6.1.3 Using the Waste Energy 

The waste energy can be used in two ways: First by using transferring the heat to other 

processes and using its energy there and second by using the energy in the gas itself, 

primarily the hydrogen gas and the carbon monoxide.  

 

It has already been noted that approximately 20% of the gas emitted is hydrogen gas. With 

400 m3 of gas emitted per ton produced carbide and 150 000 tones produced annually, 12 

million m3 of hydrogen gas is emitted annually. With a heat of combustion10 of 140 MJ/kg 

and a density of 0.09 kg/m3 (Fung, 2005), 42 GWh of energy is available. This equals more 

than 20 000 barrels of oil, or 2300 m3 (Gas Centre, 2005). This number is the theoretic value, 

Johansson (2006) estimates that it is possible to collect around 20 GWh of energy from the 

furnaces this way per year. The price of energy in Inner Mongolia can be roughly estimated 

at 0.3 RMB/kWh, meaning that 20 GWh is worth around 6 million RMB11 annually. The 

energy can be collected by a gas engine. One of the providers of this kind of equipment is 

                                                 
10 Energy released when hydrogen undergoes complete combustion with oxygen.  
11 5.6 million SEK annually. 
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General Electric’s Jenbacher unit, which provides gas engines for industrial waste gases (GE 

Jenbacher, 2006), which means that the investment should be possible to finance itself by 

using standard equipment. 

 

Another way of using the energy in the gas is the so called Fischer-Tropsch method, in 

which synthetic diesel fuel is produced from carbon monoxide and hydrogen gas. This 

method is currently at the research stage but can provide enormous opportunities. A pilot 

study of this has been carried out in cooperation with Carbide Sweden AB’s calcium carbide 

plant in Stockvik by Framtidsbränslen (2005).  

 

Their study suggests that the carbon monoxide from the carbide factory together with 

hydrogen gas from a nearby sodium chlorate plant can be used to produce close to 200 m3 

of oil monthly (1 700 barrels). The carbide factory produces around 50 000 tones annually as 

stated above and the sodium chlorate produces similar amounts. If sufficient hydrogen gas 

can be sourced close to Haiji’s factory, approximately 7000 m3 of diesel oil (61 000 barrels) 

will be available yearly, as Haiji’s production is three times of Carbide Sweden AB’s. 

Calculating low by using the current crude oil price of 60 USD/barrel, this diesel is worth 29 

million RMB annually12.  

 

An alternative here would be to use the hydrogen gas from the carbide production. As 

similar amounts of hydrogen gas and carbon monoxide would be needed, the hydrogen 

would be the scarce resource and the diesel amount received would be only one third of the 

diesel available when sourcing hydrogen elsewhere. The major drawback with the Fischer-

Tropsch method is the investment cost. As the technique is not fully developed it will be 

approximately 100-300 million SEK (similar in RMB), according to Framtidsbränslen, 2005. 

For detailed information regarding Fischer-Tropsch and the possibility to use it in carbide 

production, see the Framtidsbränslen (2005) report (only in Swedish). 

 

The energy content in the hot gas can be estimated in a similar way to the energy in the 

hydrogen gas. This analysis is presented in Appendix 2. For each degree the gas is cooled, 

                                                 
12 27 million SEK. 
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Figure 21 – Protests against PVC production in 

Australia. 

approximately 20 MWh will be available annually. With a controlled cooling of 300 °C, 6 

GWh will be available. Calculated in the same fashion as the hydrogen, this energy is worth 

approximately 1.8 million RMB per year, the investment costs are here much lower than in 

the Fischer-Tropsch example above as standard equipment can be used. 

 

6.2 Medium Term Plans 
In the medium term plans, Inner Mongolia Chlor Alkali Chemical Co. Ltd needs to be put 

into a larger perspective. The coal quality is one such aspect where a coal type with low 

sulfur content is better for the environment. Other larger scoop issues include an overview 

of the Wuhai region’s total carbide production, it is likely that closing smaller facilities and 

instead develop the larger will make sense, both financially and pollution wise. Basic supply 

and demand principles also need to be taken into account. The claims that the supply is 

twice as large as the demand suggests that the price might fall making the production 

unprofitable. This is something that the short term investments in air pollution control also 

need to take into account. 

 

6.3 Long Term Plans 
The scoop of this thesis is limited to suggesting 

methods for the Haiji factory to minimize its air 

emissions. It is however important to discuss the 

issue in a much broader perspective as well – such as 

the possibility for producing the material in other 

ways or finding alternative products with less 

environmental impact. 

 

As already discussed, China is one of only a few 

countries using the acetylene route to produce PVC. 

This is the reason why calcium carbide factories exist 

in the first place and the reason for this being the 

large quantities of coal available in China. With an oil 



.  

 44

price above 40 USD/barrel, it is more economical for China to produce PVC in this way. 

Oil and coal are both non-renewable energy sources with environmental disadvantages 

coming from both PVC production methods. Because of this, this thesis will not further 

discuss the possibility to substitute acetylene with ethylene for PVC production - it would 

have limited environmental impact. 

 

Instead a possibility would be to replace the PVC usage with more environmental friendly 

materials. Environmental groups claim this is possible, Greenpeace International (II, 2006) 

for example state: 

 

For virtually all PVC applications, safer alternatives exist. It is possible to use more sustainable, 

traditional materials, such as paper, wood or local materials. 

 

It is however not the problems with the raw materials such as calcium carbide that is raising 

Greenpeace International’s (I, 2006) main concerns about PVC, instead it’s the products 

impact once in use. They are however stating that the production itself produces problems 

with dioxin contamination. We can summarize this with that PVC is questioned as a material, 

something that needs to taken into account for the calcium carbide manufacturers in China. 

The long-term availability of coal at the site is another aspect that needs to be taken into 

account.  
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7 RECOMMENDATIONS 
 

 

The general requirements for Haiji Inner Mongolia Chlor-Alkali Chemical Co. Ltd’s carbide 

air pollution control can be divided into four steps depending on the urgency to work with 

each step. A four step solution as proposed based on the analysis part is presented below: 

 

Step 1: Install a working particulate matter emission control for the three electrical furnaces. 

This is the major source for the pollution and hence the most important source for 

improvements. The recommendation here is to go forward with the cyclone – cost efficient 

and easy to operate. It will take care of the largest volume of particulate matter but the health 

hazardous PM10 will remain uncontrolled. The cost here can be estimated to roughly 

10 000-20 000 USD13 for the equipment (Environmental Protection Agency United States II, 

2003). 

 

Step 2: Develop the particulate matter emission control further. This can be done using the 

wet electrostatic precipitator solution offered by Johansson (2006). The cost of this 

equipment, would be approximately 1-2 million SEK14 for each furnace (Ibid.). This number 

is based on the assumption of an annual gas flow of approximately 15 million normal m3. 

The equipment cost for each additional m3/s is roughly 40 000-80 000 USD 15 

(Environmental Protection Agency United States II, 2003). This step will drastically reduce 

the amount of PM2.5 – the most hazardous type of particulate matter that can be 

transported through the human respiratory system. Step 1 and 2 might be carried out 

together as a united first step. 

 

Step 3: Make use of the waste – both the energy and the solid waste. The solid waste can be 

used for cement production, which was discussed in section 6.1.2 while the possibilities to 

                                                 
13 70 000-140 000 SEK, 80 000-160 000 RMB 
14 1.1-2.2 million RMB 
15 280 000-560 000 SEK, 320 000-640 000 RMB 
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use the energy in the gas, both the hydrogen and the temperature, was discussed in section 

6.1.3. The energy that can be collected is worth approximately 8 million RMB16 annually. 

 

Step 4: Improve the pollution control in the side processes. Particulate matter control is 

important not only for the furnace, but also for the side processes. The example from 

Ningxia Darong, see section 4.5.2, is here a good example to benchmark against. The 

development of the Fischer-Tropsch technique should also be monitored to invest in if 

found feasible, the investment here are considerable but the potential collected energy is also 

huge. Before the company reaches this step, it is also important to discuss the future for the 

company and the business it is in, which was discussed in section 6.2 and 6.3.  

 

                                                 
16 7.4 million SEK 
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8 FUTURE STUDIES  
 

 

The future study potential in the calcium carbide field is huge. Apart from the continuing the 

process initiated by this thesis to equip Haiji’s factory with state of the art air pollution 

control, there are other areas touched here that can be dug further into. Interesting areas to 

study in greater detail are of course the Fischer-Tropsch method for the waste gas and the 

potential energy that can be used with this method. Other areas that have not been fully 

covered by this thesis include the long term future for coal based PVC production in China. 

What happens if the wages in coal industry double or even quadruple? Will the method still 

be the most cost efficient with the current oil prices?  
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APPENDIX 1 – PROVIDERS OF PM CONTROL EQUIPMENT 
 

 

Company WWW Prio Phone 
Alstom www.alstom.se/home 1 0470-76 20 03 
Bact System AB www.bact.se 1 0910-333 66 
Bravida www.bravida.net/Product.aspx?m=36942 1 033-20 64 30 
Canrena AB N/A 2 0586-313 80 
JM Stoftteknik AB www.jmstoftteknik.com/index2.html 2 033-10 40 02 
Processfilter www.processfilter.se 2 042-38 65 80 
Simatek www.simatek.dk 2 035-333 87 
Svensk Rökgasenergi AB www.sre.se 2 08-580 873 00 
Colly Filtreringsteknik  www.colly.se/filtreringsteknik/index.html 3 08-703 01 00 
Dantherm Filtration AB www.danthermfiltration.com 3 040-671 95 00 
Filcon www.filcon.dk/indexDK.asp  3 (+45) 5786 0300 
Götaverken miljö AB www.gmab.se 3 031-50 19 60 
ITK Envifront www.itk-envifront.se 3 0470-72 21 01 
Metallfilter AB  N/A 3 031-25 30 00 
Radscan Intervex www.radscan.se/prod.htm 3 021-10 27 60 
Svenska textilfilter www.textilfilter.se 3 0320-20 90 74 

 
An alternative contact is Vatvedt Technology A/S in Norway, which has taken over Elkem’s 

furnace business. Apart from furnaces, they deliver pollution control technology tailor made 

for their furnaces. Vatvedt can be reached through www.vatvedt.com or at +47 6913 3030. 
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APPENDIX 2 – HEAT CAPACITY OF WASTE GAS 
 

 

Annual Prod. 150 000 tonnes CaC2
Waste Gas 400 m3/ton CaC2
Temperature diff 300 °C

Gas Content (v%) Heat Capacity 
(kJ/kg) Density (kg/m3) Energy/year 

(MWh)

CO 70% 1,04 1,25 4550
H2 20% 14,34 0,09 1291
N2 6% 1,04 1,25 390
CO2 3% 0,85 1,98 252
Other 1% #N/A #N/A #N/A

Sum, energy/year 6,48 GWh

Sources:
Gas content: Framtidsbränslen, 2005
Heat capacity and density: Air Liquide, Products. Retrieved from www.ca.airliquide.com/en/, 2006-10-25.  
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APPENDIX 3 – DICTIONARY 
 

Acetylene – A chemical compound with the formula C2H2 that can be made by mixing 

calcium carbide with water. Used for chemical synthesis of for example PVC and for welding. 

 

Calcium Carbide – A chemical compound with the formula CaC2 mainly used for acetylene 

gas production and purification of steel. 

 

Ethylene – A chemical compound with the formula C2H4 that in the western world is used 

for PVC production as a substitute to acetylene. 

 

Particulate Matter (PM) – Fine particles sustained in air. The size can range from a few 

nanometers up to close to a millimeter. Inhaling the PM can cause lung cancer and asthma. 

See Figure 7. 

 

PM2.5 – Technical definition of particulate matter (PM) with a size less than 2.5 µm. 

Particulates of this size can make their way to the air sacs in the lungs and are therefore the 

PM with the greatest risk of causing lung cancer and other respiratory diseases. See Figure 7. 

 

PM10 – Technical definition of particulate matter (PM) with a size less than 10 µm. This 

includes the PM2.5 and other small particles that can cause respiratory diseases. See Figure 7. 

 

PVC – Polyvinyl Chloride, a plastic made from the polymerization of either ethylene or 

acetylene. Its one of the most used plastics but some claim that it might have very negative 

health effects. 

 

RMB – Renminbi, “People’s Currency”. The official currency of China. Its value is closely 

linked to the U.S. dollar at an exchange rate of around 1 USD=7.9 RMB (October 23, 2006). 
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